
Gardner SWs and DLs in multi-ion dusty degenerate dense plasmaM. S. Zobaer, L. Nahar, and A. A. MamunDepartment of Physi
s, Jahangirnagar University, Savar, Dhaka-1342, BangladeshThe theoreti
al investigation has been made of the roles of the degenera
y and the dynami
s ofele
trons and multi-ions (both positive and negative ions) on the DIA (dust ion-a
ousti
) solitarywaves (SWs) and double layers (DLs) that are found to exit in a dusty degenerate dense plasma
ontaining non-relativisti
 degenerate positive and negative ions and both non-relativisti
 and ultrarelativisti
 ele
trons 
uids, and the negatively 
harged dust grains. We have studied the nonlinearpropagation of dust ion-a
ousti
 waves in a dusty multi-ion dense plasma (with the 
onstituentsbeing degenerate, either non-relativisti
 or ultra-relativisti
) and the propagation of su
h waves havebeen investigated by the redu
tive perturbation method. The K-dV, modi�ed K-dV and standardGardner (sG) equations have been derived, and numeri
ally examined. The basi
 features SWs andDLs have been analyzed from the solution of sG equation. It has been shown that for the dependen
yof these properties on plasma parametri
 values, the degenerate plasma under 
onsideration supports
ompressive or rarefa
tive SWs , but not DLs. It has been also found that the e�e
ts of degeneratepressures of ele
trons and multi-ion signi�
antly modi�es the basi
 features of the nonlinear wavesthat are found to exist in su
h a degenerate plasma with the presen
e of negatively 
harged dustgrains. The relevan
e of our results to astrophysi
al obje
ts is brie
y dis
ussed.PACS numbers: 52.60.1h, 52.35.2g, 97.60.GbI. INTRODUCTIONRe
ently, the physi
s of dusty plasma is re
eiving a great deal of attention[1{3℄. Dusty plasmas are 
hara
terizedas a low temperature multispe
ies ionized gas 
omprising ele
trons, and negatively (or positively) 
harged grainsof mi
rometer or submi
rometer size. The study of the 
olle
tive e�e
ts in dusty plasmas is of signi�
ant interest.Charged dust grains are found to modify or even dominate wave propagation [4{7, 14℄, wave s
attering [15{18℄, waveinstability [19℄, self-similar plasma expansion [20℄, velo
ity modulation [21℄, 
harged parti
le transport [22℄, and iontrapping [23℄. However, most of the studies on wave motions [4{7℄in dusty plasma assume 
onstant 
harge on thedust grains.On the other hand, it has been found both theoreti
ally and experimentally [8{10℄ that the presen
e of negativeions, whi
h o

ur in many spa
e and laboratory dusty plasma situations [11℄, signi�
antly modify the 
harging ofdust parti
les. Therefore, it is expe
ted that the presen
e of su
h negative ions 
an modify or introdu
e new featuresin dust asso
iated waves, parti
ularly, in the DIA waves of Shukla and Silin [13℄ . Re
ently, motivated by laboratoryexperiments [12℄ have investigated the properties of DIA waves in a multi-ion dusty plasma by using redu
tiveperturbation method whi
h is valid only for small amplitude. But in many spa
e and laboratory dusty plasmas theamplitude of DIA waves is not ne
essary to be small.Now-a-days a number of authors have be
ome interested to study the properties of matter under extreme 
onditions[24{29℄, whi
h o

ur due to the 
ombine e�e
t of Pauli's ex
lusion prin
iple and Heisenberg's un
ertainty prin
iple,depends only on the number density of 
onstituent parti
les, but independent on it's own temperature [30{33℄. Thisdegenerate pressure has an important role to study the ele
trostati
 perturbation in matters whi
h exist in extreme
onditions [24{26, 34, 35℄. Ele
tron degenerate pressure will halt the gravitational 
ollapse of a star if its mass isbelow the Chandrasekhar limit (i.e. 1.44 solar masses) [36℄. This is the pressure that prevents a white dwarf star from
ollapsing. Astrophysi
al aspe
ts of high density like in many 
osmi
 environments, 
ompa
t astrophysi
al obje
ts[37{40℄ and planetary systems have been re
ently dis
ussed by Forton [41℄. Examples of the latter are white andbrown dwarf stars [42, 43℄, as well as massive Jupiter [44℄ whi
h serves as the super-Earth terrestrial planets aroundother stars [45℄, and the ben
hmark for giant planets.In 
ase of su
h a 
ompa
t obje
t the degenerate ele
tron number density is so high (in white dwarfs it 
an be ofthe order of 1030 
m�3, even more [30{33℄) that the ele
tron Fermi energy is 
omparable to the ele
tron mass energyand as a result the ele
tron speed be
omes 
omparable to the speed of light in va
uum. For su
h interstellar 
ompa
tobje
ts the equation of state for degenerate ions and ele
trons are mathemati
ally explained by Chandrasekhar [26℄for two limits, named as non-relativisti
 and ultra-relativisti
 limits. Chandrasekhar [24, 26℄ presented a generalexpression for the relativisti
 ion and ele
tron pressures in his 
lassi
al papers. The pressure for ion 
uid 
an be givenby the following equation Pi = Kin�i ;
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where � = 53; Ki = 35 ��3� 13 ��h2m ' 35�
�h
; (2)for the non-relativisti
 limit (where �
 = ��h=m
 = 1:2 � 10�10 
m, and �h is the Plan
k 
onstant divided by 2�).While for the ele
tron 
uid, Pe = Ken
e ; (3)where 
 = �;Ke = Ki for nonrelativisti
 limit; and (4)
 = 43; Ke = 34 ��29 � 13 �h
 ' 34�h
; (5)in the ultra-relativisti
 limit [24{26, 30, 31℄.Re
ently, a large number of authors [30, 31, 33, 46{56℄, et
. have used the pressure laws (3) to (5) investigate thelinear and nonlinear properties of ele
trostati
 and ele
tromagneti
 waves, by using the non-relativisti
 quantum hy-drodynami
 (QHD) [46℄ and quantum-magnetohydrodynami
(Q-MHD) [49℄ models and by assuming either immobileions or non-degenerate un
orrelated mobile ions. It turns out that the presen
e of the latter and degenerate ultrarelativisti
 ele
trons with the pressure law (3-5) admits one-dimensional lo
alized ion models (IMs) supported bylinear and non linear ion inertial for
es and the pressure of degenerate ele
tron 
uids in a dense quantum plasma thatis unmagnetized. Furthermore, modi�ed Volkov solutions of the Dira
 equation for ele
trostati
 and ele
tromagneti
waves in relativisti
 quantum plasmas have been dis
ussed by Mendon
a and Serbeto [57℄. Again in this present days,some authors [58{60℄ has made a number of theoreti
al investigations on the nonlinear propagation of ele
trostati
waves in degenerate quantum plasma. These investigations are mainly based on the ele
tron equation of state, whi
hare only valid for the non-relativisti
 limit. Some investigations have been also made of the nonlinear propagation ofele
trostati
 waves in a degenerate dense plasma whi
h are mainly based on the degenerate ele
tron equation of statevalid for ultra-relativisti
 limit [30{33℄.Still now, there is no theoreti
al investigation has been made to study the extreme 
ondition of matter for bothnon-relativisti
 and ultra-relativisti
 limits on the propagation of ele
trostati
 solitary waves (SWs) and double layers(DLs) in a dusty degenerate dense plasma system. Therefore, in our paper we have studied the properties of the SWsand DLs 
onsidering a dusty degenerate dense plasma 
ontaining degenerate ele
tron-ion 
uid (both non-relativisti
and ultra-relativisti
 limits) with the negatively 
harged dust grains to study the basi
 features of the ele
trostati
soliton and double layer stru
tures with the solutions of standard Gardner equation. Our 
onsidered model is relevantto 
ompa
t interstellar obje
ts (i.e. white dwarf, neutron star, bla
k hole, et
.).II. GOVERNING EQUATIONSWe 
onsider the propagation of an ele
trostati
 perturbation mode in a degenerate dense multi-ion dusty plasma
ontaining ultra-relativisti
 degenerate ele
trons, non-relativisti
 degenerate inertial ions having both positive andnegative ions and negative dust grains. The dynami
s of the ele
trostati
 waves propagating in su
h a plasma systemis governed by �ns�t + ��x (nsus) = 0; (6)�up�t + up �up�x + ���x + K1np �np��x = 0; (7)�un�t + un �un�x � � ���x + K1nn �nn��x = 0; (8)ne ���x �K2 �n
e�x = 0; (9)�2��x2 = ��; (10)� = np � (1� �� �n)ne � (1� �� �e)nn; (11)
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where ns (s = p; n; e) is the plasma spe
ies number density normalized by its equilibrium value ns0 (ne0), us is theplasma spe
ies ion 
uid speed normalized by Cpm = (me
2=mp)1=2 with me (mp) being the ele
tron (plasma ionspe
ies) rest mass mass and 
 being the speed of light in va
uum, � is the ele
trostati
 wave potential normalizedby me
2=e with e being the magnitude of the 
harge of an ele
tron, the time variable (t) is normalized by !pm =(4�e2n0=mp)1=2, and the spa
e variable (x) is normalized by �m = (me
2=4�e2n0)1=2, � is the ratio of negative andpositive ion masses multiplied by their 
harge per ion, Zj (where j = p; n), �e is the ratio of the number density ofele
tron and positive ion (ne0=np0), �n is the ratio of the number density of negative and positive ions (nn0=np0) and� is the ratio of the negative 
harged dust grains and positive ion (Zdnd0=np0). The 
onstants K1 = n��1j0 Ki=mj
2and K2 = n
�1e0 Ke=me
2. The equations of state used here are given byPi = Kin�i ; (12)where � = 53; Ki = 35 ��3� 13 ��h2m ' 35�
�h
; (13)for the non-relativisti
 limit (where �
 = ��h=m
 = 1:2 � 10�10 
m, and �h is the Plan
k 
onstant divided by 2�).While for the ele
tron 
uid, Pe = Ken
e ; (14)where 
 = �;Ke = Ki for non� relativisti
 limit; and (15)
 = 43; Ke = 34 ��29 � 13 �h
 ' 34�h
; (16)in the ultra-relativisti
 limit [24{26, 30, 31℄.III. DERIVATION OF K-DV EQUATIONSTo observe the ele
trostati
 perturbations propagating in the ultra-relativisti
 degenerate dense plasma due to thee�e
t of dispersion by analyzing the outgoing solutions of (6)�(9), we �rst introdu
e the stret
hed 
oordinates [61℄� = ��1=2(x+ Vpt); (17)� = �3=2t; (18)where Vp is the wave phase speed (!=k with ! being angular frequen
y and k being the wave number of the perturbationmode), and � is a smallness parameter measuring the weakness of the dispersion (0 < � < 1). We then expand ns, ne,us, and �, in power series of �: ns = 1 + �n(1)s + �2n(2)s + � � �; (19)ne = 1 + �n(1)e + �2n(2)e + � � �; (20)us = �u(1)s + �2u(2)s + � � �; (21)� = ��(1) + �2�(2) + � � �; (22)� = ��(1) + �2�(2) + � � �; (23)and develop equations in various powers of �. To the lowest order in �, (6)�(22) give u(1)s = �Vpn(s1), n(1)p =�(1)=(V 2p �K 01), n(1)n = ���(1)=(V 2p �K 01), n(1)e = �(1)=K 02, and Vp =qK 02 (1+�)����e1����n +K 01 where K 01 = �K1=(��1)and K 02 = 
K2=(
 � 1). The relation Vp = qK 02 (1+�)����e1����n +K 01 represents the dispersion relation for the dustion-a
ousti
 type ele
trostati
 waves in the degenerate plasma under 
onsideration.
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We are interested in studying the nonlinear propagation of these dispersive dust ion-a
ousti
 type ele
trostati
waves in a degenerate plasma. To the next higher order in �, we obtain a set of equations�n(1)s�� � Vp �n(2)s�� � ��� [u(2)s + n(1)s u(1)s ℄ = 0; (24)�u(1)p�� � Vp �u(2)p�� � u(1)p �u(1)p�� � ��(2)�� �K 01 ��� �n(2)p + (� � 2)2 (n(1)p )2� = 0; (25)�u(1)n�� � Vp �u(2)n�� � u(1)n �u(1)n�� + � ��(2)�� �K 01 ��� �n(2)n + (�� 2)2 (n(1)n )2� = 0; (26)��(2)�� �K 02 ��� �n(2)e + (
 � 2)2 (n(1)e )2� = 0; (27)�2�(1)��2 = (1� �� �n)n(2)e � n(2)p + (1� �� �e)n(2)n : (28)Now, 
ombining (24)-(28) we dedu
e a Korteweg-de Vries equation��(1)�� +A�(1) ��(1)�� +B�3�(1)��3 = 0; (29)whereA = (V 2p �K 01)22Vp[1 + (1� �� �e)℄� [ [3V 2p +K 01(�� 2)℄[1 + (1� �� �e)℄�2(V 2p �K 01)3 + (
 � 2)(1� �� �n)�2K 022 ℄; (30)B = (V 2p �K 01)22Vp[1 + (1� �� �e)℄� : (31)The stationary solitary wave solution of (29) is�(1) = �(1)m se
h2� ��� ; (32)where spe
ial 
oordinates, � = � � u0� , amplitude,�m = 3u0=A, and width,� = (4B=u0)1=2.IV. DERIVATION OF MODIFIED K-DV EQUATIONTo examine ele
trostati
 perturbations propagating in the relativisti
 degenerate dense plasma due to the e�e
tof dispersion by analyzing the outgoing solutions of equations (6-10), we now introdu
e the new set of stret
hed
oordinates for the modi�ed K-dV equation is [61℄ � = �(x� Vpt); (33)� = �3t; (34)To the lowest order in �, using equations (33,34, and 19-22), into the equations (6-10), we �nd the same results aswe have had for the solitons for K-dV equation.To the next higher order in �, we obtain a set of equations, whi
h, after using the values of u(1)p , u(1)n , n(1)p , n(1)n ,and n(1)e 
an be simpli�ed asu(2)p = Vp�(2)V 2p �K 01 + [K 01Vp(�� 2) + 3V 3p ℄ (�(1))22(V 2p �K 01)3 � Vp(�(1))2(V 2p �K 01)2 ; (35)u(2)n = � �Vp�(2)V 2p �K 01 + [K 01Vp�2(�� 2) + 3�2V 3p ℄ (�(1))22(V 2p �K 01)3 � �2Vp(�(1))2(V 2p �K 01)2 ; (36)n(2)p = �(2)V 2p �K 01 + [K 01(�� 2) + 3V 2p ℄ (�(1))22(V 2p �K 01)3 (37)

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 1, January- 2013

ISSN: 2278-0181

4www.ijert.org

IJ
E
R
T

IJ
E
R
T



n(2)n = � ��(2)V 2p �K 01 + �2 [K 01(�� 2) + 3V 2p ℄ (�(1))22(V 2p �K 01)3 (38)n(2)e = �(2)K 02 � (
 � 2)(�(1))22(K 02)2 ; (39)�(2) = 12�A(�(1))2; (40)where �A = � (
 � 2)(1� �� �n)(K 02)2 + [(1� �� �e)�2 � 1℄ [3V 2p +K 01(�� 2)(V 2p �K 01)3 ℄; (41)To further higher order of �, we obtain a set of equations�n(1)s�� � Vp �n(3)s�� + �u(3)s�� + ��� [u(2)s n(1)s + n(2)s u(1)s ℄ = 0; (42)�n(1)p�� � Vp �n(3)p�� + �u(3)p�� + ��� [u(2)p n(1)p + n(2)p u(1)p ℄ = 0; (43)�n(1)n�� � Vp �n(3)n�� + �u(3)n�� + ��� [u(2)n n(1)n + n(2)n u(1)n ℄ = 0; (44)�u(1)p�� � Vp �u(3)p�� + ��� [u(1)p u(2)p ℄ + ��(3)�� +K 01 ��� [n(3)p + (�� 2)(n(1)p n(2)p ) + (�� 2)(�� 3)6 (n(1)p )3℄ = 0; (45)�u(1)n�� � Vp �u(3)n�� + ��� [u(1)n u(2)n ℄� � ��(3)�� +K 01 ��� [n(3)n + (�� 2)(n(1)n n(2)n ) + (�� 2)(�� 3)6 (n(1)n )3℄ = 0; (46)��(3)�� �K 02 ��� [n(3)e + (�� 2)(n(1)e n(2)e ) + (� � 2)(�� 3)6 (n(1)e )3℄ = 0; (47)�2�(1)��2 = ��(3); (48)�(3) = n(3)p � (1� �� �e)n(3)n � (1� �� �n)n(3)e : (49)Now 
ombining equations (44) - (49) and using the values of n(1)i , n(2)i , u(1)i , u(2)i , and �(2), we obtain an equation ofthe form ��(1)�� + �f�(1)g2��(1)�� +B�3�(1)��3 = 0; (50)where the value of B is as before and � is given by� = �B (51)� = 15V 4p + 12K 01V 2p + 18K 01V 2p (�� 2) + 3(K 01(�� 2))22(V 2p �K 01)5 + K 01(�� 2)(�� 3)2(V 2p �K 01)4 � (1� �)(6� 7
 + 2
2)2(K 02)3 (52)B = (V 2p �K 01)22Vp[1 + (1� �� �e)�℄ (53)We 
all equation (50) as modi�ed K-dV equation for planner geometry. The stationary solitary solution of equation(50) is given by �(1) = �mse
h( ��); (54)where the spe
ial 
oordinate, � = ��u0� , the amplitude is �m =q 6u0� , the width is � =q 1
�m and u0 is the plasmaspe
ies speed at equilibrium.
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V. DERIVATION OF STANDARD GARDNER EQUATIONIt is obvious from (42) that A = 0 sin
e �(1) 6= 0. One 
an �nd that A = 0 at its 
riti
al value � = (�)
 = 2=3(whi
h is a solution of A = 0). So, for � around its 
riti
al value �
, A = A0 
an be expressed asA0 = s(�A�� )�=�
 j�� �
j = s�; (55)where where j� � �
j is a small and dimensionless parameter, and 
an be taken as the expansion parameter �, i.e.j�� �
j ' �, and s = 1 for � < �
 and s = �1 for � > �
. So, �(2) 
an be expressed as�(2)�(2) ' �(3) 12s(�(1))(2); (56)whi
h, therefore, must be in
luded in the third order Poisson's equation. To the next higher order of the �, we obtaina set of equations:�n(1)s�� � Vp �n(3)s�� + �u(3)s�� + ��� [u(2)s n(1)s + n(2)s u(1)s ℄ = 0; (57)�n(1)p�� � Vp �n(3)p�� + �u(3)p�� + ��� [u(2)p n(1)p + n(2)p u(1)p ℄ = 0; (58)�n(1)n�� � Vp �n(3)n�� + �u(3)n�� + ��� [u(2)n n(1)n + n(2)n u(1)n ℄ = 0; (59)�u(1)p�� � Vp �u(3)p�� + ��� [u(1)p u(2)p ℄ + ��(3)�� +K 01 ��� [n(3)p + (�� 2)(n(1)p n(2)p ) + (�� 2)(�� 3)6 (n(1)p )3℄ = 0; (60)�u(1)n�� � Vp �u(3)n�� + ��� [u(1)n u(2)n ℄� � ��(3)�� +K 01 ��� [n(3)n + (�� 2)(n(1)n n(2)n ) + (�� 2)(�� 3)6 (n(1)n )3℄ = 0; (61)��(3)�� �K 02 ��� [n(3)e + (�� 2)(n(1)e n(2)e ) + (� � 2)(�� 3)6 (n(1)e )3℄ = 0; (62)�2�(1)��2 = ��(3) � s2(�(1))(2); (63)�(3) = n(3)p � (1� �� �e)n(3)n � (1� �� �n)n(3)e : (64)Now 
ombining (57-64), we obtain an equation of the form:��(1)�� + sB�(1) ��(1)�� + ��(1)2 ��(1)�� +B�3�(1)��3 = 0: (65)where the values of � and B are same as before in the modi�ed KdV equation. This equation (65) is 
alled standardGardner (sG) eqaution.The exa
t analyti
al solution of (65) is not possible. Therefore, we have numeri
ally solved (65), and have studiedthe e�e
ts of planar geometry DIA GSs and DLs. The stationary SW and DL solution of the sG equation [i.e. (65)℄is obtained by 
onsidering a moving frame (moving with speed u0) � = � � u0� , and imposing all the appropriateboundary 
onditions for the SW and DL solution, in
luding �(1) ! 0, d�(1)=d� ! 0, d2�(1)=d�2 ! 0 at � ! �1.These boundary 
onditions allow us to have two solutions to express the sG equation [i.e. (65)℄, as one is the stationarySW solution and another is DL solution. The stationary SW solution of sG equation [i.e. (65)℄ 
an be written as�(1) = � 1�m2 �� 1�m2 � 1�m1� 
osh2��Æ���1 ; (66)where �m1;2 is given by �m1;2 =  m "1�r1 + U0V0 # ; (67)V0 = s2B6� ; (68)
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U0 = sB3 �m1;2 + �6�m1;22 (69)Æ = 2p�
�m1�m2 (70)
 = �6 (71)�m = s� (72)and Æ is the width of the SWs, and is given by Æ = 2p�
�m1�m2 : (73)Now, the stationary DL solution of sG equation 
an be written as�(1) = �m2 �1 + tanh� ���� ; (74)where � is the width of the DLs, and is given by� =s� 24�2m�: (75)VI. NUMERICAL ANALYSISIt is 
lear from (74) and (75) that DLs exist if and only if �0 < 0. It is obvious from �gures 9 and 10 that � > �
whi
h 
on�rm us that the DLs are asso
iated with positive potential only. The parametri
 regimes for the existen
eof the positive DLs are not bounded by the lower and upper surfa
e plot of �, and the DLs exist for parameters
orresponding to any point in between two (�0 = 0) surfa
e plots. It may be noted here that if we would negle
t thehigher order nonlinear term [viz. the third term of (65) or the term 
ontaining �(3)℄, but would keep the lower ordernonlinear term [viz. the se
ond term of (65) or the term 
ontaining �(2)℄, we would obtain the solitary stru
tures thatare due to the balan
e between nonlinearity (asso
iated with �(2) only) and dispersion [5, 62℄. On the other hand, inour present work, we have kept both the terms 
ontaining �(2) and �(3), and have obtained the DL stru
tures whi
hare formed due to the balan
e between the nonlinearity (asso
iated with �(2) and �(3)) and dispersion.It may be added here that the dissipation (whi
h is usually responsible for the formation of the sho
k-like stru
tures[63, 64℄) is not essential for the formation of the solitary and DL stru
tures [65, 66℄. The stationary DL solution ofthe sG equation, and the 
onditions for the existen
e of DLs 
learly imply that the DL stru
tures predi
ted in ourpresent investigation is not due to the dissipation (whi
h has been negle
ted in our present investigation), but is dueto the 
oexisten
e of positively and negatively 
harged dust where we have taken the values of �e between 0:1 to 0:6and �p between 0:1 to 0:4.In the �gures 1-8 we have tried to show the solitary pro�les obtained from the SWs solution of sG equation (66)due to the e�e
t of � on the potential, �(1) for the 
ase of ele
tron-ion being non-relativisti
 degenerate and ion beingnon-relativisti
 degenerate and ele
tron being ultra-relativisti
 degenerate. From the �gures 9-10 obtained from DLssolution of sG (74) we have observed the e�e
t of � on the potential, �(1) for the double layers obtained from thesolution of sG equation (65) when we have 
onsidered the value of � for the both 
ase of relativisti
 limits.By the 
areful observation on the �gures 1-10 it has be
ome 
lear that the terms � has an great e�e
t on thepotential, �(1) of the DIA SWs and DLs. Be
ause of the 
riti
al value of � we get both 
ompressive and rarefa
tiveSWs with the positive and negative potential, but only positive potential with DLs. Again potential, �(1) in
reasesmore rapidly for ion being non-relativisti
 degenerate and ele
tron being ultra-relativisti
 degenerate than for bothele
tron-ion being non-relativisti
 degenerate. But we get only positive potential, �(1), for the DL (9-10) obtainedfrom the solution of sG equation, whatever the value of �, i.e it does not depend on the value of �.VII. DISCUSSIONWe have represented a theory for a DIA SWs and DLs in a ele
tron and multi-ion degenerate dense dusty plasmasystem. The latter is a sour
e for dissipation, and is responsible for the formation of the DIA SWs and DLs. From
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ΞFIG. 2: Showing the e�e
t of � on solitary waves (potential stru
ture) for ion being non-relativisti
 degenerate and ele
tronbeing ultra-relativisti
 degenerate when � < 0:66, �e ! 0:4 and �p ! 0:3.this investigation it has been found that the presen
e of the negative ions signi�
antly redu
es the magnitude of the
harge of the negatively 
harged dust, and under a 
ertain 
ondition [9℄ it 
ab 
ause the 
harge neutralization of thedust parti
les; the presen
e of negative ions 
an 
hange the dust gpolarity. This predi
tion agrees with the re
entexperimental observations [9, 10℄. The resulting negative ion velo
ity is dire
ted outwards; it turns out that, althoughthe main evaluation is by di�usion, the negative ion front propagation speed is nearly 
onstant for 
onstant ele
tronsand ions temperatures be
ause of degenerate. The negative ion front is new type of nonlinear stru
ture, di�erent fromhydrodynami
 nonlinear waves, and beyond the 
lassi�
ation of dissipative stru
tures done in [67℄. The evolutionof ion fronts in the afterglow of ele
tronegative plasma is very important, sin
e it determines the time needed fornegative ions to rea
h the wall and thus in
uen
e surfa
e rea
tions in plasma pro
essing.Ele
trostati
 perturbation for degenerate dense relativisti
 multi-ion plasma with an additional parti
le, negatively
harged dust, has been studied. The formation of nonlinear ele
trostati
 propagation modes, parti
ularly the solitarywaves and double layers pro�les obtain from the solution of standard Gardner equation has been theoreti
ally investi-gated. We have found that the degenerate ele
tron and multi-ion pressures and the number density of the negatively
harged dust grains have signi�
ant e�e
ts on the potential of the ele
trostati
 pro�les (shown in 1-10).Our present investigation is di�erent from the related investigations [30{33℄ in the way that we have 
onsideredthe pressure of all the 
onstituent parti
les (ele
trons and multi-ion), as the whole system is degenerate and all theparti
les should follow the equation of state (12)�(16) whatever the limit is (non relativisti
 or ultra-relativisti
),
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ΞFIG. 4: Showing the e�e
t of � on solitary waves (potential stru
ture) for ion being non-relativisti
 degenerate and ele
tronbeing ultra-relativisti
 degenerate when � � 0:66, �e ! 0:4 and �p ! 0:3.again the e�e
t of stati
 
harged dust grains. From this point of view our present investigation is more a

eptableand the system 
onstituents have made the validity of our investigations greater than the previous works [30{33℄.In our numeri
al analysis we have used a wide range of the degenerate plasma parameters, whi
h are relevant formany 
osmi
 environments and 
ompa
t astrophysi
al obje
ts. The results of the present investigation is, therefore,expe
ted to be useful in understanding the dispersion properties of the ele
trostati
 waves in su
h 
osmi
 environmentsand 
ompa
t astrophysi
al obje
ts [37, 38℄. We have investigated the DIA GSs and 
orresponding the DLs in a dustyplasma system (
omposed of negative dust grains, degenerate ele
trons and ions), by deriving the sG equation. TheK-dV solitons and �nite amplitude DLs investigated earlier, are not valid for � = �
, whi
h vanishes the nonlinear
oeÆ
ients of the K-dV equation. However, the DIA GSs and DLs investigated in our present work are valid foraround � = �
. The results, whi
h have been obtained from this investigation 
an be pinpointed as follows:1. The dusty plasma system under 
onsideration supports the �nite amplitude GSs and DLs, whose basi
 features(polarity, amplitude, width, et
.) depend on the degenerate ions and dust number densities.2. GSs are shown to exist around � = �
, and are found to be di�erent from the K-dV solitons, whi
h do not existfor around � = �
 and mK-dV solitons whi
h exist for around � = �
, but have only one types of polarity andhave no 
orresponding DL solution.3. At � < �
, negative GSs exist, whereas at � > �
, positive GSs exist.
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t of � on solitons (potential stru
ture) for ion being non-relativisti
 degenerate and ele
tron beingultra-relativisti
 degenerate when � < 0:66, �e ! 0:4 and �p ! 0:3.4. The magnitude of the amplitude of positive and negative GSs in
reases with �, but also in
reases with u0.5. The DLs having large width we have found only positive potential, no negative DLs are formed.6. The magnitude of the amplitude of the DLs in
reases with the in
rease of �, but also in
reases with the in
reaseof u0.We have 
arried out SWs and DLs by deriving the sG equations for an unmagnetized plasma system 
ontainingdegenerate ele
trons (non-relativisti
 or ultra relativisti
 limits) and degenerate ions being non-relativisti
 limit and thenegatively 
harged 
harged dust grains. We have shown the existen
e of 
ompressive (hump shape) and rarefa
tive(dip shape) DIA SWs and only positive potential for DLs for both limits. Generally the DIA SWs and DLs are
ompletely di�erent from the K-dV and modi�ed K-dV solitary waves. It may be stressed here that the results ofthis investigation should be useful for understanding the nonlinear features of ele
trostati
 disturban
es in laboratoryplasma 
onditions. Our investigation would also be useful to study the e�e
ts of degenerate pressure in interstellar andspa
e plasmas [68℄, parti
ularly in stellar polytropes [69℄, hadroni
 matter and quark-gluon plasma [70℄, protoneutronstars [71℄, dark-matter halos [72℄ et
. Further it 
an be said that the analysis of sho
k stru
tures, vorti
es, double-layers et
. in a nonplanar geometry where the degenerate pressure 
an play the signi�
ant role, are also the problemsof great importan
e but beyond the s
ope of the present work. To 
on
lude, we propose to perform a laboratory

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 1, January- 2013

ISSN: 2278-0181

10www.ijert.org

IJ
E
R
T

IJ
E
R
T



-20

0

20Ξ 0.7

0.8

0.9

Μ

-0.06
-0.04
-0.02

0

ΦH1 L

-20

0

20ΞFIG. 7: Showing the e�e
t of � on solitons (potential stru
ture) for both ele
tron-ion being non-relativisti
 degenerate when� � 0:66, �e ! 0:4 and �p ! 0:3.
-1

-0.5
0

0.5
1

Ξ 0.7

0.8

0.9

Μ

-0.2

-0.1

0

ΦH1L

-1
-0.5

0
0.5

1
ΞFIG. 8: Showing the e�e
t of � on solitons (potential stru
ture) for ion being non-relativisti
 degenerate and ele
tron beingultra-relativisti
 degenerate when � � 0:66, �e ! 0:4 and �p ! 0:3.experiment whi
h 
an study su
h spe
ial new features of the DIA solitons propagating in dusty plasma in presen
e ofdegenerate ele
trons and ions[1℄ C. K. Goertz, Rev. Geophys. 27, 271 (1989).[2℄ U. de Angelis, Phys. S
r. 45, 465 (1992).[3℄ T. G. Northrop, Phys. S
r. 45, 475 (1992).[4℄ U. de Angelis, V. Formisano and M. Giordano, J. Plasma Phys. 40, 399 (1988).[5℄ N. N. Rao, P. K. Shukla and M. Y. Yu, Planet. Spa
e S
i. 38, 543 (1990).[6℄ N. D'Angelo, Planet. Spa
e S
i. 38, 1143 (1990).[7℄ P. K. Shukla and V. P. Silin, Phys. S
r. 45, 508 (1992).[8℄ A. A. Mamun and P. K. Shukla, Phys. Plasmas 65, 1518 (2003).[9℄ S. H. Kim and R. L. Marlino, Phys. Plasmas 13, 052118 (2006).[10℄ R. L. Merlino and S. H. Kim, Appl. Phys. Lett. 89, 091501 (2006).[11℄ M. Rosenberg and R. L. Merlino, Planet. Spa
e S
i. 55, 1464 (2007).[12℄ M. Y. Yu, P. K. Shukla and S. Bujarbarua, Phys. Fluids 23, 2146 (1980).

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 1, January- 2013

ISSN: 2278-0181

11www.ijert.org

IJ
E
R
T

IJ
E
R
T



-1000
-500

0
500

1000
Ξ

0.18

0.2

0.22

0.24

Μ

0
0.05
0.1ΦH1L

-1000
-500

0
500

1000
ΞFIG. 9: Showing the e�e
t of � on double layers (potential stru
ture) for both ele
tron-ion being non-relativisti
 degenerate,0:01 < � < 1, �e ! 0:4 and �p ! 0:3.

-1000
-500

0
500

1000
Ξ

0.18

0.185

0.19

0.195

0.2

Μ

0
0.025
0.05

0.075
0.1

ΦH1L

-1000
-500

0
500

1000
ΞFIG. 10: Showing the e�e
t of � on double layers (potential stru
ture) for ion being non-relativisti
 degenerate and ele
tronbeing ultra-relativisti
 degenerate 0:01 < � < 1, �e ! 0:4 and �p ! 0:3..[13℄ P. K. Shukla and V. P. Silin, Phys. S
r. 45, 508 (1992).[14℄ F. Verheest, Planet. Spa
e S
i.40, 1 (1992).[15℄ N. D'Angelo and B. Song , Planet. Spa
e S
i. 38, 1577 (1990).[16℄ U. de Angelis, A. Forlani, V. N. Tsytovi
h and R. Bingham, J. Geophys. Res. 97, 6261 (1992).[17℄ C. La Hoz, Phys. S
r. 45, 529 (1992).[18℄ T. Hagfors, J. Atoms. Terr. Phys. 54, 333 (1992).[19℄ P. K. Shukla and L. Sten
o, Astrophys. Spa
e S
i. 190, 23 (1992).[20℄ K. E. Lonngren, Spa
e S
i. 38, 1457 (1990).[21℄ K. E. Lonngren, Spa
e S
i. 40, 763 (1992).[22℄ M. S. Barnes, J. H. Keller, J. C. Forster, J. A. O'Neil and D. K. Coultas, Phys. Lett. 68,313 (1992).[23℄ J. Goree, Phys. Rev. Lett. 69, 277 (1992).[24℄ S. Chandrasekhar, Phi. Mag. 11, 592 (1931).[25℄ S. Chandrasekhar, Astrophys. J. 74, 81 (1931).[26℄ S. Chandrasekhar, Mon. Not. R. Astron. So
. 170, 405 (1935).[27℄ S. Chandrasekhar, An Introdu
tion to the Study of stellar stru
ture (Dover Publi
ations, 1939).[28℄ S. Chandrasekhar, Phys. Rev. Lett. 12, 144 (1964).[29℄ S. Chandrasekhar and R. F. Tooper, Astrophys. J. 139, 1396 (1964).[30℄ A. A. Mamun and P. K. Shukla, Phys. Lett. A 324, 4238 (2010).[31℄ A. A. Mamun and P. K. Shukla, Phys. Plasmas 17, 104504 (2010).

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 1, January- 2013

ISSN: 2278-0181

12www.ijert.org

IJ
E
R
T

IJ
E
R
T



[32℄ N. Roy, S. Tasnim and A. A. Mamun, Phys. Plasmas 19, 033705 (2012).[33℄ M. S. Zobaer, N. Roy, and A. A. Mamun, J. Plasma Phys., doi:10.1017/S0022377812000700, 1-4 (2012).[34℄ D. Koester and G. Chanmugam, Rep. Prog. Phys. 53 (1990).[35℄ E. Gar
ia-Berro, S. Torres, L. G. Althaus, I. Renedo, P. Lor�en-Aguiltar, A. H. C�orsi
o R. D. Rohrmann, M. Salaris and J.Isern, Nature 465, 194 (2010).[36℄ P. A. Mazzali, F. K. Rpke, S. Benetti and W. Hillebrandt, S
ien
e 315, 5813 (2007).[37℄ F. C. Mi
hel, Rev. Mod. Phys. 54, 1 (1982).[38℄ H. R. Miller and P. J. Witta, A
tive Gala
ti
 Nu
lei (Springer, New York, 1987),[39℄ E. Tandberg-Hansen and A. G. Emslie, The Physi
s of Solar Flares (Cambridge University Press, Cambridge, 1988),[40℄ M. J. Rees, The Very Early Universe (Cambridge University Press, Cambridge1983).[41℄ V. E. Fortov, Phys. Usp. 52, 615 (2009).[42℄ H. Gursky, in Forntiers of AstroPhyis
s (Harvard University Press, London, 1976).[43℄ S. L. Shapiro and S. A. Teukolsky, Bla
k holes, White dwarfs and neutron Stars: The Physi
s of Compa
t Obje
ts (JohnWiley and Sons, New York, 1983).[44℄ D. Saumon and T. Guillot, Astrophys. J. 609, 1170 (2004).[45℄ J. J. Fortney, S. H. Glenzer, M. Koening, et al., Phys. Plasma 16, 041103 (2009).[46℄ G. Manfredi, Fields Inst. Commun. 46, 263 (2005).[47℄ P. K. Shukla, Phys. Lett. A 352, 242 (2006).[48℄ P. K. Shukla and L. Sten
o, Phys. Lett. A 355, 378 (2006).[49℄ G. Brodin and M. Marklund, New J. Phys. 9, 227 (2007).[50℄ G. Brodin and M. Marklund, Phys. Plasmas 14, 412607 (2007).[51℄ M. Marklund and G. Brodin, Phys. Rev. Lett. 98, 025001 (2007).[52℄ M. Marklund, B. Eliasson and P. K. Shukla, Phys. Rev. E 76, 067401 (2007).[53℄ P. K. Shukla, Nature Phys. 5, 92 (2009).[54℄ P. K. Shukla and B. Eliasson, Phys. Usp. 53, 51 (2010).[55℄ W. Masood, B. Eliasson and P. K. Shukla, Phys. Rev. E 81, 066401 (2010).[56℄ W. Masood and B. Eliasson, Phys. Plasmas 18, 034503 (2011).[57℄ J. T. Mendon
a and A. Serbeto, Phys. Rev. E 83, 026406 (2011).[58℄ F. Hass, Phys. Plasmas 13, 042309 (2007).[59℄ A. Misra and S. Samanta, Phys. Plasmas 15, 123307 (2008).[60℄ A. P. Misra, S. Banerjee, F. Haas, P. K. Shukla and L. P. G. Assis, Phys. Plasmas 17, 032307 (2010).[61℄ S. Maxon and J. Vie
elli, Phys. Rev. Lett. 32, 4 (1974).[62℄ A. A. Mamun, Astrophys. Spa
e S
i. 268, 443 (1999).[63℄ A. A. Mamun and R. A. Cairns, Phys. Rev. E. 79, 055401(R) (2009).[64℄ A. A. Mamun and P. K. Shukla, New J. Phys. 11, 103022 (2009).[65℄ P. K. Shukla and A. A. Mamun, Introdu
tion to Dusty Plasma Physi
s (IOP, Bristol, 2002).[66℄ F. Verheest and S. R. Pillay, Phys. Plasmas 15, 013703 (2008).[67℄ B. S. Kernar and V. V. Osipov, Sov. Phys. Ups. 33, 996 (1990).[68℄ F. Ferro, A. Lavagno and P. Quarati, Eur. Phys. J. A 21, 529 (2004).[69℄ A. R. Plastino and A. Plastino, Phys. Lett. A 174, 384 (1993).[70℄ G. Gervino, A. Lavagno and D. Pigato, Central Euro. J. Phys., in press, DOI: 10.2478/s11534-011-0123-3, (2012).[71℄ A. Lavagno and D. Pigato, Euro. Phys. J. A 47, 52 (2011).[72℄ C. Feron and J. Hjorth, Phys. Rev. E 77, 022106 (2008).

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 1, January- 2013

ISSN: 2278-0181

13www.ijert.org

IJ
E
R
T

IJ
E
R
T


