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 2012 December 25Obliquely propagating dust-acoustic solitary waves in magnetizeddusty plasmas with two-temperature Maxwellian ionsM.M.Masud1), A.A.MamunDepartment of Physics, Jahangirnagar University, Savar, Dhaka-1342, BangladeshSubmitted 2 October 2012Resubmitted 15 November 2012The nonlinear propagation of dust-acoustic (DA) waves in an obliquely propagating magnetized dustyplasma, containing Maxwellian distributed ions of distinct temperatures (namely lower and higher temperatureMaxwellian ions), negatively charged mobile dust grains, and Maxwellian electrons, is rigorously investigatedand analyzed by deriving the Zakharov{Kuznetsov equation. It is investigated that the characteristics of theDA solitary waves (DASWs) are signi�cantly modi�ed by the external magnetic �eld, relative ion and electrontemperature-ratio, and respective number densities of two population of ions. The implications of the resultsobtained from this analysis in space and laboratory dusty plasmas are brie
y discussed.By now, there has been a rapidly growing interestin understanding di�erent types of collective processesin dusty plasmas. It is noticed that the presence ofcharged dust grains does not only modify the existingplasma wave spectra [1, 2], but also allows a numberof novel eigenmodes. Rao et al. [3] have �rst theoreti-cally shown the existence of extremely low phase veloc-ity dust-acoustic (DA) waves in an unmagnetized dustyplasma by using the reductive perturbation technique.Five years later, Barkan et al. [4] performed a labora-tory experiment on DA waves, and conclusively veri�edthe theoretical prediction of Rao et al.At present, the properties of the DA solitary waves(DASWs) have attracted a great deal of interest for un-derstanding the fundamental characteristics of localizedelectrostatic perturbations in laboratory and space dustyplasmas [3, 4{11]. The DASWs have been extensivelystudied by several authors during last two decades [12{15]. But the e�ects of two-temperature ions in dustyplasma systems were not discussed in those investiga-tions [12{15]. However, in a recent letter [16], Zhangand Wang considered the e�ect of nonthermal ions oftwo distinct temperatures and obtained the K-dV equa-tion. On the other hand, Zhou et al. [17] considered thesame nonthermal plasma model, and derived the modi-�ed K-dV (mK-dV ) equation. Moreover, Masud et al.[18, 19] in 2012 considered two-temperature electrons inunmagnetized dusty plasma systems and analyzed theSWs. Recently, Asaduzzaman et al. [20] analyzed theSWs in a plasma system comprising two-temperatureMaxwellian ions. But, these works [16{19] are limitedto a �nite value of the nonlinear coe�cient (A) or consid-ering the models in unmagnetized plasma environments.1)e-mail: msakib5@gmail.com

This indicates that these works are not hold good formagnetized dusty plasma environments as the authorsof these papers [16{20] have not considered the e�ectsof magnetic �eld or obliquness on those SWs. Thus, toobtain a more generalized work on a dusty plasma (con-sisting of extremely massive, highly negatively chargedmobile dust particles, Boltzmann distributed ions of dis-tinct temperatures, and non-inertial electrons), we havederived the Zakharov{Kuznetsov (ZK) equation, and an-alyzed the SWs both numerically and analytically in thisletter.We consider the nonlinear propagation of collision-less DA waves in a magnetized dusty plasma consist-ing of negatively charged mobile dust, two-temperatureMaxwellian ions of temperatures Ti1 and Ti2, and non-inertial electrons having �nite temperature Te, whereTe � Ti2 � Ti1. Thus, at equilibrium, ni10 + ni20 == ne0 + Zdnd0, where ni10 and ni20 are the densities ofthe lower and higher temperature ions respectively, atequilibrium. Zd is the number of electrons residing ontothe dust grain surface, and ne0 (nd0) is the equilibriumdensity of the electron (dust). The nonlinear dynamicsof the obliquely propagating DA waves in such a dustyplasma system is governed by@nd@t +r � (nd � ud) = 0; (1)@ud@t + (ud � r)ud = �r�� �(ud � ẑ); (2)r2� = �e�2� � �i1e�� � �i2e��1� + nd; (3)where nd is the dust particle number density normalizedby its equilibrium value nd0, ud is the dust 
uid velocitynormalized by Cd = (ZdkBTi1=md)1=2, � is the wave po-tential normalized by kBTi1=e, the time variable t is nor-malized by !�1pd = (md=4�nd0Z2de2)1=2, and the space�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 11 { 12 2012 855



856 M.M.Masud, A.A.Mamunvariable is normalized by �Dm = (kBTi1=4�nd0Zde2)1=2.Here, �1 = Ti1=Ti2, �2 = Ti1=Te, � = !cd=!pd,�i1 = ni10=Zdnd0, �i2 = ni20=Zdnd0, � = ne0=Zdnd0 == �i1 + �i2 � 1, kB is the Boltzmann constant, and e isthe magnitude of the electron charge.To study small but �nite amplitude electrostaticDASWs in the dusty plasma under consideration, oneusually constructs a weakly nonlinear theory [21], anduses a scaling of the independent variables through thestretched coordinates [21, 22]X = �1=2x; (4)Y = �1=2y; (5)Z = �1=2(z � Vpt); (6)� = �3=2t; (7)where � is a small parameter measuring the weakness ofthe dispersion, Vp is the phase speed normalized by thedust-acoustic speed (Cd). It may be noted here that X ,Y , and Z are all normalized by the Debye radius (�Dm),and � is normalized by the ion plasma period (!�1pd ).The perturbed quantities nd, udx, udy, udz, and �can be expanded along with their equilibrium values as[21, 23{25] nd = 1 + �n(1)d + �2n(2)d + � � �; (8)udx = �3=2u(1)dx + �2u(2)dx + � � �; (9)udy = �3=2u(1)dy + �2u(2)dy + � � �; (10)udz = �u(1)dz + �2u(2)dz + � � �; (11)� = ��(1) + �2�(2) + � � �: (12)Now, using (4){(7) and (8){(12) into (1){(3), onecan obtain the �rst order continuity equation, the z-component of the momentum equation, and Poisson'sequation which, after simpli�cation, yieldn(1)d = ��(1)V 2p ; (13)u(1)dz = ��(1)Vp ; (14)Vp = 1p�i1 + �i2�1 + ��2 : (15)Equation (15) is the phase speed of the DA waves prop-agating in the magnetized dusty plasma under consider-ation.The �rst order x- and y-components of the momen-tum equation can be written asu(1)dx = � 1� @�(1)@Y ; (16)u(1)dy = 1� @�(1)@X : (17)

The equations (16) and (17) respectively, represent thex- and y-components of the dust electric �eld drifts.These equations are also satis�ed by the second ordercontinuity equation.Again, using (4){(7) and (8){(12) into (1){(3), andeliminating u(1)dx;y, the next higher order x- and y-compo-nents of the momentum equation, and Poisson's equationcan be found asu(2)dx = �Vp�2 @2�(1)@Z@X ; (18)u(2)dy = �Vp�2 @2�(1)@Z@Y ; (19)@2�(1)@X2 + @2�(1)@Y 2 + @2�(1)@Z2 == � �p1 + �222 (�(1))2�+ p2 + n(2)d ; (20)where p1 = 1+�2�(2) and p2 = �i1�(2)��i1(�(1))2=2++ �i2�1�(2) � �i2�21(�(1))2/2. Equations (18) and (19),respectively, denote the x- and y-components of the dustpolarization drifts. Now, following the same procedureone can obtain the next higher order continuity equation,and z-component of the momentum equation. Usingthese new higher order equations along with (13){(20),one can eliminate n(2)d , u(2)dz , and �(2), and can �nallyobtain@�(1)@� +AB�(1) @�(1)@Z + 12A @@Z � @2@Z2++D� @2@X2 + @2@X2���(1) = 0; (21)where A = V 3p ; (22)B = 12 ��i1 + �i2�21 � ��22 � 1V 4p � ; (23)D = 1 + 1�2 : (24)Equation (21) is the ZK equation describing thenonlinear propagation of the obliquely propagatingDA waves in a magnetized dusty plasma with two-temperature Maxwellian distributed ions. To study theproperties of the SWs propagating in a direction makingan angle � with the Z-axis, i.e. with the external mag-netic �eld and lying in the (Z�X) plane, the coordinateaxes (X;Z) are rotated through an angle �, keeping theY -axis �xed. Thus, we transform our independent vari-ables to � = X cos � � Z sin �; � = Y;� = X sin � + Z cos �; � = t: (25)�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 11 { 12 2012



Obliquely propagating dust-acoustic solitary waves in magnetized : : : 857This transformation of these independent variables al-lows us to write the ZK equation in the form@�(1)@t + �1�(1) @�(1)@� + �2 @3�(1)@�3 + �3�(1) @�(1)@� ++ �4 @3�(1)@�3 + �5 @3�(1)@�2@� + �6 @3�(1)@�@�2 + �7 @3�(1)@�@�2 ++ �8 @3�(1)@�@�2 = 0; (26)where�1 = AB cos �;�2 = 12A(cos3 � +D sin2 � cos �);�3 = �AB sin �;�4 = �12A(sin3 � +D sin � cos2 �);�5 = A �D(sin � cos2 � � 12 sin3 �)� 32 sin � cos2 �� ; (27)�6 = �A �D(sin2 � cos � � 12 cos3 �)� 32 sin2 � cos �� ;�7 = 12AD cos �;�8 = �12AD sin �:It is now necessary to look for a steady state solution ofthis ZK equation in the form�(1) = �0(Z); (28)where Z = � � U0t;in which U0 is a constant speed normalized by the pos-itive DA speed (Cd). Using this transformation the ZKequation can be written in steady state form as�U0 d�0dZ + �1�0 d�0dZ + �2 d3�0dZ3 = 0: (29)Now, using the appropriate boundary conditions, viz.�(1) ! 0, (d�(1)=dZ) ! 0, (d2�(1)=dZ2) ! 0 asZ ! �1, the solitary wave solution of this equationis given by �0(Z) =  msech2(�Z); (30)where  m = 3U0=�1 is the amplitude and � =pUo=4�2is the inverse of the width of the solitary waves. AsU0 > 0, it is clear from (21), (23), and (26) that de-pending on the sign of B, the SWs will be associatedwith only positive potential ( m > 0).
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Fig. 2. (Color online) Variation of the amplitudes of soli-tary waves with �i1 for di�erent values of �1. The �rst(blue) curve is for �1 = 0:055, second (black) one is for�1 = 0:05, third (red) one is for �1 = 0:045, and fourth(green) one is for �1 = 0:04, for � = 18�, and �2 = 0:06Fig. 1 represents the SW pro�les for di�erent valuesof the relative ion-number densities (�i1), and Fig. 2indicates the variation of amplitudes of the positive po-tential DASW for di�erent values of the temperature-ratio (�1). Consequently, Fig. 3 describes the variationof widths (�) of the DASWs with � for di�erent valuesof the frequency-ratio (�).The e�ects of obliquness, magnetic �eld, and two-temperature ions on electrostatic solitary structures,which have been found to exist in a hot magnetizeddusty plasma with positive potential only, are inves-tigated rigorously by using the reductive perturbationmethod which is only valid for small but �nite ampli-tude limit but not valid for large � which makes the waveamplitude in�nitely large. According to our present in-vestigation, we have found that the amplitudes of theDASWs gradually increases with temperature-ratio �1.�¨±¼¬  ¢ ���� ²®¬ 96 ¢»¯. 11 { 12 2012
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Fig. 3. (Color online) Variation of the width (�) of thesolitary waves with � for di�erent values of �. The up-per (red) curve is for � = 0:25, the middle (black) one isfor � = 0:3, and the lower (blue) one is for � = 0:35, for�i1 = 0:6, �i2 = 0:4, �1 = 0:04, and �2 = 0:06On the other hand, the height of the DASW pro�le alsovaries proportionally with relative ion-number densities(�i1 and �i2) and with reletive electron number density(�) for de�nite values of the temperature ratios �1 and�2. The e�ect of variation of the angle � on the widths(�) of the SWs is that the width of these SWs increaseswith � for its lower range and decreases for its higherrange. It should be pointed out that for large angles theassumptions that the waves are electrostatic is no longervalid, and we should look for fully electromagnetic struc-tures. Moreover, it is also noted that with the increaseof frequency-ratio �, the amplitudes become relativelyspiky (Fig. 3).We have analyzed the nature and basic characteris-tics of the obliquely propagating DASWs in a magne-tized dusty plasma system consisting of bi-Maxwellianions of distinct temperatures, negatively charged mo-bile dust, and non-inertial electrons. Our present re-sults can be very e�ective for understanding the localizedelectrostatic disturbances in space [18, 19, 22, 26, 27] andlaboratory magnetized dusty plasmas [16, 17, 22, 27{30],where two population of plasma species (viz. thermalions or electrons) can dominate the wave dynamics.To conclude, the time evolution and stability analy-sis of these solitary structures are also problems of greatinterest but beyond the scope of the present work.1. U. de Angelis, V. Formisano, and M. Giordano, J.Plasma Phys. 40(3), 399 (1988).2. P.K. Shukla and L. Sten
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