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Abstract

Voigt functions and their various generalizations have been studied
by H.M. Srivastava and several others through a series of papers. Re-
cently Pathan et al. [10] have given a unified multivariable presentation
of the Voigt functions. In the present paper we give a generalization and
unification of these results and study certain topics not covered therein.
We first give a multivariable presentation of generalized Voigt functions
involving a product of Fox-Wright generalized hypergeometric functions
and then obtain its explicit representations. Next we derive a new spe-
cial case involving the products of generalized Bessel functions J/, ().
Then, we obtain partly bilateral and partly unilateral representation of
the generalized Voigt functions of several variables. Most of the results
involving a single variable Voigt function obtained earlier follow as special
cases of the results presented here.

1 Introduction

The Voigt functions are quite useful in a wide variety of problems of physics
notably astrophysical spectroscopy, transfer of radiation in heated atmosphere
and in the theory of neutron reactions [1]. Furthermore, the function

K(z,y) + wL(z,y), w=+v—-1

Key words: Voigt function, generalized Bessel function, Fox-Wright function, multivariable
H function.
2000 AMS Mathematics Subject Classification: 33C70, 33E20, 33C60.

49



50 On unified presentations of the multivariable Voigt functions

is to a numerical factor identical to the so-called ‘plasma dispersion function’,
which is tabulated by Fried and Conte [7] and several representations (integrals
and series) of the Voigt functions have been given by a number of workers, for
example Exton [3], Reiche [12], Fettis [5], Srivastava and Miller [17], Srivastava
et al. [20] etc.

Recently, Pathan et al.[10] have introduced and studied the multivariable
Voigt functions of the first kind, in the form

o212 [0 e (gt 22) TTeeosteytna 1.0

K[xla"' axnay]

and
Llzy, - xn,y = (77)_"/2/ t=m)/2 exp ( yt — —t2> H sin(z;t))dt (1.2)
0 j=1

(ye RT and z1,---,2, € R)
so that

K[le, e axnay]iwL[xla e axnay]

o0 1 n n
= (w)_"/Q/O t(1=)/2 oxp (—yt - Zt2> H(cos z;t) H sin(z;t)) » dt
j=1 j=1
(1.3)
They have also defined the generalized Voigt functions of multivariable as fol-
lows

n

i\ 1/2 1
Vi (@1 s2asy) = [ (5) /t“exp( yt—ﬁ)H , (jt)) dt,

=1 =1

ly>0; xl,---,xneRandRe<u+Zyj> >—1]
1

We easily have
Kler - an,y]l = Vi _y. _pylen- 2ny] (1.5)
and
Lz1,-- @nyl = Viga,. y)lon 20,y (1.6)

The present paper is devoted to a multivariable presentation of generalized
Voigt functions involving a product of generalized hypergeometric functions of
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Fox [6] and Wright [21] and then obtain its explicit representations in terms
of familiar special functions of several variables. The representation of Voigt
functions given in Section 2 will be seen to be extremely useful, in that most
properties of Fox-Wright hypergeometric series carry over simply for this rep-
resentation and provide connections with various well known representations
and even new representations for special cases of these functions involving the
products of generalized Bessel functions J', (z) [9], Mittag-Leffler function E,
and its such generalizations as E, g studied in the literature [16]. Further rep-
resentations and generating functions which are partly unilateral and partly
bilateral are obtained. A unified presentation of multivariable Voigt functions
in terms of multivariable Fox H-function is given in Section 3. By appropriately
specializing these variables, a number of (known or new) results are shown to
follow as applications of our main results.

2 Unified multivariable Voigt functions

In this section we study a unified multivariable generalized Voigt functions
involving the product of functions ,¥,. We define:

n

2\ 1/2
Vot (2759, 2 H( ) / t" exp(—yt—zt?)

1=1

(@, a9y,

[IEAZ - —ait? | dt (2.1)
- b, 8,
[y,Z>O, Ty, ,anR, Re(n)>_1]

where for convenience we have used the symbol z* to denote the array of sym-
bols z1, - - -, z, with a similar meaning to p* and ¢*, ,¥, occuring in the right
hand side of (2.1) stands for Fox-Wright generalized hypergeometric function
[6],[21] defined and represented as follows:

p
(CL,O[),"',(CL,O[) ; 0 Hf(aj+ajm)
p¥q(2) = p¥y o o z :ZJ?—Z_
(b1, B1), -+ (bgs Bg) m=0 [[ T(b; +Bm) "
=1
’ (2.2)

L ,q)]

Expanding the exponential function exp(—yt) involved in the right hand
side of (2.1), making use of (2.2) and integrating the resulting multiple series
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term by term (which is justified under the conditions stated), we obtain after
some simplifications

L—(mt1)/2 1 1/2 X2 (_y/\/g)r
Vnp ( ay,Z = H( ) 7"
Jj=1 r=0 '
n o0 _ . mj 1 n
H 3 9 %F S22 my 1 (2.3)
- m; 2 —
= m;=0 Jj=1
where
-1
=1 =1

On separating the r-series into its even and odd terms, we obtain

S~ (D)/2 ( o0

2\ 2= (2 /42)" 1 (x/z)m
;11 7) ng{u/z)rn > o(mj) m;

Vo .a* (%, y,2)=

j=1 r=0 j=1 | m;=0
1 0 2 42)"
< 0 (gorerem 1) - v T

x1:[ Z¢ xﬂ/z r(%(n+2r+2zmj+2> (2.4)

m;=0

2.1 Special Cases

(i) On substituting p; = 0, ¢; = 2, b = X\, + 1, g9 =1, b§) = v, +
2

x
Aj + 1, 6(J) = uj, replacing n by n + Z v; + 22 Aj and z; by IJ
j=1 j=1

T; )V.7+2>\.f—%

(j = 1,---,n) respectively and multiplying by 1_[1 (? , (2.1)
J:

reduces to the following generalized Voigt functions of several variables
involving product of JZ, which is also new, sufficiently general and of
interest by itself:

1\ 1/2 T\ 1/2 [ n "
anu* (T, 2) = (?) (7) ; t"exp(—yt—=t>) ] ( (T 5, (1)) dt

Jj=1

ly,z,,uj>0, z;€R(j=1,---,n); Re<77+21/j—|—22)\j> >—1]
j=1

Jj=1
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where J}/, (2) is a generalization of Bessel function defined by Pathak [9]

as follows
et 9 (v+2X+2m
JLL/\ Z " (2/2)
= )\+m+1) v+ A+pum+1)

On making similar substitutions in results (2.3) and (2.4), we can easily
obtain the corresponding results for generalized Voigt functions of several
variables defined by (2.5).

(ii) For n = 1, (2.5) reduces to a known representation of Voigt function of
one variable given by Srivastava et al. [20, p.53(1.27)].

(iii) For n =1 and z = 1/4, (2.5) reduces to a known generalization of Voigt
functions of one variable given by Siddiqui [13, p.265(8)].

(iv) For \; =0, gj =1 (j =1,---,n) and z = 1/4, (2.5) give rise to
(1.4) which is the multivariable Voigt function introduced by Pathan [10,
p.3(2.4)].

2.2 Partly bilateral and partly unilateral representations

We start by recalling an interesting (partly bilateral and partly unilateral)
generating function due to Exton [4, p.147] in the following modified form due
to Pathan and Yasmeen [11, p.2(1.2)]

m 4p
exp(s +t—uat/s) = Z Z > |1F1 —p; m+ 1;z) (2.6)

m=—oo p=m*
where
m* = max{0,—m} (meZ:={0,£1,£2,---,}) (2.7)
and 1 F is confluent hypergeometric function [16].

Exton’s generating function (2.6) has since been extended by a number of
workers including Srivastava, Pathan and Bin-Saad [19], Pathan and Yasmeen
[11], Srivastava, Pathan and Kamarujjama [20], Gupta et al [8] and Pathan
et al [10]. Recently, Srivastava, Pathan and Bin-Saad [19] derived a general
theorem involving bilateral series and further extended (2.6) in the following
form

Let {Q(m,n,k)} be a suitably bounded triple sequence of complex num-
bers. Also let m* be defined by (2.7). Then

s mp xt/s sMP. u ( x)k

m,p, k= 0 m=—00 p= e 1Y
(2.8)
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provided that each member of (2.8) exists.

In the above equation we choose Q(m,n,k) = 1, replace s,t
and x by s£2, t€2and x€? respectively, multiply its both sides by
n

EMexp(—v€ — w€?) I] p,¥q, (—u;&%) and integrate with respect to & from 0
j=1

to 0o. On comparing the resulting equation with (2.1), we easily arrive at the
following representation of generalized Voigt function

n . o o0 P )
Vot g (U, v, w—s—t4at/s) = H (u2—J)1/2 Z Z . Z ( > m

j=1 m=—oo p=m*

x/ooofnﬂm“p“kexp —v€ —w?) H P uj§2)d§ (2.9)

AL
- Z Z ml (>ﬁVn+2m+2p+2k,p*7q*('U:*,'U,'LU) (2.10)

m=—o0 p=m* k=0
(vy,w>0, up, - ,u, €R, Re(n) > -1, w—s—t+azt/s>0)

On summing the k-series in (2.9), we have

Vmp*,q*(u*,v,w—s—t—kxt/s):H(uzj) Z Z (—vé— wf)
j=1 m=—o0 p= m*
x T 5y @q, (=€) 1 Fa[—p; m + 1; 2] d¢ (2.11)

j=1
(vy,w>0, up, - ,u, €R, Re(n) > -1, w—s—t+zt/s>0)

Now, using the series representation (2.2), expanding the exponential
function exp(—v¢) and making use of a known result [2, p.337(9)], we obtain

w—m+1)/2

: H(UJ) Z Zs/wm' (t/w)P

j=1 m=—00 p=m*

Vopr g (00,0 —s—t+at/s) =

X f: Zo/Vw) f[ f: @(mj)% T(a) 2 Fy [—p, a;m+ 1; ﬂ

|
(2.12)

1 n
where o = §(n+r+2m+2p+2§;mj+1>.
J:

On separating the r-series into even and odd terms, we get
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Vot g (U, v, w—s—t4at/s)

w_(77+1)/2 n u S/’LU t/’LU n o ( u/z)m7
-5 H(J)Z > iy > alm) =
m=-—00 p=m* j=1|m;=
1 =z v? v 1 3 x v
{F(ﬁ)\pl[ﬁ —-p;m+1, 2 E]_ﬁr(ﬁ)\pl[ﬁ 9 —p;m+1 5 E E]]
(2.13)

1
where § = (77 +2m+2p+2 Z m; + 1) and ¥, is confluent hypergeometric
j=1
function of two variables [16, p.59(1.6)(41)] given as:

i (a)m—i-n (6)

Ui la, 857,75 @,y =
m,n=0

(2.14)

On making suitable substitutions as mentioned in Section 2.1, we can

obtain the partly bilateral and partly unilateral representation for the Voigt
functions of several variables defined by equation (2.5) as follows:

V“ « e (U5 v, w—s—t+at/s)

—(n+1)/2 " 172 = (s/w) t/ ) /\/—
w s/w w)P —v
e I {C R YD Iy

j=1 m=—o00 p=m* r=0
n ©° 1M (—q /24 )V T2AT2my T
H A ) (1” ?F)A, ——— ()2} [p. 6 m+1; |
e +m; + D (v + Aj + pym; +1) w

(2.15)

[v,w,,uj>0, uj €eR(G=1,---,n); Re(n+zj 11/J+2ZJ 1 )>—1;

" 1
w—s—1t+ % > 0] where § = 2(77+7’+2m+2p+§:1yj+2§:1)\ +2§:1mj+1
i i i

On separating the r-series into even and odd terms, we obtain

Vn’ e (W v, w—s—t+at/s)

—(n+1)/2 1 12 = / t/ )P
w S/w w
== (DYDY T

Jj=1 m=—00 p=m*
n e ) vi+2X;+2m; 1 2
Il > " (uy/2/0) Ir( Y|, —pim + 1, =3 —,
11 () +mJ+1) (vj + N+ pym; +1) | 27w’ 4w

m;=0
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SI&
o~

v 1 1 3 v2
- —T U —, 1,= —
NG (cr—|—2) 1[a+2, p;m + )5 w]})

1 - < -
where o = §(n+2m+2p+;l/j+2;)\j+2;mj+1)'

(2.16)

For n = 1, the results (2.15) and (2.16) reduce to known results given by
Srivastava et al. [20, p.59(3.5)(3.6)].

3. Multivariable Voigt functions in terms of multivariable H-functions

In an attempt to further provide a unified presentation of multivariable
Voigt functions we give the following definitions in terms of multivariable H-
function:

o0
VI%’L”J\* ($*, Y, Z) = (xl)'u T (xs)lt/ & eXp(_Ztu) H[xlt)\la t axst)\s] dt

(3.1)
[z, v, i >0, (i=1,-+-,8); 21, -+ ,zs € R;

o)
Re(n) + 2251 A g?én Re(é()> > —1]

where the multivariable H-function occuring in the right hand side of (3.1) is in-
troduced by Srivastava and Panda [18] and is defined as follows [15, p.251(C1)-
(C4)]:

1 ‘(G‘Ja ag'l)a e aag'S))l,P

0,0: M1 Ny; J\/lst
H[xla"' y Ls ] HPQPth i1Ps Qs

Ts (bj, 6;’1)) e aﬁj('S))l,Q

@A e s (ks
1 1 s s
<d< ) 5< N i (@60,

(2m / / H{@ E) (@) YU (&r, -, &) dEr - - dés (3.2)

g11

where w = v/ —1.

For the convergence, existence conditions and other details of the multi-
variable H-function, we refer to Srivastava et al. [15].

If we set zt¥ = 7 and evaluate the resulting integral in terms of multivari-
able H-function by appealing to Mellin-Barnes contour integral representation
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using (3.2), we arrive at the following:

N B Z= (D) v u ppOL
Vi (2%, 2) = -, ()", (@) P+1,Q:J

WhereI:MlaNl;"';MSa]VSa J = Plan;"';IJS;Qs;
1 s 1 s
C:(l_%_g;)\l ﬁ)a(a‘j;a() "'aag'))l,P;D:(bj;ﬁj(' )aaﬁj( ))1,Qa

I U i o
s s 1 s s
E= (" e (@ e, F=(d5Y, 6 a0 (07,0,
For P = @ = 0, the definition (3.1) and the result (3.3) reduce to the

following:

s (4 ]
- : MoN:| | R
Suonwne (@ 2=+ ()0 1 exp(-at [ | A ™
0 AU s
(3.4)
and
L—(+1)/v
S#JLV,)\* (.73*, Y, Z] = T (331)‘“, Tt (xs)#
1 s
xlz_)\l/” ( ___Qa ﬁ a)\_>a E
) v v v v
Hoy | . (3.5)
gz AV i F
whereE, F, I, J are same as defined with result (3.3).
22 %
Ifwetakes:2,z:1/4,V:)\:Z,xlzz,xgzz,nzé—ky, 21 =

v+ 1, (3.1),(3.3),(3.4) and (3.5) reduce to known results given by Srivastava
and Chen [14, p.71(41),(43),(42) and (44)].

If we take s = 2, m; = 1, ny = p, bgl):O, ﬁfl) =1, me =1, ny =0,
p2=0,q =1, ng) =0, 6%2) =1, 29 =y, Ay =1, (3.4) reduces to the definition
given by Gupta et al. [8, p.300(2)].

The results similar to those obtained in Section 2 can also be obtained for

the multivariable Voigt functions defined by equation (3.1). We however, omit
the details.
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