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Asymptotic formulas for unified elliptic type integrals having
H-function

V. B. L. Chaurasia* and Anil Sharma**

ABSTRACT. The object of the present paper is to introduce H-function in elliptic integral
theory and to discuss about its asymptotic formulas. It is a unification and generalization
of certain families of elliptic-type integrals which were studied in a number of earlier works
on the subject due to their importance for possible applications in certain problems arising
in radiation physics and nuclear technology. The obtained results are of general character
and include the investigations carried out by several authors.

1.Introduction

Elliptic integrals occur in a number of physical problems [1,13], and frequently in
the form of multiple integrals. For example, the problems dealing with the computation of the
radiations field off axis from certain uniform circular disc radiating according to an arbitrary
angular distribution law [4], when treated with Legendre polynomials expansion method, give
rise to Epstein and Hubbell [2,5] family of elliptic-type integrals:

(k) = /(1—k2cos0)_j_%d0; i=0,1,2,.. (1.1)

and 0 < k < 1.

Elliptic integrals (1.1) have been studied and generalized by many authors notably by
Kalla [6,14] and Kalla et al. [7], Kalla and Al-Saqabi [8] and Saxena et al. [20], Kalla et al.
[9], Srivastava and Bromberg [15] and others. We now describe the various generalizations of
(1.1) as follows.

Kalla [6,14] introduced the generalization of the form:

" cos221(9/2)sin2722-1(9/2)

(1 — k2cos)"+1/2

Ry(kar) = [ a0, (1.2)

where 0 < k < 1, Re(y) > Re(a) > 0, Re(u) > —1/2. Results for this generalization are also
derived by Glasser and Kalla [11].
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Al-Saqabi [10] defined and studied the generalization given by the integral
ﬂ .2m 12U
B,(k,my) = / cos™ (6)sin ff)Q a6, (1.3)
o (1= Kk2cosh)" T/

asymptotic expansion of (1.3) has recently been discussed by Matera et al. [21].
The integral

" explasin?(0/2
A,,(a,k):/o (1_1’[1(20085)/“)12 do, (1.4)

where 0 < k < 1,a,v € R; presents another generalization of (1.1), given by Siddiqi [12].
Srivastava and Siddigi [16] have given an interesting unification and extension of the
families of elliptic-type integrals in the following form:

(.8) " cos2o1(9/2)sin28-1(0/2 . AN
Aoy (0, k) = / (6/2) (6/2) [1,081112 <2)] de, (1.5)

(1— kQCOSQ)#+%
where 0 < k < 1, Re(a) > 0, Re(B) > 0, \,p € C, |p|] < 1.
Kalla and Tuan [17] generalized equation (1.5) by means of the following integral and
also obtained its asymptotic expansion

1
(a,8) o 0 . B 2] Cpu—1/2
Ay (P, 03 K) = / cos®* ! <2) sin®~1 <2) (1 —k2cosf) "
0

X (1 — psin? (Z))A <1 + 8 cos? (Z)) de, (1.6)

where 0 < k < 1,Re(a) > 0,Re(8) > 0,\, p,y € C and either |p|,]0] < 1 or p(ord) € C
whenever A = m or v = —m, m € Ny, respectively.
Al-Zamel et al. [18] discussed a generalized family of elliptic-type integrals in the form:

(a,8) (e, 8)
Z("/) (k) == Z(’Yl,u-”%])<k1’ ...,kn)

- / cos?@ ! (g) sin?f~1 (g) H(l —kjcos) " df

j=1
1 —; (n) 2k2 Qki

= B(a,d) [[(1-K) "Fp (ﬁ; Vi i @+ 05 15 jl e m ) (1.7)
=1 1 n

where Re(a) > 0, Re(8) > 0, |[k| < 1,y € C,j= 1,...,n,F:)(.) is the Lauricella hypergeo-
metric function of n variables [24, p.163].
Saxena and Kalla [19] have studied a family of elliptic-type integrals of the form:

Q(D'l ..... O‘n_gi(;,p.)(pl’ ~~'7pn72;6; k)

ﬂ' n—2 —0j —
= /0 cos?@1 (2) sin?%—1 (g) Jl;[l [1 — p_]-sin2 (g)} [1 + 6 cos? (g)]

x (1 — k%cosf) ~*1/2 49, (1.8)
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where 0 < k < 1,Re(e) > 0, Re(8) > 0; 05(j=1,...,0—=2), v, u € C;
2
max{\pj|, % k22k—1 ’} < L
In a recent paper, Saxena and Pathan [23] investigated an extension of Equation (1.8)
in the form:

9

(a,8)
oo yim1eir) (PreePm 03 Adreessdn)

™

= /0 cos?* 1 (Z) sin?#~1 (Z) 11;[1 [1 — pisin® (g)}

Y n
x [1 + 6 cos? (g)] H (1 — Alcosd) ™ "o, (1.9)

=1
where min[Re( ), Re(B)] > 0;|N| < 1; 04,7, 13 € C;

max{ |pj]s /\2 L ’ , % ‘} <1 (i=1,.,m;j=1,.,n).
Garg et al. [22] gave a new concept of elliptic-type integrals in the form

(e, 8) (e, 8)

A(abc)() A(al, ~y8n, b1,...,bn, C1,...,Cn) (k)

n k2
= / cos?® ™1 <Z> sin??~1 <Z> H {2F1 <aj,bj;cj; <k2j_1> (1- COSQ))} dg, (1.10)
0 j=1 J

where Re(a) > 0, Re(8) > 0, |k| < 1, j=1,.,n
Here we consider a new unified and generalized form of a family of elliptic type integrals:
(a.8)

H(ai,kj) [(p1), (6:); Al

) 0 0\ 15 0 A
_ 20-1 (9 o 2-1(Y a2 (b a2
= /0 cos (2) sin (2) 11;[1 {plsm <2> + d; cos (QH

T T(o) w2  |@Pa®,
ey {HM [(1—kf) (L= o)™ | o o)™ | 9 (1.11)

where min[Re(a), Re(5 — 7)) > 0,]k| < 150,75 € c;max{w 51, o5 |} <

1, 1 =1,.,m;j = 1,...,n), where Hl;::/ (z) is H-function introduced by Charles Fox [3] in
1961.
2.Special Cases

Takingm’ = 1,0 = p=q=2,15= —1,0i = 0; agj) = (1 —ay), aéj) = (1 —hy),
041) (J) ﬂ(J = ﬂ( ) =1, b(J) b(J) (1—c¢;j) in (1.11) and simplifying, we get elliptic
type mtegral defined by Garg et al. [2 ] Further several more well known special cases can be
defined as given in Garg et al. [22].

3. Explicit representation and asymptotic expansion
From (1.11), it follows that

(e, 8)

Hy 1) [(p1), (6) 5 Af]
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m n 21{2 —Tis m’ oo ji=
Mo T1(25) s TR
: 1 j

h=1 =0 r(1— bj@" + ﬂj@s)

5\:.0

+1

] T(1— (J) —i—oz(J) )

j'=1 -y [ a1 frs—1 Gi—pi),| "
TR e oy [a-omem - (05E) ] e ey
J

j’=n+1

On employing the formula [24, p.163]

DOTO=0) g, 5 Bt s 1y ]

= / VO —v) T (1 = vxy) TP (1 = vxy) Py, (3.2)
0
where Re(vy) > 0, Re(a) > 0, (3.1) becomes

(a,3)

Hg, 1) [(p1), (61) 5 Ay

’

—1 1 rod—gdy)

m n 2 s m [ele]

e () e Sy T

B ’ 1—k? I'(a;) [ (by) d @) o A0
i=1 =1 j VA h=1r=0 /_];[/HF(I — by’ + B5s)

S RONINON
M= 08 e by pga — ne)

1 P — als) o T(a+ 5 —75)
j’=n’+1

. 51701 (Sm — Pm

2, (3.3)

(m)
xFp {a,al, ey Om; 00+ B —Tj8

where Fg])( ) is the Lauricella function of m variables, min[Re(a), Re(6—7s)] > 0; 03, 13 € C;
max{ L pil, 165, 5‘7p‘ } < 1 (i=1,...,mandj =1,...,n).

We will now derive the asymptotic expansion of the generalized elliptic type integral

(1.11). Expressing the Lauricella hypergeometric type function Fg]) (.) in terms of Gauss hy-
pergeometric function, we obtain

5 — 5o
F(D) {oc,crh...,om;a—kﬁ—ﬁs; L n ey — /Jm}
01 Om

— i ( )n1+ Ah0m—1 (bl)nl.”(bmil)nm—l <51—P1)n1
n1,4..,nm,1=0( +6 )n1+ R 1’11!...Ilm_1! (51
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6111— - Pm— fmt 6111 - Mm

(;pl) oF1 {a +ny+...+n0m_1,0m; a+ 8 —Tas+1ny + ... + 0y _1; (sp} .
m—1 m

(3.4)

If « — 0,, is not an integer, then by an appeal to the analytic continuation formula for the
Gauss hypergeometric function [25, p.559, equation 15.3.7] namely

oF7 (a,b;c;2) = m (—z) " oF, [37 l—c+a;l—b+ a;ﬂ
I'(c)I'(a—Db) P Cedbil—a 1
T(a) T(c—D) (—2) " 2F1 {b,l +b;1 +b,Z} ) (3.5)

where |arg(—z)| < II, we have

O —
2F1 |:Oé—|—111 + o+ m—1, Om; Oé+ﬂ - 7'jS+Ill + o+ 013 Ul6pm:|
m

MNa+p—ms+n1+...+0m_1)(0m —a@—n1 — ... —npy 1) ( Om >°‘+n1+"'+n"“l
F(Um) F(ﬁ_ TJS> Pm 6111

Om
X oFy {a—i—nl—|—...—l—nm_l,l—ﬁ—i—Tns;l—Um+a—|—n1—|—...+nm_1; (S—p}

I‘(a+ﬂ—7'js+n1+...—|—nm1)I‘(a—am+n1+...+nm1)< Om )Um
MNa4+n +..+n0n_1)T(a+B—78—0om+n01 + ... +0m—1) \ Pm — Om
Om
6m_pm

] (3.6)

X oF' {am,lozﬂ+7'js+n1+...+nm_1;1oz+0mn1...nm_l;

_ F(a+577—js) F(afo—m) < 6rn >a (a+ﬁ_7—js)n1+»--+nm—1
- F(Um) F(ﬁ - TJS) Pm — 5m (1 +o— O-m)n1+...+nm,1

5 ni+...+Nm—1 1)
(m) oF4 [a+n1 +.o+nn 1,1 -8+T7851 —om +a+n; 4+ ...+ Dy m}
(Sm — Pm 6m — Pm

F(Oé + 6 - 7—15) F(Oé - Um) ( 6m >Um (a + B - Tjs)nl—i-...—i-nm,l (a - am)n1+“.+nm,1

F(a) F(a + ﬁ - TjS_Sm) Pm — (Sm (a)n1+...+nm+1 (Ol + ﬂ — TjS — O'm)n1+.‘_+nm+1
5111
X oF4 [Um,l—a—ﬂ+7'js+crm—|—n1+...—|—nm_1;1—a—|—om—n1 — . —Npy_1; (5} .
m — Pm
(3.7)

If we combine (3.3), (3.4) and (3.7), then we have the result

(a,8)
H(Ui,kj) [(pi)v (51); )\J}

’
m

—Tjs ’ H
T osy-o 11 (25 Tle) S jmtjn

_ 5;) j _Atg) i'=1
H( I (1 —kj2> '(a;) T'(b;) hzz:l; I ra-b9 4 g0

J J

j’=m’+1

L — aPs)
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(J) ()
NG + aj .
« j’l;ll ( ) (-1)" T'()T(a — o) < O >a Z
j I‘! F Om m 5111
J/=1:1[+1 F( (J) J'(f)s) ﬂh ( ) P ni,...,n;m—1=0
( >n1+ Anm_1 (b1)n1...(b nm Ny 1__[ (5k—,0k> k( 5m )n1+...+nm1
(1 T )y g 0l Ny ! bt Om — Pm

6111 . —0i
x oF1 [a+n1—|—...+nm_1, —B+T78;l —0m+a+n; + ..+ 0y 1751n_pn'1:| +H(5i) i

—7is H F(b(J) 6(})8)
n 2k2 F(C) m’ oo Li'#h
x (1 —ka2> T(ay) rj(bj) >3-

— . ERROBEG)
h=1r=0 [] T(1-by +4s)
j’=m’+1

j=1

’
n

r(1—a +as
_j’l;ll ( ! 7o) (-1)" T(B—7s)T(a — o) ( Om )U"‘
11 r@f — als) thy Tla+ 6 =75 —om) \pm —dm

j’=n+1

& (bl)n ---(b]n—l)nm71 Hﬁl <6k — pk)nk (Oé — Um)l’l1+-u+ﬂm—1
(

1
x>
ny!...ny_q! Ok a+ﬂ_7js_0m)n1+...+nm,1

ni,...,ny,—1=0

k=1

Om
X o1 [Um,l—oz—ﬁ+7'js+am+n1—|—...—|—nm_1;1—a—|—am—n1—...—nm_l; (S_p},
(3.8)

(3.8) may be regarded as the asymptotic series for Hézﬁlij) [(p), (61)5 Aj] as k2 — 1. Next we

consider the expansion of
. . Om — Pm
oFi la+m + ..+ np_1,0n; 0+ -5+ 01+ .+ 0y 5

appearing in (3.4), when its upper parameters differ by integers. The following two cases arise:
(i) when oy = —p, p = 0,1,2,... and

(ii) when oy, = a+p, p = 0,1,2,
In both the cases the results are derived by Al-Zamel et al. [18, p.21-23, equation (4.4),

(4.6) and (4.7)]. By making use of results of Al-Zamel et al. [18], the asymptotic expansion
can be easily derived in the above two cases. Here we are discussing only first case, second case
can be treated on the same lines.

When oy, = a — p; = 0,1,2,
p. 21-23], we find that

.. then by virtue of the results given by Al-Zamel [18

(a,8)
H(Ui,kj) [(pi)v (51); )\J}
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[ rod—aPs)

h=1r=0 ﬁ F(l _ b(J) + ﬁ(J)S)
J’ J’

(1 (J) a(J)
y j’l;ll (- * ) (-1)' T(a)L(B — 738) i

G _ My Mon T+ B —ms) _
H [(ay” — aj’s) Ny, 1=0
J/ ..... m—
j’=n'+1
T U R (61 - p> <6m—pm )
(Oé‘i’ﬂ*'rjs)nl‘k”.%»nmil nil..ng,_q! 5 .

Ma+B—7s+n; + ... +0y_1) Om et i
Mla+n; +...+n0m-1)T(B—78) \ pm — Om

% i (Il1 +.o T+ Dm-1 + M)x+n1+...+nm_1+,u 5m *
= X (x+ny+ .. +ny,1+p)! 1) Pm

X[n(pm — 0m) — (0m) + (1 +n1 4+ .o +npg +p+x) + V(1 +x) — 1/)(0[ - ,u+nl + ..

m n 2k2 —TjS
01+ o x) = (= 78— x) +H<6i)“iH<1_Jk,2> ™ ZZ
1 j j b;)

j=1 h=1r=0

T b(J) () T a(f)s
j'=11}¢h ( & )H (= +ail) (=)' T()D(8 = 735) i

P . s | T
11 r(1—b§9)+ﬂj@s) 11 r(aj(f)—aj(ﬂ)s) o Tlatf—m9)

ni,...,nm—1=0

j’=m’+1 i'=nt1
(a)nl"r“"‘rnmfl (bl)nl.“(bm_l)nmfl (61 - pl)nl (w)rlml
(a+ﬁ_TjS)n1+..~+nm71 nl!...nm,ll (51 5m71

Ny +p—1

y Om aTH MNa+pB—ms+mn; + ... +n0m_1) Z MNa+n;+...+0,-1 —X)
Pm — Om

MNa+ny+...+105-1) = x!

(0~ ) [ }
X 3.9
Xf(ﬁ—ﬁs—ku—&—nl—k...—i—nm_l—x) Om — Pm (3.9)

m a2 N\ p(e) OL& H;ﬁhl“(b(” i

—0o; j j =1

- [ H<1_Lz> ) ) 2222 & 11 v e g0

" P ; DRRC i S T(1—by +5;s)
j’=m’+1

) ’Hlpr(l_a(_l) +a(-” ) C1y i I:Ijl [I(Ej)ng(%“)m}

|
I T —als) ™ .

j’=n’+1

[ § B | !
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e — oo
y ( Bun >a+n1+ +nm_1 (n1 +no+...4+ny_1+ M)x+n1+‘..+nm,1+u

Pm — Om = x(x4+ny+...+ny,-1+p)!

x <55mp> [n(pm — 6m) — (0m) + Y1+ 101+ o+ 01 + 5+ %) + (1 +x)
—Y(a—ptn 4+ 0mg +p+x) = (B -7 —x)]

—ris , 1 F(bj(;) _ ﬂj(,j)s)

- = 2k? T(c))  ~=w—= j=1j#h
)7 j o g) =1,
e e ) e 42 P
i=1 j=1 J h=1r=0 H F(l — bJ/ + ﬂ‘]/ S)
j/=m’+1
o’ j i m—1 ng
[ro-af +afls) . (b0, (252)"]
=R RO R L {0 (75
p . . | | ]
11 F(aj(,J) _ aj(f)s) !By np 10 ny!..ny,_q1!
F=n'+1

X( 5 >au“1+~-+“il+“l D(@+ng + o+ g — %) (@ — p), ( S )"
Pm — Om = xXIT(B—7s+p+n1+ ..+ 0m_1 —x) \Om —pm/

(3.10)
Following the same procedure one can establish asymptotic formulas for other families

of elliptic-type integrals.
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