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1. Introduction

The m-dissection of the power series P = )5, a,q™ is the representation of P as
P = Py+P; ...... ... + Pp_1, Where P, = 3570 Amnsq™™® Andrews[2] and Hirschhorn[7]
have given the 2 dissection and 5 dissection of the continued fraction C(q) and C(q)™. Lewis
et al[10] obtained a conjecture of Hirschhorn on 4 dissection of Ramanujan’s Continued
Fraction. Denis et al[9] gave equivalent continued fraction representations for ratio’s of
infinite products.

_ (da%4®),
(@.97:4%)w
— 14 a+q* a* ¢>+q° 4® ¢°+q*° q
1+ 1+ 1+ 1+ 1+ 14
—1 q+q® q+q* q+q°
1-q+1-q+ 1—q+--
> q* q
1+q3+ 1+q°+ 1+q7+-

S(q)

12

5

=1+q+

The Bailey chain is a well-known and frequently used technique in the theory
of partitions. It arose from W.N. Bailey’s realization [11] that the Rogers-Ramanujan
identities could be derived from the simple observation that if {a, a4,..} and
{6y, 64, ... } are sequences that satisfy.

— \'k —
.Bk - Zr:o AUy Vg tr and Yk = Zfzk Srur—kvr+kr then

Yk=0 Yk = 2x=0Pr Ok

provided all infinite sums converge uniformly. L.J. Slater used his idea to produce her list of
130 identities of the Rogers-Ramanujan type [5,6].
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A pair of sequences (a,,(a, q), Bn(a,q)) is called a Bailey pair with parameters (a, q) if

on ar(a,q) f
g orn= 0.
,Bn(a CI) r=0 @GDn-—r@GDn4r

The unit Bailey’s pair [3,4]

(1 ifn=0 _ @dn(1-aq*") - \n (n?-n)/2
Pnla,q) = {O ifn>0, an(a,q) = (@:@)n(1-a) (=1

In 2001 D. Bressoud established some interested theorem involving change of base in Bailey
pairs, which are

(1.1) Suppose that (a,(a,q),Bn(a,q)) is a Bailey pair with parameteerrs (a,q) Then

(@', (a,q),B'(a,q)) is a Bailey pair with parameters (a, q)

a'v(a,q) = a"q" ar(a,q),
/ n aquz
B, (aq)= k=omﬁk(a, q)-

(1.2) Suppose that (a,(a,q),Bn(a,q)) is a Bailey pair with parameteerrs (a,q) Then

(', (a,q), B (a,q)) is a Bailey pair with parameters (a?, g?)

a’r(a, CI) = ar(az, qz)r

! (-aq;q) _
:8 n(a' Q) = Z=qun k'Bk(aZ’ qz)!

(1.3) Suppose that (a,(a,q),Br(a,q)) is a Bailey pair with parameteerrs (a,q) Then
(o', (a,q),B'n(a,q)) is a Bailey pair with parameters (a3, ¢*)
a,r(a: Q) = arqrz ar(a,q),

, _ 1 (aq;Q)3n-kakq*"
Fpaq) = (a3q3:q3)znzz=0 (q3?q3)n-k Bi(a, q).

(1.4) Suppose that (a,(a,q),Bn(a,q)) is a Bailey pair with parameteerrs (a,q) Then
(a'x(a,q),B'w(a,q)) is a Bailey pair with parameters (a, q)

@' (a,q) =a"q " (a3 q%),

r

2n+1; -1 3 3; 3 K
B (a,q) = ——yn_, W CC g gy 38 g a2, g9).

(aq;q)2n

@203k

Here an attempt has been made to obtained certain results involving the multi summation
expressions and ratio of infinite products by using well known m dissections of the power series.

2. Notation

Suppose that |g| < 1, where q is non-zero complex number, this condition ensures that all the
infinite products that we will converge. We will use the notation,

(2.1) (z; @)oo =[n=0 (1 —zq™),
(2.2) [2; ) = (2, Q) 0o (271q; @) o, (fOr z# 0) and often we write
(2.3) (21, Z5, v euv .. Zni Qoo = 1215 @)oo (225 Qloo von on oo (Zn; 9] oo »

The following fact can be easily verified,
(24) [z7% gl = =272 qlee = (25 qleo
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(2.5) [2,2q; 4%]0 = [2; 9] oo,

(2.6) [2,~2 gl = [2% 4%

2.7) [279; qlo = [2 qlos

(2.8) [-1qlw (¢ 4%]e = 2.

We have the following general relations;

Suppose aq, a,, ... .. ... , Qs by, by, e . , b, € C\{0} satisfy
i) a; # q"a; fori= jand ne z,

il) A, Ay, e vnn s ,An = blleJ ......... ,bn,

Then

ITj- 1[ai_1bj7q]
29 n J= 0
( ) = 1H] 1]¢L[ i_laj;q]oo
This theorem appears without proof as given by Slater [4] and with a proof as given by Lewis

=0

[8].
Also, we have the following well known Rogers- Ramanujan identity.
2 2
(2 10) Z q3s1tsz+s2 (q;q)351_52 _ (q10'q4'q6;q10)°°
' 515220 (3,43) 55, (43:4%)s, -5, (@%4)s, (@%0%)oo
[D.Bressoud,1;p452]
3. Main Result:
2,2
(31) Y Q145242 (qiq)ss, -5,  _ (4%.07.9"%4"0) (a.9°4'1a"%0%°) ,(a%a%%4*°)
' 515220 (3,03),55, (030351 -5, (@%4D)s,  (@%0%)e0 (@%°,01%02%) 0 (4%,4%9%°,02°q34,438,4*) 0
q(q’q ’q11q19’q20) (q12 28 4-0)00
10 410.420 14 420 420,726 438.440
(@*%,4*%49%%) 0 (q%,0*q%°,42°q%6,438;0*%) 0
qZ(q4 q6 q8 q12 q14 q16 20)00(qz,q1OqSOlq38’.q40)co
(q,qS'qIS,q19; 20)°°(q q 'q14-'q20'q20,q26,q32'q34;q40)°o
qZ(qS'qQ,q q15 20) (q4q36q36 4-0)
 (@20'%0%9)00(a%,4M%,0%°,42°,425,4%34,0*40*) 0
3.2 (@®a7.a*%a"%),, (9.0°.4*.a*%q%°)  (a**,4%%a*°)
( ) (@3%:0®) 0 | @%°.4%%42%) 60 (q%,912,42°,42°q28,g38,940)
q(q'q9,q11q19;q20)oo(q6,q34;q40)°o qZ(q4-'q6,618’q12,q14-,q16;(120)00(qz,qlo6130’(138,.(14-0)oo

(@19.91%0%%) 0 (a%.a%.94%°,4%°,0%2,63%,4*") 0 (4,9°%.9%%,41%;0%%) 0 (4%.4%,01*,4%°,4%°,4%%,432,43%;4*)

2,2
a*(a®.4a°.a*".a*%:qa*°) ,(a*.4%%,4%%:4*°) ]Z q351%52+52(q;q) 35, -5,
(42.4%:02%)00(q%,412,g2°,42,028,432,44*;q*0) oo | “51:5220 (¢3,43)25, (a3:4%)s, s, (a%:a2)s,
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4. Proof
. ) (q4,q6:q1°) (q4 10)00 . 4-’ 14-’. 20]00
Considering A(q) = W and A(q) = W can be written as A(q) = PEPTEPETR

by using (2.2)

Now, setting (a4, a,, as, as; by, by, b3, by) = (1,-1, q3,q*3; 9%, q**, —q~1,q~1) and taking g2°

forqin (2.9),

(4 1) [q4q14— -q l.q_l' 20] [_q4—‘_q14,_q—1’q—1;q20]°° N [q.qll,—q_4.q_4;q20]w
' [-1,63,9%3;4%°] [-1,-43%-9"%9%%] [a73,-973,41%¢%%]

[a7%a—q7**.q7**;q*] _0
[q—13,—q~13,g=10;q20], -

By using (2.6) and (2.8) in (4.1)

4 ,14.,20 a4 _14.,20

l[a*.a*:qa*°] , +[q,q q%°]

[43.01%:0%%]0  [-q3,—q3;q%0] 0

_ 2 N C: G O i ) R T PO T e P ]
[42,6%%:*%) 0 (—q~2) [41%6%%]00[q7%:0*%] 0 [a71%02%] 0 [q726;q40] 0

By applying (2.4),

[q4,q14;q20]°° [—q4,—q1

[43,0%3;:6%%]0  [-q%,—43;q%0]

4:q20]°o

[qqll. 20] [q8.q40] qq qZO] [ q ]

_ 2 _ 0 -2\ _ ] -1
[42,4%%,q*%) 0 (—q~2) [41%:6%%]e0[q%:9*0] 0 C) %,42%]0[q2;q*0] 0 (@)
[q qll 20] [qS;q40]°o Zq[q’q9‘.q20]oo[q28;q4-0]oo

(42) Alg)+Aa) = [41%a%°]0l9%,4%a%%a* )0~ [47%4%]e0[a%,0%°,a%:0*] 00

(4.3) () =5 [A(@) + A'(Q)]

[9.0"%0%°] ,[a%a*°] ala.a®:a*°] [a*%a*°]
[41%42°]0[q2%,4%,0%%:9* ] o [41%q%%]0[q%,6%°,4%%,0*%]
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18, —q%2; 9% q% —q"7, —q"*?) and taking

l[¢*.a®~-a"" —a%:q*°] .  [-9*~4q%a"7.qa*%4*°],  [a7**a "% -qa7—q7%q*°]
[-1,q18,-q%2;q%%] [-1,-q%,g%2;q%%] [q~18,—q718,—q%q% ]
N [_q—18’_q—16’q—5’q—9;qZO]oo _ O
[a7%2,-47%2,-47%q*%]o
By applying (2.4) and (2.7),
CIZ 4 14 3 13. 520 4 14 3 13. 520
[_1q2 _qZ.qZO]oo [[q ’q '_q '_q Jq ]00 - [_q ;_q ;CI rq ;q ]oo]
_ a*la*ta'?-a-a%a®%],  [-a0-a'tat.a%a20 _o
[418~18,~q%4%°]e0 [422-472-q%a% )0
By using (2.6)
4 14 3 13. 20 4 14 .3 .13, .20
[la* a™* —a°,—q"; a*°]e — [—q*, —a™*, @°, 0*°; ¢*°] ]
_ 2[q*q*°] [q"[q“,q12,ql‘*:t120]w[qz.q“’;q‘“’]oo [a*.a%.a%a*°] ,[a%.a3%a*°]
q2[q%%q*°] [2,45:4?°]0[q®,43%;,0*%] 0 [q%,q18;q20] 0 [,g8,0**;q*] 0
Dividing by [—q3, ¢3, ¢*3, —q*3; ¢*°] and using (2.6),
[a*.a**4%°] _ [-a*~-a"*%qa*°] .
[4%,*3;0%%]0 [-q3,-49%34%%]
2[q4—:q40]°° q4[q4:q12;q14;q20]°0[qz;q10;q40]°° [q4‘q5'q9;q20]°°[q32'q36'.q4-0]°o

"~ 42[q2%;4%°]0[q5,425;*] oo

4—, 14; 20] 14. ZO]

4
l[a%a**a*],  [-a*-q
[a3.4*%,0%%] w0 [-q3-q*

[ee]
2],

q
3;q

_ 2q2[q4.q12,q14;q20]°o[q21q4,q10;q40]°°

[9,9%:6%%]0[q%,03%:4*] 0

[q%,48;q%%] 0 [,a8.a**;q* ] 0

2[q4,q5,q9;q2°]°°[q4,q32,q36;q4°]°°

" | [9,454%°100[0°,08,42°,426,436;0*]

2 ,10.,40

2¢*[a*a*%.a%:q2°] ,[a%a%a*°]

qZ [q16’q18;q20]°°[qé'qSJqZO'q26'q4—4—;q4—0]°°

2[q5,q9;q2°]°°[q"‘,q36;q4°]°°

4.4) A(Q)-A' =
(4.4) @ (@) [2,95:4°]0[q%.4%,0%°,0%%:* ] oo

@5 @) =5[A@ - A'@)]
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_ a*la*.q*%.a**:q%°] ,[a*.a%a*] [q°.a%a%°] [a*a3%q*°]
[9.9%:0%°100[a%,a8,4%°,0%%;0*] a%[q%;q2°][q%,0%°,2%,0**;q*%) 0
By adding (4.3) and (4.5),

A(Q) = a1(q)+ p1(a)

(4 6) A (q) _ [q,qu’.qzo]w[qs;qm]w q[q,qg;qzo]w[qzs;qzm]oo
' [41%6%%]e0[q?%,0%,4%%,q* ] 0 [41%q%%]0[q%,g%°,q%%:0*%] oo

a*[a*.q*%.a**q%°] ,[a%.a%a*] [a%.a%a%°] [a*a3%q*°]
[9,9%:0%%]00[a%,q8,4%°,0%%;*] a%[q%;q2°][q%,a%°,42%,0**;q*%) 0

By applying (2.2) in (4.6),

47 A _ (q.qg,qll,q19}6120)00((18,(]32;(140)00
( : ) (q)_ (919,g19;929) 5 (q2,q692°,29q34,438:q%%) oo

a(a.a°,94*a"%;q°) ,(a*%.a*%9*°)
(qu’q10;q20)°°(q2’q14q20’q20q26'q38;q40)°°

2 4 .6 ,8 ,12 14 ,16.,20 2 10,30 ,38.,40
a*(qa*q%4%4"%,q4**.qa*%q*°)  (a*a*°4*°.q359*°)
(4.9%.9%%,4%%;0%%) 0 (a%,4%,0*,4%°,4%°,4%%,432,43%;**)

a*(a°.a°a'".a*%q*°) ,(a*a%,a%%:4*°)
(42,918,429 (q%,91*,94%%,42°,4%%,434,9**;4*%)

By taking known identity (2.10)

2,2
Z q3ST1+s3+s2 (@:D3s; -5, B (q1o‘q4,qe;q10)oo
$1:5220 (¢3,43) 55, (430%)s, s, (%05, (@3%)oo
2,2
5 a5 152%52(q;q) 35, s, _(¢%47.0"%q"°), (a*4%4™°),,
515220 (3,43) 55, (43:4%)s, -5, (@%:4)s, @4 (@%47:91 e
352+55 455 (. (¢%.47.4'°:q%)
(4.8) y q (@:9)35, -5, _a*a’a " a = 4(q)
' $15220 (3,43) 55, (0%0%)s, -5, (@%0%)s, (@30
Now, by putting the value of A(q) from (4.7) in (4.8),
2 2
(4 9) Z CI351+SZ+SZ(Q2Q)351—52 _ (q3,q7,q1°;q10)°° (q'qg’q11'q19;q20)°o(q8'q32;q40)°°
' 515220 (3;43),5, (4%:0%)s, -5, (@%4%)s, (@%43) w0 (@1°,41%4%°)60(4%4°92°,4%°34,438;0*%) 0
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a(a.a°,9**a*%;q4*°) ,(¢*%.a*%9*°)
(qu’qIO;qZO)oo(qZ’q14q20’q20q26‘q38;q4—0)°°

2 4 6 4,8 ,12 14 ,16.,20 2 410,30 ,38.,40
a*(a*4%a%4%.a**.a*%q*°) (a%a*°q3°.a%%:q4*°)
(2.9°,4*5,4%°:94?%) 0 (9%,08,4**,0%°,4%°,42%,43%,43%;,4*")

qZ(qS‘q9’q q15 20) (q4q36q36 40)
(02054200 (05,0%,42%,42%,426,434,0**:0*0) oo

This is the main result (3.1).
Again, considering (4.2)

, _ [q q11 20] [qS;q4—0] Zq[q q9 qZO] [qZS;q40]
Al +A'(q) = o o1
[41%6%%]e0[q2%,0%,4%%q* ] [41%6%%]0[q2%,0%°,0%%;4*%] 0

[ 6 26. q40]°o

8 28 q4—0]°o !

Multiplying (4.2) by

[q3’q13‘.q20]°° _ [qq [q26 40]°° 2q[qq9 20] [q6 q40]

w  [0%0%4%%%0  [41%4%°10[q2,q2°,9%8;0*0] [4190%%]e0[q2%,08,0%%:q* ] 0

11. 20]

(411) @) =;[A@7 + A@]

[qqll qZO] [q26 40] q[qq9 qZO] [q6;q40]°o
[41%6%%]0[q%.0%°,0%8;q4*%] [41%;6%%]0[q2%.08,4%%q* ] 0

[ 6 q26:q% ]
Again, multiplying (4.4) by Py

IR 1 _Zqz[q q12,q'%; zo] [qz'q1o’.q4o]w_ 2[q5 9, 20] [q4q36 q4o]
(4-12) A(q) A (q) - [9,95:0%%10[q8,q8,92°,g28;q4°] oo a2[9%8;0%%10[q8,02°,0%8,4**;¢*°] oo

(4.13) Bo(a) =5 [A@ ™ — A'(@)7!]

qZ[q q12q14- 20] [ qu,.q4-0]°o _ [qS q9 qZO] [q4,q36;q4—0]°°
[9.9%:0%°]0[a®,a%,0%°,0%8;4*°] a2%(q'%;q2°][q®,a%°,4%8,0**;q*%] 0

By adding (4.11) and (4.13),
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A@)7 = ax(@) + B2(q)

[a.a*:a%°] ,[a?%a*°] + ala.a®:a*°] ,[a%4a*°]
q1%q%°][q2,0%°,q%8;q*%] [4%q%°][q%4%,9%%:9*] o

(414)  A@™ =

q2[q4,q12;q14;q20]°o[q21q10§q40]°o [q5'q9;q20]°°[q4-'q36‘.q40]°°

[9.9%:0%%]e0[q®,q8,42°,02%8;q* ] a2%[q'8;4%°] 0 [98,920,428,4**;q* ] 0

By applying (2.2) in (4.14),

415) A(q)-! = — @0 aaiat)(a1a*%a™),,
(- ) (q) _(q1°,q1°;q20)oo(qz.q12.q2°,q20q28_q38;q40)w

a(a.a°,.4**q*%:q4%°) . (a%.a3*%a*°)
(a19,41%4%%) 0 (4%,48,9%°,4%°,0%2,43%;4*%)

2 4 .6 ,8 ,12 14 ,16.,20 2 ,10,30 ,38.,40
a*(a*aq%q%4*%,q4**,q%q°) (a%4*°a3°.a>%q*°)
(2.95,9%.9%°;6%%) 0 (q°,%,0*,4%°,4%°,4%%,432,43%;0*°)

q2(q5'q9’q11,q15;q20)°o(q4,q36’q36’.q40)°o
(4%2,4%;42%) 0 (q%,4%,4%%,q%°,4%8,432,4%*;q*%)

Now, from (4.8), can be written as

2.2
a3ST+52+52(q;q) 35, s, _ (q3,q7.q1°;q10)°o

=0 (q31q3)251(q3iq3)51—52(qziqz)sz B (@303

(4.16) A@™ Zs,s,

By using (4.15) in (4.16)

3’q7'qu’.qu)°o _ (q'q9'q11,q19;q20)°o(q14’q26;q4—0)°o
(@243 — | (@19,41%429)00(q2,12,2°,q2°q28,q38;040) oo

(4.17) (a

q(q,qQ'qllqlg;qZO)w(q6,q34;q4—0)°° q2(q4'q6’q8’q12,q14'q16;q20)°o(qZ'q10q30’q38’.q40 o

(41,1902 (a%.0%,9%°,0%°,6%2,6°%,9*") 0 (4.9°%.9%%,41%;0%%) 0 (¢%.%,01*,4%°,4%°,4%%,432,43%;*)

2,2
a*(a°.qa%.a*".a*%:0*°) ,(a*.a3%.q%%:4*°) ]Z q351%52452(q;q) 35, -5,
(42,4%:42%)00(q%,412,g2°,4%°,028,432,44*;q*0) oo | “515220 (¢3;43)5, (a3:4%)s, s, (a%a2)s,

This is the main result (3.2).
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