> read all progs:
Warning, "N’ is implicitly declared local to proced ure "CUSPSANDWIDMAKE1"

[ > with(qgseries):

(> f:=(a,b, T)->add(a(j*(j+1)/2)*b (j*(j-1)/2),j=-T..T):
| EXAMPLE 1: CHOI's IDENTITY (Theorem 2.15, p.11)

| See

Youn-Seo Choi,

"Tenth order mock theta functions in Ramanujan's lost notebook. III",
Proc. Lond. Math. Soc. (334 (2007), no. 1, 26-52.

> read "choiidl.txt";
CHOI's IDENTITY (Theorem 2.15, p.11)

4 a4y 2, 10 10y 4, .20 20
_(CI’Q)OO (g".q )00 (g™,q )OO

2 2 5 5\ 2 , 8 8 _ 2 18 _16_24_

(), (oF.e”) (o o) _f(-of ~q"®) _f(-q"® ™)
5 5 10 10 4 6 3 _~20 _ 20 40 _40 A8 32
(o), (a0 _f(-a",~o")  q (~o®°~o®) __(d¢") _f(-o,-q?)

_f(-a? -9°) _f(-o%, -°) _f(q", -a") _f(-q'%, -4
o’ (d*,d") _(q, ) _f(-d", -a)

, (=g, =) _f(-q™, -4")

| Let CHOIID1 denote LHS-RHS:

[ > E: =n->etaq(q, n, 500):

> CHO I D1: =E(4) "2*E(10) "4*E(20)/ E(2)/ E(5) "2/ E(8)/f(-q9"2,-q9"18, 20)/f(
-g"16, - g*24, 20)

> -( E(5)*E(10)*f(-9™4,-9g"6,20)/f(-9"2,-9"3,20)/f(-9g"2,-qg"8, 20)

> -q"3*subs(q=-9g"20, E(1))*E(40)*f(-9g"8,-9"32,20)/f(qg™4,-q"16, 20)/f (-
gnrl16, - g 24, 20)

> +g"6*E(40)*E(80)*f(-9"8,-9"32,20)/f(-9"16,-9g"24,20)/f(-g"32,-q9"48,
20)):

[ > series(CHO I D1, g, 500) ;

+

| O( qSOO)

. We convert each term in the identity into a quotient of Jacobi theta-functions.
> T1l:=op(1,CHO IDL): C1: =1:

> J1: =] acprodmake(T1/C1, q, 100);

(3/2)
JAC(20, 4o,oo)j /
JAC(0, 40, ) (
JAC(2, 40,0)% JAC(5, 40,0)? JAC(6, 40,0) JAC(14, 40,00) JAC(15, 40,0)? JAC( 16, 40,)
. JAC(18,40,»)%)

[ > S1:=jac2series(Jl, 500):

[ > T2:=op(2,CHA I D1): C2: =-1:
\

J1:=JAC(0, 40,00)° JAC(4, 40,00) JAC(10, 40,00) JAC(12, 40,00) (




> J2: =j acprodnmake( T2/ C2, q, 100);
10z JAC(0, 10,)% JAC(4, 10, )
"~ JAC(2,10,0)% JAC(3, 10, )
S2: =j ac2series(J2,500):
T3: =op(3,CHA I D1) : C3: =q"3:
J3: =j acprodmake( T3/ C3, q, 200) ;

vV V V

JAC(40, 80, )
JAC(0, 80, )

JAC(4,80,00) JAC(0, 80,00)? JAC(32, 80,00) JAC(36, 80,00) W/

J3:= 5 5
JAC(16, 80, )" JAC(24, 80,»)
S3: =j ac2seri es(J3, 500):
T4: =op(4,CHA I D1) : C4: =- g"6:
J4: =j acpr odmake( T4/ C4, q, 200) ;

1

vV V V

JAC(8,80,oo)JAq0,80,w)2MJAq4O’80’00)

JAC(0, 80, )
JAC(16, 80,0) JAC(24, 80,)

[ > S4:=jac2series(J4, 500):

> series(S1-T1, q, 500);

J4 =

I O(qSOO)
[ > series(T2-C2*S2, q, 500);
I O(qsoo)
(> series(T3-C3*S3, q, 500) ;
I O(q503)
[ > series(T4-C4*34, q, 500);

O(qSOZ)

> j1:=J1*CL;

JAC(20,4O,00)J(3/2)/
JAC(0, 40, 0) (

JAC(2, 40,0)% JAC(5, 40,0)? JAC(6, 40,00) JAC(14, 40,00) JAC(15, 40,0)? JAC( 16, 40,)

. JAC(18, 40,0)%)
T> j2:=J2%C2;

i1 := JAC(0, 40,00)° JAC(4, 40,00) JAC(10, 40,00) JAC(12, 4o,oo)[

JAC(0,10,)% JAC(4, 10,)
JAC(2,10,0)* JAC(3, 10,)

j2 =
> 3:=J3*C3;

JAC(40, 80,0) .
JAC(0,80,00) 1

JAC(4,80,00) JAC(0, 80,00)? JAC(32, 80,0) JAC(36, 80,0) W/

j3:=

] JAC(16, 80, )? JAC(24, 80,)?
| > [ 4:=34%Cay



JAC(8,80,oo)JAq0,80,w)vaAq4o’ 80.°) ¢
JAC(0, 80, )

L JAC(16, 80,0) JAC(24, 80,)

| We write the identity in symbolic form after dividing each term by j2:

(> jidi=j1/j2+ 1 + j3/j2 + j4/l]2;

j4:=-

JAC(20, 40,00) > ?
JAC(0, 40, 0) J
JAC(2,10,0)? JAC(3,10,oo)/(JAC(2,40,oo)2JAC(5,4O,oo)2 JAC(6, 40, )
JAC(14, 40,0) JAC(15, 40,0)* JAC(16, 40,0 ) JAC(18, 40,)* JAC(0, 10,)?
JAC(4,10,»)) + 1 - JAC(4, 80,0 ) JAC(0, 80, )? JAC(32, 80,0 ) JAC(36, 80,0)
W/ JJiCC((L;O,’S?’:)) o JAC(2, 10,00)2 JAC(3, 10,%0) / (
JAC(16, 80,0)? JAC(24, 80,)* JAC(0, 10, ) JAC(4, 10,0))

JAC(8, 80, ) JAC(O,80,w)2vJAq4O’ 80.)

JAC(0, 80,)

I JAC(16, 80,0) JAC(24, 80,) JAC(0, 10,)° JAC(4, 10, )
| We convert each term to a uniform base:
> njid:=m xedj ac2j ac(% 200);
"term", 1, "of ", 4
"term", 2, "of ", 4
"term", 3, "of ", 4
"term", 4, "of ", 4
mijid := — JAC(3, 40,0) JAC(7, 40, 0) JAC(8, 40,0)* JAC(12, 40,)* JAC(13, 40, )
JAC(17, 40,00) JAC(20, 40,0) / (
JAC(5,40,0)? JAC(6, 40,0)* JAC(14, 40,)? JAC(15, 40,0)* JAC(16, 40,00)?) +1 - ¢f
JAC(2,80,0)% JAC(3, 80,0) JAC(7,80,0) JAC(8, 80,)* JAC(12, 80,)? JAC(13, 80,)
JAC(17, 80,0) JAC(18, 80, )* JAC(22, 80,0)* JAC(23, 80,0 ) JAC(27, 80,)
JAC(28, 80,00)% JAC(32, 80,0)° JAC(33, 80,0) JAC(37, 80,00) JAC(38, 80,)? / (
JAC(0, 80,)*2 JAC(6, 80,) JAC(10, 80,) JAC(14, 80,») JAC(16, 80,x)>
JAC(20, 80,0) JAC(24, 80,0)% JAC(26, 80,0) JAC(30, 80,0) JAC(34, 80,)) + ¢f
JAC(2,80,0)? JAC(3, 80,0) JAC(7, 80,0) JAC(8, 80, )% JAC(12, 80,)? JAC(13, 80,)
JAC(17, 80,00) JAC(18, 80, )* JAC(22, 80,)* JAC(23, 80, ) JAC(27, 80,)
JAC(28, 80, ) JAC(32, 80, )% JAC(33, 80, ) JAC(37, 80,) JAC(38, 80,00)2/ (
JAC(0, 80,)* JAC(4, 80,») JAC(6,80,) JAC(10, 80,0) JAC(14, 80,) JAC(16, 80,x)?
JAC(20, 80,0) JAC(24, 80,00) JAC(26, 80,0) JAC(30, 80,00) JAC(34, 80, )
JAC(36, 80,))

jid := - JAC(0, 40,00)° JAC(4, 40,00) JAC(10, 40,00) JAC(12, 40,00)(

q° JAC(2,10,00)2 JAC(3, 10,00)

+




| We check that the first term is a modular functioer80 ()
[ > eprodl: =j ac2eprod(op(1l, mid));

eprodl:= — GETA(40, 3) GETA(40, 7)GETA (40, 8 GETA(40, 12)® GETA(40, 13)

GETA(40, 17) GETA (40, 20) / (

. GETA(40, 5)°> GETA(40, 6)> GETA(40, 14)> GETA(40, 15> GETA(40, 16)?)
[ > getapl: =GETAP2get al i st (eprodl/ (-1));

getapl:=[[40, 3 1], [40, 5 -2], [40, 6, -2], [40, 7, 1], [40, 8 2], [40, 12 3], [40, 13 1],
| [40, 14 -3, [40, 15 -2], [40, 16 -2], [40, 17, 1], [40, 20 1]]
[ > vinf(getapl, 80);

0
> GanmalModFunc(get apl, 80);
"All n are divisors of ;| 80
"valo=", 0
"which is even."
"valinf=",0
"which is even."
"It IS a modfunc on Gammal(" 80 ")"

L 1
| We calculate a set of inequivalent cuspsifp80 ()
| and the width of each cusp. Note: o0 is the first cusp in the list.
[ > cusps80: =cuspnakel(80):
[ > cusp80: =cusps80 mnus {[1,0]}:
[ > cusps80: =convert (cusp80,list):
[ > wi ds80: =map( x->cuspwi d1(x[ 1], x[ 2], 80), cusps80):
[ > wi ds80: =[ 1, op(wi ds80)]:
[ > CUSPS80: =map( x->x[ 1]/ X[ 2], cusps80):
[ > CUSPS80: =[ oo, op( CUSPS80) ] ;

11717111111 1111111111111
CUSPSSO: Oml_l_l_’_l_l_l_ 1_ ’_ l_l_l_ 1_ ’_ l_ _______ H
3'7'29'31'33'37'39'19'21'23'27'911 1317 38 2 6 14 18 22 26

3111131111118 7144132137 91 3 1 3179 1 3

2836'36'28'4'12'12'4'34'15'15'15'155 55 5 8 B 25 25 25 25 35 35 35 35 10 10
71311751 1 3 7 911137 9 1237 29111317191 3 7 9 9

2424 24'8'8'24°16'16°16°16'16 16 '10 10 '30 30 30 30 20 20 20 20 20 20 20 20 32
111321313 7 5151 9111317197 1 3 333739311113171921
32'32'32'32'32'32'16'16'32'40 40 '40 40 '40 40 40 40 80 80 80 80 80 80 80 80 80 '
gzgggq
. 80'80'80'80'80'80
> wi ds80;




[1,80 80 8Q 80 80 80 80 80 80 80 80 80 80 80 ,80,80,40,40, 40, 40 4Q 40 40 20 20
20,20 20 20 20 20 40 16 16 16 16 16 16 16 16,10,10,16, 16, 16 16 16 16 16 16,8 8
10010101010 10555 5 5 58,8,8,8,8,8,4,4,4,4,4,4,4,4 5555555855

2,22222221111111111111711
[ We are ready to prove the theta-function identity:

> provenodf unci d(mid, CUSPS80, wi ds80, 80) ;

kkkkkkkkkkkkkkkhkkkkhkkkhhkkkk kkkkkkkkkkkkkkkkkhkkkhkkkhkhkkkhkkkk

"TERM ", 1, "of ", 4, "

"XX=", - JAQ 3,40,0) JAC(7,40,00) JAC(8,40,0)> JAC(12, 40,e0)* JAC(13, 40,0)
JAC(17, 40,00) JAC(20, 40, ) / (
JAC(5,40,0)% JAC(6, 40,0)* JAC(14, 40,0)% JAC(15, 40,0)? JAC(16, 40,0)?)

{[OO’ 0l. [0 O],[z, °Ml } [ O} { "Cusp ORDS: "

1
29

1

2

37

1

JE

39

1

s

19

1

i

1 1
_l 0 H
21

o[
7 31 33

)

"TOTAL ORD =",
"POWER of g CORRECT"
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"All n are divisors of ;' 80
"valo=", 0

"which is even."

0

"which is even."

"It IS a modfunc on Gammal(" 80 ")"

" okkkkkkkhkkkhhkkhkhkkhhkhhhrhix

"valinf=",

"TERM ",

*kkkkkkk!

"of ",

kkkkkkkkkkkkkkkkhkhkkkhkkhkhkkkhkkkk

H)()(::" ’1

kkkkkkkkkkkkkkkhkkkkhkkkhkkkkk

"TERM

*kkkkkkk!

n 3 " fll 4 n kkkkkkkkkkkkkkkkhkkkhkkkkhkkkhkkkk
1 1 0o 1 1

"XX=", - g JAC(2, 80, )* JAC(3, 80,0) JAC(7,80,0) JAC(8, 80, )% JAC(12, 80,0 )?
JAC(13, 80,) JAC(17, 80,00) JAC(18, 80, )? JAC(22, 80,)* JAC(23, 80,)
JAC(27, 80,00) JAC(28, 80,0 ) JAC(32, 80, )% JAC(33, 80,00) JAC(37, 80, )
JAC(38, 80,00)2/ (JAC(0, 80, )*? JAC(6, 80,) JAC( 10, 80,0) JAC(14, 80,)

JAC(16, 80,00)° JAC(20, 80,0) JAC(24, 80,0)° JAC(26, 80,00) JAC(30, 80, 00)
JAC(34, 80,0))

"Cusp ORDS: "

| ek
[00, 3], [0, 1], 5,1,

1

iz

_l 1 )
29

7

1

31 33
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sollollael el el el oo e 13 1550 {55 o)
el llsoe

"TOTALORD =",0
"POWER of g CORRECT"
"All n are divisors of ;' 80

"valo=", 2

"which is even."
"valinf=", 6

"which is even."

"It IS a modfunc on Gammal(" 80 )"

" n " " n
TERM , 4, Of , 4' kkkkkkkkkkkkkkkhkkkkkkkhkkkkk kkkkkkkkkkkkkkkkkhkkkhkkkkhkkkhkkkk
*kkkkkkxn

"XX=", q° JAC(2, 80, )% JAC(3, 80,) JAC(7,80,0) JAC(8, 80,)* JAC(12, 80, )?
JAC(13, 80,0) JAC(17, 80,00) JAC(18, 80,0 )? JAC(22, 80,0 )? JAC(23, 80,)
JAC(27, 80,00) JAC(28, 80, )% JAC(32, 80,)% JAC(33, 80,0 ) JAC(37, 80,)
JAC(38, 80,00)2/(JAC(O,80,oo)12JAC(4,8O,oo)JAC(6,80,oo)JAC(lO, 80, )
JAC(14, 80,00) JAC(16, 80,0 ) JAC(20, 80,0) JAC(24, 80,)? JAC(26, 80, )
JAC(30, 80,0) JAC(34, 80,0) JAC(36, 80,))

1
FeRilE 1]

"Cusp ORDS: "
1 21
o) H
14

omanto {5 553 551 5515 1155
BRI R R R
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et ae e Lo L o ol el L)
oot ag e Lo oo oo 1 56 1 o e a2
ERERIERIER R

"TOTALORD =", 0

"POWER of g CORRECT"
"All n are divisors of ;' 80

"valo=", 2
"which is even."
"valinf=",12

"which is even."
"It IS a modfunc on Gammal(" 80 ")"

"min inf ord=", 0
"mintotord =", -120
"TO PROVE the identity we need to show that v[oo](l D) >", 120
"*** There were NO errors. ***"
"*** WARNING: some terms were constants. ***"
"See array CONTERMS."

To prove the identity we will need to verify if up to
g(120).

L Do you want to prove the identity? (yes/no)

| > yes

You entered yes.
We verify the identity to O(g”(280)).

L O was returned and this proves the identity.

| EXAMPLE 2: Ramanujan's 40 identities for the Rogers-Ramanujan functions:
| See
A.J.F. Biagioli, "A proof of some identities of Ramanujan using modular forms",
| Glasgow Math.J31(1989), 271-295.
> ranG =r->JAC(0, 5*r,infinity)/JAC(r,5*r,infinity):
ramH =r->JAC(0, 5*r,infinity)/JAC(2*r,5*r,infinity):
ramJ. =proc(r, s)

i f modp(r+s,5)=0 then

RETURN( ranm@&(r)*ranys)+g”((r+s)/5)*ranmH(r)*rantH(s)):

fi:
i f nodp(r-s,5)=0 then

RETURN( ranX(r)*ramH(s)-qg~((r-s)/5)*ranH(r)*ram3s)):
fi:




end:

[ > #ranP: =r->(JAC(r, 2*r,infinity)/JAC(O, 2*r,infinity))~(1/2):

> ranP: =r->(JAC(O, r,infinity)/JAC(O, 2*r,infinity)):
> ranPS: =r->JAC(0, 4*r,infinity)*ranP(2*r)/ JAC(r,4*r,infinity):

ram dl1l: =ramJ)( 6, 14) -ramJj( 42, 2):
ram d2: =2*g*ramJ( 6, 14) - ranPS(1)*ranP(3)*ranPS(7)*ranP(21)
+ ranP( 1) *ranPS(3) *ranP(7)*ranPS(21):

ram d3: =ramJ)( 2, 13)*2 - ranP(13)/ranP(1l) +g*ranP(l)/ranP(13):
ram d6: =ranP(11) *raml) 2, 33)-ranP(3) *ramJ 66, 1):

> ram di;
JAC(0,30,%0) JAC(0,70,0) q* JAC(0, 30,00) JAC(0, 70,0)
JAC(6,30,0) JAC(14, 70,0)  JAC(12, 30,00) JAC(28, 70, )
_ JAC(0,210,20) JAC(O, 10,) +q8JAC(O,21O,oo)JAC(O,1O,oo)
I JAC(42,210,0) JAC(4,10,0)  JAC(84, 210,0) JAC(2, 10,0)
[ > ram dla: =expand(ram d1/op(1, ram dl));
JAC(6,30,0) JAC(14, 70,») ¢
JAC(12, 30,00) JAC(28, 70,0)
JAC(6, 30,0) JAC(14, 70,00) JAC(0, 210,) JAC(0, 10, )
~ JAC(0, 30,00) JAC(0, 70,00) JAC(42, 210,00) JAC(4, 10, 0)
, JAC(6,30,0) JAC(14, 70,0) of JAC(0, 210,00) JAC(0, 10, )

L JAC(0, 30,0) JAC(0, 70,00) JAC(84, 210,00) JAC(2, 10,0)
[ > ram dlb: =m xedj ac2j ac(ram dla, 500);

"term ", 1, "of ", 4

"term ", 2, "of ", 4

"term ", 3, "of ", 4

"term ", 4, "of ", 4

ramidlb:= 1+ q* JAC(6, 210,00) JAC(14, 210,0) JAC(24, 210,) JAC(36, 210,)
JAC(54, 210,e0) JAC(56, 210,c0) JAC(66, 210,00) JAC(84, 210,00)% JAC(96, 210,0) / (
JAC(12, 210,00) JAC(18, 210,00) JAC(28, 210,0) JAC(42, 210, )? JAC(48, 210,0)
JAC(72, 210,00) JAC(78, 210,00) JAC(98, 210,00) JAC(102, 210,0)) —
JAC(0,210,0)"? JAC(84, 210,00) / (JAC(4, 210,00) JAC(16, 210,0) JAC(26, 210,0)
JAC(34, 210,00) JAC(42, 210,00) JAC(44, 210,00) JAC(46, 210,0) JAC(64, 210,0)
JAC(74, 210,00) JAC(76, 210,00) JAC(86, 210,00) JAC(94, 210,00) JAC(104, 210,0)) + q°
JAC(6,210,00) JAC(0, 210,00 )2 JAC(14, 210,0) JAC(24, 210,00) JAC(36, 210,0)

ramidla:=1+




JAC(54, 210,00) JAC(56, 210,00) JAC(66, 210,00) JAC(84, 210,0) JAC(96, 210,00) / (
JAC(2,210,0) JAC(8,210,0) JAC(12, 210,00) JAC(18, 210,00) JAC(22, 210, 0)
JAC(28, 210,00) JAC(32, 210,00) JAC(38, 210,00) JAC(42, 210,00) JAC(48, 210,)
JAC(52, 210,00) JAC(58, 210,00) JAC(62, 210,00) JAC(68, 210,00) JAC(72, 210, )
JAC(78, 210,0) JAC(82, 210,00) JAC(88, 210,00) JAC(92, 210,00) JAC(98, 210,)
JAC(102, 21Q»))

[ We calculate a set of inequivalent cuspsfp21d )

. and the width of each cusp. Note: oo is the first cusp in the list.

[ > cusps210: =cuspnakel(210):

[ > cusp210: =cusps210 mnus {[1,0]}:

[ > cusps210: =convert (cusp210,list):

[ > wi ds210: =map(x->cuspw d1(x[ 1], x[ 2], 210), cusps210):

[ > wids210: =[ 1, op(w ds210)]:

[ > CUSPS210: =map(x->x[ 1]/ x[ 2], cusps210):

[ > CUSPS210: =[ oo, op( CUSPS210) | ;

1713281113 1 1 19131957 3 131 4 1 5 20 1 1610

CUSPSZlO:[ ————————————————————
¥%5'55'65'21'21'65'21'55'63 '85'85 10 '85 10 21 63 21 21 85 21 21 °

2 8 19191717 9 19171347 4 41 1 3937291713 7 1 1917 1 1911

21'21'65'21'21'65'10'25'25'25'63'63 '63 '25 '95 63 63 B5 95 10 95 63 63 56 20 42
171113 1 1917131917111 29 7 191317 1 1113 1 1713 1 1923 17

20° 18 20'20"90'90°90'80'80 90 '90 '30 '30 '30 30 '30 30 30 80 80 50 50 50 60 60 60
19 37 17 29 13 1 2319171319292319171311 1 12327119 3 32

100 90' 100'90'100'100°90°40°40'40'50 '35 '35 '35 35 35 35 35 6 63 35 63 35 35 35
126241812 8 6 1 31 2511 1 3 11 1 13113423221623291719

66 35 35 35'35'35'35'14'35'35'6 '102'102 14 78 78 14 14 35 66 35 35 84 84 84 84
131 51 13119231713 1 5171113 1 116723111 1 2323192

848442/ 28'12'42'42'42'42°42'42714 28 '36 28 '36 28 B4 30 12 b4 49 75 91 75 5
19171719111311 1 1 1123 1 19 1 113951132733 3 9 67 61 59 47

91' 75 70'70'56'70'70°'72'70'48'28 '48 '28 '60 '60 70 70 56 70 70 70 70 70 70 70 70 '
4341 373123292937111319 1 176957 41 31 37 19 23 17 13 11

70 70'70'70'70'70'60'60'72'60 '56 '18 '56 '70 70 105 105 105 105 105 105 105 105 '
1 1 11123123111 191713 52 32 34 38 1111 22 16 8 2 29

24 105 54'98'56'54'98'96'96'98 '98 '98 105 105 105 105 98 24 105 105 105 105 210 °
23 17 19 13 11 33 4 53 59 43 47 37 41 311011031 1 1 1 1

210 210 210'210'210°35°35’210°'210'210°210'210'210'210 210 21067 71 73 79 83 '
97 1118 181291 1 1 111173111111

210 896147 210'53'210'59'42'97'101'103'29 31 37 41 210 43 13 17 19 23 11 0




6761 11311 1111121129374 1 11 1 11111

210 210 15'15'2'22'26'34'38'46'58 '42 15 '105 42 42 76 88 92 104 68 44 52 16 32 '
44111112 11 1121233111468 11151111 11 7 41

7157'86'94'4'8'15'62'74'82'3'3'33'33 7 84 15 7 15 45 45 7 39 39 51 51 15 84
11239 41119171112 1 111 2 1 11 1 11 1 13 29 67 47 31 37 23

77 99'99'14' 105'81'45'45'93'9°9 '27 27 '81 7 69 69 B7 B7 b3 45 45 77 84 84 84 45
13 1 31191737 26 43 47 1 23 1 44 46 79 1111 71 53113173 414

77 4063 77 77°'45'105'105'105'91'77 '75'105'105 21091 75210 70 5 7591 5 91 5 °

49 75 75' 49 49'55'49'49'57'57
[ > nops( CUSPS210) ;

1137291319 1 1723 1 11}

384

[ > provenodfunci d(ram dlb, CUSPS210, wi ds210, 210);

*kkkkkkkkkkhhhhhhhhhhhiix

"TERM

*kkkkkkxn

"1, "of", 4,"

"XX="1

kkkkkkkkkkkkkkkhkkkkkkkhhkkkk

"TERM

dkkkkkkxn

XX="

", 2,"of ", 4,

*kkkkkkkkkkkhhhhhhhhhhhkrkkxkx

kkkkkkkkkkkkkkkkhkhkkkhkkkhkhkkkhkhkkk

,q" JAC(6, 210,00) JAC(14, 210,0) JAC(24, 210,00) JAC(36, 210,00) JAC(54, 210, 0)
JAC(56, 210,c0) JAC(66, 210,e0) JAC(84, 210,e0)? JAC(96, 210,00) / (JAC(12, 210, c0)

JAC(18, 210,00) JAC(28, 210,00) JAC(42, 210,0)? JAC(48, 210,00) JAC(72, 210,0)

JAC(78, 210,00) JAC(98, 210,00) JAC(102, 210 %))

a2 222

13
55

28
65

1
65

21

s

19

JE

55

IE

13

63

)|

524 22l ool ol
:;_(1)’ O_’ 221 O_’ 281 0_’ 2“5 OHzr H;_; '2} [190 4} B: 2 ;;
ERIERIELERE S DRt
ERIEU T FRI-L RS R
ERIERTRERERIER AR
BRI R R E S R D A

16

2} ’[2_1’
17 _2} ,[_
il
9 8} ’[ay

.
e

13
25

1
95
17

)

:

2

o



! -
! 2,5 - _|.,__q_
o “
. T, g e
: — TN =
1 K - - w - N <
df}ﬂgf[f
, - " 1__m4o_|,_ ’ " _|__1|__|1_4_07AA82
: 44}ﬂ mml[},é?mm}}%fﬁl[ﬂls
- — — - = =
}5ﬁﬁﬁﬂﬁ3ﬂﬂsié[ﬂf
}2363[449\:13_17[1090&[1145m_1[
ﬂ,o[,Hﬂ B 7%2[“437@44“%31[}
34_|_ ,4181 o o P - ! ~ h g
= B 9T Rl ,27_m}ﬁ S |8 R |
[,3,&831[,M} 2 R ® ,6mfw[27m4 -
- o _ = < N < 7 —
qvﬂ}somsmﬁﬂﬂwmn[ﬂ}[lmﬁﬂ
14,71, 6[249
Hlfi[ﬂﬂﬂnmﬁﬂo}lm[iﬂﬂoﬁ
<t _|,__|,__|_ " - — — 1___/1_1_,1 e — . =
g =218 4@{}44{[ ooag g
9_M4_ 5 3R n,|v__81 [S— I _9ﬂ37l_|,_ °
- ,58_%1 [,[,4_ ,01_7_|__|_ N B
_|,_1__31_ _|__|__|_ < B_7_5|,_ © 5[19{492
4__|,__|,__|_ - ™ 1_6_|,_ I 15Bm_|__1|1_4_ ,0_|,_
r ! 3_4_|,_ 44_7[ " ™~
S | 1_81 "o (SN —— |6 = 70324
QIS i 0 o _ P © o _|__|_ n olg -
uLn%m5fLmem1nn%thﬂgoﬂﬁwn%mhuwulw
— ) _|..__|_ a 121 _|l_ ..0 o o _|1_
¥ _|__|_ 9_%0 7_4_|,__|_4_7_71_ 970 ,6_|1_4_ _
ERR S R = © 318 S — Al; Sk — o o, RIY
17,@_3_,% %_%Uﬂﬂ o wmﬁﬂﬂ_ﬂ[ _,SNM_|_1_9
_|,_1_y _|y__|_ < 123_3_|.,__|_ aOl__/ a5ﬂ_40 _ L
—— o %) 3_ N © 9_ i - 31_|__|_
4}4 22_824[,4 ,57[,07%18[,4 "o
37,m 7_,% 1_,% ﬂ;m HH_M_ _/_,_n/U 16“4[{4 _,0 _
E.l'..'l'. ' 0,2 n_m_8_1|_H 8,0 7_%4_|_ HOQBAA
44}}659[M49%F3[1% 5 8|9 , o E
y L - - o n 9 S —— 71 — ©
LIRS wulmﬂ7fmwjgwmtwn Y as e
— 28 2514m¢r¢1m7ozsﬂﬂ 2 g
4..'. _%2_3_3|__|__q_ _ %%%% 10 5&1
(=) - 52 |l - = nU., — .,__8 — 71
los_%s_s__ oo i E
112 Oa 21_3_|__ ® _7
) N 3%1_1_|_ . < IR &
7_..09_..% _ _|_4_ 0.. _22_ _
92 i ool
F[Hﬂ,éi
s R
2|8 218 2/8
—




2 2ol Bl a i alS ]
2 AE ol ol el el el B2 22 )
2 (2o o 2l zel 2ol el Bellel{el o
A ERE)
L oltel el el el zol el e 2 ]
2 2ol ol ol ol 2e]

1 ][ o] ] 2ol o] 0][ o]
el

—
O
4>_|"‘
o
N
—
NI
o
L
—
0 | =
o
L
—
H
01_|N
N

[sollsel5ellzrel e o)

Folsso s oo oo oso lig e 54 {5 o (5o {5io)
oo ol ol ool oy s

sos2ore 7ol ) ERIFSENENENEN
ellselRelsoll22 (Gl [Be i [ R o 1% 4 o)
ellsellselsellme e

"TOTALORD =", 0

"POWER of g CORRECT"
"All n are divisors of ;' 210
"valo=", 0
"which is even."
"valinf=", 8
"which is even."
"It IS a modfunc on Gammal(" 210 ")"

" n " " n
TERM , 3, Of , 4' kkkkkkkkkkkkkkkkkkkkkkhkhkkkk kkkkkkkkkkkkkkkkkhkkkhkkkkhkkkhkkkk
*kkkkkkkn

"XX=", - JAQ 0, 210,00) 2 JAC(84, 210,0) / (JAC(4, 210,00) JAC(16, 210, 00)
JAC(26, 210,00) JAC(34, 210,00) JAC(42, 210,00) JAC(44, 210,0) JAC(46, 210,00)
JAC(64, 210,00) JAC(74, 210,00) JAC(76, 210,00) JAC(86, 210,0) JAC(94, 210,0)



JAC(104, 210,w))

en[ 2]

13
55

28
65

11
21

2} 2

_19}[57“3 ngﬂl H4 Hl Hs HZO Hl }
_! O L _1 2 L _! O L _1 2 b _l 4 1 _1 -1 ) _l -1 L _! -1 1 _l -1 b _! O L
| 85 85 10 85 10 21 63 21 21 85
B HlO HZ HS ng ng Hﬂ HN Hg ng }

_! -1 ) _! -1 L _! -1 L _! -1 b _10 1 _! -1 ) _! -1 b _! 2 b _14 b _10 1
121 21 21 21 65 21 21 65 10 25
(17 ][13 |[47 H4 H41 Hl Hsg H:ﬁ Hzg Hﬂ }

_! 2 1 _1 L _! -1 L _! -1 b _! -1 1 _10 ) _! O b _1 -1 b _1 -1 1 _1 2 ]
125 725 "' 63 63 63 25 95 63 63 95
(13 [ 7 |[1 Mw Hﬂ 1 J[19 |[12 Hl? Hn Mls
_!2 ) _’O ) _!0 ) _’ _1 y _’ _1 ) _!2 I} _’4 ) _! -2 ] _10 y _’2 y _10
195 " '10 [l 95 63 63 ~I'l56 |'l20 'l 42 20 18 20
1 ][19 |[17 Hls Mlg (17 111 [ 1 Mzg M? Mlg i
_!4 ) _’4 ) _! -8 ) _! -8 ) _!4 - I} _’4 ] _!4 ] _’4 ) _! -8 y _14 y
120 190 'l 90 90 80 1'Ls80 "I'l90 |'l90 30 30 30
[13 Hl? Hl Hll“ls ! “17"13“1 ngﬂzs i
_! -8 y _! -8 ) _!4 ) _’4 ) _!0 ) _!4 I} _’O _!0 ) _’4 ) _!4 ) _’ _8
| 30 30 30 30 80 |'l80 |'l50 |50 50 60 60
[17 ng M37 Hl? }[29“13 Ml st }[19“17}
_1-81 141_’_81 ’01_14’ 10’ ’41_!-81_!4 1_50 y
| 60 100 90 100 90 100 100 90 40 40
13 ng Hzg st ng i [17 1113 Hll Hl Hl st }
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| 40 50 35 35 35 '35 ]']35 35 35 6 63
[ 27 Hll 117 9 Hs Hsz “[1 1126 H24 H18H12 Hs }
_! 2 L _1 -1 b _1 -4 b _1 2 b — 2 1 _! 2 L _1 -4 b _1 -4 b _1 2 b _! 2 9| _! 2
| 35 63 ~'L35 35 35 7)'L66 1’35 35 35 35 35

6 Hl 1131 Hz }[5}"11 17 1 Hs Hll Hl Hls
_! -4 ) _! 2 _1 -4 b _1 2 b _l 2 1 2 L _! 2 1 _1 2 b _! 2 9] _1 2
| 35 14 " |'L35 35 6 1102 |'[ 102 14 8 8 14
11 H34 1123 sz } [16 i [23 } [29 } [17 ng HB }

_! 2 1 _1 -4 R 1 _! 2 1 _1 1 _! - ) _! -2 L _l - 1 _! -2 b _1 -2 )
| 14 35 |'l66 35 35 '\ 84 84 84 84 84
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"POWER of g CORRECT"
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"TOTALORD =", 0

"All n are divisors of ;' 210
"valo=", -2
"which is even."
"valinf=",0
"which is even."
"It IS a modfunc on Gammal(" 210 )"

kkkkkkkkkkkkkkkhkkkkkkkhkkkkk

"TERM ", 4, "of ", 4, "

*kkkkkkk!

dik-

NERIER

kkkkkkkkkkkkkkkkhhkkkhkkkhkhkkkhkkkk

"XX=", g JAC(6,210,00) JAC(0, 210,0)"? JAC(14, 210,00) JAC(24, 210, )
JAC(36, 210,00) JAC(54, 210,00) JAC(56, 210,00) JAC(66, 210,00) JAC(84, 210,0)
JAC(96, 210,0) / (JAC(2,210,0) JAC(8, 210,00) JAC(12, 210,00) JAC(18, 210,0)
JAC(22, 210,00) JAC(28, 210,00) JAC(32, 210,0) JAC(38, 210,00) JAC(42, 210,0)
JAC(48, 210,00) JAC(52, 210,00) JAC(58, 210,0) JAC(62, 210,00) JAC(68, 210,0)
JAC(72, 210,00) JAC(78, 210,00) JAC(82, 210,00) JAC(88, 210,00) JAC(92, 210, )

JAC(98, 210,00) JAC(102, 21Q,))

{ {17 Mls Mza Hll
[00, 8], -2 2L =2 o
55 55 65 21

"Cusp ORDS: "

1[5 4)[5

R RS
ooz Lsee oo+ 5o

| 20

[ 7 ng“ls H? Hl
1-4! 101 ’_41 ’_ y y
130 30 1130 30 30

17 ][ 1 2} [19
63 ' I'56 %) 20
13

)3
1|5
2|3
el
o]

LRl L L
[aolliaella el see]

5] 2 o
ERERIENERINENEN
ERE SRR

1J{5 4]
1{¢)
+J{34)
J{552)
[lsellis2)
0]



©
- 371
< _ . e°) Qo
. L o _
a3 oo s ot e AR
914_|,__|_ o) —
~ e S 2 S 3,11_,m£mmmH < O
- S _|__|__4__4_ O,O nn/v__%_|__1|__|,__|,_ A.m 1_,_&_4_
|3 - - ) - 9_7_|..__|_ L/ (@] o
e e 5 o g oI R TS 4,5%2[,%7
k o TN : [[,[,[,dgo,o | fozfmZm[,d[,
28 L 5_,61_3}}44 e 8IEFI8 5[,[,43,m}
Hloo _|..__|1_ _ _a o110 1__.,Qu 3_7_|..__|__|.,__|__|_ 10 wiz T
© _|,__|,_ﬂ__|__|_1217_1|4__|,_4_ e N 45 4_3_|,_1_
117_5 2_5 AN 2., — 0.. R 275 L — .,0_4_
_|,_1_333_|’__|a_ _ — | O — 3_m_|,__|,__|.,__|__|_ O., m_il )
TN — - = R — - . L
A % o Ak m_%}ﬂﬂ44m_m I L3 8= =8
L0 = ' ! ~
Fw_sF,ss[,H RS Qo 1_n7_,m[,HH4[, To alg <
e o S A 8 (2 53 E
..O_q_ n/__ - 415_|__|_H_|__|’_ _..0 7_..5 < w_g < _|__|.,_18
2_393_|,__|,_ _4 1_ Qg S 11_|_21 <t o4
_|a__|.,__|.,__|__|_ _ 511_ 171_5_|.,__|__|_ 2.. MR _.,0 171 _..
Jﬂﬂﬂjﬂniﬁ¢ft(tftftf1 , ,Wyialji142;m
' ) 1 0 1_M.__|__4__4__|__q_ _71_1 41 L2 21 12_|y_92
7_%9_,5 2419 6_31[ ' ' - o [,7% - jm[d[,
— — ™ - 1 i
FEL}}, 81&1&157“411},@1[, "o oo
1 - o - _|.,__|.,__|y__|,_ i ,6_|1_1_ ! 1071_ -
IR 92 BB g E o3 5/
. _ — T — N © XN N O 0 | —| &
,nlv;mg_,% 7_5_E_1|.,__|_ 2,2 1_2.,2 1__,6 9_,m_HH3w_|_ ﬂ___oo_|.,_H_|,_
- [}}943_41_1153 - ¥ {Jo © T
] w 3| S 43 _|__|,__|,_4_ - Qe —— (@) _
44}2%1m[ﬂ]4ﬂ _,OB_WH[ 77,mﬂm_1_,9
- - - - 7 -
ekl 2, 7;401_423[[,} 418 o 25 B
1 81 _|!_ | — o N <t 1 1
31S H___7_|__|,__|__|_ o o Jj _|,__|,__2 . IS ®
IS —ig 2 ~ 5 o ° 4|3 w_J[,d% ERIERIERIS
3_0 A N ' 3_..2 7_.,M.O 7_ : - _4_ n © M.uim N 2__ __
3 Q1Y 5 == ERERERES
| E— 53_12 _|!_ = 1 o o 7_031__
1 54_3_|__|,__|__ o 0 1_736__
RIS R EEEEEEES
2138 3 - Y o - 1_81_7_ __
- - RN N 9_Q12__ _
SRR aERIEEES
_4 A_u -.5 6_% 1__ 1L
_.. o) 1_32 L
-3 &8 3




1l 2l a1 o 1 1 1) 1 4
st 11 1 s 1 o 2o o s 2
olls 2z 2z 2 52 52 s s 2 B 2 s 2
% {%2[%2}[7_16 Msls 2} 9iz 2}[104 }é H4_14 Hé }
2 2l 2 el 2l a2l 2 G 2l o s 2
R ERIER R B R RO
2Bl e e e e (s
ER R - P R R RS PR PR

EN N EW NI N E NI RICA R
ER RN PN A AIE
ERIEN NI NI EE NI
ERNCANEA AP PRI AN
EREAIEEREREN

"TOTALORD =", 0

"POWER of g CORRECT"
"All n are divisors of ' 210

"valo=", -2
"which is even."
"valinf=", 16

"which is even."
"It IS a modfunc on Gammal(" 210 ")"

"min inf ord=", 0
"mintotord =", -576
"TO PROVE the identity we need to show that v[oo](l D) >" 576



"*** There were NO errors. ***"

"*** WARNING: some terms were constants. ***"

"See array CONTERMS."

To prove the identity we will need to verify if up to
gN576).

L Do you want to prove the identity? (yes/no)

| > yes

You entered yes.

We verify the identity to O(g"(996)).

L O was returned and this proves the identity.
[ > ram d2;

( JAC(0,30,%) JAC(0,70,) q4JAC(O,3O,oo)JAC(O,70,oo)]
JAC(6,30,00) JAC(14, 70,00)  JAC(12, 30,00) JAC(28, 70,0)
JAC(0, 2,00) JAC(0, 3,00) JAC(O, 14,00) JAC(0, 21, )
" JAC(1, 4,00) JAC(O, 6,00) JAC(7, 28,00) JAC(0, 42, o)
JAC(0,1,0) JAC(0, 6,00) JAC(0, 7,0) JAC(0, 42,0)
] JAC(0, 2,00) JAC(3, 12,00) JAC(0, 14,0) JAC(21, 84,0)
[ > ram d2: =expand(ram d2);
q JAC(0, 30,00) JAC(0, 70,0) . 2 q° JAC(0, 30,0) JAC(0, 70, )
JAC(6,30,0) JAC(14, 70,0)  JAC(12, 30,00) JAC(28, 70,0)
JAC(0, 2,00) JAC(0, 3,00) JAC(O, 14,00) JAC(0, 21, 00)
" JAC(1,4,0) JAC(O, 6,00) JAC(7, 28,00) JAC(0, 42,0)
JAC(0,1,00) JAC(0, 6,00) JAC(0, 7,00) JAC(O, 42, )

+
L JAC(0,2,0) JAC(3,12,0) JAC(0, 14,00) JAC(21, 84,0)
[ > ram d2a: =expand(ram d2/ op(3, ram d2));

ramid2:=2

ramid2a:=
JAC(1,4,0) JAC(0,6,00) JAC(7,28,0) JAC(0,42,0) g JAC(0, 30,0) JAC(0, 70,)
JAC(0,2,0) JAC(0, 3,0) JAC(0, 14,0) JAC(0, 21,0) JAC(6, 30,0) JAC(14, 70,0)
2JAC(1,4,0)JAC(0,6,0) JAC(7,28,0) JAC(0,42,0) q5 JAC(0, 30,0) JAC(0, 70,c0)

JAC(0, 2,00) JAC(0, 3,00) JAC(0, 14,00) JAC(0, 21,00) JAC(12, 30,0) JAC(28, 70, )
+1
JAC(1,4,00) JAC(0, 6,0)* JAC(7,28,00) JAC(0, 42,00)? JAC(0, 1,%) JAC(0, 7,)

I JAC(0,2,)” JAC(0, 3,) JAC(O, 14,)” JAC(0, 21,2) JAC(3, 12,20) JAC(21, 84,%0)
> ilcm(4, 6, 28, 30, 70, 84);

420
> ram d2b: =m xedj ac2j ac(ram d2a, 900) ;
“term ", 1, "of ", 4
"term ", 2, "of ", 4
"term ", 3, "of ", 4
“term ", 4, "of ", 4




ramid2b:= -2 q JAC(1, 420,00) JAC(5, 420,00) JAC(7, 420,0)? JAC(11, 420,)
JAC(13, 420,00) JAC(17, 420,00) JAC(19, 420,00) JAC(23, 420,00) JAC(25, 420,0)
JAC(29, 420,00) JAC(31, 420,00) JAC(35, 420, ) JAC(37, 420,00) JAC(41, 420,00)
JAC(43, 420,00) JAC(47, 420,0) JAC(49, 420, ) JAC(53, 420,0) JAC(55, 420,0)
JAC(59, 420,00) JAC(61, 420,0) JAC(65, 420,00) JAC(67, 420,00) JAC(71, 420,00)
JAC(73, 420,00) JAC(77, 420,0)% JAC( 79, 420,00) JAC(83, 420,0) JAC(85, 420,0)
JAC(89, 420,00) JAC(91, 420, )% JAC(95, 420,0) JAC(97, 420,00) JAC(101, 420,c0)
JAC(103, 420,00) JAC(107, 420 00) JAC(109, 420,00) JAC(113, 420,00) JAC(115, 420 )
JAC(119, 420,00)? JAC(121, 420 0) JAC(125, 420,00) JAC(127, 420,»0) JAC(131, 420 )
JAC(133, 420,00)? JAC(137, 420,00) JAC(139, 420 00) JAC(143, 420,00) JAC(145, 42Q )
JAC(149, 420,00) JAC(151, 420 00) JAC(155, 420 00) JAC(157, 420,00) JAC(161, 420 c0)?
JAC(163, 420,00) JAC(167, 4200) JAC(169, 420 00) JAC(173, 420,00) JAC(175, 420 c0)?
JAC(179, 420,00) JAC(181, 420 00) JAC(185, 420,00) JAC(187, 420,00) JAC(191, 420 )
JAC(193, 420,00) JAC(197, 42000) JAC(199, 420 00) JAC(203, 420,0)? JAC(205, 420 )
JAC(209, 420,) / (JAC(2,420,00) JAC(6, 420,0)? JAC( 10, 420,00) JAC(14, 420,0)3
JAC(18, 420,00) JAC(22, 420,00) JAC(24, 420,00) JAC(26, 420,00) JAC(30, 420, )
JAC(34, 420,00) JAC(36, 420,00) JAC(38, 420,0) JAC(42, 420,00)? JAC(46, 420,00)
JAC(50, 420,00) JAC(54, 420,00 )% JAC(56, 420,00) JAC(58, 420,0) JAC(62, 420,0)
JAC(66, 420,00)% JAC(70, 420,00)> JAC(74, 420,00) JAC(78, 420,00 ) JAC(82, 420,0)
JAC(84, 420,0)* JAC(86, 420,0) JAC(90, 420,00) JAC(94, 420,00) JAC(96, 420,0)
JAC(98, 420,00)% JAC(102, 420,00) JAC(106, 420,00) JAC(110, 420 00) JAC(114, 420,c0)?
JAC(118, 420,00) JAC(122, 420,00) JAC(126, 420 00)* JAC(130, 420,00) JAC(134, 420 )
JAC(138, 420,00) JAC(142, 42000) JAC(144, 420,00) JAC(146, 420,00) JAC(150, 420 )
JAC(154, 420,00 JAC(156, 420,0) JAC(158, 420 00) JAC(162, 420,00) JAC(166, 420 )
JAC(170, 420,00) JAC(174, 420 0)* JAC(178, 420 00) JAC(182, 420,00)* JAC(186, 420 0 )?
JAC(190, 420,00) JAC(194, 420 00) JAC(196, 420,00) JAC(198, 420,00) JAC(202, 420 )
JAC(204, 420,00) JAC(206, 42Q00) JAC(210, 4200)) - 2 q° JAC(1, 420,0) JAC(5, 420, )
JAC(7,420,00)? JAC(11, 420,00) JAC(13, 420,00) JAC(17, 420,00) JAC(19, 420,0)
JAC(23, 420,00) JAC(25, 420,00) JAC(29, 420,0) JAC(31, 420,00) JAC(35, 420,0)?
JAC(37, 420,00) JAC(41, 420,00) JAC(43, 420,00) JAC(47, 420,00) JAC(49, 420,0)?
JAC(53, 420,00) JAC(55, 420,0) JAC(59, 420,00) JAC(61, 420,0) JAC(65, 420,0)
JAC(67, 420,00) JAC(71, 420,0) JAC(73, 420,00) JAC(77, 420,00)? JAC(79, 420,0)
JAC(83, 420,00) JAC(85, 420,00) JAC(89, 420,%0) JAC(91, 420,0)? JAC(95, 420, 0)



JAC(97, 420,00) JAC(101, 420,00) JAC(103, 420,00) JAC(107, 420 00) JAC(109, 420,c0)
JAC(113, 420,00) JAC(115, 42000) JAC(119, 420 00)? JAC(121, 420,00) JAC(125, 420 )
JAC(127, 420,00) JAC(131, 420 0) JAC(133, 420 00)? JAC(137, 420,00) JAC(139, 42Q )
JAC(143, 420,00) JAC(145, 420 0) JAC(149, 420,00) JAC(151, 420,00) JAC(155, 420 )
JAC(157, 420,00) JAC(161, 420 0)* JAC(163, 420 00) JAC(167, 420,00) JAC(169, 420 )
JAC(173, 420,00) JAC(175, 4200)* JAC(179, 420 00) JAC(181, 420,0) JAC(185, 420 )
JAC(187, 420,00) JAC(191, 420 00) JAC(193, 420,00) JAC(197, 420,00) JAC(199, 420 )
JAC(203, 42Q.0)? JAC(205, 420,c0) JAC(209, 42Q ) / (JAC(2,420,e0) JAC(6, 420,00)
JAC(10, 420,00) JAC(12, 420,00) JAC(14, 420, ) JAC(18, 420,0)? JAC(22, 420,0)
JAC(26, 420,00) JAC(28, 420, ) JAC(30, 420,00) JAC(34, 420,0) JAC(38, 420,0)
JAC(42, 420,00)* JAC(46, 420,00) JAC(48, 420,00) JAC(50, 420,00) JAC(54, 420,00)
JAC(58, 420,00) JAC(62, 420,00) JAC(66, 420,00 JAC(70, 420,00)? JAC(72, 420,00)
JAC(74, 420,00) JAC(78, 420,00 )% JAC(82, 420,00) JAC(86, 420,00 ) JAC(90, 420, 0)
JAC(94, 420,00) JAC(98, 420, )% JAC(102, 420 0)? JAC(106, 420,00) JAC(108, 420 )
JAC(110, 420,00) JAC(112, 420 00) JAC(114, 420,00) JAC(118, 42000) JAC(122, 420,0)
JAC(126, 420,00)? JAC(130, 420,00) JAC(132, 420 00) JAC(134, 420,00) JAC(138, 420 0)?
JAC(142, 420,00) JAC(146, 42000) JAC(150, 420 00) JAC(154, 420,00)> JAC(158, 420 )
JAC(162, 420,00)? JAC(166, 420,00) JAC(168, 420 00)? JAC(170, 420,00) JAC(174, 420 )
JAC(178, 420,00) JAC(182, 420 )% JAC(186, 420 00) JAC(190, 420,00) JAC(192, 42Q )
JAC(194, 420,00) JAC(198, 420 0)* JAC(202, 420,00) JAC(206, 420,00) JAC(210, 420 0))
+1-JAC(1, 84,0’ JAC(5, 84,0)* JAC(7, 84, )* JAC(11, 84,0)* JAC(13, 84,)?
JAC(17, 84,0)? JAC(19, 84, )% JAC(23, 84,00)? JAC(25, 84, )? JAC(29, 84, )?

JAC(31, 84,0)? JAC(35, 84, )" JAC(37, 84,00)? JAC(41, 84,)? / (JAC(0, 84, )%
JAC(2,84,%) JAC(10, 84,00) JAC(14, 84,0)? JAC(22, 84,00) JAC(26, 84,)

JAC(34, 84,00) JAC(38, 84,0))

| We calculate a set of inequivalent cuspsfprd2@ )
| and the width of each cusp. Note: oo is the first cusp in the list.

[ >
[ >
[ >
[ >
[ >
[ >

>

cusps420: =cuspmakel(420):

cusp420: =cusps420 mnus {[1,0]}:
cusps420: =convert (cusp420, list):

wi ds420: =map( x- >cuspwi d1(x[ 1], x[ 2], 420), cusps420):
w ds420: =[ 1, op(w ds420) ]:

CUSPS420: =map( x->x[ 1]/ x[ 2], cusps420) :
CUSPS420: =[ oo, op( CUSPS420) | ;



[ 17 71 3137 1 3419 1913 17 1 61 59 1 19 53 32
CUSPS420=| 00— =, - v 0 - — ,
108 140 70'70'125'35'144'25°25'144'108'70 © '70 175 125 70 105
114711434117 13 73 11131 31 111 97 47 131 1 89 11 29
108 70'35' 70’ 70'175'125°140'175'45°17 '175 '45 '13 140 200 50 45 50 140 128 175’
1 34298369 1 119 5353@5_12_733 79 23 13 67113 1 11 53
11' 105 40' 140 70’ 128'7'175'40'70'70 70 '70 '70 70 140 175 175 70 140 49 126 175
1 1 11 441117 29 109 1 1 47 107 47 1 2329 19 1 43 17 1
47 126 135 105 54’ 110' 140’ 140'43'135'175 140 '100 '54 '140 45 140 41 175 140 37 '
11 13 1 1 4110323 11 127191 38 1 1 1719101 37 791315 4 20
18 140 31'29'175 140'45°140°140°45'23 105 19 140 45 50 140 175 84 140 21 21 21
11667618 73 2 53501 117104713 1 11 4111 1 46 37233129
2'21'84'84'21'175'21'84'84'21 27 '21 21 '84 21 207 207 84 189 59 105 84 35 84 84
13 1 13 29 67ii1_1£1§1gi1_1612 1 19 11 1 1 17 59
135 153 84’ 135 175'53'99'81'140'135'3 '9 '63 27 '175 9 198 ‘135 162 80 162 135 175
23 1 29 61 51 17 1 59 11 13 17 53 19 39 47 43 43 41 33 41 47
147 132 35 168 140'84'72'168'84'147'147 168 '147 '140 '168 '168 B4 ‘189 140 168 189
10337 27 1 37 31 529 9 7 31 19 23 17 13 3 1 1 52 13947
175 189 140 84’ 168'189'12'189'140'12'168'189 189 '189 189 '140 6 '8 105 140 63
41971 137411 13129137231719651355 79 83 5 2512313
63 71 175 67'61'63'63'33'39'63'63'140'63 '63 63 84 63 B4 175 8B4 84 84 140 28 '
1131_71_11_1&@3_1&1_1103107101139 58 97 1 89 11117&3;
420 28 36'14'130'420'35'96'28'420°420'420'175 105 420 12 420 12 140 28 28 4
111 79 83 99 11 71 73 19127 1 149 67 93 139 61 17 87 109 1 17
140 420 420 140’ 204' 420’ 420'72'175'204'168 420 '140 '168 420 '156 140 ‘168 77 72 '

83 89 11 67 81 79 121 47 17 1 41 69 73 37 71 11 31 109 29 57

168 168 156 147 140'168'175 147'132'156 '147 140168 147 '168 72 147 175 147 140’

67 17317 1 1 1 9 167 17 1 19 2 27 19 1 29 5 17 5 1 53154323

168 420 112'92'60'68'14'420'130'52'96 '35 '56 132 83 75 56 96 14 73 56 28 56 75 '

62 157163 17 19 191513137 11 1923149 3 1717 35 1 1113139143

105 420 420 192'192'75'420'56'56'192'56 '56 '420 14 '75 56 132 192 B6 75 420 420’
13 5 2711 1 183747251311 9 2312119129 19 13 1119 11 2 1 1713

14 28'28' 75'79'420'80'28'420'75 '28 '28 '420 28 140 156 200 56 60 200 15 56 60 15 °
19 1 17 1 1 20913 83 199 61 53 43 6 23 31 11 17 19 193197 1

154 200 154'91'90'420'60'196'420'196'196 '196 '35 196 196 15 196 196 420 420 196 '

1311191141 1 11 3179 118/83132 1 413 18 7 61 1

196 60' 420 15'35'188'196'35'35'35'25'420'112'5 55 172 5 154 15 15 15 112 164



53 181 64 43 1 1 7 123179 1 23 8 1011039 3 7 89 97 23 7 29

112 420 105'112'36'89'60'154'420'116'112'35 105 105 10 10 10 105 105 30 30 30 '
37 83 79291 73 71 67 53 47 43 37 41 1 11 31 37 23 1 19 69

150 105 105 60'10'105'105'105'105'105 105 '90 '105 14 24 105 105 200 97 200 182 °
68111312317 4131 19 22 1 1 17 29 1 26 16 8 31 4

105 8'182'8'88'60'200'15'56'16 '182'105 104 101 182 200 105 105 105 105 60 105"’
2 113131919 111191113 1 17 171 1 1319 11 43 13 1 13

105 30115 95'30'204'95'16'85'116'85 '152 105 '30 '85 64 30 65 136 60 105 65 55
19234119 11322111 112 1 11 29 1 74 23 113759 1 19 76
55 154 60'35'55'35'35'30'32'22'35 136 '105 204 103 105 182 104 60 60 165 98 105
2917153111191323111311119191113111919
105 98" 210 60'100'184'205'205'105'184'205'98 '185 '64 155 145 32 145 152 105 115
149 1 1147 13359 23 1911 47 19 1 17 59 17 11 23 97 1 19
145 60’ 107 98'60'57'35'210'126'24'51'120 48 '51 24 180 100 420 210 170 40 210 '
1719127131118 17 13287 11 9 1111 1 3 17 1 11 1 17 13
20 20420 100'90'35'210'210'98'20°100'20 '20 210 20 20 420 113 112 58 165 40
291917 1311171913 1 131 1 1 13 1 1919232917 23 11
210 100 46 40'420'40°40°40'165'112°42°26 '109 119 112 62 165 80 80 80 80 100 80
113 1 37 29 29 1243117 23 23 82 29 19 19 23 1 109 41 86
82 90" 127 112'165'420'74'35'112°42°420'165 105 100 112 420 42 98 180 420 105’
11 1 1 37 1 11967 1 1 31 1 5 1 4726 1 172943111
195 94' 133 420'176'86'42°180'121'131'420°195'6 137 420 35 106 195 42 420 63 81
1219 1 1 29 1 531117 1 169 1 1 17 1 23 11 1 11 1
85 195 118 151'195'134'420'42'90°149°420'122'143'185 42 195 171 189 153 171’
13 1 11 1 5 18 11 1 1 1 1 1 1 1 1 1 1 3237
139 42' 117 117 142'420'66°105'208'78 '163'154 161 '146 120 44 34 157 180 35 42’
111111111_1iL911141921175113251

208 169 148 124180167 158'78'76'90 120166 42 '105 178 180 42 102 180 42 182 '
131 1 11 1 23 1 1 11 17 17 19 1 29 13 1 11 2317 1

120 150 173'102'181'180'194'160'150'145'120'180 179 '180 150 187 114 90 190 114 °

1 19 1 1 1 23 31 111 17 1 1 37 13 37 1 23 29 31 19
202 120 191 206 138'120'180'160'38'150'174'193 180 160 210 48 150 120 210 150
1 11 43 17 11 29 41 13 31 94 1 241 13 19 1 1 43 11 47
24138 180'160'174'150'210'190'120'105'197 '3 '180 126 160 199 186 210 21 180 °
1 37 47 559 1111 19 17 1 27 29 53 1 43 53 41 13104 17 23
115 120 210 7'190'48'39'126'48'209'35 '160 '180 144 120 210 120 20 105 126 160 '




1 112911 1 13 10119 31 1 29 13 19 13 61 11 53 19 1 31 71
203 186 90’ 57'155'155'165'36°140'69 '126 185185 170 210 69 120 170 190 126 210 '
1 67 1 37 1137 19 79 41 73 83 89 59 37 37 29 97 23 43 13 43
170 210 87 140'87'75'130'210'140'210°210'210 120 '165 126 70 210 70 ‘140 80 195 °
101 1 1 1 103 41 47 47 37 11 11 17 1 3547 2 19 11 11 11 11
210 130 93'168'210'126'140'160°'135'93°144'70'111'99 126 33 108 164 172 188 124
11 11111135 53 79 17 17 1759 37 17 4317109 17 3510 17 17 11 35
148 68 76'92'44’140'88'155'115'95'95 195 '55 '65 65 120 125 66 21 25 205 111 198
4_61_31_7@2_31_11_1 19 23 11 13 17 40 4 67 19 23 11131719 80 69
777777 77'77'91'70°119'119'133'133'133'133 '35 189 203 203 49 49 49 49 119 91
1_71_92_3£1_3i‘§§§ 67 23 23 11 13 17 19 121 67 1 37 1923 79
91'91'91'119'119'7°'7'7'7'126'49'133'161 161 161 161 161 120 123 196 84 84 176’
7173 11 59 61 11 1 111711 1 11 1833 1 59 11 1 17 11 1
84' 84' 123 105 105 168'129'129'50'52'141'141'168 4 '147 140 147 159 168 159 70 '

1 115719 1 1713 11 1 19 1 11 23 29 61 13 19 37 13 11 17
177 177 70168 183'36'70'183'201'70'110'201 '168 '168 140 110 110 45 203 203 203
67 1_6}

140 35

[ >

[ > cuspsetinequi vl(convert (cusps420, set), 420);
"DSET", 0, "nops=", 47
"DSET", 1, "nops=",
"DSET", 2, "nops=",
"DSET", 3, "nops=",
"DSET", 4, "nops=",
"DSET", 5, "nops=",
"DSET", 6, "nops=",
"DSET", 7, "nops=",
"DSET", 8, "nops=",
"DSET", 9, "nops=",
"DSET", 10, "nops=",
"DSET", 11, "nops=",
"DSET", 12, "nops=",
"DSET", 13, "nops=",
"DSET", 14, "nops=",
"DSET", 15, "nops=",
"DSET", 16, "nops=",
"DSET", 17, "nops=",
"DSET", 18, "nops=",
"DSET", 19, "nops=",
"DSET", 20, "nops=",
"DSET", 21, "nops=",
"DSET", 22, "nops=",
"DSET", 23, "nops=",
"DSET", 24, "nops=",
"DSET", 25, "nops=",
"DSET", 26, "nops=",
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"DSET", 27, "nops=", 2
"DSET", 28, "nops=", 12
"DSET", 29, "nops=", 1
"DSET", 30, "nops=", 8
"DSET", 31, "nops=", 1
"DSET", 32, "nops=", 2
"DSET", 33, "nops=", 2
"DSET", 34, "nops=", 1
"DSET", 35, "nops=", 24
"DSET", 36, "nops=", 4
"DSET", 37, "nops=", 1
"DSET", 38, "nops=", 1
"DSET", 39, "nops=", 2
"DSET", 40, "nops=", 8
"DSET", 41, "nops=", 1
"DSET", 42, "nops=", 12
"DSET", 43, "nops=", 1
"DSET", 44, "nops=", 2
"DSET", 45, "nops=", 8
"DSET", 46, "nops=", 1
"DSET", 47, "nops=", 1
"DSET", 48, "nops=", 4
"DSET", 49, "nops=", 6
"DSET", 50, "nops=", 4
"DSET", 51, "nops=", 2
"DSET", 52, "nops=", 2
"DSET", 53, "nops=", 1
"DSET", 54, "nops=", 2
"DSET", 55, "nops=", 4
"DSET", 56, "nops=", 12
"DSET", 57, "nops=", 2
"DSET", 58, "nops=", 1
"DSET", 59, "nops=", 1
"DSET", 60, "nops=", 16
"DSET", 61, "nops=", 1
"DSET", 62, "nops=", 1
"DSET", 63, "nops=", 12
"DSET", 64, "nops=", 2
"DSET", 65, "nops=", 4
"DSET", 66, "nops=", 2
"DSET", 67, "nops=", 1
"DSET", 68, "nops=", 2
"DSET", 69, "nops=", 2
"DSET", 70, "nops=", 24
"DSET", 71, "nops=", 1
"DSET", 72, "nops=", 4
"DSET", 73, "nops=", 1
"DSET", 74, "nops=", 1
"DSET", 75, "nops=", 8
"DSET", 76, "nops=", 2
"DSET", 77, "nops=", 6
"DSET", 78, "nops=", 2
"DSET", 79, "nops=", 1
"DSET", 80, "nops=", 8
"DSET", 81, "nops=", 2

"DSET", 82, "nops=", 1
"DSET", 83, "nops=", 1
"DSET", 84, "nops=", 24
"DSET", 85, "nops=", 4



"DSET", 86, "nops=", 1
"DSET", 87, "nops=", 2
"DSET", 88, "nops=", 2
"DSET", 89, "nops=", 1
"DSET", 90, "nops=", 8
"DSET", 91, "nops=", 6
"DSET", 92, "nops=", 2
"DSET", 93, "nops=", 2
"DSET", 94, "nops=", 1
"DSET", 95, "nops=", 4
"DSET", 96, "nops=", 4
"DSET", 97, "nops=", 1
"DSET", 98, "nops=", 6
"DSET", 99, "nops=", 2
"DSET", 100, "nops=", 8
"DSET", 101, "nops=", 1
"DSET", 102, "nops=", 2
"DSET", 103, "nops=", 1
"DSET", 104, "nops=", 2
"DSET", 105, "nops=", 48
"DSET", 106, "nops=", 1
"DSET", 107, "nops=", 1
"DSET", 108, "nops=", 4
"DSET", 109, "nops=", 1
"DSET", 110, "nops=", 4
"DSET", 111, "nops=", 2
"DSET", 112, "nops=", 12
"DSET", 113, "nops=", 1
"DSET", 114, "nops=", 2
"DSET", 115, "nops=", 4
"DSET", 116, "nops=", 2
"DSET", 117, "nops=", 2
"DSET", 118, "nops=", 1
"DSET", 119, "nops=", 6
"DSET", 120, "nops=", 16
"DSET", 121, "nops=", 1
"DSET", 122, "nops=", 1
"DSET", 123, "nops=", 2
"DSET", 124, "nops=", 2
"DSET", 125, "nops=", 4
"DSET", 126, "nops=", 12
"DSET", 127, "nops=", 1
"DSET", 128, "nops=", 2
"DSET", 129, "nops=", 2
"DSET", 130, "nops=", 4
"DSET", 131, "nops=", 1
"DSET", 132, "nops=", 4
"DSET", 133, "nops=", 6
"DSET", 134, "nops=", 1
"DSET", 135, "nops=", 8
"DSET", 136, "nops=", 2
"DSET", 137, "nops=", 1
"DSET", 138, "nops=", 2
"DSET", 139, "nops=", 1
"DSET", 140, "nops=", 48
"DSET", 141, "nops=", 2
"DSET", 142, "nops=", 1
"DSET", 143, "nops=", 1
"DSET", 144, "nops=", 4



"DSET", 145, "nops=", 4
"DSET", 146, "nops=", 1
"DSET", 147, "nops=", 12
"DSET", 148, "nops=", 2
"DSET", 149, "nops=", 1
"DSET", 150, "nops=", 8
"DSET", 151, "nops=", 1
"DSET", 152, "nops=", 2
"DSET", 153, "nops=", 2
"DSET", 154, "nops=", 6
"DSET", 155, "nops=", 4
"DSET", 156, "nops=", 4
"DSET", 157, "nops=", 1
"DSET", 158, "nops=", 1
"DSET", 159, "nops=", 2
"DSET", 160, "nops=", 8
"DSET", 161, "nops=", 6
"DSET", 162, "nops=", 2
"DSET", 163, "nops=", 1
"DSET", 164, "nops=", 2
"DSET", 165, "nops=", 8
"DSET", 166, "nops=", 1
"DSET", 167, "nops=", 1
"DSET", 168, "nops=", 24
"DSET", 169, "nops=", 1
"DSET", 170, "nops=", 4
"DSET", 171, "nops=", 2
"DSET", 172, "nops=", 2
"DSET", 173, "nops=", 1
"DSET", 174, "nops=", 2
"DSET", 175, "nops=", 24
"DSET", 176, "nops=", 2
"DSET", 177, "nops=", 2
"DSET", 178, "nops=", 1
"DSET", 179, "nops=", 1
"DSET", 180, "nops=", 16
"DSET", 181, "nops=", 1
"DSET", 182, "nops=", 6
"DSET", 183, "nops=", 2
"DSET", 184, "nops=", 2
"DSET", 185, "nops=", 4
"DSET", 186, "nops=", 2
"DSET", 187, "nops=", 1
"DSET", 188, "nops=", 2
"DSET", 189, "nops=", 12
"DSET", 190, "nops=", 4
"DSET", 191, "nops=", 1
"DSET", 192, "nops=", 4
"DSET", 193, "nops=", 1
"DSET", 194, "nops=", 1
"DSET", 195, "nops=", 8
"DSET", 196, "nops=", 12
"DSET", 197, "nops=", 1
"DSET", 198, "nops=", 2
"DSET", 199, "nops=", 1
"DSET", 200, "nops=", 8
"DSET", 201, "nops=", 2
"DSET", 202, "nops=", 1
"DSET", 203, "nops=", 6



"DSET", 204, "nops=",
"DSET", 205, "nops=",
"DSET", 206, "nops=",
"DSET", 207, "nops=",
"DSET", 208, "nops=",
"DSET", 209, "nops=",
"DSET", 210, "nops=", 24

All cusps in the set are inequivalent.

PNNEFE MDD

true
[ > nuntuspequi v1(3);
2
[ > op(nuntuspequivl);
proc()
local N, dd, xx d
if nargs= Ghen
PrANEF( "=mmmmm e \n");
printf("numcuspequivl(N) )\n" ;
printf(" Returns the number of inequivalent cusps ) \n" ;
printf(" of Gamma[1](N). "
PN (= mmmm e mm oo \n")
elif nargs= landtype @rgg 1 ,posint then
N:=argg 1 ;
dd := numtheory divisor N\
Xx:=0;

for din dddo xx:=numtheoryq] (d)Chumtheory@] (N / d) + xxend dg;
RETURN(1/ 2[kx)
elseERROR “invalid input type)

end if
| end proc
[ > nops( CUSPS420) ;
960
[ > provenodfunci d(ram d2b, CUSPS420, wi ds420, 420);
"TERM "’ 1, "Of ", 4' " kkkkkkhhhhhhhhhhhhhkkkkikikxx *kkkkkkkkkhhhhhhhhhhhhkkkkkxkxx

*kkkkkkk!

"XX=", 2 qJAC(1,420,00) JAC(5, 420,00) JAC(7,420,0)? JAC(11, 420,00)
JAC(13, 420,00) JAC(17, 420,0) JAC(19, 420,00) JAC(23, 420,0) JAC(25, 420, 00)
JAC(29, 420,00) JAC(31, 420,0) JAC(35, 420,00)? JAC(37, 420,00) JAC(41, 420,00)
JAC(43, 420,00) JAC(47, 420,00) JAC(49, 420,0)? JAC(53, 420,00) JAC(55, 420, 00)
JAC(59, 420,00) JAC(61, 420,00) JAC(65, 420,00) JAC(67, 420,00) JAC(71, 420,00)
JAC(73, 420,00) JAC(77, 420,00)% JAC(79, 420,00) JAC(83, 420,00) JAC(85, 420, 00)



JAC(89, 420,00) JAC(91, 420,00)? JAC(95, 420,00) JAC(97, 420,0) JAC(101, 42Q )
JAC(103, 420 00) JAC(107, 420,00) JAC(109, 420 00) JAC(113, 420,00) JAC(115, 42Q )
JAC(119, 420,00)? JAC(121, 420,00) JAC(125, 420 00) JAC(127, 420,00) JAC(131, 42Q )
JAC(133, 420,00)? JAC(137, 420,00) JAC(139, 420 00) JAC(143, 420,00) JAC(145, 42Q )
JAC(149, 420,00) JAC(151, 420 0) JAC(155, 420 00) JAC(157, 420,00) JAC(161, 42Q 0)?
JAC(163, 420 00) JAC(167, 420,00) JAC(169, 420 00) JAC(173, 420,00) JAC(175, 420 c0)?
JAC(179, 420 00) JAC(181, 420,00) JAC(185, 420 00) JAC(187, 420,00) JAC(191, 42Q )
JAC(193, 420 00) JAC(197, 420,00) JAC(199, 420 00) JAC(203, 420,00 ) JAC(205, 420,x)
JAC(209, 420,) / (JAC(2,420,00) JAC(6, 420,0)? JAC( 10, 420,00) JAC(14, 420,0)3
JAC(18, 420,00) JAC(22, 420,00) JAC(24, 420,00) JAC(26, 420,0) JAC(30, 420,)
JAC(34, 420,00) JAC(36, 420,00) JAC(38, 420,00) JAC(42, 420,0)* JAC(46, 420,0)
JAC(50, 420,00) JAC(54, 420,00)? JAC(56, 420,00) JAC(58, 420,0) JAC(62, 420,0)
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"TOTALORD ="
"POWER of g CORRECT"

"All n are divisors of ;' 420
"valo=", 0
"which is even."
"valinf=", 2
"which is even."
"It IS a modfunc on Gammal(" 420 ")"

"TERM " 2 " f" 4 " okkkkkkkhkkkhhkkhhkkhhkhhhrhix kkkkkkkkkkkkkkkkkhkkkhkkkkhkkkhkkkk
1 1 0o 1 1

"XX=", 2 " JAC(1,420,0) JAC(5, 420,00) JAC(7, 420,00)? JAC(11, 420,)
JAC(13, 420,00) JAC(17, 420,00) JAC(19, 420,00) JAC(23, 420,0) JAC(25, 420,0)
JAC(29, 420,0) JAC(31, 420,0) JAC(35, 420, ) JAC(37, 420,00) JAC(41, 420,00)
JAC(43, 420,0) JAC(47, 420,00) JAC(49, 420, ) JAC(53, 420,00) JAC(55, 420,0)
JAC(59, 420,00) JAC(61, 420,00) JAC(65, 420,00) JAC(67, 420,00) JAC(71, 420,0)
JAC(73, 420,00) JAC(77, 420,00)* JAC(79, 420,0) JAC(83, 420,00) JAC(85, 420,0)
JAC(89, 420,00) JAC(91, 420, )* JAC(95, 420,00) JAC(97, 420,00) JAC(101, 420,00)
JAC(103, 42Q,00) JAC(107, 420 00) JAC(109, 42000) JAC(113, 420,00) JAC(115, 42Q )
JAC(119, 420,00)? JAC(121, 420,0) JAC(125, 420 00) JAC(127, 420,00) JAC(131, 420 )
JAC(133, 420,00)? JAC(137, 420,00) JAC(139, 420 00) JAC(143, 420,00) JAC(145, 42Q )
JAC(149, 420,00) JAC(151, 420 0) JAC(155, 420 00) JAC(157, 420,00) JAC(161, 42Q 0)?
JAC(163, 420,00) JAC(167, 42Q0) JAC(169, 420,00) JAC(173, 420 0) JAC(175, 420 00)?
JAC(179, 420,00) JAC(181, 420 00) JAC(185, 420,00) JAC(187, 420,00) JAC(191, 42Q )
JAC(193, 420,00) JAC(197, 420 0) JAC(199, 420 00) JAC(203, 420,0)* JAC(205, 420 )
JAC(209, 42Qw) / (JAC(2,420,00) JAC(6, 420,00) JAC(10, 420,00) JAC(12, 420,00)
JAC(14, 420,0)* JAC(18, 420, )% JAC(22, 420,00) JAC(26, 420,0) JAC(28, 420,0)



JAC(30, 420,0) JAC(34, 420,0) JAC(38, 420,0) JAC(42, 420,00 )* JAC(46, 420,00)
JAC(48, 420,00) JAC(50, 420,0) JAC(54, 420,00) JAC(58, 420,00) JAC(62, 420,0)
JAC(66, 420,00) JAC(70, 420,00)> JAC(72, 420,00) JAC(74, 420,00) JAC(78, 420,00 )?
JAC(82, 420,00) JAC(86, 420,00) JAC(90, 420,00) JAC(94, 420,0) JAC(98, 420,0)*
JAC(102, 420,00)? JAC(106, 420,00) JAC(108, 420 00) JAC(110, 420,00) JAC(112, 42Q )
JAC(114, 420,00) JAC(118, 420 0) JAC(122, 420 00) JAC(126, 420,0)* JAC(130, 420 )
JAC(132, 420,00) JAC(134, 420 0) JAC(138, 420 00)? JAC(142, 420,00) JAC(146, 420 )
JAC(150, 420,00) JAC(154, 420 0)* JAC(158, 420 00) JAC(162, 420,00)> JAC(166, 420 )
JAC(168, 420,00)? JAC(170, 420 0) JAC(174, 420,00) JAC(178, 420,00) JAC(182, 420 )*
JAC(186, 420,00) JAC(190, 420 00) JAC(192, 420 00) JAC(194, 420,00) JAC(198, 42Q 0 )?
JAC(202, 420,00) JAC(206, 420 0) JAC(210, 420 ))
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19 | H } 17 } 19 ]1 }_1 ]13 }[12“19}
!21 2 L !2 1 2 2 !2 1_12 1_!2 1
155 5 185 185 185 " |'l 205 85 85 85 85
1 17 43 13 17 |[19 |[11 [ 1 ]
_! 2}1 }1[_ }[ }[ 2}’[_1 2}1[_12 1[_!2 1 _10 1 - O 1
1 95 9 65 55 55 |'l55 |’ 184 || 208 |
110” ”790”1 ”110”10”110”10_ 110"
1208 ' 176 _’_176 'L184 'l104 |'[128 |'[128 |'l136 |'[136 |’
1 0“11 o“ 1 2“13 2“17 2"19 2“ 1 2"13 2“17 2'
152 " 1152 " '[115 "'l 115 "'l 115 ")’ 115 "'l 145 "]’ 145 " | 145 " |’
19 ]2 1[a3 J[12 [ 12 [ 2 1[22 [ 1 1]112 1
12’ 2 L 12 L '] L lo L O L O L lo H '] H
145 155 " 1155 "'l 164 'L 172 “1'l116 'l 116 |'l124 || 124
1 |[a11 [ 12 “35}‘1 Han HnHl Hn“s}
lo L O L lo L _’O O O L _’O L _lo H _’O O O L
148 [ 148 || 164 || 44 68 68 76 76 92 92 4

1 10_ [i 10} [E 10} {i 10} {E 10} {i 10} {E 10} [i 10}
| 207 117 117 153 153 171 171 207

—,-10|,| —, -10}, -10|,| =,-10|,| == -10|,| —/,-10|,| —,-10|,| ——= -10/,
99 99 201 9 27 81 81 123

1 i 11 17 1 11 11 17 1 11 1 11
L 0] [ 2 10} 20 [ 2 10] [ 2 0] [ 22 10] [ 2 10] [ 2 0]
129 ~'l129 T 'l141 T 'l141 "Il 87 87 93 93
[ 1 17 11 17 1 1112 11 1 11 1

—, -10|,| —,-10|,| —, -10|,| — 10} ,-10} [— 10} [— 10“ -10}
1117 | 111 1123 ) 51 | 57 69 69 159
11 17 1 17 11 17 1 11 11 1 11 1
23301 [L 0] 22 10 [ 2 10] [ 22 10| [ 2 10] [ o] [ 0],
159 177 ~ 1'L177 ~ 1183 T ][ 183 201 172 188

2] (o[l [ o] [Z el [Zo][L;0] 2-10][2 ]
20322} 208 20 52220 15020} 8 20 s 20 a0l s 0]
Haea 20 7a20) g5 20} g 20 o 20 10 20 | 13 20

178



1 1 1 1 17 1 [ 1 17 1 1

10|, 10||—, 10|,| —,10|,| —, 10|,| —, 10 {———,1 }{———

181 = || 187 191 193 ~ ' 197 1199 ~ || 209 16

[ 1 17 1 1 1 17 1 1 17 1 1
10|, ,10|,| —,10|,| —, 10|,| —, 10|, —, 10 {——— 10}{———

173 7 ' 179 139 143 = |'| 149 11517~ 'l 157 16

[ 1 17 1 1 1 17 1 ! 1 1
10|, .10|,|—,10|,| —, 10|,| —, 10/, ——,10},——,10 {——:

167 = [ 121 127 137 137 | 89 97 101

[ 1 17 1 1 1 1 1 1
10|, .10|,| —, 10}, ——,10}, ——,10},[——,10},[——,10},{

1107~ 'L109 ~ [ 113 | 73 79 83 67

(151 }_

_’0

1420 ]

"TOTALORD =",0
"POWER of ¢ CORRECT"

"All n are divisors of ;' 420
"val0=", 20
"which is even."
"valinf=",0
"which is even."
"It IS a modfunc on Gammal(" 420 ")"

"min inf ord=", 0
"mintotord =", -2688
"TO PROVE the identity we need to show that v[oo](l
"*** There were NO errors. ***"
"*** WARNING: some terms were constants. ***"
"See array CONTERMS."
To prove the identity we will need to verify if up to
g(2688).
L Do you want to prove the identity? (yes/no)
> no
L You did not enter yes.
[ > ram d3: =expand(ram d3);

JAC(0, 10, )% JAC(0, 65, )
JAC(2,10,0)? JAC(13, 65, )
. 2 JAC(0, 10,0 )? JAC(0, 65,0)? g
JAC(2,10,00) JAC(13, 65,00) JAC(4, 10,00) JAC(26, 65, )
. q° JAC(0, 10,%0)* JAC(0, 65,)*  JAC(0, 13,%0) JAC(0, 2,0)
JAC(4,10,00)? JAC(26, 65,0)%  JAC(0,26,00) JAC(0, 1,)
. g JAC(0,1,0) JAC(0, 26,)

JAC(0,2,0) JAC(0,13,)
> ram d3a: =expand(ram d3/op(1, ram d3));

D) >", 2688

ramid3:=




2 JAC(2,10,00) JAC(13, 65,0) ° , JAC(2, 10, )% JAC(13, 65,0)* ¢°
JAC(4,10,) JAC(26, 65,) JAC(4,10,0)* JAC(26, 65,0)°
JAC(2,10,00)? JAC(13, 65,0)? JAC(0, 13,%) JAC(0, 2, )

~ JAC(0, 10,00)2 JAC(0, 65,c0)2 JAC(0, 26,00) JAC(O, 1, c0)

L JAC2, 10, )% JAC(13, 65,0)% q JAC(0, 1,0) JAC(0, 26,)

I JAC(0, 10,0)% JAC(0, 65, )2 JAC(0, 2,00) JAC(0, 13,)
[ > series(jac2series(ram d3a, 300), g, 300);

O(q300)
[ > ram d3b: =m xedj ac2j ac(ram d3a, 300);
"term ", 1, "of ",
"term ", 2, "of ",
"term", 3, "of ",
"term ", 4, "of ",
"term ",

"of ",

ramid3b:= 1+ 2% JAC(2, 130,00) JAC(8, 130,0) JAC(12, 130,00) JAC(13, 130,0)
JAC(18, 130,00) JAC(22, 130,00) JAC(28, 130,00) JAC(32, 130,0) JAC(38, 130,0)
JAC(42, 130,c0) JAC(48, 130,e0) JAC(52, 130,00)? JAC(58, 130,0) JAC(62, 130,0) / (
JAC(4,130,00) JAC(6, 130,00) JAC(14, 130,00) JAC(16, 130,0) JAC(24, 130,0)
JAC(26, 130,0)% JAC(34, 130,) JAC(36, 130,00) JAC(39, 130,00 ) JAC(44, 130,0)
JAC(46, 130,00) JAC(54, 130,0) JAC(56, 130,00) JAC(64, 130,0)) + o JAC(2, 130, )?
JAC(8, 130,)? JAC(12, 130, )? JAC(13, 130,)? JAC(18, 130,00)* JAC(22, 130,0)?
JAC(28, 130,00)? JAC(32, 130,00)* JAC(38, 130, )? JAC(42, 130,00)? JAC(48, 130,0)?
JAC(52, 130,00)* JAC(58, 130,00)* JAC(62, 130, )? / (JAC(4,130,)* JAC(6, 130,0)?
JAC(14, 130,00)% JAC(16, 130,00)* JAC(24, 130, )? JAC(26, 130, )* JAC(34, 130,0)?
JAC(36, 130,00)% JAC(39, 130,0)% JAC(44, 130, )? JAC(46, 130,)? JAC(54, 130,00)?
JAC(56, 130,00)% JAC(64, 130,0)%) = JAC(2, 130, ) JAC(8, 130, 0)? JAC(12, 130,00)?
JAC(13, 130,00)? JAC(18, 130,00)* JAC(22, 130,00 )? JAC(28, 130,0)? JAC(32, 130,0)?
JAC(38, 130,00)? JAC(42, 130,00)* JAC(48, 130, )? JAC(52, 130,00 )* JAC(58, 130,0)?
JAC(62, 130,00)?/ (JAC(1,130,0) JAC(3, 130,00) JAC(5, 130,0) JAC(7, 130, )
JAC(9, 130,0) JAC(11, 130,0) JAC(15, 130,00) JAC(17, 130,00) JAC(19, 130,0)
JAC(21, 130,00) JAC(23, 130,0) JAC(25, 130,00) JAC(27, 130,00) JAC(29, 130,0)
JAC(31, 130,00) JAC(33, 130,) JAC(35, 130,00) JAC(37, 130,0) JAC(41, 130,0)
JAC(43, 130,00) JAC(45, 130,00) JAC(47, 130,00) JAC(49, 130,0) JAC(51, 130,0)
JAC(53, 130,00) JAC(55, 130,00) JAC(57, 130,00) JAC(59, 130,0) JAC(61, 130,0)
JAC(63, 130,0)) + qJAC(1, 130,00) JAC(2, 130, )% JAC(3, 130,00) JAC(5, 130, 0)
JAC(7,130,00) JAC(8, 130,00)? JAC(9, 130,0) JAC(11, 130,00) JAC(12, 130,00)?

ramid3a:=1+

arwdORE
GEGRGEG NG



]
[
[
[
[
[
[
[

JAC(13, 130,0)? JAC(15, 130,00) JAC(17, 130,e0) JAC(18, 130,00)? JAC(19, 130,0)
JAC(21, 130,00) JAC(22, 130,00)2 JAC(23, 130,e0) JAC(25, 130,00) JAC(27, 130, 00)
JAC(28, 130,00)? JAC(29, 130,00) JAC(31, 130,0) JAC(32, 130,0)? JAC(33, 130,0)
JAC(35, 130,00) JAC(37, 130,00) JAC(38, 130,0)? JAC(41, 130,00) JAC(42, 130, 00)?
JAC(43, 130,00) JAC(45, 130,00) JAC(47, 130,00) JAC(48, 130,00)> JAC(49, 130, 00)
JAC(51, 130,00) JAC(52, 130,00 )* JAC(53, 130,0) JAC(55, 130,00) JAC(57, 130, 00)
JAC(58, 130,e0)? JAC(59, 130,00) JAC(61, 130,00) JAC(62, 130,00)? JAC(63, 130,0) /

JAC(0, 130,0)%°
We calculate a set of inequivalent cuspsfprl3d )
and the width of each cusp. Note: oo is the first cusp in the list.
> cuspsl130: =cuspnakel(130):
> cuspl30: =cuspsl1l30 mnus {[1,0]}:
> cuspsl1l30: =convert (cuspl30,list):
> W ds130: =map( x->cuspw d1(x[ 1], x[ 2], 130), cusps130):
> W ds130: =[ 1, op(w ds130)]:
> CUSPS130: =map( x->x[1]/x[ 2], cusps130):
> CUSPS130: =[ oo, op( CUSPS130) ] ;

57 59 63 61 9 43 1 1 1 1 1111111111
CUSPS]'SO:[ QU \ J ) ) H ) ) ) ) Hl ) ) ) ) . b
130 130'130'130'52'130'47'49'51'53'57 '59 '37 41 43 27 29 31 33 7

H ) ) ) ) loll ) ) Hl Y0 1~ ) ) b
9'11'17°19'21'23" '3'61'63'58'62'4 '8 54 42 46 38 34 b6 14 18 22 52 2 48 56 64
1111111 9 7 413 11313245137 97 41309

44 28 32'36'24'12'16'130'15'15'35'35'15'15'5 5 5 5 130 25 25 25 45 45 55 55 55
1329 1431137191 3 137 9 47 3 7 9 91719137

25 35 35'45'45'30°30'30°30'40 40 '10 '10 10 10 130 20 20 20 50 20 60 60 50 50 50 °
79 1139114137 28105 9 625193423312 121 167

40'40'60'60'13'13'13'13'13'13'13'13'13 13 26 13 39 39 39 39 39 39 13 39 39 39 '
221117 7 1525 1 17192123 1 3 2331415111171921 8 126 5 4

39'39'39'26'26'26'52'26'26'26'26 '26 '26 '52 52 52 52 52 52 52 52 65 65 65 26 65
14161822242931 2 111719212327 1 3 7 9 2832 27 29 31 33
65 65 65 65 65 65'65'65 6565 '65 65 65 65 65 65 65 65 65 65 130 130 130 130’
37 41 19 21 23 7 11 17 3 7 3 11 49 53}

130 130 130 130 130'55'130'130'130'130'52 '26 '130 '130
> nops( CUSPS130) ;
192
> provenodfunci d(ram d3b, CUSPS130, wi ds130, 130);

"TERM " 1 " f" 5 " okkkkkkkkkkhkkhkhkkhhkhhhrhix kkkkkkkkkkkkkkkkkhkkkhkkkkhkkkhkkkk
1 ’ 0o 1 1



*kkkkkkk!

IIXX_II 1

—

"TERM " 2 "Of " 5 " kkkkkhhhhhhhhhhhhhhkkkkkixx *kkkkkkkkkhkhhhhhhhhhhkkkkkkxixkx
1 L 1 L

Kkkkkkdk!

"XX=",2 q° JAC(2, 130,») JAC(8, 130,00) JAC(12, 130,00) JAC(13, 130,0)
JAC(18, 130,00) JAC(22, 130,00) JAC(28, 130,0) JAC(32, 130,0) JAC(38, 130, )
JAC(42, 130,00) JAC(48, 130,00) JAC(52, 130, )* JAC(58, 130,00) JAC(62, 130,0) /(
JAC(4,130,0) JAC(6, 130,00) JAC(14, 130,00) JAC(16, 130,00) JAC(24, 130,0)
JAC(26, 130,0)% JAC(34, 130,) JAC(36, 130,00) JAC(39, 130,00 ) JAC(44, 130,0)
JAC(46, 130,00) JAC(54, 130,00) JAC(56, 130,00) JAC(64, 130,))
"Cusp ORDS: "

[00,3],| = 3|,| =3 || — -3|| —3]||=0|| —-3||=0||=0]| =0l
130 130 130 130 52 130 147 "] 49 51

—, 0], 0|, 01, O|,| —0|,| —=01|,| =0/, —
53 57 i 59 37 41 43 27 33
—1 :| | : :| — : _ |: 1 _ |: : — ': : _ ': :||: :| [1 :||:1 :|
_10 ’ ’O ’ _10 ’ _50 0 ’ _50 [0 0] o~ —_ ’
L9 11 17 " '[19 J'[21 ]'[23 | 63 58
— : _ _1 :| —1 :| | 1 :| | : :| — 1 :| | 1 :| [1 :||: :| [1 :| [1 :|
P 0 ’ _10 v 0 ’ _10 | A 0 _10 i\ ma O ’ _1 ’ . s ’
162 14 L8 | 54 L 46 L 34 14 18
— : i : — ':1 _ 1 _ |: 1 [1 _ |: :| [1 :||: :| [1 :|
_101 _101_101_101 y 1_10 01_1 0 _O ’
122 152 112 1148 | JL64 | 28 6 24
_101 _101 13 ’ _13 3 P~ 1_13 W T 3 - 13 ’
112 1116 J[130 15 15 35 35 15 15
- 3 v s _3 ’ 13 v A 3 V| A 3 y y 3 ’ 1 W T y
L5 L5 130 25 25 25 5 5
D -3 v A 3 v A _3 T y _’3 y ’5 y 1 y y y
125 35 1135 45 45 30 30 4
T -5 v | 5 | _5 | _5 | 5 ) y ’ 5 PR
L 40 10 JL10 10 10 130 20
_15’ ) '51 _55 ’ _15 N -5 ’ y -5 ’ y -5 1_15 1_’5 -5 ’
120 JL60 1160 50 50 50 40 4 60 60
9 11 74 72 73 [7 J[2 .|[8 .][10 ][5 |[9
_105 _50 ’ _10 ’ _50 ’ _10’ 0 ’ _50 1_10 1_50 ’ 0 ’_50 y
113 13 J[13 J'[13 J'[13 J'l13 J'[13 J'l13 1113 J113 Jl26 |
6 ][25 ][19 ][34 |[23 |[31 |[2 |[12 |[1 |[16 |[7 ]
_101 _10 ’ _10 ’ _10 ’ _10 ’ _10 ’ _10 1_10 1_10 1_10 1_10 ’
113 1139 J[39 139 1139 J[39 139 113 1139 139 139 |
(22 V(11 (17 V[7 J[15 J[25 |[1 |[17 [[19 |[21 ][23 |
e v | A V| A ’ _10 1| A ’ _10 ’ _10 1_10 1_10 1_10 1_10 ’
39 139 1139 J[26 126 126 J[52 J126 126 1126 126




"TOTALORD =", 0

"POWER of g CORRECT"

"TERM ", 3, "of ", 5, "

*kkkkkkxn

"All n are divisors of ;' 130
"valo=", 0
"which is even."
"valinf=", 6
"which is even."
"It IS a modfunc on Gammal(" 130 ")"

DN E D ED R DRI
ol ol o] el 2o ]2 o 2] 2]
BN EAIENENERENEEN N
8 s e e e o)
_1:320’ 3:’ Es:d 3%%12330 3H5_75 3}’[11310 3}’[11370 '3}’[12 ’ '3} [% '3} [532 O} B_; 0}

*kkkkkkkkkkhhhhhhhhhhiiix *kkkkkkkkkkkhhhhhhhhhhhrrkixkx

"XX=", o JAC(2, 130, )% JAC(8, 130,0)? JAC(12, 130,0)* JAC(13, 130,00 )?
JAC(18, 130,00)? JAC(22, 130,00)* JAC(28, 130, )? JAC(32, 130,0)? JAC(38, 130,0)?
JAC(42, 130,00)? JAC(48, 130,00)* JAC(52, 130, )* JAC(58, 130,0)? JAC(62, 130,0)? / (
JAC(4,130,»)? JAC(6, 130,0)* JAC(14, 130, )? JAC( 16, 130, )? JAC(24, 130,)?
JAC(26, 130,00)* JAC(34, 130,0) JAC(36, 130, )? JAC(39, 130, )? JAC(44, 130,00)?
JAC(46, 130,00)% JAC(54, 130,00) JAC(56, 130, )? JAC(64, 130,0)?)

"Cusp ORDS: "
[0016]’ !-6 3 ’6 ’ !-6 ’ 16 ’ _’O y !-6 3 _’O ’ _!0
130 130 130 130 52 130 47 49
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=
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solleolls e e llsobwel oo sac sl ae o)
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Ed = = P = E R R E F e
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BN [2—2 w} ESSICIEw [22 o]
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"valo=", 0



"TERM ", 4, "of ", 5, "

*kkkkkkxn

"which is even."

"valinf=",12

"which is even."
"It IS a modfunc on Gammal(" 130 ")"

"XX=", — JAQ 2, 130,) 2 JAC(8, 130,0)* JAC(12, 130,00)* JAC(13, 130, )?
JAC(18, 130,00)? JAC(22, 130,00)* JAC(28, 130, )? JAC(32, 130,0)? JAC(38, 130,0)?

JAC(42, 130,00)% JAC(48, 130,00) JAC(52, 130, )* JAC(58, 130,0)? JAC(62, 130,00)%/ (

JAC(1,130,0) JAC(3, 130,0) JAC(5,130,00) JAC(7,130,0) JAC(9, 130, )
JAC(11, 130,00) JAC(15, 130,00) JAC(17, 130,00) JAC(19, 130,00) JAC(21, 130,0)
JAC(23, 130,00) JAC(25, 130,00) JAC(27, 130,00) JAC(29, 130,00) JAC(31, 130,0)
JAC(33, 130,00) JAC(35, 130,00) JAC(37, 130,00) JAC(41, 130,00) JAC(43, 130,0)
JAC(45, 130,00) JAC(47,130,00) JAC(49, 130,00) JAC(51, 130,00) JAC(53, 130,0)
JAC(55, 130,00) JAC(57, 130,00) JAC(59, 130,00) JAC(61, 130,00) JAC(63, 130,0))
"Cusp ORDS: "

{[oo, 0],
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d
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o 12 1[4 1[212 1[3 J[7 12 18 /10 |[5 ][9 |
_17’ _’7 L _l7 L _’7 L _l7 L _’7 L _’7 1_17 1_’7 1_17 ’_’O L
113 'l13 I'l13 J'l13 '[13 113 'l13 113 1113 113 ]126 |
6 J[25 |[19 [[34 |[23 |[31 |[2 |[12 |[1 [16 |[7 ]
_17’ _’7 L _l 1_’ l_l7 L _’7 L _’7 1_17 1_’7 1_17 ’_’7 L
113 139 I'l39 ['l39 ['l39 ['l39 |''39 |'113 1139 139 |139 |
(22 17212 |27 [ 7 1[15 J[25 |[1 |[27 |[19 |[21 |[23 ]
_l L _’ 1_1 1_50 L _lo L _’O L _’O 1_10 1_50 1_10 ’_’O L
139 'l39 I'l39 ['l26 ['l26 ['l26 |''52 |'l26 1126 126 |126 |
1 |13 1[23 1[31 1[41 1[51 |[21 |[a7 1[29 |[21 ][ 8

_10’ _’O L _lo L _’O L _l ’_’ ’_’ 1_10 1_50 1_10 ’_’ -9 ]
126 |26 |'l52 |52 |'l52 J'l52 |'l52 |52 |52 |152 |65

[12 Hea 11 5 H4 H14 Hle Hls sz H24 [9 Hsl }
_l -9 ) _l 1 _1 O L _l 1 1 _1 1 7 _l 1 ) _l -9 L _l -9 1 _l 1 1 —_ 1 b _l 1 )
| 65 65 'L 65 65 65 65 65 65 65 65
[ 2 11 |[17 19 21 23 27 1 3 7
_l -9}! [_! 1 _1 -9}![_1 1}’[_1 1}’[_1 -9}1[_1 -9} 1[_! 1} ![_1 -9} 1 _1 -9} 1
| 65 65 'l 65 65 65 65 65 65 65 65
9 (28 |[32 27 29 31 33 37 1
_l 1}1 _1 -9 _1 -9}![_1 -6}1[ J 0}1[ J O}l[ \ -6} 1[_1 -6}1
L 65 ~J'l65 130 130 130 130 130
19 [ 21 23 7 11 17 3 7

10 1{ 10}1[ !-6}1{_1 0}1[ 10}1{ 1-6}1{ 1-6}!{_1 -6}!
1130 ' 130 130 55 130 130 13 13

[ 49 ] {53 H
!0’ ’_6
1130 /' 130

"POWER of g CORRECT"

N
(o))

"TOTALORD =", 0

"All n are divisors of ;' 130
"valo=", 0
"which is even."
"valinf=",0
"which is even."

"It IS a modfunc on Gammal(" 130 )"
"TERM ", 5, "0f ", 5, " #titictiotitininihihihihiohion S ——

"XX=", q JAC(1,130,00) JAC(2, 130,)? JAC(3, 130,0) JAC(5, 130,0) JAC(7, 130,0)
JAC(8,130,0)? JAC(9, 130,0) JAC(11, 130,00) JAC(12, 130,00 )? JAC(13, 130,0)?
JAC(15, 130,00) JAC(17, 130,00) JAC(18, 130,00)? JAC(19, 130,00) JAC(21, 130,0)
JAC(22, 130,00)% JAC(23, 130,00) JAC(25, 130,00) JAC(27, 130,00) JAC(28, 130, 0)?
JAC(29, 130,00) JAC(31, 130,00) JAC(32, 130,00)? JAC(33, 130,0) JAC(35, 130,0)
JAC(37,130,00) JAC(38, 130, ) JAC(41, 130,00) JAC(42, 130,00)? JAC(43, 130, )
JAC(45, 130,00) JAC(47, 130,00) JAC(48, 130,00)? JAC(49, 130,00) JAC(51, 130,0)
JAC(52, 130,0)* JAC(53, 130,00) JAC(55, 130,00) JAC(57, 130,00) JAC(58, 130, 0)?




JAC(59, 130,00) JAC(61, 130,00) JAC(62, 130,0)*> JAC(63, 130,0) / JAC(0, 130,00)%°

"Cusp ORDS: "
57 59
o011 o) g
130 130

st 5 s el e )
N = A A L

1

: [1 —[1 }
— 5|25 5
153 7 '|57 " 'L59
: } : } : [1 _[1 —[1 _ {1“1 Hl Hl }
_! 5 L _1 5 L _! 5 L _1 5 b _l 5 1 _1 5 1 [Ol 5] L _1 - 5 5 2 )
19 11 17 7119 7' 21 7' 23 7| 61 63 58
E “1}1}_1 }_1 }_1 } 1 Hl Hlﬂl Hl }
_! 2 L _1 2 L _! 2 L _1 2 b _l 2 1 _1 2 1 — 2 L _! 2 1 _1 2 - 2 2 L
162 L4 8 'ls4 " '42 " ]'46 "'l 38 34 6 14 18
ERlE _{1 {1 _{1 _[1 _{1 Hl H Hl Hl }
_121 _151_121_121_!21_12 _2 1_1 - _!2 2
12277152 7248 " 156 " J'led "'l 44 28 36 24
Eolk _[9 H7 M M Ms H HBHl HS}
_12’ _’21 111 b _’1 _!1 1_’-5 ’_111
112716 ' 130 35 15 5 5
_2}_4 {1 {3 H M M H Hl MS H9 }
_1 1 ) _’ _5 ) ’1 ) _! 1 y 5 5 1 ) _! -5 y
1575 130 25 45 55 55 55
E }[32“9 Hl }[43“ H HY H19H1 }
— 5||—1||— -5||— -5 1 0l|—, -10]|—, -10 0 0],
| 25 35 35 45 45 30 30 30 30 40
: Hl MB HY Hg MM MB MY Hg }
— 10|, | —,0/|,| — -10],| —, -10 0 5||— -10]||—, -10 0
| 40 10 10 10 10 130 20 20 20
E Hl H7 ng Hl HB HY HY Hg Hl }
— 0||—0||—-10||—0 0|,|— -10]|,|—, -10 -10 0 0
| 50 20 60 60 50 50 50 40 40 60
E } ; Hli H4 Hl HB H7 HZ HS Hlo Hs }
— -10||—= 2| =2||—2 2 2 2 21— 21|—2 2
| 60 13 13 13 13 13 13 13 13 13 13
9 [6 ”25”9‘34”23"31”2 12”1 (16 |
_! 5 1 _1 2 L _! 2 L _1 2 b _l 2 1 _1 2 L _1 2 L 2 1 _1 2 1 2 9| _1 2 L
126 7113 7139 139 " )139 39 " '39 )39 "1113 " J139 "]139 ]
7 “22"11“17“7 1715 (25 171 1[17 ][19 |[21 ]
_121 _121_!21_121 51_151_151 5 1_151 5 1_151
139 7 '139 " /139 139 )26 )26 " 'l26 ]'l52 7126 ]'L26 |26
(23 11 |[3 “23’31"41“51'11“17'19"21’
_15’ _’51_!51_’51_15’ 5’ 51 1_’5 1_5’ 51
126 7 "1 26 " 'l26 152 " 'l52 752 " 'l52 7L 152 7]'152 7] 52 7]
: le HG } ; M4 H M H H M }
_1-101 _!-101 _!0 ) _’5 ) _!0 I} -10 )
65 65 65 26 65
29H1H2 HHHN H M H H M }
—0||—o0||— -10||—0 -10 0l|—, -10||—, -10 0
| 65 65 65 5 65 65 65
3 } 7 Hg } 28 Hsz H27 } 29 Msl Mss }
— -10|,| —,-10|,| —,0|,| —, -10|| — -10|,|—, -5 |,| —, 1 1||—, -5,
| 65 65 65 65 65 130 130 130 130



st 2 5 e
N BN E R

"TOTALORD =", 0
"POWER of g CORRECT"

"All n are divisors of ;' 130
"valo=", 10
"which is even."
"valinf=", 2
"which is even."
"It IS a modfunc on Gammal(" 130 )"

"min inf ord=", 0
"mintotord =", -384
"TO PROVE the identity we need to show that v[oo](l D) >", 384
"*** There were NO errors. ***"
"*** WARNING: some terms were constants. ***"
"See array CONTERMS."

To prove the identity we will need to verify if up to
q’\(384).

L Do you want to prove the identity? (yes/no)

| > yes

You entered yes.
We verify the identity to O(q”"(644)).

L O was returned and this proves the identity.

EXAMPLE 3: The Rogers-Ramanujan Continued Fraction

> rr:=1+g"10:

> for j from9 by -1 to 1 do
> rre=1+ qg?j/rr:

| > od:

> rr:=1/rr;




1+
1+qu

> prodmake(rr, q, 10);
(1-9)(1-q)(1-°)(1-¢’)
i (1-0°) (1-¢°) (1-q") (1-¢°)
[ > R5: =JAC(5, 25,infinity)/JAC(10, 25,infinity)*q;
_ JAC(5,25,0) g

I " JAC(10, 25,)
> ROGRAMD: =1/R5 - 1 - R5 - JAC(O,1,infinity)/JAC(O,25,infinity)/q;

JAC(10,25%)  JAC(5,25%)q _JAC(0,1,)

ROGRAMID:=
I JAC(5, 25,%) q JAC(10, 25,0)  JAC(0,25,00)q
[ > ROGRAM Da: =m xedj ac2j ac( ROGRAM D, 100) ;
"term ", 1, "of ", 4
"term ", 2, "of ", 4
"term ", 3, "of ", 4
"term ", 4, "of ", 4

IAC(10,25%)  JAC(5,25,%)q
JAC(5, 25,0) q JAC(10, 25,0)
JAC(3, 25,00) JAC(4, 25,00) JAC(5, 25,00) JAC(6, 25, 00) JAC(7, 25,00) JAC(8, 25, )

JAC(9, 25,00) JAC(10, 25,00) JAC(11, 25,00) JAC(12, 25,) / (q JAC(0, 25, 0)*?)
| We calculate a set of inequivalent cuspsifpr25 ()

' and the width of each cusp. Note: oo is the first cusp in the list.

[ > cusps25: =cuspnmakel(25):

[ > cusp25: =cusps25 mnus {[1,0]}:

[ > cusps25: =convert (cusp25,list):

[ > wi ds25: =map( x->cuspwi d1(x[ 1], x[ 2], 25), cusps25):

[ > wids25:=[1, op(wi ds25)]:

[ > CUSPS25: =map( x->x[ 1]/ X[ 2], cusps25):

> CUSPS25: =[ 00, op( CUSPS25) | ;

ROGRAMIDa= — JAC(1,25,00) JAC(2, 25,)




CUSPS25=
[ 12123111111 1 1178911234639417}

L 255554678911120’2’3’252525252525252510105iOiO
[ > nops( CUSPS25) ;

28

> pr ovenodf unci d( ROGRAM Da, CUSPS25, wi ds25, 25) ;
"TERM ", 1, "0f ", 4, " %remertsisininkkki P ————

dkkkkkkxn

JAC(10, 25,)
" JAC(5, 25,0) q
"Cusp ORDS: "

oo [ Za] 2ol 3o ol 2o ol ol o] e ]
S BRI ICN | S ER N
ENIENIEENEY

"TOTALORD =", 0

IIXX:ll

"POWER of g CORRECT"
"All n are divisors of ;' 25
"valo=", 0
"which is even."
"valinf=", -2
"which is even."
"It IS a modfunc on Gammal(" 25 ")"

"TERM "’ 2, "Of "’ 4' " kkkkkhhhhhhhhhhhhhhkkhkkkkxx *kkkkkkkkkkhkhhhhhhhhhhkkkkkxxxx
*kkkkkkiN
IIXX:H ’_1

"TERM ", 3, "Of ", 4, " *esbmkiiakirirkikknk s -
*kkkkkkx!

JAC(5, 25,0)q

IIXX_II , —
JAC(10, 25,)
"Cusp ORDS: "

oo 2] 0] 203 o] 20] 3l 2ol 2ol 0]
el 2



"TOTALORD =", 0

"POWER of g CORRECT"
"All n are divisors of ' 25

"valo=", 0
"which is even."
"valinf=", 2
"which is even."
"It IS a modfunc on Gammal(" 25 ")"

*kkkkkkkkkkkhhhhhhhhhhhkrkkxkx

"TERM ", 4, "0f ", 4, " ekttt ok

*kkkkkkxn

"XX=", - JAQ 1, 25,00 JAC(2,25,00) JAC(3, 25,00) JAC(4, 25,00) JAC(5, 25,0)

JAC(12, 25,00) 1 (q IAC(0, 25,00)*?)
"Cusp ORDS: "

ERERIERIERIER N

"POWER of g CORRECT"
"All n are divisors of ;' 25

"valo=", 2
"which is even."
"valinf=", -2
"which is even."
"It IS a modfunc on Gammal(" 25 ")"
"min inf ord=", -1

"mintotord =", -9
"TO PROVE the identity we need to show that v[oo](l D)>",9
"*** There were NO errors. ***"

"*** WARNING: some terms were constants. ***"

"See array CONTERMS."
To prove the identity we will need to verify if up

qn(9).
Do you want to prove the identity? (yes/no)

> yes
You entered yes.
We verify the identity to O(g™(59)).

to

L O was returned and this proves the identity.

o [ ol 2ol 2 e )l 2
SN NI B E W e PR EW

JAC(6, 25,00) JAC(7,25,00) JAC(8, 25,00) JAC(9, 25, 00) JAC( 10, 25,00) JAC(11, 25, c0)

Al
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