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1)

us the coefficients of the resulting operator M coming from the given one L after one of the following

|:In the section 2.1 called "Types of Transformations"” we have our Maple implementations which give

transformations: change of variables, exp-product and gauge transformation.

Lour given operator L

> a0:=x-> a 0(X);
a0 :==xm~ a_0(x)

> al:=x-> a_1(x);
al :=x—a 1(x)

> a2:=x-> a_2(x);
a2 ==X a 2(Xx)
> a3:=x-> a_3(x);
a3 ==X a_3(X)
> L= a3(xX)*Dx"3+a2(x)*Dx"2+al(x)*Dx+a0(x) ;
L:=a 3(x) DX +a 2(x) DX +a 1(x) Dx+a 0(x)

:Our resulting operator M coming from L

[> M:= Dx3+b2(Xx)*Dx2+b1(x)*Dx+b0(X) ;
M := DX’ + b2 (x) DX + b1(x) Dx+ b0(x)

|:If the operator M came from L after a change of variable transformation with parameter f:

[> g:=x-> F(X);

g =X f(x)
> M:= ChangeOfVariablesGeneral (L,g(x)):
> bO(x):= coeff(M,Dx,0);
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dx
a_3(f(x))

a 0(f(x)) (i f(x)j
bO(x) =

[> b1(x):= coeff(M,Dx,1);
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bl(x) = L ; . (a 1(f(x)) (?%Z f(x)j —a 2(f(x)) (;?75
3(f(x) [ o f(x) X
( dx )
i d—Sf(x) as(f(x))(if(x))+3 &
d dx d dx?

> b2(x):= coeff(M,Dx,2);

2 2
a_2(f(x)) (% f(X)) —3(% f(x)ja_3(f(x))
b2(X) = . X
a 3(f(x)) (& f(x))

|:If the operator M came from L after an exp-product transformation with parameter r:

[> rr:=x-> r(x);

r:= X — r(x)
> M:= ExpProductGeneral (L,rr(x)):
> bO(x):= coeff(M,Dx,0);

1 r(x)3a 3(X) —r(x)za 2(X) —3r(x) (i r(x)) a 3(x) + i
a_3(x) - - dx -

bO(x) :=-

> b1(x):= coeff(M,Dx,1);

Hx)ja_B(x)+—Nx)a_1(x)+—(———r(x))a;Z(x)——a_O(x)]
3|(x)2a_3( X) —2r(x)a 2(x) —3 (——-r(x))

bl(x) :=

i a 3(x)
> b2(x):= coeff(M,Dx,2);

b2(x) :=-

DfmemmmmrMcwneﬂmnLaﬂmagm@evmwkmnmmnMMhpmwnamsm,ﬂamnz

> r0:=x-> r_0(x);

r0 :=x —r_0(x)
> rl:=x->r_1(X);

rl:==xw—r_1(x)

> r2:=x-> r_2(X);

r2:=Xxwmr_2(x)
> M:= GaugeTransfGeneral (L,rO(x),r1(x),r2(x)):
> bO(x):= coeff(M,Dx,0);
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-2 (% 2300 ) (g 2000 ) 100 20072200 + (4
jro *r10x) 8200 8300 +3 - a300 | 1000”4
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300 | (% )r 20078200 a_00x) +4 g a300 | r100° 4
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+3 (% a_2(x)) 00071200 8200 a3(x) — - 8200 | 000 (5
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+ (% a_1(x)) r_1(x) r_2(x) (% r_0(x>) a 3(x)°+3 (% a_1(x)) (%
200 | 2007230 a.00x) —3 (- a100 ) (g r200 | r2 (4
000 ) a300% -2 4 a_3(x)j2r_0(x) (4 100 ) 28200 +2 (4o
a_3<x>j2r_0<x) 100 T200 8100 +2 - a_3(x))2r_0(x> (¢

200 ) 200 8100 ~2 4 a_3(x>)2r_1(x> (45 200 | r_200 2000
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d d
a 3(x) | r_0(x)r_1(x) ( dx r_2(x)) a3(x)al(x)+3 ( X
r O(x) r_ 1(x)r_2(x)a 2(x)a 1l(x)—3 (

d
dx
da
dx

r O(x) r_1(x)r_2(x)a 3(x)a 0(x)+3 (

” a_3(x)) (% r_2(x)) r 2(x) (—X r_0(x)) a 3(x)a_1l(x)+3 (

- dx

r 2(x)a 3(x)al(x)— (i a_2(x)) r 1(x) (i

dx dx

r 2(x)a 3(x)a0(x)—3 (% a_2(x)) r_1(x) r_2(x) (i

d
)
a_2(x)) r_0(x) r_1(x) r_2(x) a_3(x) a_1(x) + (i a_g(x)) r_0(x) (i
)
) dx

r O(x)) a?2(x)a3(x) —2 (% a_l(x)) r O(x) r_1(x) r_2(x)a 2(x)a_3(x)

4 (_x a_l(x)) r 0(x) (% r_2(x)) r_2(x)a_2(x)a_3(x) +4 (%

a_O(x)j r 1(x) (— r 2(x) | r 2(x)a 2(x)a3(x)+2r_0(x) (%
d

r 1(x)) r2(x)a2(x)ya3(x)yal(x)—4r 0(x)r_1(x) (&



r_2(x)) az2(x)ya3x)alx)—3r0x)r 1(x)r 2(x)a 2(x)a 3(x)a0(x)

—7r1_0(x) (% r_2(x)) r_2(x)a_2(x)a3(x)a0(x) — (%
d d
) )a_2(x)a_3(x)a_0(x) —3 (& r_1(x)) (&
) r 2(x )a 3(x)a 0(x) —2r_1(x) (%
)VZ ()aO()—rl()rZ(x)((?X
da
dx

)az
)r2
)a3

5 (di 3(x )) ( a 1(X)j r 0(x) (i r_2(x)) r_2(x) a_3(x) +2 (%

d d
ya 1(x) +2 ( dx a_3(x)j ( ” a_2(x)) r 0(x) ( X

)az ) a_3(x a1<>+3(%f2())r2 (
) —2 (% a_3(X)) (% a_2(x)) r_1(x) r_2(x) (%
) —2

(di 3(x)) (% a_l(x)) r 0(x) r_1(x) r_2(x)a_3(x)
da
dx

dx

1300 ) (g 2000 ] 100 g 1200 | 200 2300 + (4

) r_O(x (— r1(x )) r10x) a2(x) a_3(x) +3 (% a_3(x)) r 0(x) (&

a0 dx 2(x)) 200 2300 +2 (4 a300 ) 000 (o

1100 ) r200 2300 a1 =2 (5 8300 | r200%a000? =

j =1 000°a_2(x) a_3(x)* —r_00)*r_2(x) a_2(x)°
+3r.0(x)? (& r_0(x)) a300°~31100) (4 r_0(x))2a_3(x)3
—r2(x%a 2(x) 2 00?3 (% a_00x) | r_1(x) (% r_2(x))2a_3(x)2— (%

a_O(x)) r 1(x) r 2(x)%a_2(x)% + (& a_0(x )) r2(x)%a 2(x)a 1(x) +2 (



a 3(x)a0(x)—2 (% a_O(x)) r_2(x)2 (% r_O(x)) a_3(x)2

—4 r_O(x)2 (% r 1(x) | a_2(x) a_3(x)2 + r_O(x)2 r 1(x) a_2(x)2a_3(x)
d d

+3 r_O(x)2 (— r 2(x)) a_2(x)2a_3(x) -2 r_O(x)2 (& r_2(x)) a_3(x)2a_l(x)
2

—3r.0(x) (— r_l(x)) a 2(x)a 3(x)>—r_0(x) (% r_l(x)) r 2(x) a_2(x)*

+3r.0(x) (i r 1(X)) (% r_O(x)) a_3(x)3+3r_0(X) (%
2

r_2(x)) a 3(x)2a_0(x) +2r 0(x) r 2(x)%a_2(x)%a_0(x)

2 2 d 2 2 d
—rox)r2(x)"a2x)alx)"+3 (& r_l(x)) r 2(x)a 3(x)"a 0(x) —3 (&
2 2 d 2 2
r_1(x)) r 1(x)"a_3(x)“a_0(x) + (a r_1(x)) r 2(x)~a_2(x)“a_0(x)
+ r_1(x)3a_2(x) a 3(x)a 0(x)— r_1(x)2 r 2(x) a_2(x)2a_0(x) — r_1(x)2 (%
r_O(x)) a 2(x)%a_3(x) +r_1(x)? (% r_0(x)) a 3(x)%a_1(x) +r_1(x) r_2(x) (%
3 d 2 2 2 ( d
r_O(x))a_Z(x) +3 ( x r_2(x)) r 2(x)a _3(x)a_0(x) r 2(x) (dx
r_O(x)) a 2(x)%a_1(x) +r_2(x)? (% r_O(x)) a 3(x)a 1(x)>—2 (%
2 q 2
a 3(x)) r_O(x)2 r2(x)a 2(x) +2 (& a_3(x)j r 0(x) r_2(x)2a_0(x)
d 2(d 2 d
+ 2 ( i a_3(x)) (dx r_1(x)) r2(x)~a 0(x) —2 ( dx

2
a 3(x)j r_1(x)2 r 2(x)a 0(x)—2 (% a_3(x)j r_2(x)2 (% r_O(x)) a 1(x)
d

_2( x ° S(X)) (i a—l(x)j r2(x)°a_0(x) +2 (i a_3(x)) (di

dx — dx dx X
3 da 2 2 (. d
a_O(x)j r2(x)"a 1(x) —3 ( X a_3(x)) r 0O(x)“r_2(x)a_2(x) 2 ( X
3_3(X)) r_0(x) r_2(x)*a_1(x)* + (% a_3(x)) r_1(x)*a_3(x) a_0(x) — (%



a_2(x)j r_0(x)2r_1(x) a_3(x)2—3 (% a_2(x)j r_O(x)2 (% r_2(x)) a_3(x)2

d 2(d d
+(dx a 2(x)) r 1(x) (dx r_O(x))a_3( ) —2 ( dx
2 2 (d 2 2 d
a_l(x)j r 0(x)“r_2(x)a_3(x)"+ ( dx a_l(x)) r o(x)r_1(x)"a_3(x)"+3 ( dx
2
a_l(x)j r 0(x) (& r_2(x)) a_3(x)%+ (% a_l(x)) r 0(x) r_2(x)%a_2(x)?
(4 3 (9 2(d
(dx a_l(x)) r2(x)~a2(x)yao0(x)—4 ( X a_O(x)) r 1(x) (dx
d? d d?
2 30)24 | —= a3 |rox) [—r1 2 2 3(x) — | —
r (x)) a_3(x) [dx a_3(x )) r_0(x) ( S (x)) r_2(x) a_2(x) a_3(x) [dxz
d? d
a_3(x) | r_0(x) r_1(x) r_2(x) a_3(x) a_1(x) — | — a_3(x) | r_0(x) (—
dX dX
d’ d
r_2(x)) r_2(x) a_3(x) a_1(x) + [ 02 a_3(x )] _1(x) ( dx
d’ d
r_2(x)) r 2(x)a 3(x)a0(x)— [? a_3(x)] r 1(x) r_2(x) (&
d’ 2 d®
r_O(x)) a_2(x)a_3(x) + [—2 a_0(x )J r_1(x) r_2(x)"a_2(x) a_3(x) — (—3
dx dx
2
r_O(x)] r 1(x) r_2(x) a_2(x) a_3(x)>+3 [% r_O(x)] r_0(x) r_2(x) a_2(x) a_3(x)?
X
—3 [_dxz r_2(x)) r 0(x) ( X r_l(x)) a 2(x)a 3(x ) +3 ( 2
d’ d
r_2(x) | r_0(x) r_1(x) a_3(x x)? a_l(x) +3 | —5 r_2(x) | r_0(x) (—
dX dX
d? 2 d?
r_2(x))a 3(x)%a _1(x) +3 | —— r_2(x) | r_0(x) r_2(x) a_3(x)"a_0(x) +3 | —
dx dx
d d? d
r_2(x)] (& r_1(x)) r 2(x) a_3(x ) a0(x)—3 (J r 2(x )J ~1(x) (&
d’ d 2
r 2(x)) a_3(x )2a _0(x) +3 [_dxz r_2(x)] r_1(x) ( dx r_0(x)) a_2(x) a_3(x)
g d 2, 1iy) 3 [ &
3 [ " r_2(x)) r_2(x) ( X r_O(x)) a_3(x)"a_1(x) —3 ( 02

r 1(x)] r O(x) r_2(x) a_3(x)2a_1(x) +3 [— r_1(x)J r 1(x) r_2(x)a 3(x ) a 0(x)



2
(d— a_3(x )) r_0(x )2 r_2(x)a_2(x) a_3(x) — [d—z

dx
d? d
] a3()a_0(x)—[dx a3()](dx
100 ) r-2 : 2
)ya 0(x) + d_ a3(x)|rlx)r_2(x)ya_3(x)a0(x)
X
d d°
+ (K a 3(x )J r 2(x) (& r_O(x)) a 3(x)al(x)— (@
3
r_2(x)] r 0(x) r_2(x) a_3(x)%a_1(x) + (d—3 r 2(x )) r_1(x) r_2(x) a_3(x)?a_0(x)
dx
& d 2, (d
— ( 2 a_Z(X)J r_0(x) ( X r_1(x)) r_2(x) a_3(x)" + ( 02
2
a_2(x)] r 0(x) r_2(x)2a_3(x) al(x)— [d— a2(x )] r 1(x) r_2(x)2a_3(x) a 0(x)
dx?
& d 2, (A
+ ( 02 a_2(x)) r_1(x) r_2(x) ( dx r_O(x)) a_3(x)"+ ( 0
2
r_1(x)] r 0(x) r 2(x)a_2(x) a_3(x)*+ (d— a_1(x )) r 0(x) r_1(x) r 2(x) a_3(x)*
dx?
& d 2 d
+( a_1(x )) r_0(x) ( dx r_2(x)) r_2(x) a_3(x) ( e
d? d
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) d* 2 2 d?
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dx dx
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— 21 0(x)? (di r 2(x)) a 2(x)a_3(x) —2r 00x)%r 2(x) a 3(x) a_1(x)

r 1(x) ) r2(x)a 2(x)>+r 0(x) r 1(x)%a_3(x) a_1(x)

2
—3r_0(x) r_1(x) (% r_O(x)) a 3(x ) +2r 0(x) (% r_2(x)) a 3(x)a 1l(x)

—2r_0(x) (— r_2(x)) (% r_O(x)) a_3(x)2—2 r_ 0(x) r_2(x)2a_2(x) a 0(x)

2 (_ r_1(x)) r_1(x) (—X r_O(x)) a_3(x)" — (%

r_l(x)) r 2(x)%a_2(x) a_0(x) —3r_1(x)? (i

dx r_2(x)) a 3(x) a_ 0(x)

+r 1(x)%r 2(x) a_2(x) a_0(x) +r_1(x)2(% r 0(x )) L 2(x) a_3(x)

2
—2r_1(x) (% r_2(x)) a 3(x)a 0(x)—r_1(x) r_2(x)2a_1(x) a 0(x)

—r_1(x) r_2(x) (ix r O(x )) a_2(x)2+r_2(x)2 (% r_O(x)) a2(x)al(x)

-3 r_2(x)2 (% r_O(x)) a 3(x)a0(x)+ (% a_3(x)j r_0(x)2r_2(x) a_2(x)

d 2 3 2 3 2 (. d
_(dx a_3(x )) r O(x) r 2(x)"a 0(x) +r_0(x)"a_3(x)"+r_2(x)"a_0(x) +(dx

jro (_Xr1( ))r_2(x)a_2(X)—(%
j r 0(x )1 2(x)a 1(x) — (% a_3(x)) r_0(x) (%
)  2(x (% a_3(x)) r1(x) (% r_2(x >) 2008 0(x) — (%



r 1(x) r_2(x) (% r_O(x)) a2(x)— (% a_2(x)) r 0(x) (%

)

r-l(X)) r_2(x)a_3(x) + (i a_2(X)) r_1(x) r_2(x) (i r_0(x)) a 3(x) + (i
)
)

dx dx dx

r O(x) r_1(x) r_2(x)a 3(x) + (i a_l(x)) r_0(x) (i

dx dx

r 2(x) a 3(x) — (i a_O(x)) r 1(x) (i r_2(x)) r 2(x) a_3(x)

dx dx

d d d
& r_l(x)) r 1(x)a 2(x)a 3(x) —2r_0(x) (& r_l(x)) (&

r_2(x)) a 2(x)a 3(x) —3r_0(x) (% r_l(x)) r 2(x)a 3(x)a_1(x)

+3r_0(x) r_1(x) (% r_2(x)) a3(x)al(x)—rO0x)r 1(x)r2(x)ya2(x)al(x)

+3r_0(x) r_1(x)r_2(x)a_3(x)a_0(x) —r_0(x) (% r_2(x)) r 2(x)a2(x)a_1(x)

+3r_0(x) (% r_2(x)) r 2(x)a 3(x)a 0(x)+2r_0(x) r_2(x) (i

r_O(x)) a2(x)a3(x)+3 (% r_l(x)) r 1(x)r_2(x)ya 3(x)a 0(x) +2 (%

r_1(x)) (% r_2(x)) r 2(x)a 3(x)a 0(x)+r_1(x)



r_2(x)j r 1(x) r_2(x)a 3(x)a0(x) + [— r_l(x)) r O(x) r_2(x) a_2(x)a 3(x

2
— (% I’_O(X)] r 1(x)r_2(x)a_2(x) a_3(X)])
X

[> #H##H#H#HE EXAMPLES IN cHAPTER TWO #####HH##

|:In the section 2.2 called "Examples™ we have the following Maple implementations:

> L02 = X"2*DXN3+(X*h2+x+X*D1)*Dx2+b2*b1*Dx-1
L02 := X’ DX’ + (xbl +xb2 +x) DX + b2 bl Dx — 1
> L02:=subs({b1=1/7,b2=1/12},L02);
L02:=x2Dx3+%xDx2+8i4Dx—1
> Fr:=2*(X-7)"2*(x-12)/(X-3)"2;
o 2(x=7)% (x=12)

(x—3)?

> L:=ChangeOfVariables(L02,T);

L:=84Dx¢ (x—7)2 (x—12)2 (x —3)5 (¥ —2x — 75)° + (103 x* — 412 x* — 59390 ¥
+913908 x —3630033) DX (x —7) (x—12) (x—3)* (x¥* —2x—75) + (x®*—8 X’
+ 25948 X° — 1451784 X° + 34550774 X* — 458049624 x° + 3589905852 X
— 15576038424 X + 28661695857 ) Dx (x — 3)° — 168 (x2—2x—75)5 (X—7)

> L12 = xM2*DxM3+(X*b2+x+x*b1)*Dx"2+(b2*bl-x)*Dx-al;
UQ:=x2Df+4xbl+xb2+x)Df+ﬂb2b1—x)Dx—a1

> L12:=subs({al=1/3,b1=1/5,b2=1/9%},L12);

59xDx2+( 1)D_1

L12 := x* DX + 3

45 TS

> r:=(x-5)*(x-9);
r=(x—5) (x—9)
> L:=ExpProduct(L12,r);
L := 45 x* DX’ — (135 x> — 1890 x* + 6075 x — 59) DX’ x + (135 x® — 3780 x> + 38610 x*

— 1471397 x* + 3882779 x° — 4260854 x° + 122340 x — 60

2
r_O(x)j r_2(x)2a;3(x) a l(x) —-(-EL— r_2(x)) r O(x)r 2(x)a 3(x)a 1(x)+ a

dx?

)

— 170488 x> + 276917 x> — 5355 x + 1) Dx — 45 x° 4+ 1890 x” — 32535 x° + 293909 x°

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)



> L22 = xXMN2*DXN3+(-XN2+xX*b2+x+x*b1)*DxN2+(-x*al-x*a2+b2*bl1-x)*Dx-
al*a2;

| L22:= DX 4 (xbl 4+ xb2 —x% +x) DX + (-xal —xa2 +b2 bl —x) Dx —al a2 (30)
> L22:=subs({al=1/7,a2=1/3,b1=1/2,b2=1/4},L22);
L22:=x2Dx3+(—x2+%xj DX2+(—%+%)DX—2—11 (31)
B ro:=x+1;
r:=x+1 (32)
(> r1:=0;
rl:=0 (33)
> r2:=x"3;
i r2 = x> (34)
[> L:=GaugeTransf(L22,r0,rl1,r2);
L := 168 DX’ x* (47424 x° 4 97456 x* 4 128919 x° + 180789 x° + 86436 X + 28224 (35)

— 42 (189696 x° + 1006336 X° + 1392780 x* + 1367751 X° + 526533 x° — 146412 X
—197568) DX x + (4173312 x° + 48970048 x° + 28542024 x* — 73928001 x°

— 78087429 x* — 19261116 X + 592704) Dx — 4552704 x° — 44657216 X* + 16950528 X°
+ 56356881 X* + 18202716 x — 818496

> #H##H### RELATION BETWEEN EXP-PRODUCT TRANSFORMAT ION
AND GENERALIZED EXPONENTS #####H##

[ In the section 2.4.1 called "Relation between Exp-product Transformation and Generalized Exponents™
| we have the following Maple implementations:

[> L02 1= Xx/2*Dx/M3+(X*b2+x+x*b1)*Dx2+b2*b1*Dx-1;

i L02:=x2Dx3+(xb1+xb2+x) DX + b2 bl Dx — 1 (36)
[> L02:=subs({b1=1/7,b2=1/12},L02);
23 o 103 1 o
L02 := X" DX’ + xDx2+84 Dx — 1 37)

> r:=2%(x=-7)"2*(x-12)/(x-3)"5;
2
ro— 2 (X—7) (X5—12) (38)
(x—=3)

> M: =ExpProduct(L02,r);
M := 84 DX° (x — 3)™ x* + (103 x° — 2049 x* + 22374 x> — 137178 x* 4 338067 x (39)
—25029) DX (x —3)%x + (x*° + 566 x* — 28567 x® + 487772 X’ — 3652074 X°
+ 9698904 X° 4 24950142 x* — 208055196 x° + 375197913 X* — 59065038 X + 59049)
Dx (x —3)° — 84 x'° 4 3780 x** — 79978 x= + 1072646 x'? — 10331242 x**
+ 74779638 x'° — 397629208 x° + 1406479312 x® — 2375858712 x’ — 3323132640 x°
+ 24916159254 x° — 35687858634 X* — 31060507050 X° + 106513839270 x>




— 31616942868 x + 1274749812
> gen_exp(L02,t,x=0);

o0 3104 39
> gen_exp(M,t,x=0);

10 21} 310

> gen_exp(L02,t,x=infinity);
[v- %]
t 252" X
> gen_exp(M,t,x=Infinity);
[t-%e-1]
t 252 X

> series(r,x=infinity,6);
2

1
+0[ =
o)

[[0,1,2,t=x—3]]

> gen_exp(L02,t,x=3);

> gen_exp(M,t,x=3);

2 34 176 _ 288 2 34 176 _ 288 2 34 176 _ 288
[ t t2 + t3 t4 1 t t2 + t3 t4 2t t t2 + t3

t
t:x—S}

> series(r,x=3);
(—288) (x—3) °+176 (x—3) *—34 (x—3) 3 +2 (x —3) 2

> L02 := X"2*Dx"3+(X*b2+x+x*b1)*Dx"2+b2*b1*Dx-1;
lﬁZ:ﬂng+wxbl+xb2+x)Df+b2lex—l

> L02:=subs({b1=1/7,b2=1/12},L02);
LO2 := x2Dx3+% xDxZ—i-é Dx — 1
> r:=(x-5)*(x-9);
r:==(x—5) (x—9)
> M:=ExpProduct(L02,r);
M := 84 x° DX’ — (252 x> — 3528 x* + 11340 x — 103) DX’ x + (252 x® — 7056 x° + 72072 x*
— 318230 X° + 516712 x> — 9270 x + 1) Dx — 84 x® + 3528 x’ — 60732 x® + 548623 x°

| — 2746408 x* + 7245730 x> — 7943415 X + 210031 x — 129
> gen_exp(L02,t,x=infinity);

[

B gen_exp(M, t,x=infinity);

4

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

R\



165 .45 14 1 5 1
| Hog ettt
> series(r,x=infinity);
x> — 14X + 45 (54)

> #H##H## RELATION BETWEEN GAUGE TRANSFORMATION AND
GENERALIZED EXPONENTS #####H#H#

[ In the section 2.4.2 called "Relation between Gauge Transformation and Generalized Exponents" we
| have the following Maple implementations:

[> L12 := x"2*Dx"3+(X*b2+x+x*b1)*Dx 2+(b2*b1-x)*Dx-al;

i L12 := x* DX’ 4 (xbl 4+ x b2 +x) DX + (b2 bl —x) Dx —al (55)
> L12:=subs({al=1/3,b1=1/7,b2=1/12},L12);
_ 2.3, 103xD¥ o, 1 1
] L12 := x" DX + a4 +( X + 84)DX 3 (56)
[> r0:=3/x:
_ 3
] ro == » (57)
(> rl:=x/(x-7);
— X
] rl: 7 (58)
[> r2:=x-7;
i r2:=x—7 (59)
[> M:=GaugeTransf(L12,r0,r1,r2);
M := 84 x° (x —7)? (3136 X’ — 111540 x° + 1392971 x° — 8333700 x* + 25678226 x° (60)

41548815 X2 + 23237221 x — 7203)° D&+ (x — 7) (586432 X° — 28800460 X'

+ 509339525 X° — 4662826391 X + 24338525498 x* — 73931725427 x°

+ 119305724986 X* — 71413562458 x + 26370183) (3136 x” — 111540 x° + 1392971 X°
— 8333700 x* 4 25678226 x° — 41548815 x° 4 23237221 x — 7203 ) DX’ — (263424 x°
— 11479888 x + 183592764 x’ — 1459490217 x° + 6318707179 x° — 17720074414 x*
+ 47339861282 X° — 83411349511 x> + 60723371667 X — 32571966 ) DX X (X

—7) (3136 x” — 111540 x° + 1392971 x° — 8333700 x* + 25678226 x° — 41548815 x°
+ 23237221 x — 7203) — (x —7) (3136 X" — 111540 x° 4 1392971 x> — 8333700 x*
+ 25678226 x> — 41548815 X* + 23237221 x — 7203) (351232 x° — 16474192 X

+ 282884020 x’ — 2375806663 x° + 10269651297 x° — 23298427278 X*

+ 30364284328 x> — 18044832463 x*> — 341328561 x — 5243784 )

> gen_exp(L12,t,x=0);

[[O,t:x],[%,t:x],[%,t:x” (61)




> gen_exp(M,t,x=0);

[[—1,t:x], [—%,t:x}, [—%,tzx” (62)

> gen_exp(L12,t,x=infinity);

1. 1771 17 »_1
_ 5=x s f=5 )
> gen_exp(M, t,x=infinity);

4 1 1 17 »_ 1
_ [5=ibt-5o=x] ©
[> gen_exp(L12,t,X=7);
i [[0,1,2, t=x—7]] (65)
[> gen_exp(M,t,x=7);
i [[—1,0,1,t=x—7]] (66)
[> gen_exp(L12,t,x=1);
i [[0,1,2, t=x—1]] (67)
[> gen_exp(M,t,x=1);
i [[0,1,2, t=x—1]] (68)
> #HHHHH## RELATION BETWEEN CHANGE OF VARIABLE

TRANSFORMATION AND GENERALIZED EXPONENTS #####H##

[ In the section 2.4.3 called "Relation between Change of Variable Transformation and Generalized
| Exponents” we have the following Maple implementations:

[> LBB:=2*X/"2*DXN3+6*X*DX2+(2-2*Xx-2*nu2) *Dx-1;

LBB = 2D + 6 xD¥ + (-2v' —2x+2) Dx—1 (69)

B LBB:=subs(nu=3,LBB);
i LBB := 2x*DxX’ +6xDX + (-2Xx —16) Dx— 1 (70)
[> gen_exp(LBB,t,x=0);

[[—3,0,3,t=x]] (71)
> gen_exp(LBB, t,x=infinity);

1, 1771 ,1 2 1

_ 2=z =« )
[> F:=(x-1)"8*x"6/(x-12)"10;

h_(x—lfﬁ (73)

(x —12)1°

> M:=ChangeOfVariables(LBB,T);
M= D@ (x — 1)2% (x —12)8 (X — 41 x + 18)° +3 (x* — 82 + 575 X2 — 468 X (74)

+216) DX (x —1) x (x —12)* (x> —41x + 18) — (16 x> — 2752 x** + 183968 x*°
— 5927232 x* + 92172927 x*® — 627170724 x*" + 2409383746 x*° — 6314702496 x*°

+ 30279851895 x'* — 744912611952 x*3 + 19429306967672 x> — 384289295082784 x**
+ 5730368146930000 x*° — 64409641148306304 X° + 541073854638635904 x°




— 3332740360025590272 X’ + 14553041176441463040 x° — 42594780648286715904 X
+ 76208058878030512128 X* — 72791577911076323328 x° + 36716049153820459008 X°
— 9299742418343559168 X + 933087744110886912) Dx (x — 12) — 32 (X
| 1) (¢ —41x+ 18)°
> series(f,x=0,9);

1 s 43 7 3127 8 o

| 61017364224 * ~ 371504185344 X T sore1004a8256 * T OX) (75)
[> gen_exp(M, t,x=0);

L [[—18,0, 18, t=x]] (76)
(> series(f,x=1,10);

1 8 76 9 10

i 25037424601 X~ 1) Jgsanaeroers X L) TOlx=17) (77)
(> gen_exp(M,t,x=1);

[[—24,0,24,t=x—1]] (78)

> series(f,x=12);
640072188923904 (x — 12) 710 4 785543140952064 (x — 12) ~° + 447543588019968 (X (79)
—12) 78 4+ 156886659198720 (x — 12) ~' + 37804890836592 (x — 12) ~°
+ 6624387287496 (x —12) >+ O((x —12) %)
> series((F*(x-12)"10)7(1/2) ,x=12);
25299648 + 15524784 (x — 12) + 4081572 (x — 12)% 4+ 595969 (x — 12)° 452196 (x —12)*  (80)
+2742 (x —12)°+0( (x — 12)%)
> gen_exp(M,t,x=12);

[5,t=)(——12],[ 2529;6480 n 124;;8272 n 244??432 n 238;876 n lOﬁ?QZ 45 ¢ (81)
_ 252996480 124198272 24489432 2383876 104392
=x—12|,| - - — ; - e +5,t
t t t t t
=x—12”
B series(f,x=infinity);
x* 1 112 %% + 6988 3% + 320104 x + 12000070 + 389721048 4 11353950076 (82)
X
n 303501?12344 n 756510%?74817 n 17792042?247480 'F()('%§j
i X X X X
> series((F*(1/x)")N(172) ,x=infinity,5);
1+i n 1936 n 521396 n 12224321 +O(L5) (83)
X X X X X
> gen_exp(M, t,x=infinity);
174 112 17 4 112 _1
HZ,t—X}, =+ +2,t_XH Z - T X] (84)




> LBB:=2*XA2*DXN3+6*X*DXA2+(2-2*%X-2*Nu”2) *Dx~1;
LBB = 2D + 6 xD¥ + (-2v' —2x+2) Dx—1

B LBB:=subs(nu=3,LBB);
LBB :=2x’DX +6XxDX¥ + (-2x —16) Dx—1
> gen_exp(LBB, t,x=0);
[[—3,0,3,t=x]]
> gen_exp(LBB, t,x=infinity);

1. 1771 ,1 - 1
2=zl

> F:=(x-3)"2/x"10;

> M:=ChangeOfVariables(LBB,T);

M:= DX x> (x —3)% (4x —15)2+3 (4%x° —30x +45) DX x*? (x —3) (4% — 15)
— (9200 x** — 138000 x™ + 776250 x** — 1941030 x** + 1820475 x'° + 1024 x°
— 21504 X° + 187776 X* — 872640 x° + 2276100 x> — 3159000 x + 1822500) Dx X

| +4(4x—15)° (x—3)

> series(f,x=3);

1 a2
59049 (X3

| -3)9)
[> gen_exp(M,t,x=3);

10 .3, 55 .4 220
177147 X 73 T 531401 XT3 T 1504323

[[—6,0,6, t=x—3]]
> series(f,x=infinity,12);
1 6
= -+
X x

> gen_exp(M,t,x=infinity);
H 0ot H
X

9
10

> series(f,x=0);
9x 0 —6x94x8
> series((f*x"10)™N(1/2) ,x=0);
3—x+0(x°)
> gen_exp(M,t,x=0);
PSJ:XL[ég'—§‘+5J:X}[—%9‘F%T+5J:X

£ t

(x—3)°+0((x

(85)

(86)

(87)

(88)

(89)

(90)

(91)

(92)

(93)

(94)

(95)

(96)

(97)



