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This worksheet solves Taylor's ODE to determine the instantaneous geostrophic flow, both analytically 
where possible and numerically using a least squares scheme.
The Taylor equation is in general not valid due to an incorrect treatmment of the boundary conditions 
and so these solutions are not correct, except for the specific case of purely toroidal non-axisymmetric 
magnetic fields.

r e s t a r t :  
D i g i t s  : =  5 0 :
w i t h ( o r t h o p o l y ,  P ) :  
w i th (VectorCalcu lus) :  
Se tCoord ina tes (car tes ian[x ,y ,z ] ) :

# Define some useful routines to construct spherical 
harmonics

L 1  : =  ( l , m )  - >  i f  t y p e ( m ,  n u m e r i c )  t h e n  i f  m  < >  0  t h e n  s i n ( t h e t a )
^ a b s ( m )  *  s u b s ( z = c o s ( t h e t a ) ,  d i f f ( P ( l , z ) , z $ a b s ( m ) ) )  e l s e  P ( l ,  c o s
( t h e t a ) )  e n d  i f  e l s e  ' L 1 ' ( l , m )  e n d  i f ;

#  L p  i s  p h i - f a c t o r
L p  : =  m  - >  i f  t y p e ( m ,  n u m e r i c )  t h e n  i f  m  =  0  t h e n  1  e l i f  m  <  0  
t h e n  s i n ( - m * p h i )  e l s e  c o s ( m * p h i )  e n d  i f  e l s e  ' L p ' ( m )  e n d  i f ;

#  n o r m  o f  L 1 * L p  i s  i n t e g r a l  o f  ( L 1 * L p ) ^ 2  o v e r  s p h e r e  i s  i n t ( ( L 1 *
L p ) ^ 2  *  s i n ( t h e t a ) ,  t h e t a = 0 . . P i ,  p h i = 0 . . 2 * P i )
L 2 n o r m _ s q u a r e d  : =  ( l , m )  - >  i n t ( L 1 ( l , m ) ^ 2  *  s i n ( t h e t a ) ,  t h e t a = 0 . .
P i )  *  i n t ( L p ( m ) ^ 2 ,  p h i = 0 . . 2 * P i )  /  ( 4 * P i ) ;

# L2 is Schmidt quasi-normalised spherical  harmonic
L 2  : =  ( l , m )  - >  i f  t y p e ( l , n u m e r i c )  a n d  t y p e ( m , n u m e r i c )  t h e n  L 1 ( l ,
m )  *  L p ( m )  /  s q r t ( L 2 n o r m _ s q u a r e d ( l , m ) )  /  s q r t ( 2 * l + 1 )  e l s e  ' L 2 ' ( l ,
m )  e n d  i f ;  

#  Conver t  an  expression in  spher ica l  coordinates  to  Car tes ian 
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coord ina tes .  
sph2car t  :=  proc(expr )
   l o c a l  r e s ;  
   r e s  : =  e x p a n d ( e x p r ,  t r i g ) ;
   r e s  : =  s u b s ( c o s ( p h i )  =  x / ( r * s i n ( t h e t a ) ) ,  s i n ( p h i )  =  y / ( r * s i n
( t h e t a ) ) ,  r e s ) ;
   r e s  : =  s u b s ( c o s ( t h e t a )  =  z / r ,  s i n ( t h e t a )  =  s q r t ( x ^ 2 + y ^ 2 ) / r ,  
r e s ) ;
   r e s  : =  s u b s ( r  =  s q r t ( x ^ 2 + y ^ 2 + z ^ 2 ) ,  r e s ) ;
   r e t u r n  s i m p l i f y ( r e s )
end proc:
#  Const ruc t  vec tor  f i e ld  f rom po lo ida l  and  to ro ida l  sca la rs
s c a l a r s 2 v f  : =  p r o c ( t o r _ s c a l a r ,  p o l _ s c a l a r )
   r e t u r n  s i m p l i f y ( C u r l ( V e c t o r F i e l d ( s p h 2 c a r t ( t o r _ s c a l a r / r )  *  < x ,
y , z > ) )  
                   +  C u r l ( C u r l ( V e c t o r F i e l d ( s p h 2 c a r t ( p o l _ s c a l a r / r )
*  < x , y , z > ) ) ) )
end proc:
#  De f ine  bas is  func t ions  fo r  the  po lo ida l  f low  wh ich  van ish  a t  r=
1 .  D e g r e e  i s  l + 2 n - 1 .
C h i _ n  : =  ( l , n )  - >  r ^ ( l + 1 )  *  ( 1 - r ^ 2 )  *  P ( n - 1 , 3 / 2 , l + 1 / 2 , 2 * r ^ 2 - 1 ) :  #
c u r l  o f  t h i s  i s  b a s i s  f o r  p o l o i d a l  p a r t
W _ n  : =  ( l , n )  - >  r ^ ( l + 1 )  *  P ( n , - 1 / 2 , l + 1 / 2 , 2 * r ^ 2 - 1 ) :  #  c u r l ^ 2  o f  
t h i s  i s  b a s i s  f o r  t o r o i d a l  p a r t
P s i _ n  : =  p r o c  ( l ,  n )  o p t i o n s  o p e r a t o r ,  a r r o w ;  r ^ ( l + 1 ) * ( ( - 2 * n ^ 2 *
( l + 1 ) - n * ( l + 1 ) * ( 2 * l - 1 ) - l * ( 2 * l + 1 ) ) * P ( n ,  0 ,  l + 1 / 2 ,  2 * r ^ 2 - 1 ) + ( ( 2 * l + 2 )
* n ^ 2 + ( 2 * l + 3 ) * ( l + 1 ) * n + ( 2 * l + 1 ) ^ 2 ) * P ( n - 1 ,  0 ,  l + 1 / 2 ,  2 * r ^ 2 - 1 ) + 4 * n * l +
l * ( 2 * l + 1 ) ) e n d  p r o c

# Define magnetic field
# choose a number corresponding to the chosen magnetic f ield 1=
axisymmetr ic poloidal ,  2=nonaxisymmetr ic toroidal ,  3=
nonaxisymmetric poloidal,  4=nonaxisymmetric mixed state 
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B_sph  :=  s impl i fy (MapToBas is (B_car t ,  spher ica l [ r , the ta ,ph i ] ) ) ;   

# Compute rhs of magnetostrophic equation
#  s laved  equat ion  is  Omega  cross  u  =  -d iv (p )  +  cur l (B )  c ross  B ,  
we ignore the pressure
RHS := CrossProduct(Curl (B_cart ) ,  B_cart ) :  s impl i fy(RHS);
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map( fac tor ,  s impl i fy (MapToBas is (RHS,  spher ica l [ r , the ta ,ph i ] ) ) ) ;   
# for comparison

# Construct basis for u
#  Le t  N  be  the  degree  o f  B .  Then  the  degree  o f  cur l (B )  c ross  B  is
( N - 1 )  +  N  =  2 N - 1 .  T h u s  t h e  d e g r e e  o f  u  i s  a l s o  2 N - 1 .  T h u s ,  t h e  
poloidal  scalar  has degree 2N+1 (we have to  undo two cur ls)  and 
the  toro ida l  sca lar  has  degree  2N.  Fur thermore ,  the  m-degree  of  
cur l (B )  c ross  B  is  tw ice  the  m-degree  o f  B .
B _ d e g r e e  : =  m a x ( s e q ( d e g r e e ( B _ c a r t [ i d x ] ,  { x , y , z } ) ,  i d x  =  1  . .  3 ) ) ;

Max_pol_degree :=  2  *  B_degree + 1;  Max_tor_degree :=  2  *  
B_degree;

Max_m_degree := 2 *  max(seq(degree(expand(B_sph[idx],  tr ig) ,  {cos
( p h i ) ,  s i n ( p h i ) } ) ,  i d x  =  1  . .  3 ) ) ;

#  For  the  par t icu lar  example  here ,  cer ta in  modes are  zero ,  but  we
w i l l  n o t  e x p l o i t  t h i s  k n o w l e d g e .
#  A l s o  n o t e  t h a t  u n l e s s  B  i s  a  T a y l o r  s t a t e ,  t h e r e  w i l l  b e  n o  
solut ion to the magnetostrophic equat ion.

u _ s c a l a r _ p o l  : =  a d d ( a d d ( a d d ( S [ l , m , n ]  *  L 2 ( l , m )  *  C h i _ n ( l , n ) ,  
                            m  =  - m i n ( l ,  M a x _ m _ d e g r e e )  . .  m i n ( l ,  
Max_m_degree)), 
                            n  =  1  . .  ( M a x _ p o l _ d e g r e e  -  l  +  1 )  /  
2 ) ,
                            l  =  1  . .  M a x _ p o l _ d e g r e e ) :
u _ s c a l a r _ t o r  : =  a d d ( a d d ( a d d ( T [ l , m , n ]  *  L 2 ( l , m )  *  W _ n ( l , n ) ,  
                            m  =  - m i n ( l ,  M a x _ m _ d e g r e e )  . .  m i n ( l ,  
Max_m_degree)), 
                            n  =  0  . .  f l o o r ( ( M a x _ t o r _ d e g r e e  -  l  +  
1 ) / 2 ) ) ,  
                            l  =  1  . .  M a x _ t o r _ d e g r e e ) :
c o e f f ( u _ s c a l a r _ p o l ,  S [ 2 , - 2 , 2 ] ) ;

0
#  u  i s  p o l o i d a l  p a r t  ( c u r l ^ 2  o f  s c a l a r  t i m e s  h a t  r )  +  t o r o i d a l  
p a r t  ( c u r l  o f  s c a l a r  t i m e s  h a t  r )
u_car t  :=  sca la rs2v f (u_sca la r_ tor ,  u_sca la r_po l ) :
v a r i a b l e s  : =  i n d e t s ( u _ c a r t ,  i n d e x e d ) ;
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# Compute lhs of magnetostrophic equation
#  s laved equat ion  is  Omega cross  u  =  -d iv (p)  +  cur l (B)  cross  B
O m e g a _ v e c  : =  V e c t o r F i e l d ( [ 0 , 0 , 1 ] ) ;   #  r o t a t i o n  v e c t o r  i n  
cartesian coordinates

LHS := CrossProduct(Omega_vec, u_cart):

# Solve magnetostrophic equation for basis coefficients
#  take  the  cur l  o f  s laved  equat ion;  pressure  drops  out
eqn :=  s impl i fy (Cur l (LHS -  RHS) ) :
c o n s t r a i n t s  : =  ` u n i o n ` ( s e q ( { c o e f f s ( c o l l e c t ( e q n [ i ] ,  [ x , y , z ] ,  
d i s t r i b u t e d ) ,  [ x , y , z ] ) } ,  i = 1 . . 3 ) ) :
nops(constra ints ) ;  nops(var iab les) ;

113
44

s o l 1  : =  s o l v e ( c o n s t r a i n t s ,  v a r i a b l e s ) ;

# set geostrophic component to zero to remove degeneracy

u _ s o l n  : =  s i m p l i f y ( s u b s ( s o l 1 ,  u _ c a r t ) ) ;



>  >  

(30)(30)

(25)(25)

>  >  

(19)(19)

> > 

>  >  

>  >  

>  >  

(31)(31)

(29)(29)

(32)(32)

(15)(15)

u_cy l  :=  s imp l i f y (MapToBas is (u_so ln ,  cy l indr ica l [s ,ph i , z ] ) ) ;

cylindrical

g e o s t r o p h i c _ c o m p o n e n t  : =  s i m p l i f y ( ( i n t ( i n t ( u _ c y l [ 2 ] ,  p h i  =  0  . .  
2 * P i ) ,  z  =  - s q r t ( - s ^ 2 + 1 )  . .  s q r t ( - s ^ 2 + 1 ) ) ) / ( 4 * P i * s q r t ( - s ^ 2 + 1 ) ) )
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u_cyl  :=  s impl i fy (u_cy l  -  VectorF ie ld( [0 ,  geostrophic_component ,  
0]));  #remove geostrophic component from u_cyl

s i m p l i f y ( i n t ( i n t (  u _ c y l [ 2 ] , z = - s q r t ( 1 - s ^ 2 ) . . s q r t ( 1 - s ^ 2 ) ) , p h i = 0 . . 2 *
Pi));  #check that no geostrophic component remains

0

map( fac tor ,  s impl i fy (MapToBasis (u_so ln ,  spher ica l [ r , the ta ,ph i ] ) ) )
;   #  a d d e d

# Construct the ODE for geostrophic flow
B_cy l  :=  s imp l i f y (MapToBas is (B_car t ,  cy l indr ica l [s ,ph i , z ] ) ) ;

0
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S e t C o o r d i n a t e s ( c y l i n d r i c a l [ s , p h i , z ] ) ;
cylindrical

a lpha_ integrand :=  s^2  *  B_cy l [1 ]^2;

a l p h a  : =  s i m p l i f y ( i n t ( i n t ( a l p h a _ i n t e g r a n d ,  p h i = 0 . . 2 * P i ) ,  z = - s q r t
( 1 - s ^ 2 ) . . s q r t ( 1 - s ^ 2 ) ) ) ;

be ta_ in tegrand  :=  s imp l i f y (  s *  ( 2  *  B_cy l [1 ]^2  +  s  *  Do tProduc t
( B _ c y l ,  G r a d i e n t ( B _ c y l [ 1 ] ) ) ) ) ;

b e t a  : =  s i m p l i f y ( i n t ( i n t ( b e t a _ i n t e g r a n d ,  p h i = 0 . . 2 * P i ) ,  z = - s q r t ( 1 -
s ^ 2 ) . . s q r t ( 1 - s ^ 2 ) ) ) ;

G_integrand1 := simplify(CrossProduct(Curl(Curl(CrossProduct
( u _ c y l ,  B _ c y l ) ) ) ,  B _ c y l ) [ 2 ] ) ;
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G_integrand2 := s impl i fy(CrossProduct(Curl (B_cyl ) ,  Cur l
(CrossProduct (u_cy l ,  B_cy l ) ) ) [ 2 ] ) ;

G_integrand3 :=  s impl i fy(CrossProduct(Cur l (Laplacian(B_cyl ) ) ,  
B _ c y l ) [ 2 ] ) ;

G_integrand4 := simpl i fy(CrossProduct(Curl (B_cyl) ,  Laplacian
( B _ c y l ) ) [ 2 ] ) ;

f o r  i d x  f r o m  1  t o  4  d o  G | | i d x  : =  s i m p l i f y ( i n t ( i n t ( -
G _ i n t e g r a n d | | i d x * s ,  p h i = 0 . . 2 * P i ) ,  z = - s q r t ( 1 - s ^ 2 ) . . s q r t ( 1 - s ^ 2 ) ) )  
end do;

G  : =  a d d ( G | | i d x ,  i d x = 1 . . 4 ) ;

t a y l o r _ o d e  : =  s i m p l i f y ( a l p h a  *  d i f f ( u g ( s ) / s , s , s )  +  b e t a  *  d i f f ( u g
( s ) / s , s )  -  G ) ;
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so l_ tay lor_ode  :=  s impl i fy (dso lve ( tay lor_ode) ) :

u _ t o t a l _ c y l _ t  : =  s i m p l i f y ( u _ c y l [ 2 ]  +  r h s ( s o l _ t a y l o r _ o d e 2 ) ) :

a n g u l a r _ m o m e n t u m _ t  : =  i n t ( i n t ( i n t ( u _ t o t a l _ c y l _ t  *  s ,  p h i  =  0  . .  
2 * P i ) ,  z  =  - s q r t ( 1 - s ^ 2 )  . .  s q r t ( 1 - s ^ 2 ) ) ,  s  =  0  . .  1 ) :

C _ v a l _ t  : =  s o l v e ( Q u a d r a t u r e ( i n t ( i n t ( u _ t o t a l _ c y l _ t * s ,  p h i  =  0  . .  
2 * P i ) ,  z  =  - s q r t ( - s ^ 2 + 1 )  . .  s q r t ( - s ^ 2 + 1 ) ) , s = 0 . . 1 , m e t h o d = g a u s s i a n
[ 5 0 ] ) , _ C 2 ) :

W a r n i n g ,  e x p e c t i n g  o n l y  r a n g e  v a r i a b l e  s  i n  e x p r e s s i o n  - 1 / 3 3 4 4 9 *
s* ( -336* In t ( (640*s^4-1168*s^2+535)^ (264/535)* (788582400*s^10
-2636006400*s^8+3235691656*s^6-1772436148*s^4+411528573*s^2
- 2 8 9 5 0 6 7 0 ) * s ^ ( 1 6 1 9 / 5 3 5 ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2
- 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) * I n t ( 1 / s ^
( 2 6 8 9 / 5 3 5 ) / ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * (
( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^
(1 /2 ) ) , s )+336* In t ( (640*s^4 -1168*s^2+535)^ (264 /535) * (788582400*
s^10-2636006400*s^8+3235691656*s^6-1772436148*s^4+411528573*s^2
-28950670) *s^ (1619 /535) * In t (1 / s^ (2689 /535) / (640*s^4 -1168*
s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I *
2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 )
* ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 * I * 2 1 ^
(1 /2 ) ) , s ) -33449*Roo tOf (Quadra tu re (277200 /2573*s^2*P i * ( - s^2+1)^
(7 /2 )+1164240 /2573* ( -s^2+1)^ (5 /2 ) *P i *s^4 -1106028 /2573*s^2*P i * ( -
s^2+1)^ (5 /2 )+1940400/2573* ( -s^2+1)^ (3 /2 ) *P i *s^6-3686760 /2573* ( -
s^2+1)^ (3 /2 ) *P i *s^4+1617000 /2573*s^2*P i * ( - s^2+1)^ (3 /2 )
+1053360/2573*s^8*P i * ( -s^2+1)^ (1 /2 ) -3024252/2573*s^6*P i * ( -s^2+1)
^(1 /2)+2759064/2573*s^4*Pi* ( -s^2+1)^(1 /2) -38909700480/33449*s^2*
P i * ( - s ^ 2 + 1 ) ^ ( 1 / 2 ) * I n t ( 1 / s ^ ( 2 6 8 9 / 5 3 5 ) / ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^
( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 )
- 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 *
s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^ ( 1 6 1 9 / 5 3 5 ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 )
+ 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s )
+553094402112 /33449*s^2*P i * ( - s^2+1)^ (1 /2 ) * In t (1 /s^ (2689 /535) /
( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 )
+ 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) *
I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^ ( 2 6 8 9 / 5 3 5 ) / ( 1 / ( s ^ 2 - 1 ) ) ^
( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 *
I * 2 1 ^ ( 1 / 2 ) ) , s ) - 2 3 8 2 1 5 4 1 8 2 9 1 2 / 3 3 4 4 9 * s ^ 2 * P i * ( - s ^ 2 + 1 ) ^ ( 1 / 2 ) * I n t
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(29)(29)

(32)(32)

(45)(45)

(51)(51)

(39)(39)

> > 

(15)(15)

( 1 / s ^ (2689 /535 ) / ( 640*s^4 -1168*s^2+535 )^ (799 /535 ) * (1 / ( s ^2 -1 ) ) ^
( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^
( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) *
s ^ ( 3 7 5 9 / 5 3 5 ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^
(1 /2 ) -80*s^2+73) )^ (304 /1605* I *21^(1 /2 ) ) ,s )+4348769585664/33449*
s ^ 2 * P i * ( - s ^ 2 + 1 ) ^ ( 1 / 2 ) * I n t ( 1 / s ^ ( 2 6 8 9 / 5 3 5 ) / ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^
( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 )
- 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 *
s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^ ( 4 8 2 9 / 5 3 5 ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 )
+ 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s )
-3542792601600 /33449*s^2*P i * ( - s^2+1 )^ (1 /2 ) * In t (1 / s^ (2689 /535 ) /
( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 )
+ 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) *
I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^ ( 5 8 9 9 / 5 3 5 ) / ( 1 / ( s ^ 2 - 1 ) ) ^
( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 *
I *21^ (1 /2 ) ) , s )+1059854745600 /33449*s^2 *P i * ( - s ^2+1 ) ^ (1 /2 ) * I n t
( 1 / s ^ (2689 /535 ) / ( 640*s^4 -1168*s^2+535 )^ (799 /535 ) * (1 / ( s ^2 -1 ) ) ^
( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^
( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) *
s ^ ( 6 9 6 9 / 5 3 5 ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^
( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) + 4 * s ^ 2 * P i * ( - s ^ 2 + 1 ) ^
(1 /2 ) *_Z+38909700480 /33449*s^2*P i * ( - s^2+1)^ (1 /2 ) * In t ( (640*s^4
-1168*s^2+535)^ (264 /535 ) *s^ (1619 /535 ) * In t (1 / s^ (2689 /535 ) / (640*
s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 *
s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) / ( 1 /
( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^
(304 /1605* I *21^ (1 /2 ) ) , s ) -553094402112 /33449*s^2*P i * ( - s^2+1)^
( 1 / 2 ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^ ( 2 6 8 9 / 5 3 5 ) * I n t ( 1 / s ^
( 2 6 8 9 / 5 3 5 ) / ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * (
( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^
( 1 / 2 ) ) , s ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 )
-80*s^2+73) )^ (304/1605* I *21^(1 /2) ) ,s )+2382154182912/33449*s^2*
P i * ( - s ^ 2 + 1 ) ^ ( 1 / 2 ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^
(3759 /535 ) * In t (1 / s^ (2689 /535 ) / (640*s^4 -1168*s^2+535)^ (799 /535 ) *
( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 )
) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 *
s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s )
-4348769585664/33449*s^2*P i * ( -s^2+1)^ (1 /2 ) * In t ( (640*s^4-1168*
s^2+535)^ (264 /535 ) *s^ (4829 /535 ) * In t (1 / s^ (2689 /535 ) / (640*s^4
- 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2
- 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) / ( 1 / ( s ^ 2
- 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^
(304 /1605* I *21^(1 /2 ) ) ,s )+3542792601600/33449*s^2*P i * ( -s^2+1)^
( 1 / 2 ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^ ( 5 8 9 9 / 5 3 5 ) * I n t ( 1 / s ^
( 2 6 8 9 / 5 3 5 ) / ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 7 9 9 / 5 3 5 ) * ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * (
( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^
( 1 / 2 ) ) , s ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 )
-80*s^2+73) )^ (304 /1605* I *21^(1 /2 ) ) ,s ) -1059854745600/33449*s^2*
P i * ( - s ^ 2 + 1 ) ^ ( 1 / 2 ) * I n t ( ( 6 4 0 * s ^ 4 - 1 1 6 8 * s ^ 2 + 5 3 5 ) ^ ( 2 6 4 / 5 3 5 ) * s ^
(6969 /535 ) * In t (1 / s^ (2689 /535 ) / (640*s^4 -1168*s^2+535)^ (799 /535 ) *
( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 * s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 )
) ^ ( - 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s ) / ( 1 / ( s ^ 2 - 1 ) ) ^ ( 1 / 2 ) * ( ( I * 2 1 ^ ( 1 / 2 ) + 8 0 *
s ^ 2 - 7 3 ) / ( I * 2 1 ^ ( 1 / 2 ) - 8 0 * s ^ 2 + 7 3 ) ) ^ ( 3 0 4 / 1 6 0 5 * I * 2 1 ^ ( 1 / 2 ) ) , s )
- 7 8 8 1 7 2 / 2 5 7 3 * s ^ 2 * P i * ( - s ^ 2 + 1 ) ^ ( 1 / 2 ) , s  =  0  . .  1 , m e t h o d  =  g a u s s i a n
[ 5 0 ] ) ) )  t o  b e  p l o t t e d  b u t  f o u n d  n a m e s  [ m e t h o d ,  Q u a d r a t u r e ,  
g a u s s i a n [ 5 0 ] ]
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v a r s _ t  : =  [ s e q (  a _ t | | i , i = 1 . . N ) , b _ t ] :

Taylor_C_value := solve(Taylor_ang_mom = 0):
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