#
# Compute the generalised connection, for later use in series expansion of z%(s)
#

: :KeepHistory(false).
: :PostDefaultRules( @@collect_terms! (%), @@sumflatten! (%) ).

{a,vb,c,d,e,f,g,h,i,j,k,1,m,n,0,p,q,r,s,t,u#,v#}r: :Indices.

\nabla_{#}::PartialDerivative.
\partial_{#}::PartialDerivative.

g_{a b}::Metric.
g"{a b}::Metric.
\delta"{a}_{b}: :KroneckerDelta.

R_{a b ¢ d}::RiemannTensor.
R~{a}_{b ¢ d}::RiemannTensor.

# --- the genQ are shorthand for the genGamma, saves typing -——————-——-———-————————————————————————-

{genQ~{a}_{b c},genQ {a}_{b c d},genQ " {a}_{b c d e},genQ"{a}_{b ¢ d e £},Dx"{a}}::SortOrder.

genQ " {a}_{b c}::TableauSymmetry(shape={2}, indices={1,2}).

genQ~{a}_{b c d}::TableauSymmetry(shape={3}, indices={1,2,3}).

genQ {a}_{b c d e}::TableauSymmetry(shape={4}, indices={1,2,3,4}).
genQ"{a}_{b ¢ d e f}::TableauSymmetry(shape={5}, indices={1,2,3,4,5}).
genQ {a}_{b ¢ d e £ g}::TableauSymmetry(shape={6}, indices={1,2,3,4,5,6}).

\Gamma~{a}_{b c}::TableauSymmetry(shape={2}, indices={1,2}).

#
# recursively compute d"x®/ds" at s=10
#

# -— A*=2%, B*=dz%/ds at s=0

deriv00:=A"{a}:
deriv01:=B~{a}:

deriv02:=-\Gamma"{a}_{b c} B~{b} B {c}:



deriv03:=\nabla{@(deriv02)}:

@prodrule! (%) :

@substitute! (%) (\nabla{B~{a}}->@(deriv02)):
@substitute! (%) (\nabla{\Gamma"{m}_{s t}}->B~{d}\partial_{d}{\Gamma~{m}_{s t}}):
@prodsort! (%) : @rename_dummies!(%): @canonicalise! (%) :

deriv04:=\nabla{@(deriv03)}:

@distribute! (%) :

@prodrule! (%) :

@substitute! (%) (\nabla{B~{a}}->0@(deriv02)):

@substitute! (%) (\nabla{\Gamma {m}_{s t}}->B~{d}\partial_{d}{\Gamma~{m}_{s t}}):

@substitute! (%) (\nabla{\partial_{e}{\Gamma~{m}_{s t}}}->B~{d}\partial_{d e}{\Gamma"{m}_{s t}}):
@prodsort! (%) : @rename_dummies! (%): @canonicalise! (%) :

deriv05:=\nabla{@(deriv04)}:

@distribute! (%):

@prodrule! (%) :

@substitute! (%) (\nabla{B~{a}}->@(deriv02)) :

@substitute! (%) (\nabla{\Gamma"{m}_{s t}}->B~{d}\partial_{d}{\Gamma~{m}_{s t}}):

@substitute! (%) (\nabla{\partial_{e}{\Gamma"{m}_{s t}}}->B~{d}\partial_{d e}{\Gamma"{m}_{s t}}):
@substitute! (%) (\nabla{\partial_{e f}{\Gamma~{m}_{s t}}}->B~{d}\partial_{d e f}{\Gamma"{m}_{s t}}):
@prodsort! (%) : @rename_dummies!(%): Qcanonicalise! (%):

# —-—— deriv06 to leading order in s equals —Ifakfg which vanishes only in RNC

deriv06:=\nabla{@(deriv05)}:

@distribute! (%) :

@prodrule! (%) :

@substitute! (%) (\nabla{B~{a}}->@(deriv02)):

@substitute! (%) (\nabla{\Gamma~{m}_{s t}}->B~{d}\partial_{d}{\Gamma"{m}_{s t}}):

@substitute! (%) (\nabla{\partial_{e}{\Gamma {m}_{s t}}}->B"{d}\partial_{d e}{\Gamma"{m}_{s t}}):
@substitute! (%) (\nabla{\partial_{e f}{\Gamma {m}_{s t}}}->B~{d}\partial_{d e £f}{\Gamma {m}_{s t}}):
@substitute! (%) (\nabla{\partial_{e f g}{\Gamma"{m}_{s t}}}->B~{d}\partial_{d e f gr{\Gamma"{m}_{s t}}):
@prodsort! (%) : @rename_dummies!(%): Qcanonicalise! (%):

genGamma02:= - @(deriv02)): G@substitute! (%) (B"a -> 1):
genGamma03:= - @(deriv03)): @substitute! (%) (B a -> 1):
genGammaO4:= - @(deriv04)): @substitute!(%)(B"a -> 1):



- @(deriv05)): G@substitute! (%) (B~a -> 1):
- @(deriv06)): G@substitute! (%) (B~a -> 1):

genGamma05:
genGamma06:

Oprint ["\Btag{01}\genGammaA=""0(genGamma02) ~"\Etag{01}"];

@print ["\Btag{02}\genGammaB=\killL""@(genGamma03) ~"\killR\Etag{02}"];
@print ["\Btag{03}\genGammaC=\killL"~@(genGamma04) ~"\killR\Etag{03}"];
Oprint ["\Btag{04}\genGammaD=\killL"~@(genGamma05) ~"\killR\Etag{04}"];
Oprint ["\Btag{05}\genGammaE=\killL"~@(genGamma06) ~"\killR\Etag{05}"];



# -—— the generalised connections in arbitrary coordinates ------———----------—-————————————————————
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genQ02:=0(genGamma02) : @sym! (%){_b,_c}:
genQ03:=0(genGamma03) : @sym! (%){_b,_c,_d}:
genQ04:=0(genGamma04) : @sym! (%){_b,_c,_d,_e}:
genQ05:=0(genGamma05) : @sym! (%){_b,_c,_d,_e,_f}:

# -—— compute coordinate transforms from any x"a to rnc y"a ——--—————-----—————————————————————————

yl:=Dx"a;
y2:=Dx"a + (1/2) genQ~{a}_{b c} y1°b yi-c;
y3:=Dx"a + (1/2) genQ {a}_{b c} y2°b y2~c

+ (1/6)  genQ {a}_{b c d} y1°b yi1-c y1°d;
y4:=Dx"a + (1/2) genQ " {a}_{b c} y3°b y37c

+ (1/6)  genQ {a}_{b ¢ d} y2°b y2~c y2°d

+ (1/24) genQ {a}_{b c d e} y1"b y1~c y1°d ylil~e;
y5:=Dx"a + (1/2) genQ {a}_{b c} y4°b y4~c

+ (1/6) genQ~{a}_{b ¢ d} y3°b y3°c y3°d

+ (1/24) genQ {a}_{b c d e} y2°b y27c y2°d y2~e

+ (1/120) genQ~{a}_{b c d e £} y1"b y1°c y1°d y1l~e yi1°f;

@substitute! (y2) (y17a -> @(y1));
# --- truncate y3 to 2nd order in \eps ———=—————————————mm

O@substitute! (y3) (y27a -> @(y2)):
@substitute! (y3) (y1~a -> @(y1)):
@distribute! (%) :

@prodsort! (%) :
Orename_dummies! (%) :
Qcanonicalise! (%) :

poly:=@(y3):

genQ {a}_{b c}::Weight (label=Qterms,value=1).
genQ " {a}_{b c d}::Weight(label=Qterms,value=2).

term00:=Q(poly): Qkeep_weight! (term00){Qterms}{0}:
term01:=0(poly): Qkeep_weight! (term01){Qterms}{1}:
term02:=0(poly): Qkeep_weight! (term02){Qterms}{2}:

y3:=0@(term00) + @(term01) + @(term02):



# -—— tidy up ———————- T

@prodsort! (%) :
@rename_dummies! (%) :
@canonicalise! (%) ;

# --- truncate y4 to 3rd order in \eps ———————————————mm—

@substitute! (y4) (y37a -> @(y3)):
@substitute! (y4) (y2~a -> @(y2)):
@substitute! (y4) (y1"a —> @(y1)):
@distribute! (%) :

@prodsort! (%) :
@rename_dummies! (%) :
@canonicalise! (%) :

poly:=@(y4):

genQ~{a}_{b c}::Weight (label=Qterms,value=1).
genQ " {a}_{b c d}::Weight(label=Qterms,value=2).
genQ {a}_{b c d e}::Weight(label=Qterms,value=3).

term00:=0(poly): Qkeep_weight! (term00){Qterms}{0}:
term01:=Q@(poly): Qkeep_weight! (term01){Qterms}{1}:
term02:=@(poly): @keep_weight! (term02){Qterms}{2}:
term03:=Q(poly): Qkeep_weight! (term03){Qterms}{3}:

y4:=0@(term00) + @(term01) + @(term02) + @(term03):

# -—— tidy up —————m--- T

@prodsort! (%) :
@rename_dummies! (%) :
Qcanonicalise! (%) ;

# ——- truncate y5 to 4th order in \eps —————————m—m—mmm oo oo

@substitute! (y5) (y4~a -> @(y4)):
@substitute! (y5) (y3~a -> @(y3)):
@substitute! (y5) (y2~a -> @(y2)):
O@substitute! (y5) (y17a -> @(y1)):



@distribute! (%) :
@prodsort! (%) :
@rename_dummies! (%) :
@canonicalise! (%) :

poly:=@(y5):

genQ " {a}_{b c}::Weight(label=Qterms,value=1).

genQ {a}_{b c d}::Weight(label=Qterms,value=2).
genQ {a}_{b c d e}::Weight(label=Qterms,value=3).
genQ " {a}_{b c d e f}::Weight(label=Qterms,value=4).

term00:=@(poly): @keep_weight! (term00){Qterms}{0}:

term01:=0(poly): Qkeep_weight! (term01){Qterms}{1}:

term02:=0(poly): Qkeep_weight! (term02){Qterms}{2}:

term03:=Q(poly): Qkeep_weight! (term03){Qterms}{3}:

term04:=Q(poly): Qkeep_weight! (term04){Qterms}{4}:

y5:=0@(term00) + @(termO01) + @(term02) + Q@(term03) + Q@(term04):

# ——— tidy up ——mmmm T

@prodsort! (%) :
@rename_dummies! (%) :
@canonicalise! (%) ;
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# --- y~a in terms of \Gamma

O@substitute! (y2) (genQ~{a}_{b
@distribute! (%) :
@prodsort! (%) :
@rename_dummies' (%) :
Qcanonicalise! (%) :

@substitute! (y3) (genQ~{a}_{b
@substitute! (y3) (genQ {a}_{b
@distribute! (%) :
@prodsort! (%) :
@rename_dummies! (%) :
@canonicalise! (%) :

@substitute! (y4) (genQ~{a}_{b
@substitute! (y4) (genQ~{a}_{b
@substitute! (y4) (genQ~{a}_{b
@distribute! (%) :
@prodsort! (%) :
Orename_dummies! (%) :
Qcanonicalise! (%) :

@substitute! (y5) (genQ~{a}_{b
@substitute! (y5) (genQ~{a}_{b
@substitute! (y5) (genQ~{a}_{b
@substitute! (y5) (genQ~{a}_{b
@distribute! (%) :
@prodsort! (%) :
@rename_dummies! (%) :
@canonicalise! (%) :

tmp00:=@(y1):

and its derivatives

ct —> @(genQ02)):

c} —> @(genQ02)):
c d} -> @(genQ03)):

c} —-> @(genQ02)):
c d} -> @(genQ03)):
c d e} -> @(genQ04)):

ct —> @(genQ02)):

c d} -> @(genQ03)):

c d e} —> @(genQ04)):
cde f} -> @(genQ05)):

@substitute! (tmp00) (Dx~{a} -> \Delta{x}"{a}):

tmp01:=0(y2)-0(y1):

@factor_out!! (tmp01) (Dx"{a}):

@substitute! (tmp01) (Dx"{a} -> \Delta{x}"{a}):



tmp02:=@(y3)-Q(y2):
@factor_out!! (tmp02) (Dx~{a}):
@substitute! (tmp02) (Dx~{a} -> \Delta{x}"{a}):

tmp03:=0(y4)-@(y3):
@factor_out!! (tmp03) (Dx"{a}):
@substitute! (tmp03) (Dx"{a} -> \Delta{x}"{a}):

tmp04:=0(y5) -0 (y4):

@factor_out!! (tmp04) (Dx"{a}):

@substitute! (tmp04) (Dx~{a} -> \Delta{x}"{a}):

genx2rnc:=0(tmp00)+@ (tmp01)+@(tmp02)+@(tmp03)+Q@(tmp04); "genx2rnc.trn"

# --- y"a in terms of \Gamma and its derivatives ———-———=————————————m———

@print ["\Btag{20}y~a_5=""@(genx2rnc) ""\Etag{20}"];
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From here on we are adapting the genGamma’s to RNC

Now we need to expand derivO* as a Taylor series around x=0
These will be used in constructing the general solution of the geodesic equation near x=0, i.e. x"a(s)
To obtain a series accurate to terms including 0(L"6) we will need the following derivatives at x=0

deriv02,a deriv02,ab deriv02,abc deriv02,abcd
deriv03,a deriv03,ab deriv03,abc

deriv04,a deriv04,ab

deriv05,a

The Q"{a}_{b c d e f\cdots} are the partial derivatives of \Gamma"{a}_{b c}

H O OH H HHHEHHEHHFHHHEHHEHH

--- Taylor series for deriv02 ---——--------———-————————————— - —————

@distribute! (deriv02):
term00:=0(deriv02) :

tmp:=A~{a} \partial_{a}{@(term00)}:

@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):
@substitute! (tmp) (\partial_{a}{B~{b}} -> 0):
term01:=Q(tmp) :

tmp:=A~{a} \partial_{a}{@(term01)}:

@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):
@substitute! (tmp) (\partial_{a}{B"{b}} -> 0, \partial_{a}{A {b}} -> 0):
term02:=0Q(tmp) :

tmp:=A~{a} \partial_{a}{@(term02)}:

@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):
@substitute! (tmp) (\partial_{a}{B~{b}} -> 0, \partial_{a}{A {b}} -> 0):
term03:=Q(tmp) :

tmp:=A"{a} \partial_{a}{@(term03)}:
@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):



@substitute! (tmp) (\partial_{a}{B~{b}} -> 0, \partial_{a}{A {b}} -> 0):
term04:=0Q(tmp) :

@substitute! (term00) (\partial_{a b ¢ d}{\Gamma"{p}_{m n}} -> Q@ {p}_{m n a b c d}):
@substitute! (term00) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a b c}):
@substitute! (term00) (\partial_{a b}{\Gamma {p}_{m n}} -> Q" {p}_{m n a b}):
@substitute! (term00) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term00) (\Gamma~{p}_{m n} -> Q"{p}_{m nl}):

@substitute! (term01) (\partial_{a b ¢ d}{\Gamma"{p}_{m n}} -> Q" {p}_{m n a b c d}):
@substitute! (term01) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a b c}):
@substitute! (term01) (\partial_{a b}{\Gamma~{p}_{m n}} -> Q" {p}_{m n a b}):
@substitute! (term01) (\partial_{a}{\Gamma " {p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term01) (\Gamma~{p}_{m n} -> Q" {p}_{m n}):

@substitute! (term02) (\partial_{a b ¢ d}{\Gamma"{p}_{m n}} -> Q" {p}_{m n a b c d}):
@substitute! (term02) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a b c}):
@substitute! (term02) (\partial_{a b}{\Gamma~{p}_{m n}} -> Q°{p}_{m n a b}):
@substitute! (term02) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {pt_{m n a}):
@substitute! (term02) (\Gamma"{p}_{m n} -> Q" {p}_{m n}):

@substitute! (term03) (\partial_{a b ¢ d}{\Gamma"{p}_{m n}} -> Q" {p}_{m n a b c d}):
@substitute! (term03) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a b c}):
O@substitute! (term03) (\partial_{a b}{\Gamma~{p}_{m n}} -> Q°{p}_{m n a b}):
@substitute! (term03) (\partial_{a}{\Gamma {p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term03) (\Gamma"{p}_{m n} -> Q" {p}_{m n}):

@substitute! (term04) (\partial_{a b ¢ d}{\Gamma"{p}_{m n}} -> Q" {p}_{m n a b c d}):
@substitute! (term04) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a b c}):
@substitute! (term04) (\partial_{a b}{\Gamma {p}_{m n}} -> Q" {p}_{m n a b}):
@substitute! (term04) (\partial_{a}{\Gamma {p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term04) (\Gamma"{p}_{m n} -> Q" {p}_{m n}):

# —--- rebuild deriv02
deriv02:=0@(term00) + @(termO1) + (1/2) @(term02) + (1/6) @(term03) + (1/24) @(term04):
# --- impose RNC conditions

@substitute! (deriv02) (Q"{p}_{m n} -> 0):



@substitute! (deriv02) (B"a B"b Q~{p}_{a b} -> 0);

# --- Taylor series for deriv03 -——————=————————————— - e

@distribute! (deriv03):
term00:=0@(deriv03) :

tmp:=A~{a} \partial_{a}{@(term00)}:

@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):
@substitute! (tmp) (\partial_{a}{B"{b}} -> 0):
term01:=Q(tmp) :

tmp:=A~{a} \partial_{a}{@(term01)}:
@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):

@substitute! (tmp) (\partial_{a}{B"{b}} -> 0, \partial_{a}{A"{b}} -> 0):

term02:=Q(tmp) :

tmp:=A~{a} \partial_{a}{@(term02)}:
@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):

O@substitute! (tmp) (\partial_{a}{B~{b}} -> 0, \partial_{a}{A"{b}} -> 0):

term03:=0(tmp) :

@substitute! (term00) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n
@substitute! (term00) (\partial_{a b}{\Gamma~{p}_{m n}} -> Q"{p}_{m n a

O@substitute! (term00) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {p}_{m n a}):

@substitute! (term00) (\Gamma~{p}_{m n} -> Q" {p}_{m n}):

@substitute! (term01) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n
@substitute! (term01) (\partial_{a b}{\Gamma~{p}_{m n}} -> Q"{p}_{m n a

@substitute! (term01) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {p}_{m n a}):

@substitute! (term01) (\Gamma~{p}_{m n} -> Q" {p}_{m n}):

@substitute! (term02) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n
@substitute! (term02) (\partial_{a b}{\Gamma {p}_{m n}} -> Q"{p}_{m n a

@substitute! (term02) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {p}_{m n a}):

@substitute! (term02) (\Gamma~{p}_{m n} -> Q"{p}_{m nl}):

@substitute! (term03) (\partial_{a b c}{\Gamma~{p}_{m n}} -> Q"{p}_{m n
@substitute! (term03) (\partial_{a b}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a

ab

b}):

ab

b}):

ab

b}H):

ab

b}H):

chH:

chH:

chH:

chH:
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@substitute! (term03) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term03) (\Gamma~{p}_{m n} -> Q {p}_{m n}):

# -—- rebuild deriv03
deriv03:=0@(term00) + @(termO01) + (1/2) @(term02) + (1/6) @(term03):
# -—— impose RNC conditions

@substitute! (deriv03) (Q"{p}_{m n} -> 0):
@substitute! (deriv03) (B"a B"b B"c Q" {p}_{a b c} -> 0);

# -—- Taylor series for deriv04 --------—---—"-—————————————— -

@distribute! (deriv04):
term00:=0@(deriv04) :

tmp:=A"{a} \partial_{a}{@(term00)}:

@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):
@substitute! (tmp) (\partial_{a}{B~{b}} -> 0):
term01:=Q(tmp) :

tmp:=A"{a} \partial_{a}{@(term01)}:

@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):
@substitute! (tmp) (\partial_{a}{B~{b}} -> 0, \partial_{a}{A"{b}} -> 0):
term02:=0Q(tmp) :

@substitute! (term00) (\partial_{a b}{\Gamma {p}_{m n}} -> Q" {p}_{m n a b}):

@substitute! (term00) (\partial_{a}{\Gamma"{p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term00) (\Gamma"{p}_{m n} -> Q"{p}_{m n}):

@substitute! (term01) (\partial_{a b}{\Gamma~{p}_{m n}} -> Q" {p}_{m n a b}):

@substitute! (term01) (\partial_{a}{\Gamma {p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term01) (\Gamma"{p}_{m n} -> Q" {p}_{m n}):

@substitute! (term02) (\partial_{a b}{\Gamma~{p}_{m n}} -> Q" {p}_{m n a b}):

@substitute! (term02) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {pt_{m n a}):
@substitute! (term02) (\Gamma~{p}_{m n} -> Q"{p}_{m nl}):

# —--- rebuild deriv04
deriv04:=0@(term00) + @(termO01) + (1/2) @(term02):
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# -—— impose RNC conditions

@substitute! (deriv04) (Q"{p}_{m n} -> 0):
@substitute! (deriv04) (B"a B"b B"c Q"{p}r_{a b c} -> 0):
@substitute! (deriv04) (B"a B"b B"c B"d Q" {p}_{a b ¢ d} -> 0);

# --- Taylor series for deriv06 ---------— 77" -----—---"-------

@distribute! (deriv05):
term00:=0@(deriv05) :

tmp:=A"{a} \partial_{a}{@(term00)}:

@distribute! (tmp): @prodrule! (tmp): @distribute! (tmp):
@substitute! (tmp) (\partial_{a}{B"{b}} -> 0):
term01:=Q(tmp) :

@substitute! (term00) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a b c}):
@substitute! (term00) (\partial_{a b}{\Gamma"{p}_{m n}} -> Q" {p}_{m n a b}):
@substitute! (term00) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term00) (\Gamma~{p}_{m n} -> Q {p}_{m n}):

@substitute! (term01) (\partial_{a b c}{\Gamma"{p}_{m n}} -> Q"{p}_{m n a b c}):
@substitute! (term01) (\partial_{a b}{\Gamma {p}_{m n}} -> Q"{p}_{m n a b}):
@substitute! (term01) (\partial_{a}{\Gamma{p}_{m n}} -> Q" {p}_{m n a}):
@substitute! (term01) (\Gamma~{p}_{m n} -> Q {p}_{m n}):

# —--- rebuild deriv05
deriv05:=0@(term00) + @(term0O1):
# —-—— impose RNC conditiomns

@substitute! (deriv05) (Q"{p}_{m n} -> 0):

@substitute! (deriv05) (B"a B"b B"c Q"{p}_{a b c} -> 0):
@substitute! (deriv05) (B"a B"b B"c B"d Q" {p}_{a b ¢ d} -> 0):
@substitute! (deriv05) (B"a B"b B"c B°d B"e Q" {p}t_{a b c d e} -> 0);

# —-—— deriv06 to leading order in s equals —Ifakfg which vanishes only in RNC

deriv06:=0;

1 1 1
deriv02 := —Aan bchbBc — § AeAan bcedeBc — 6 AfAeAan bcfedeBc — ﬂ AgAfAEAan bcgfedeBc



1

deriv03 := —A'B*B°BYQ" .4 — 5 AIATBY B BIQ® cagsp + AIAT BPBEBYQ% 11 Q° cay + AYAT BB BIQ® 10y Q° cay
1 1 1

t3 AMAIAT BB BYQ" ey Q° can + 3 AM A9 AT B* B BYQ" e s Q° cag + 3 A A9 AT B* B BYQ" 1  Q° cang

1 . 1 1
t3 A" A9 AT BB BYQ% bengQ° car + 3 AMA9ATBY B BYQ" 14egQ° cany + 3 AP A9 AT BY B BYQ" 4enQ° cags

1 1 .
deriv0d 1= A"B*B°B'B°Q’ 1c4Q" 4oy + 4 A"B°B°BBQ7 1,1,Q% eya + 3 A'A"B*B°BYBQ7 1.inQ® dey + 3 A'A"B*B°BYBQ7 1en Q" deiy
1 . 4
+ B A'A"B'B°BB°Q 1iQ" deny + 2 A'A"B* BB B°Q 1.1 Q" cpa + 2 A'A"B* BB B°Q’ 1,01 Q" ¢ fia

+2A'A"BP B BYB°Q 1iQ" epna + A'A"B*B°BB°Q" 111, Q” deic + ATA"B*B°BIB Q% 11:Q” dene
deriv05 = AYB°B°BYB°BY Q% 40yQ? ctja + 3 AT B"B°B*B*B/ Q9 1.;Q" cfay + 6 AV B*B°B B BT Q" .4 Q? cja + 6 A B"B°B*B*BY QY 1.;Q" t4ac

deriv06 : =0
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# --—— print the results ------—-------"""""———— -

@print["x"a=""@(deriv00)];

@print ["\frac{dx"a}{ds}=""0(deriv01)];

@print ["\frac{d"2x"a}{ds"2}=""0(deriv02) ""+\Big0{\eps~6}"];
@print ["\frac{d"3x"a}{ds"3}=""0(deriv03) ""+\Big0{\eps~6}"];
O@print ["\frac{d"4x"~a}{ds"4}=""0(deriv04) ""+\BigO{\eps~6}"];
Oprint ["\frac{d"5x"a}{ds"5}=""0@(deriv05) ~"+\BigO{\eps~6}"];
@print ["\frac{d"6x"a}{ds"6}=""0(deriv06) ""+\BigO{\eps~6}"];

xa:Aa

dx®

a

ds

A2z

1 1 1
—7 = <—AdQ“ pea BB — 3 A AQ% yoeq BY B — G AT A°AYQ" opea BPBE — 5 AIAT A°A1Qe bcgfedeBC) + 0 (%)

d3x®

1 1
—= = <_Af B BBYQ% .y — 3 AIATBYBCBIQ® cagpp + AYAT BPBEBYQ% 1oy Q° cag + AY AT BB BIQ® 10y Q cap + 3 AP AIATBYBEBYQ 1oy 1 Q° can

1 1 1 1
+ g AhAgAfBbBchQa bethE edg + g AhAgAfBbBchQa beer cdhg + g AhAgAfBbBchQa bethe cdf + g AhAgAfBbBchQa beng cdhf
1
+ g AhAgAfBbBchQa beth cdgf) + O (66)

d*x®
dst

1 . 1 .
= <AthBCBdBle benQ% des +4A"B*B°BIB QT 10 Q" cpa + 3 A'AMB*B*BYB Q7 40inQ aey + 3 A'APB*B°BYB Q7 401, Q” deiy
1 . . ) )
+ 5 AAMB B BB QT 10iQ" dens + 2 A'A" B BB B Q 1einQ” cpa + 2 A'A"B' BB B Q! 4enQ" cpia + 2 A'A" B* BB B Q! 10iQ e pra
+ A'A"B*B°BBQ" v 14 Q7 geic + A'A"B*B° BB Q" 14;Q7 dehc) + 0 (€%

d°z®

75 = (AB"B°B'B*B/Q" 0egQ’ cpja+ 3 AV B'B*B'B*B! Q% 16;Q" cag + 6 A/ B'BB'B*B! Q" cvQ? cja+ 6 A/ B'B*B*B*B/ Q% 1e;Q" ygac) + O (¢°)

bz
70 04+ 0 (66)
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# -—- imported from connection.lib ———-==-—-————--——-————o oo
# gamma(x) = GammaOO + x~d GammaOl + x°d x"e GammaO2 + x°d x"e x"f GammaO3 + ...

# GammaOl = 1! gamma_{,d} at x=0, symmetrised over {d}
# Gamma0O2 = 2! gamma_{,de} at x=0, symmetrised over {d,e} =
# GammaO3 = 3! gamma_{,def} at x=0, symmetrised over {d,e,f}

( de + ed )/2!
= ( def + edf + dfe + ...)/3!

GammaOl:="import connection.lib GammaO1":
@run(GammaO1){"/Users/leo/local/sh/cdbfile"}:

GammaO2:="import connection.lib GammaO2":
Orun(Gamma02){"/Users/leo/local/sh/cdbfile"}:

GammaO3:="import connection.lib GammaO3":
@run (Gamma03){"/Users/leo/local/sh/cdbfile"}:

GammaO4:="import connection.lib GammaO4":
Orun(Gamma04){"/Users/leo/local/sh/cdbfile"}:

# —-—— GammaO* as imported from connection.lib was *not* symmetrised, do so now —————————————————---—

@sym! (Gamma02){ _{d}, _{e} }: @canonicalise! (%):
@sym! (GammaO03){ _{d}, _{e}, _{f} }: Q@canonicalise! (%):
@sym! (Gamma04){ _{d}, _{e}, _{f}, _{g} }: Qcanonicalise!(%):

# —-—- cancel the 1/n! that comes from @sym(...) —————————————— oo o—— o

tmp:=0@(Gamma02) : Gamma02:= 2 @(tmp):
tmp:=0(Gamma03) : Gamma03:= 6 Q@(tmp):
tmp:=0(Gamma04) : GammaO4:= 24 Q(tmp) :

# --- substitute into the derivO* -—---————-——————————————

@substitute! (deriv02) (Q"{a}{}_{b ¢ d} -> @(Gamma01)):

O@substitute! (deriv02) (Q"{a}{}_{b c d e} —> @(Gamma02)):

O@substitute! (deriv02) (Q"{a}{}_{b ¢ d e f} -> @(Gamma03)):

@substitute! (deriv02) (Q"{a}{}_{b c d e £ g} -> ©(Gamma04)):
@distribute! (%) : Qprodsort!(%): Orename_dummies! (%): @canonicalise! (%) :

@substitute! (deriv03) (Q"{a}{}_{b ¢ d} -> @(GammaO1)):
O@substitute! (deriv03) (Q"{a}{}_{b ¢ d e} —> @(Gamma02)):



O@substitute! (deriv03) (Q"{a}{}_{b ¢ d e f} -> @(Gamma03)):
@distribute! (%) : Qprodsort!(%): Orename_dummies! (%): @canonicalise! (%):

@substitute! (deriv04) (Q"{a}{}_{b ¢ 4} -> @(Gamma01)):

O@substitute! (deriv04) (Q"{a}{}_{b ¢ d e} —> @(Gamma02)):

O@substitute! (deriv04) (Q"{a}{}_{b ¢ d e f} -> @(Gamma03)):
@distribute! (%) : Qprodsort!(%): @rename_dummies! (%): @canonicalise! (%) :

@substitute! (deriv05) (Q"{a}{}_{b ¢ d} -> @(Gamma01)):

@substitute! (deriv05) (Q"{a}{}_{b ¢ d e} -> @(Gamma02)):

O@substitute! (deriv05) (Q"{a}{}_{b ¢ d e f} -> @(Gamma03)):
@distribute! (%) : Q@prodsort!(%): Orename_dummies! (%): @canonicalise! (%):

@substitute! (deriv06) (Q"{a}{}_{b ¢ d} -> @(Gamma01)):

@substitute! (deriv06) (Q"{a}{}_{b ¢ d e} -> @(Gamma02)):

O@substitute! (deriv06) (Q"{a}{}_{b ¢ d e f} -> @(Gamma03)):
@distribute! (%) : @prodsort!(%): @rename_dummies! (%): @canonicalise! (%) :

#

# force all indices on R to be downstairs

# =

O@substitute! (deriv02) (R"{a}_{b ¢ d} -> R_{a b ¢ d},
R_{a}"{b}_{c d} -> R_{a b ¢ 4},
R°{a}_{b c}"{d} -> R_{a b c d},
R_{a b}"{c}_{d} -> R_{a b c d},
R_{a b c}"{d} -> R_{a b c d},
R~ {a}_{b}"{c d} -> R_{a b c d},

R {a}_{b}"{c}_{d} -> R_{a b c d},

\nabla“{a}{R_{b ¢ d e}} -> \nabla_{a}{R_{b c d e}},
\nabla“{a}_{f}{R_{b c d e}} -> \nabla_{a f}{R_{b c d e}},
\nabla“{a}_{f g}{R_{b c d e}} -> \nabla_{a f g}{R_{b c d e}}):

@substitute! (deriv03) (R"{a}_{b ¢ d} -> R_{a b c d},
R_{a}"{b}_{c d} -> R_{a b ¢ 4},
R{a}_{b c}"{d} -> R_{a b c d},
R_{a b} "{c}_{d} -> R_{a b c d},
R_{a b c}"{d} -> R_{a b c d},
R~ {a}_{b}"{c d} -> R_{a b c d},



R {a}_{b}"{c}_{d} -> R_{a b c d},

\nabla"{a}{R_{b ¢ d e}} -> \nabla_{a}{R_{b c d e}},
\nabla“{a}_{f}{R_{b c d e}} -> \nabla_{a f}{R_{b c d e}},
\nabla"{a}_{f g}{R_{b c d e}} -> \nabla_{a f g}{R_{b c d e}}):

@substitute! (deriv04) (R"{a}_{b ¢ d} -> R_{a b c d},
R_{a}"{b}_{c d} -> R_{a b ¢ 4},
R*{a}_{b c}"{d} -> R_{a b c d},
R_{a b} "{c}_{d} -> R_{a b ¢ d},
R_{a b c}"{d} -> R_{a b c d},
R~{a}_{b}"{c d} -> R_{a b c d},

R {a}_{b}"{c}_{d} -> R_{a b c d},

\nabla"{a}{R_{b ¢ d e}} -> \nabla_{a}{R_{b c d e}},
\nabla“{a}_{f}{R_{b c d e}} -> \nabla_{a f}{R_{b c d e}},
\nabla“{a}_{f g}{R_{b c d e}} -> \nabla_{a f g}{R_{b c d e}}):

@substitute! (deriv05) (R"{a}_{b ¢ d} -> R_{a b c d},
R_{a}"{b}_{c d} -> R_{a b ¢ d},
R*{a}_{b c}"{d} -> R_{a b c d},
R_{a b} "{c}_{d} -> R_{a b c d},
R_{a b c}"{d} -> R_{a b c d},
R {a}_{b}"{c d} -> R_{a b c d},
R {a}_{b}"{c}_{d} -> R_{a b c d},
\nabla“{a}{R_{b ¢ d e}} -> \nabla_{a}{R_{b c d e}},
\nabla“{a}_{f}{R_{b c d e}} -> \nabla_{a f}{R_{b c d e}},
\nabla~{a}_{f g}{R_{b c d e}} -> \nabla_{a f g}{R_{b c d e}}):

@substitute! (deriv06) (R"{a}_{b ¢ d} -> R_{a b c d},
R_{a}"{b}_{c d} -> R_{a b ¢ d},
R {a}_{b c}"{d} -> R_{a b ¢ d},
R_{a b} {c}_{d} -> R_{a b c d},
R_{a b ¢c}"{d} -> R_{a b c d},
R~{a}_{b}"{c d} -> R_{a b c d},
R {a}_{b}"{c}_{d} -> R_{a b c d},
\nabla“{a}{R_{b ¢ d e}} -> \nabla_{a}{R_{b c d e}},
\nabla"{a}_{f}{R_{b ¢ d e}} -> \nabla_{a f}{R_{b c d e}},
\nabla~{a}_{f g}{R_{b ¢ d e}} -> \nabla_{a f g}{R_{b c d e}}):
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# -—- compute the generalised connections —————————————=———--————————————— -

{B"{a},x"{a},R_{a b ¢ d},R"{a}_{b ¢ d},\nabla_{a}{R_{b c d e}}}::SortOrder.

@prodsort! (deriv02) :
@prodsort! (deriv03):
@prodsort! (deriv04) :
@prodsort! (deriv05) :
@prodsort! (deriv06) :

@rename_dummies! (deriv02) :
@rename_dummies! (deriv03) :
@rename_dummies! (deriv04) :
@rename_dummies! (deriv05) :
@rename_dummies! (deriv06) :

@canonicalise! (deriv02):
@canonicalise! (deriv03):
@canonicalise! (deriv04):
@canonicalise! (deriv05):
Q@canonicalise! (deriv06) :

# --— raise index {a} and set A"a -> x"a

genGamma02:= - @(deriv02)) g~{a ul}:
@distribute! (%) : Q@eliminate_metric! (%):
tmp:=Q@(genGamma02) \delta"{a}_{ul}: @distribute!(%): @eliminate_kr! (%) :

@substitute! (%) (A~{a}->x"{a}): @prodsort!(%): @rename_dummies! (%): @substitute!(%)(B"a -> 1):

genGamma02:= @(tmp); "genGammaO2.trn"

genGamma03:= - @(deriv03)) g~{a ul}:
@distribute! (%): Q@eliminate_metric! (%):
tmp:=Q(genGamma03) \delta"{a}_{ul}: @distribute!(%): @eliminate_kr! (%) :

@substitute! (%) (A~{a}->x"{a}): @prodsort!(%): @rename_dummies! (%): @substitute!(%)(B"a -> 1):

genGamma03:= @(tmp); "genGammaO3.trn"

genGammaO4:= - Q@(deriv04) g~{a ul}:
@distribute! (%) : Qeliminate_metric!(%):
tmp:=Q(genGamma04) \delta"{a}_{ul}: @distribute!(%): @eliminate_kr! (%) :
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@substitute! (%) (A~{a}->x"{a}): @prodsort!(%): Qrename_dummies! (%): @substitute!(%)(B"a -> 1):

genGammaO4:= @(tmp); "genGammaO4.trn"

genGammaO5:= - Q@(deriv05)) g {a ull}:
@distribute! (%): @eliminate_metric! (%) :
tmp:=Q(genGamma05) \delta"{a}_{ul}: @distribute!(%): @eliminate_kr! (%) :

@substitute! (%) (A~{a}->x"{a}): @prodsort!(%): Qrename_dummies! (%): @substitute!(%)(B~a -> 1):

genGamma05:= @(tmp); "genGammaO5.trn"

genGamma06:= - @(deriv06)) g {a ul}:
@distribute! (%): Qeliminate_metric! (%) :
tmp:=0(genGamma06) \delta"{a}_{ul}: @distribute!(%): Q@eliminate_kr! (%) :

@substitute! (%) (A~{a}->x"{a}): @prodsort!(%): Qrename_dummies! (%): @substitute!(%)(B"a -> 1):

genGamma06:= @(tmp); "genGammaO6.trn"

@print ["\Btag{11}\genGammaA=\killL"~@(genGamma02) ~"\killR+\BigO{\eps~6}\Etag{11}"];
@print ["\Btag{12}\genGammaB=\killL"~@(genGamma03) ~"\killR+\BigO{\eps~6}\Etag{12}"];
@print ["\Btag{13}\genGammaC=\killL"~@(genGamma04) “"\kil1lR+\BigO{\eps~6}\Etag{13}"];
@print ["\Btag{14}\genGammaD=\killL"~@(genGamma05) “"\kil1lR+\BigO{\eps~6}\Etag{14}"];
Oprint ["\Btag{15}\genGammaE=\killL"~@(genGamma06) ~"\killR\Etag{15}"];
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# -—— the generalised connections in RNC coordinates -——---------——————————————————————————————————
a 2da 1de a 1de a 1dea Sdefa 4defa 2defa
F(bc)(x) = gl‘ R® pge + 61‘ 2V R gee + 5.23 VR pec + El‘ 2V Rapec + EZ‘ z°x’ R dengbcg - EJZ z°x’ R bngecfg — Eaﬁ z°r’ R dbgRecfg

1 1 2 1 4
+ E xdxevadbR“ efe T E mdl‘evadeRa bfe — E zdzéxl R® gdbRecfg + % xdxeme“ dRebfc + E xdxexfngdbchVeR“ fah

1 4 2 1 1
+ % .Z’dxe.%‘fnga dehvafcgh + Z5 l‘dl‘exfnga dehvagbch — B xdwexfa?gRa btheRfcgh — E .’L‘d.%‘el‘fl‘gRa dbhveRfcgh - E xdl’el‘f.%‘ngbehcha fagh

2 1 1 1 1
- — xdxexfngdbthfR“ cah = 15 mda:exfngdbthfRa geh + 30 2422t 29IV gop R® fge T T mda:exfxgvdefRa bge — 5= xtatzf 29 RO deh ViR fbge

45 36
1 1 1 1
T xatzf 29 RO hdb Vel pegn — = a:dmexfngdbthaRfcgh 5 xda:exfngdbthfR“ hge + 50 A VA deRypge + O (66)

1 2 8 2 3 1
(bea) (%) = 3 VR ceq + IR 2°2T R® sy Rfeay + 5 2°2T R ey Rpeay — i 2°2T R oy Reapg + 0 22TV, R cpa + ) 22 Ve R o fa

2 1 1 1 2
+ E 2%zt RO gevBfedg + 20 P VAL vBRecra + g 22T 29 Ropen Vg R fgh + g 22T 29I Ropen, Vi R fgd + 9 xexfngebcthR“ dgh

2 1 1 2
+ 3 xe:z:fazgRebcthR“ hgd + g :cexfschebchV“Rfdgh + g zexf IR veh VeRfagn + 9 2zt 29I R ver V £ Rgedn

1 1 2 1
BT P el veh Vnllfega + 9 2zt 29 R® heb VR pagn + 9 ezt 29I R hebV fRgcan — 3 P el heb Viallfega + @ (66)

a 4 a 1 : a 2 f a 1 a 1 a 5 g a
(bede) (T) = 9 I R ey Rpdeg + ) 2T IR 4o,V aRfegn + ) 2T IR 4enV f Ryaden — 8 2 29I R pen, Vi Rpage + 9 T 2IR e, VaR® gen + 9 I IR e, VaR® 1ge

2 4 1 2 1 1
+ § xfngfbcthRa deh + § a:fngfbcthR” dge T 5 Z‘fl‘ngbchvaRgdeh + g xfngfbcthRa egh T+ § ol 29I R bfhchgdeh + g 2l 29I R® hfbchgdeh + O (66)
2
Cleder) (@) = 3 2R venVaRgesn + 2" RopenVal* epn+ O ()

Fl(lbcdefg) (r) =0
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#

#  export genGamma for use by truncate.cdbp

#
com:="open gen-gamma.lib":

O@run(com){"/Users/leo/local/sh/cdbfile"}:

com:="export gen-gamma.lib genx2rnc.trn":
@run(com){"/Users/leo/local/sh/cdbfile"}:

com:="export gen-gamma.lib genGamma0O2.trn":

O@run(com){"/Users/leo/local/sh/cdbfile"}:

com:="export gen-gamma.lib genGammaO3.trn":

@run(com){"/Users/leo/local/sh/cdbfile"}:

com:="export gen-gamma.lib genGammaO4.trn":

O@run(com){"/Users/leo/local/sh/cdbfile"}:

com:="export gen-gamma.lib genGamma0O5.trn":

@run(com){"/Users/leo/local/sh/cdbfile"}:

com:="export gen-gamma.lib genGammaO6.trn":

@run(com){"/Users/leo/local/sh/cdbfile"}:
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