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(C5) 0 = 2(degP - 1)p CABF p + Z(K+ 1)CB:A M SO Z(_l) K (6011 QKC:B )
K=0 K=0
(06) 0 = 2 (degP — 1) Cag (pl»lVEAU _puu,'yFAz/’Y) — CAMA#:B — Z CB:AQI...QKMAH’,QI‘ o Z( l)K K + 1) ( X QKC:Bal...aKp)
K=0

(C7) 0 = 20, (CaMAW.5MP) — 2 (degP — 1) [CAEAp +9, (CAFAp”)] + 37 O KM e +
=0

K
oo K
+ Z Z(_l).}( >(J+1) Q... g (CABI 6K ](al QIIMAI )J fjk ])

K=0J—=0
(C8) 0 = 6(degP —1)Cag,p, (P"'E*, —p* ,F4,7) —4C a5, M 5,y — 2Cp, g, a M** — 2Cp, p,. aA*M** , — 2Cp, . s’ M** 5 — Cp,.5,*

- Z( D5 (K +1) (Ba,...ap OB, ")

oo K
@) 0 = 550 () vagn, (out e )

K=2J=2



THE SIXTEEN SEQUENCES FOR N > 2

N ([K+N , . -

(Cloy) 0 = Z ( x ) [C:Aﬂl...ﬂ;\al...ﬁx (EAu,al...aK +FA”QK.1’QIH.QK‘1) _C:A(ﬁl...,e_wal...aK_1|FAu|a,‘),meK]

K=0
(Clly) 0 = i (KI-:N) [CB:Aﬂl'“ﬂN"‘l"'BK (EAIL:QI---QK +FAuaK'l,a1...aK.1) _ CB:A(Bl...ﬂ;\ral...ax_1|FAMIQK),QIMQK]

K=0
(C12y) 0 = NCup,. By B -Bx) = 0uCB:..Bx) +CBy..Bx:aAE" .+ CBh,..By:aAE? o + Ch,..5y:aPE L as
(C13y) 0 = —Cg,..Bx0) —NCaB,..Bx F* " Bx) —CB,..Bx:aF2" +CB, . By:aA"E* — CB,..By:aA°F*.7 o +2CB,..By:a®"E* o — CB,..Bx:aA®PFA,7 o5
(Clay) 0 = C,p o &= . E* . 7-Cp 58] for J=1..N
(C15x) 0 = Cg,..By:aA""PE*, —Cp, By :aPFA,1%) —2Cp,  p,.a*PIFA 1P

(C16y) 0 = Cp, py.a®PF4,M

(C17x) 0 = Cp, py.a* M4

(C18y) 0 = Cup,. By . (MB[uIMAIV]:B + (degP — 1)pp[u|FAp|V])

(C19x) 0 = Cp 5 Beivn, — CBl...BN:BNHIw for J=1...N+1

(C20xy) 0 = N-(N+1)(degP —1)Cap,. px0"* FA,") + NCp, gy a® M) 4+ 2NCp, py.a* ¥ MA) , + (N -2)Cs, By ,:Bx"

(C21y) 0 = (N+2)-(N+1)(degP —1)Cap,..Bx., (P""E* =" 7F4,7) = (N+1)2Cas,..8x M .5y .y — (N+1)Ch,..By.,:a M

N+1
_(N + l)CBl...BA\r+1:AQMAF‘,a — (N + l)CBl'HBN+1:AaﬂMA#,a‘3 — Z CBI'“E(“_BN‘I;BK” +2 (a’YCBl...BN:B;\wl‘Y#)
K=1
Z°° K+N
(szN) 0 = CA:Bﬂl-..#N _ (_1)K+N( I-{; ) (aclx{l-aKCBlAalmaKﬂlmuN)

K=0

< /K+N o , _ = K+N+1 oo .
(023N) 0 = Z ( K )CB:A 1eee K(#l...uJ\lMAI#.\ : 1),01”&}{ + Z(_I)K+N( N ) (aclt(l...aKC:B 1. Kp.l...y.g\,._l)
K=0 K=0
oo K+1 K J
(024Neven) 0 — Z Z (_I)J(J - 1) (N) a-afl—”]-\;]_N (C:Aﬂj...ﬂx(cn...a_]-Nl‘1...IJ-N_1|MA|I-1.-\')’HJM3K)

|
X

o0 K ' v o0 K+1 K J
(025Nodd) 0 z (N B 1) C:Aﬂrv...ﬂx(#l...m\—1|MA|I-L;\)’;3N”'BK _ E Z (_l)J (J - 1) (N) ai;i‘gJ_N (C:AﬂJ-..BK(Ql---C!J-N[J-]---MN—1|MAIIJ.\'),BJ”'3K)

K=N J=N+1



Lagrangian for the geometry

['gravity G

Input:
Output:

(c1) o
(c2) o
(c3) o
(c4) o
(c5) o
(ce) 0
7 o
(c8) o
Construction equations” o
(Cioy) O
(c11y) 0
(Ci2y) 0O
(Ci3y) 0
(C14y) 0
(Ci5y) O
(C16y) 0
(Ci7y) ©
(C18y) 0
(C19y) 0
(C20y) O
(C21y) O
(C22y) 0
(C23y) O
(C24Neven) O
(C25n0aa) O

GRAVITATIONAL CONSTRUCTION EQUATIONS

apt gt
Kinematical coefficients  defined by ~ NAE%, — 8, N#FA,” i= # (Lga(@)® and M= %@1@) M (G(p))
Dynamical coefficients ~ defining LIp K) =Y Cay.aylgl KA - KA

N=0

THE NINE INDIVIDUAL EQUATIONS

—(0u0) + Y Ca™ " By e
=

CaBuip =8y (CaB ") + Y Coia®™ X B o,

=1
—C8+ 3 (K A1) (B s + P05 ) = S (K 4+ D0l FAM
K=o =
—Ca (B 5™ + FA08) + D (K +1)Cma™ % (B s e + A o)) = 9 (K + 1)Cma@ s FAD oo
=) =)

[ .- = K+2
2(degP — 1) p“*CapF*, 1) + 37 (K +1)Cpa® - WA e —Z(—l)“( ; )(65, G KR
K=o K=o

2(degP — 1) Cap (B4, — p* ,FA,7) = CAM 5 = 37 Cpoa® 8 M4 o = 3 (=1)F (K +1) (9X

K e Cipianh)
K=0 k=0

2, (CAMAIH EMHM) —2(degP — 1) {CAE",,-H"“ (c_mf"p”)} + 3O M
rs

=
+if(—1)’(§)<1+1)df, g (Gt M )

K=07=0
6(degP — 1) Ca, 5, (P E", =", F1.") = 4Cae, M 5,) = 2Cp, s M™M = 2Cp, 5, s M o — 20,5, 4" MM o5 — Cpym,*

- i(*l)K(KH)(‘%K, ax OBy:5, " 7%)

=
%
,;;"”'@”’”63: o (CuaPrtrstenasiagam o )

THE SIXTEEN SEQUENCES FOR N > 2

x
30 (MY o255 (B 4 FA5 ) = OBl o) ]
K=0

Z (K;N) [Cu./f" Bras..Bx (E"‘, v F FASR )701“113.. byar.axlpd lax) M]

i=o
NCa,..5x B\ :5y) = (0uCB,..x) + CB,..By:AE*  + Cp, _5y:aA®E* o+ Cy 5y:a® B o

~Cp, 58] = NCa(p,.. . F* "5y = Oy 5yea P4 + i, _pyea "B, = C,

A v v -
Cip(Be. 55 By o B uymyy’ ~ OByl for J=1..N
Cp,..By:iAP PB4, — Cp,. ya®IFA,)%) — 2Cp, g P FA
Cp,..py:a®PIFA,M

Co,.. e #2A)
gy, (MPVIMAY] 5 4+ (degP — 1) 4,1
C C, I for J=1...N+1

. w_ o
By..BJ...Bx+1:Bs By..By:Bxia

N - (N +1) (degP — 1) Cas,..5x0"* F*,) + NCp, _py.a® M) + 2NCp, _py.a®“ M) o + (N = 2)Cs,. 5y 5"

(N +2)- (N +1) (degP —1)Cap,..5x., (9" E*, — — (N +1)%Caz,..5y M 5,y = (N +1)CB,...Bx.:ca M

N1
(N +1)C,..nysi:a MM o = (N +1)Cy.mysia MM 5 = 3 Cp = 0 #42(8,Cp,.myimys™)
=

= (K+N
Caghihy — Z(_I)K+.\( x )(6‘5‘ e G a st )

KN\ et sl ppies = e (KN 41 SR
(K Jamaremtesamtagtiono oo 52y n (KN EY) (0 gy genmemmin)

.
K 5 el
(N— I)C’AJ\ Brc (us-woun 1| pAlex) BB — Z

K=NJ=N+1

X
i
&

Ki1
> (kl)J(]K )(1-6)3141 (CAJJ Brc(@sas-nurpn-1| pfAIRN)
J-1 CONRT.

By A®FA, 0 +2CB, . By:A*"E* 0 — CB,..By:A® FA, 7 ap

o)

hyperbolic principal polynomial
hyperbolic dual polynomial

canonically
quantizable

4 DSSW '16
Po(k,k, ...k

Lmatter (1)3 G




Lagrangian for the geometry

»Cgra,vity G

Theory

()
(c2)
(c3)
(c9)
(c5)
(Co)

(e
(c8)

(C9)

(C10x)

(C11y)
(C12y)
(C13y)
(Cl4y)
(C15y)
(C16y)
(C17y)
(C18y)
(C19y)
(C20x)

(C21y)

(C22y)
(C23y)

(C24Neven)

(C25x04a)

Wolz

Witte

Input:

Output:

o

GRAVITATIONAL CONSTRUCTION EQUATIONS

Kinematical coefficients ~ defined by ~ N*E4, — 8, N*F4," ::T(cﬁg(ga)) and M4 = gd'\(zp))M" "(@(p))

Dynamical coefficients defining Llp; K Zc,,, an[P KA - KA

THE NINE INDIVIDUAL EQUATIONS

K=0

CaB*up =y (CaB*ys’) + 3 Coa™ KBy, o,
K=o

—(8.0) +

S (K H)CACxpA W

K=0

-8+ Z(K+1)C,ﬂ“" A (B o F T4 o o) =

~Ca (B up” +F4,0.5) + Z K + 1) (B oy e + PN o)) = 90 (K +1)Ca@ex P4 o
o <o

( " = 2
2(degP — 1)p P CapF” 1) 4 30 (K + 1)Cpa s A Z (K+ ) (05 o Cop )
K=o =)
2 (degP — 1) Ca (Y EA, — p* ,FA,7) — CAMA, — Z Cpop®iex \pAe _ Z( DE(K +1) (9K, Cpor-ork)

K=o

20, (CAM/‘[“ D’\[”‘"‘l) —2(degP — 1) p {CAE" +0, (CaF* ") } + Z Co A% MY e+
o

=
+ 2 2 (-1’ ( ) T+, ., (cfx Arcslonasl A oo )
6 (degP —1)Cap,p, ("B, =" ,FA,7) = 4C x5, M 5,) — 2Cp, ppua M = 2Cp, 5, a®M ™ o — 2Cp, 5, a P M g — Cpup,
- Z( DS (K +1) (05 0, Crpm %)

&=
P y(§)w-vost.,

k=27=2

(C,.“‘ Bic-s(@nas| ppAR) 5 )

THE SIXTEEN SEQUENCES FOR N > 2

(K*N) [CuaPs P (B A

oo

™

\) = CarbrenaxalpA o) M]

k=0

i (K;N) [CB:As,v. Avasic (BA, L p ALK YO GeBvaraxlpA Jex) M]
=0

NCuw,...5x B \u:53) = (0uCBy..By) + Ci,..5y:a B+ Cpy by a®E™ o+ Cymyea™ B o

—CB,..Bx8) = NCas,..Bx_ F*u"5x) — CB,..Bx:AF " 4+ CB,. By aA"E* . — CB, . By:AF* " o+ 2CB,.By: A" E* o — CB, .By:A

A ¥ Y —
Cy(BeBrmy s i)~ CBuBay for J=1...N
Cp,..8,:AP B, = Cp,. B A P1IF4,%) — 2Cp, g . PIFA, %)
Cs,..ya P4,

Co,...pa ™M)
CAB; By-1 (“Iﬂw “‘[A vl B+ (degP - 1)1""“‘1:‘1;, VJ)

c. —~ w _

B:..B;..Bx:1:Bs for J=1...

w
CE;..B\.B\ 1 N+1

N- (N +1)(degP — 1) Cap, .5, 0" “ F4,) 4 NCp, 5. a™ M) 4+ 2NCp, 5, .a® W M) 4 (N = 2)Ch, 5y 15"
(N+2)- (N +1) (degP — 1) Cap, .5y, (P EX, =9 1 FA,)

— (N +1)°Ca,..5x M 5y..) = (N +1)Cp...5yia MM

N1
—(N+1)Cp,...5y.1:a"M™ o = (N +1)Cp,...5y,1:a® MM o — ZCE‘ Brbainse T 2(0Cby BBy, ™)
=1
Cas™ ;\_Z( 1K+V(K+N)( Cp. g1tz
o -
K=o
K+N evere Gty N Al ) - xkin(K+N+1
aotan G| Al 1) _1)EAN A ———
(% )es P 2 il oy [C S )

i::li 1)1( )( )60, N (cvl‘a,..ah(u,.m whrm il prAlex) o Jn)
Y Y er(f

i
( )c,,i\ B g AI) 5
froms ey oY

)( )31 X (CaPr @ )

aBpA,

af

hyperbolic principal polynomial
hyperbolic dual polynomial

canonically
quantizable

f DSSW 16
kok,....k

Pq

Lmatter (I); G

Stritzelberger

Solutions

Schneider

Fischer






gravity

GRAVITATIONAL CONSTRUCTION EQUATIONS

Py poy
Input:  Kinematical coefficients  defined by ~ N#E4, — 9, N#F4, :=%(£N§(V))“ and M= ‘;;ﬁ(g(v))M““(g(-;))

Output:  Dynamical coefficients  defining LIgiK) =Y Ca,.aylol K4 - KAN
=0

THE NINE INDIVIDUAL EQUATIONS

(©) 0 = ~BO)+ 3 Cam B

K=0

(C2) 0 = CaBtus—0y (CaB un") + 3 COpa™ B o

=3
(C3) 0 = —C8l+ Y (K+1)CA"™ % (B s + P ) = DL (K +D)Ca@2r FAD o
o o

(C4) 0 = —Ca(BNp"+FN78) + I (K +1)Coa™ % (B + PR o) = D (K +1)Cpalroxl A

=1 fr

- & K+2
(C5) 0 = 2(degP—1)pPCusFA,) + 37 (K +1)Caua® -0l 72(71)1(( I;r )(05, o Cop i)

K=0 K=0

(C6) 0 = 2(degP —1)Can (B4, = 9 F4,7) = CaAM™ = 37 Cpa®™ s MM o = ST ()X (K +1) (9 o, Cp® 054
= i

(€7 0 = 20, (CAM"'[” M5 "1) —2(degP —1)p" [CAEU +0, (CAFU")] + 0 CaM O M e+
=1

+if}(—1)’(';)u+nai, o (Gt senadyg A s )

K=07=0
(C8) 0 = 6(degP —1)Cuas,z, (" E", =" 1 F*,7) = 4Cae, M.,y = 2Cp, s M = 2Cp, p,oa" M,

—2C5, 84" M™ a5 = Cpym,*

S VR4 (3 %)
b=
x

I
Me

¢ 17 (K- 1nar BBl A
©9) e ( J)(J D332, (C MAD 5 )

B
i

2 7=

THE SIXTEEN SEQUENCES FOR N > 2

=
(C104) 0 = Z(K;N) [CuaPoe st (B4 e+ PR aes) = CualOrOnesanil pa o ]
K=o
- K+N 8 A a Byaj...a A |ak)
(Cc11y) 0 = 2( % )[cu..ﬁ'-'j\“' O (B s+ P ) = Cpea e resmesilpa o) o]
k=0
(C12y) 0 = NCus,..5x B u50) — 0uCs,.8x) + CB,. 5y:aE" 4+ Cp, 5y:a®E* o+ Cp,_5y:a® B as
(C18y) 0 = —Cg,.By0} —NCa,..By . F* " 5x) = CBy..By:aF ) +Ch,. By:a B4 — Cp,. By:aA®FA " 0 + 2CB,. By:A® B4 o — C, By AP FA,7 ap
(Clay) 0 = Cup i 5 5y B 5y —CBoBy)  for J=1..N
(C15y) 0 = Cg,.5ya®PE4, —Cp,.5ya®IFA,)%) —2Cp, g AR5
(C16y) 0 = Cp,. p.a@PFAW
(C17y) 0 = Cp, py.a®M*
(C18y) 0 = Cup,..py., (MPWIMA 5 + (degP - 1) P4, 1)
(C19y) 0 = Cp 5 5o 5 ¥ =Cp pope Y for J=1..N+1
(C205) 0 = N-(N+1)(degP —1)Cap,. 5x0"* F*,) + NCp, .py:a® M) + 2NCp, _5ya®“I M) o + (N = 2)C, 5y 13"
(C21y) 0 = (N+2)-(N+1)(degP —1)Cap, 5y, (P E*) — 0" 1FA) = (N +1)*Cas,..5s MM 5y ) — (N +1)C, By :aA M
N+1
(N +1)Cp,..pyria MM o = (N + )0y pria ™M a5 = 3 Cp o~ o #42(0,0p,.myines ™)
=1
(C22y) 0 = Cas )(35. o e——
(C23y) 0 = Z(K;N)c”"‘u an G| Al ) +Z(71)K+IV(K;\"N:-1) (05 o, G i)
K=0 K=0 +
1
K \/(J ’
. — —1)Y J—N BeBic (s s N BN fAly)
(©2yeer) 0 - () () (e w )
o X o K1 KN\/7
(C25xess) 0 = 2 3 (N—l)c/‘i\ el MR 5 = 3 S (71)J(J71)(Z-V)5§:,§m . (C,ﬁf Bl vp iy |y Al , )
KEN-1 KN iR

Pk k, ...k

matter (1)3 G




gravity G

Tnput:
Output:

(c1) o
(c2) o
(c3) o
(ca) o
(Cc5) 0
(ce) 0
cn o
(c8) o
(c9) 0
(C10y) ©
(C11y) 0
(C12y) 0
(C13y) 0
(C14y) 0
(C155) 0
(C16y) 0
(c17y) 0
(c18y) 0
(C19y) 0
(C205) 0
(C21y) ©
(C22y) 0
(C23y) 0
(C24Neven) 0
(C25x04a) 0

I

o

GRAVITATIONAL CONSTRUCTION EQUATIONS

o4 o34
Kinematical coefficients  defined by ~ N“E?, — 8, NMF4," i= % (Lya(e)* and M7= #(a@)mr”(g(@)
Dynamical coefficients  defining  Lp; K) = Y Ca,_ay[p]l K™ - KA¥
=

THE NINE INDIVIDUAL EQUATIONS

—(0u0) + X Ca™ K By
=3

CaB* 5 — 0y (CaBAyp™) + 3 Cpa™ % B4, o
F=3

—C8+ I (K410 (B, e + FA o) = I (K +1)CAC-axlFA

) =)
—Ca (B s + FA78) + 3 (K + D0mA™ (B + P ) = SOE + DCma@axlFA
f=) =
(ule A v ) o~ K (K +2) ox Pp—
2 (degP — 1) p“PCppFA, +KZ:D(K+1)CM MA o —I;(fl) & ) (08 axCn™ )

ax = i(*l)K(KH) (85 .ax Cm® o)

2(degP — 1) Cap (B4, — ™ ,FA,7) = CAM™.5 = 3~ Cp.a™-ox M4 o,
K=o i=o

29, (CAM"'[” sMP “1) —2(degP — l)p"‘[CAE",, + 0, (CAFU")] + 0 CaM O M e+
=1

P
3 e (5o,
6 (degP — 1) Cap, 3, (" E*, — 9" ,F*,7) = 4C a3, M ) — 2Cp, B, a M = 2Cp, . a* M,

(CAB, Brc-s@rail A 5 o )

S VR4 (3 %)
b=
x

Me

i (KN 7 e B1--Bx— s (ar.au| Al
()t )

B
i

2 7=

THE SIXTEEN SEQUENCES FOR N > 2

(K;N) [CuaPse st (BA e+ FA 0 ae,s) = CoalPrPvessan sl pA o0

]

ax-ilpA lax) M}

1 10

(K+N
-\ K
NCus,..5x B \.5y) = OuCB,..By) + Cb,..Bx:a By + O, 5y:a®E* o+ C,

)[Cl,,ﬁ'-'j\“' B (B e + P850 ) — Oy BreBvens

=
I

appA
Bx:A™E yap

~Cb,..5x8) = NCa(B,...Bx_ F* 14" :5y) = CBy..By:a A" + Ob,...By:ia "B = Cp,.py:a°F*

oA - M -
Comoor 5rpn  E —Cp,.5y8] for J=1..N

1 :Bx)

Cp,..y:A" PB4, — Cp,..5y:a®IFA,)P) — 2Cp, 5, .a*P1 I FA

Ca,...5yia @ FA,

C, By M*
CaB...By (MB"‘ MA). g + (degP — 1) pI P4, "‘)
Co,.Bryonns ~ Cpiyibe” for J=1...N+1

N - (N +1) (degP — 1) Cap,..5x0"“ F4,) + NCp, . py:a“ MAY) +2NCp, . py:a® ¥ M) o + (N = 2)CB,..5y_ ™

(N+2)- (N+1) (degP — 1) Cap,...0 (" By = 9" 1 FA,7) = (N +12Ca(y.. oy M 5,
o

—(N+1)Cp,..By.1:a®M™ o = (N +1)C, By.,:a®?M™ 05 — Z Cor BroBaore +2(8,Cp,..5yiBys ™)
F=1

)= (N+1)Cs,..By.:aM

)(35‘ g O bt
S K+N) atema it Al 1) o~ _pyEan (KN +T) o PO
Cpia wlunn ppAlena) o e+ Y (1) (e D)
!
K

. ;_](—1)J(J1fl)(1{,)agj~\;1 .
e 2 M O [ (2

K=N-1

(CAJr.JA(O B e Y

—2C5, 84" M™ a5 = Cpym,*

WV +2CB,..By:A* B4 o — Cp,..By:a®PFA7 ap

Ap

(C'Aj’ Brc(ar.mas-npropn-a| rAlL

Pk k, ...k

matter (1)3 G

e GadeFachd



GRAVITATIONAL CONSTRUCTION EQUATIONS

A oA
Input:  Kinematical coefficients defined by ~ NAEA, — 8, NFA,Y i= g%!, (Cx@)* and M4 = %‘@(w))M“”@(@)

o
Output:  Dynamical coefficients  defining LIpiK) = > Cayaylpl KA - KA
N=0

THE NINE INDIVIDUAL EQUATIONS

o
(C1) 0 = —(@Bu0)+ Y Ca®™ K E" o ax

K=0

(C2) 0 = CaB*up—08,(CaBun")+ Y Coa®*¥E% o, ax
=3

(C3) 0 = —COl+ Y (K+1)CA™ % (B oy + FLO5 oy a) = DO (K +1)CaleslpA, 0
K=0 K=0
= =
(C4) 0 = —Ca(BNp"+FN78) + 3 (K +1)Coa™ % (B + FA5 o) = D (K +1)Cpalr-oxlpA,
F= =

(C5) 0 = 2(degP—1)pPCapF” ) + 30 (K +1)Cp a4 Z(—l)"(K,:r 2) (0K Cup i)
=) =)

- oo
(C6) 0 = 2(degP —1)Can (P¥EA, —p™ FA,7) = CaAMMp = 37 Cpia®™ " MM o oo = D0 (1)K (K +1) (9K 4, Cpx+)
K=0 K=0

w
) o = 20, (CAMA[“LBMEM) —2(degP —1)p"" [CAE’*,,+6,. (CAF",,“)] + 3G M e+
K=0
o K X
+3 E(—l)’( J) C R (< P
im0im
(C8) 0 = 6(degP —1)Cap,p, (" E", — " yF,7) —4Cam, M 5,) = 2Cp, 5, aM™ — 20, 5, A" M o, — 2Cp, 5, a“* M ™ 5 — Ci,.3, "

= D (DK +1) (0K oz %)
i

ok
@) 0 = S c(§)u-voi., (Cun et )

K=27=2

THE SIXTEEN SEQUENCES FOR N >2

o
(C105) 0 = 3 (K ;;”) [CuaPooonebi (BA oy e+ FA5% ) = CoarOvosansl A0 o L]
K=0
o~ (K + B Bvanb (pA A aris (BroBraranil pA lax)
€y 0 = Y (57 [Caa (B + FA o) = Cia FAJ 0
K=0
(Cl12y) 0 = NCaw,.sy B \u5y) = (0uCB...5x) + Cby..Bxia By + Cs,. 5y:a®E* 4o + O, 5yia® B ap
(C18y) 0 = —CB, 5,0] —NCap,..5x F " 50) = CB,. By:aF A7 +Ch,. By E* ) = Cp, 5y a®FA,7 o+ 205, Bya B0 = C, By:a® FA,7 op
- . A _ —
(Clay) 0 = CABJ(B;.“EJ.V.EN,IE \u\:BN)‘Y Cp.py8  for J=1..N
(C155) 0 = Co,.5ya®#E", —Cp,..5ya®IFA)P) — 205, pya®PIFA, 5
(C16y) 0 = Cp,.ya®F4,
(C174) 0 = COp,.pya®™M*
(C18y) 0 = Cupppy, (MPVIMAY 5 + (degP = 1)p? F4, )
(C19y) 0 = By ..E}...ENH:BJW_CB...,BN:E“, for J=1...N+1
(C20x) 0 = N-(N+1)(degP —1)Cap,. 50" " F, ") + NCp,_ pya“ M) +2NCp, _ pya®@ MY 4+ (N = 2)CB, 5y 5"
(C21y) 0 = (N+2)-(N+1)(degP —1)Cap,..By., (P E" =0 1, F) = (N +1)*Ca, .5 MM 5 ) — (N +1)Ch,py A M
N+1
~(N+1)C5,. 5y y:a® MM o = (N +1)C, pyy:a®* MM a5 = 3 Cp = o ¥ 42(0,05, pyep ™)
K=1
&, K
(C22y) 0 = CA:E“l""‘N_E(_l)K+N( IJr(N) (0 o Cpomse-astneans')
K=0
— (K+ A - win(K+N+1
(C23y) 0 = Kz:o( KN)CB:A"‘ ax(uimn Br- quu)m_"ﬂk_'_‘{:n(_l) Nt (B g Cpoimemmbnet)
oo K41 K J
_ J -N By.--B, 1o Q) N B AN 1 Al
(C2re) 0 = 3 ,ZV:HH) (1_1) (N)&l..uu,," (Cprtasas s pg i), )
oo K 00 K+1 K J
(C2Byoaa) 0 = 2 3 (N_1)C:Aﬁz«.uﬂx(m.‘.m,.|MAwmyﬂN__ﬂK_ DS (_1)1(1_1) (N)a;;f_gl_" (Cabrsrtanasmmemnslpgalin) )
K=N-1 K=NJ=N+1

e GadeFachd




gravity G

Tnput:
Output:

(c1) o
(c2) o
(c3) o
(ca) o
(Cc5) 0
(ce) 0
cn o
(c8) o
(c9) 0
(C10y) ©
(C11y) 0
(C12y) 0
(C13y) 0
(C14y) 0
(C155) 0
(C16y) 0
(c17y) 0
(c18y) 0
(C19y) 0
(C205) 0
(C21y) ©
(C22y) 0
(C23y) 0
(C24Neven) 0
(C25x04a) 0

I

o

GRAVITATIONAL CONSTRUCTION EQUATIONS

o4 o34
Kinematical coefficients  defined by ~ N“E?, — 8, NMF4," i= % (Lya(e)* and M7= #(a@)mr”(g(@)
Dynamical coefficients  defining  Lp; K) = Y Ca,_ay[p]l K™ - KA¥
=

THE NINE INDIVIDUAL EQUATIONS

—(0u0) + X Ca™ K By
=3

CaB* 5 — 0y (CaBAyp™) + 3 Cpa™ % B4, o
F=3

—C8+ I (K410 (B, e + FA o) = I (K +1)CAC-axlFA

) =)
—Ca (B s + FA78) + 3 (K + D0mA™ (B + P ) = SOE + DCma@axlFA
f=) =
(ule A v ) o~ K (K +2) ox Pp—
2 (degP — 1) p“PCppFA, +KZ:D(K+1)CM MA o —I;(fl) & ) (08 axCn™ )

ax = i(*l)K(KH) (85 .ax Cm® o)

2(degP — 1) Cap (B4, — ™ ,FA,7) = CAM™.5 = 3~ Cp.a™-ox M4 o,
K=o i=o

29, (CAM"'[” sMP “1) —2(degP — l)p"‘[CAE",, + 0, (CAFU")] + 0 CaM O M e+
=1

P
3 e (5o,
6 (degP — 1) Cap, 3, (" E*, — 9" ,F*,7) = 4C a3, M ) — 2Cp, B, a M = 2Cp, . a* M,

(CAB, Brc-s@rail A 5 o )

S VR4 (3 %)
b=
x

Me

i (KN 7 e B1--Bx— s (ar.au| Al
()t )

B
i

2 7=

THE SIXTEEN SEQUENCES FOR N > 2

(K;N) [CuaPse st (BA e+ FA 0 ae,s) = CoalPrPvessan sl pA o0

]

ax-ilpA lax) M}

1 10

(K+N
-\ K
NCus,..5x B \.5y) = OuCB,..By) + Cb,..Bx:a By + O, 5y:a®E* o+ C,

)[Cl,,ﬁ'-'j\“' B (B e + P850 ) — Oy BreBvens

=
I

appA
Bx:A™E yap

~Cb,..5x8) = NCa(B,...Bx_ F* 14" :5y) = CBy..By:a A" + Ob,...By:ia "B = Cp,.py:a°F*

oA - M -
Comoor 5rpn  E —Cp,.5y8] for J=1..N

1 :Bx)

Cp,..y:A" PB4, — Cp,..5y:a®IFA,)P) — 2Cp, 5, .a*P1 I FA

Ca,...5yia @ FA,

C, By M*
CaB...By (MB"‘ MA). g + (degP — 1) pI P4, "‘)
Co,.Bryonns ~ Cpiyibe” for J=1...N+1

N - (N +1) (degP — 1) Cap,..5x0"“ F4,) + NCp, . py:a“ MAY) +2NCp, . py:a® ¥ M) o + (N = 2)CB,..5y_ ™

(N+2)- (N+1) (degP — 1) Cap,...0 (" By = 9" 1 FA,7) = (N +12Ca(y.. oy M 5,
o

—(N+1)Cp,..By.1:a®M™ o = (N +1)C, By.,:a®?M™ 05 — Z Cor BroBaore +2(8,Cp,..5yiBys ™)
F=1

)= (N+1)Cs,..By.:aM

)(35‘ g O bt
S K+N) atema it Al 1) o~ _pyEan (KN +T) o PO
Cpia wlunn ppAlena) o e+ Y (1) (e D)
!
K

. ;_](—1)J(J1fl)(1{,)agj~\;1 .
e 2 M O [ (2

K=N-1

(CAJr.JA(O B e Y

—2C5, 84" M™ a5 = Cpym,*

WV +2CB,..By:A* B4 o — Cp,..By:a®PFA7 ap

Ap

(C'Aj’ Brc(ar.mas-npropn-a| rAlL

Pk k, ...k

matter (1)3 G

e GadeFachd



gravity G

Input:
Output:
(1) o
(©2) o
(c3) 0
(ca) 0
(c5) 0
(c6) 0
©n o
(c8) 0
(€9) 0
(C10y) 0
(Cl1y) 0
(C125) 0
(C13y) 0
(C14y) 0
(C155) 0
(C16y) 0
(c17y) 0
(C18y) 0
(C19y) 0
(C205) 0
(C21y) 0
(C22y) 0
(C23y) 0

(C24yeven) 0

(C25x04a) 0

I

o

GRAVITATIONAL CONSTRUCTION EQUATIONS

oph

o
=% )M G(0)

Kinematical coefficients ~ defined by ~ N“E#, — 8,N*F4,7 := e

(£5a(@)*  and M

Dynamical coefficients  defining  Lp; K) = Y Ca,_ay[p]l K™ - KA¥
fra}

THE NINE INDIVIDUAL EQUATIONS

—(BuC)+ D Ca™ KB o e
=

CaB 5 — 0y (CaBus™) + 3 Cpua™ K B o

i
—C8L+ 3 (B A 1)CAT 5 (B oy e + P 0 ) = DK +1)Ca@onl FAD
P =
—Ca (B + FA5) + Z(K+1)CBA»1,X, (B s + FA 0 ) = Z(K_H)CB:A(,H axlpAM o o
F= =

(o, A, ar.ar(ul yrAlv) o~ i [K+2\ ok F—

2(degP — 1)p""CapF” ) 4 3 (K +1)Cpia M oo = 2 DT ) (08 kG )
K=0 K=0

= SO 4 D) (O 0y Car)

k=0

2 (degP —1) Cag (P B4, — p* , F"

)

—CaM™.5 = 3" Cpa®-ox M
=

29, (CAM"'[” sMP “1) —2(degP — 1) p” [CAE",, + 0, (CAFU")] + 0 CaM O M e+
=1

o K

+ZZ(—1)’(';)(1+1)BZ, o (CuaPrPr—steneeilyg a5 5 )

K=07=0
6 (degP 1) Caz, 5, (;

S VR4 (3 %)

A, =P G FA) = 4Cam, MM ) = 2Cp, s MM — 2Cp, 5, a" M o — 205, 5,4 M™ o5 — Cpyp,*

M

)

THE SIXTEEN SEQUENCES FOR N > 2

s
K
2(71)1(1;)(]71)3;1;:1 . (C;A"" Br—s(ea.asl pfAlY

27=2

B
i

K+ N 8 s 8

M 08

(K+N
K=0 K

NCu,...Bx B u5x) = (OuCB,..Bx) + Cb,. By:aB* .+ Ch, _5y:a®E* o + Ch,. 5y:a® B ap

)[Cl,,ﬁ'-'j\“' B (B e+ PS5 o o) = G pBrBreaaal pA o

~CB,..By0) = NCu(s,..Bx_ . F* " :Bx) — CB,..Bx:AF* " + Cp,..By:aA B4 — C,..By:a°FA " o +2Cp,. By:a"E* ) o — Cb,..By:a"PFA 7 o

c e Y —Cp,.py] for J=1..N

ABy(B:...Bj...By 1 :Bx)

Cp,..y:A PB4, — Cp,..5y:a®IFA, P — 2Cp, . p,a®P1IFA 1)

C,..my:a @ FA,
Cp,..y:a 1 M*
CaB...By (MB"‘ MA). g + (degP — 1) pI P4, "‘)

_ v _ ww _
Cpr.BrBuesBs ~ CBi BB for J=1..N+1

N - (N +1) (degP — 1) Cap,..5x0"“ F4,) + NCp, . py:a“ MAY) +2NCp, . py:a® ¥ M) o + (N = 2)CB,..5y_ ™

(N +2)- (N +1)(degP — 1) Cap, 5y, (P*E*s = p* ,FA,) = (N +1)*Cap,..5s M .5 .) = (N +1)CB,_By ., .aA M
N+1
(N +1)Cp,..pyria MM o = (N + )0y pria ™M a5 = 3 Cp o~ o #42(0,0p,.myines ™)
=1
- ~N(K+N
Cap" s —Z(—U""( X )(a!; ay CBea ™ b bn )
K=o
K+N G etine] g Al y = win(K+N+1\ o«
ot s |y Al ) K+ o @R iy
( K )Qm o (\\+KZ::U( ) N+1 (0%..axC8 )
K+

.
/(X ) (D)ot feabrmeermmmaizginn L)

> (Nlil)c/‘j) Brclps-omalpgAlex) oo

K=N-1

AT BB (et ety - x sty -1 Al

Pk k, ...k

matter (1)3 G

—oe e G

e GadeFachd

GV kb ki k. kg
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GRAVITATIONAL CONSTRUCTION EQUATIONS

ot

a54
Input: Kinematical coefficients ~ defined by ~ N“E#, — 8,N*F4,7 := e e

B @@NM*(@(p))

(£5a(@)*  and M

Output:  Dynamical coefficients  defining LIgiK) =Y Ca,.aylol K4 - KAN
=0

THE NINE INDIVIDUAL EQUATIONS

(©) 0 = ~BO)+ 3 Cam B

K=0

(C2) 0 = CaBtus—0y (CaB un") + 3 COpa™ B o

F=3
(C3) 0 = —C8l+ Y (K+1)CA" % (B pron + P aan) = DL (K + D)0l FAD o
f=t f=t

(C4) 0 = —Ca(BNp"+FN78) + I (K +1)Coa™ % (B + PR o) = D (K +1)Cpalroxl A

i f=1

- A K+2
(C8) 0 = 2(degP—)prCapF,) 4 3 (K +1)Cpa x40, (,anH)"( » )(65, o Cptrein)

F=3 F=3

= SO 4 D) (O 0y Car)

k=0

(C6) 0 = 2(degP —1)Cap (PE*, —p* ,F

)

—CaM™.5 = 3" Cpa®-ox M
fr)
(€7 0 = 20, (CAM"'[” M5 "1) —2(degP —1)p" [CAEU +0, (CAFU")] + 0 CaM O M e+
i

)

A, =P G FA) = 4Cam, MM ) = 2Cp, s MM — 2Cp, 5, a" M o — 205, 5,4 M™ o5 — Cpyp,*

o K

w3 2(71)1(:()(]+ VoL, .0, (CAB, B saranl pral)

=055
(C8) 0 = 6(degP —1)Cup,p, 1

S VR4 (3 %)

s
I
M

s
K
2(71)1(1;)(]71)3;1;:1 . (C;A"" Br—s(ea.asl pfAlY

(c9) 5s)
it
THE SIXTEEN SEQUENCES FOR N > 2
o~ (K+N 8 8
(C104) 0 = z( % )[Cﬁ NI (B s+ P ) = CalOrOnesancil pA o o ]
=)
(Clly) 0 = Z(K;N) [CBAjl.,j\u, B (B + PS5 o o) = G pBrBreaanal pA ) m}
=1
(C12y) 0 = NCus,..ny B u.8y) = 0uCy...Bx) + Cby..By:aBy + Cb, . 5x:a®E? o + Cb,. 5yia® E g
(C13y) 0 = —Cg,.B0} —NCa,..Bx . F* " :5x) = CB,..By:aF ) +Ch,. By:a"E* ) = Cp,. By:a®FA .7 0 +2CB,. 5B o — Cp, By s FA,7 ap
(Clay) 0 = Cup s 5 5 ’E"” sy —Cp..By0]  for J=1..N
(C155) 0 = Cp,.5,:a"P B4, = Cp,. 5y :a®IF4,)%) — 205, _p,.a®PIFA))
(C16y) 0 = Cp,.pya®F", 17
(C17x) 0 = Cp,.pya™ M
(C18y) 0 = Cup,..py., (MPWIMA 5 + (degP - 1) P4, 1)
(C195) 0 = Cp 5 pyorn,” ~Cpipypy,”” for J=1..N+1
(C205) 0 = N-(N+1)(degP —1)Cap,. 5x0"* F*,) + NCp, .py:a® M) + 2NCp, _5ya®“I M) o + (N = 2)C, 5y 13"
(C21y) 0 = (N+2)-(N+1)(degP —1)Cap, 5y, (P E*) — 0" 1FA) = (N +1)*Cas,..5s MM 5y ) — (N +1)C, By :aA M
N1
(N +1)Cp,..pyria MM o = (N + )0y pria ™M a5 = 3 Cp o~ o #42(0,0p,.myines ™)
=1 A
d ~N(K+N
(C22y) 0 = Cap” "\—Z(-l)""( ; )(a{,ﬁc,hcg_;’* ]
=)
(C23y) 0 = Z(K;N)cﬁﬂu | Al +Z(71)K+N(K;11;1) (05 o, G i)
=1 i
o K4l
K J v
— J J~N By--Br(ay..ay_npy.un gAluN
@) 0 = 3 3 07([5 ) (Rt (0 A o, )
K=N J=N+1
- K BB (1ot Alux) AT BroBrc(as s N1l g Al
(©2reas) 0 = 2 3 (5 Joumrmtsms iyt o N ) (CaPrr e s Al i)

K=N-1

R — .. c.. G el kb koky

Lmatter (1)7 G = wWa GadeFachd
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GRAVITATIONAL CONSTRUCTION EQUATIONS

A A / - a
Input:  Kinematical coefficients  defined by ~ N*E, — 9, N*F4 ;=%(cﬁ§(w))“ and M= %(g@)w‘ﬂ(g@)) M 7 - I C!B 2 det g 6“’){( g B) JI]

Output:  Dynamical coefficients  defining LIgiK) =Y Ca,.aylol K4 - KAN
=0

||
2
|
N
W
Q
)
(@)
.m
=
-y
Q
Q
<
=
3
3

THE NINE INDIVIDUAL EQUATIONS det

©1) 0 = —(0.0)4 3 Cam s B,

(©) o = cAEAw—;(CAE"‘LLU‘)+gcm‘"' B . MA’Y = IAa’B — 1/ det g G’Ya“ guﬁ + - 618/“/ ga” PU’YMa’B’Y + 0((‘02) )

(€3) 0 = —C5Z+§’(K+1)CA“‘ O (B s e+ FA ) o ,)—2’(1(4-1)04(‘“ kI FAND o, ax ‘\/ detG

(C1) 0 = —Ca(B4un” +FA70) + 3K+ 1)CaA1 % (B, + FA 5 0 ) = (K + )Cma@ s P4
F=) =)

- A K+2
(C5) 0 = 2(dogP —1)pHCupF,)) 4 3 (K + 1)Cpa™- x4, 72(71)"( » )(65, o Cptrein)
& &

(C6) 0 = 2(degP—1)Cap (P*E*, —p" ,FA7) = CaM™.5 = 3 Cpia® S MM oy = 3 (-1)F(K +1) (9K, Cop™2¥)
K=o

EAu = ‘PA,M ; EAu = ‘PA,ua EAu = " pt 0(¥%),

(©1) 0 = 20, (CaM W ,25) ~2 (degP 1) 7 [CAEA, +a, (CAF‘/‘)] 430 O MAT
F=

(©8) 0 =
o ' A A A M
ag (o)
THE SIXTEEN SEQUENCES FOR N > 2 F uﬂr — 2I uno1 ’Y 17 + 21- ua-lz 17M(P ’
(Cloy) 0 = i(K;N) [CuaPoe st (B4 e+ PR aes) = CualOrOnesanil pa o ]

(C11y)

°
I
s
—
=
=+
=

)[Cmg...j,\u, (B e+ A5 ) = Opaovenemalpa o) ]

B 5y — (0uCo,..52) + Oby..Brea B+ Oby_5yea® B + Oy 5yea™ B o i — i g1 j o1 M
w1 B ul:8x) = (BuCi...By) + Cby..x:a B + OB, .y 1By f F M’Y__2I '7 fYO’l[.l,_2I ’Y Iallllﬁcp )

°
I
=z %
3
=
B
X

(C12x)

(C13y) 0 = —Cp, B0} — NCas,..5x . F* 4" :5x) = CB,..By:aF* " + C, By:A"E* = Cp,. By a®F," o + 2CB, . By:A""E? 0 — CB,..By: A" FA,7 s

(Cl4y) 0 = C,p o 55 po B4 57 =Cbinyd)  for J=1..N . . . -

(C15x) 0 = Cb,.5ya® B, = Cp,..5yua®FA)%) — 205, . pua@IFA,0P o i = = ﬁ 3
(C16x) 0 = Cp,_pys@FA,0) F v = + 0(@ )
(C17x) 0 = Cp.pya®I M) K

(C18y) 0 = Cup,..py., (MPWIMA 5 + (degP - 1) P4, 1)

(C19y) 0 = Cp z p ¥ =Cp pop M for J=1..N+1

(C20x5) 0 = N-(N+1)(degP —1)Cap,..5y0"“/FA,") + NCp, . 5y:a® M) +2NCp, . 5y:a®“ MY o + (N —2)Ch,..5x 55"

(C21y) 0 = (N+2)-(N+1)(degP—1)Cap,..s (BB = o FA,7) = (N +1)2Coags,. iy MA¥. 5y — (N +1)Cp,.. 5y yoa MO
N1
~(N+1)Cp,...5y.s:a® M o = (N +1)Cp,... 5y :a® M o5 — KZ)CD Frobwounn T205Cby BBy, ™)

d (K + N
(C225) 0 = Cap™ "\—Z(—l)’“"( ; )(a!f, ay O bt )

K=0

@8y 0 = 3 (KI-:N)CHA“ an G| Al ) +z(71)K+N(K;11:-1) (05 o, G i)
K=o K=o

"
K J v p N

([ ) (3t (Catrtconasosmmmncitnginn 5,

- 7-1)\wv s ( )

(o) 0 = 3
K=N J:

- o ok P
_ e s i) ; T\ grw BB eszoseptoans| AN
(C25yeas) 0 = 2K;71(N71)c.4 AR = 32 3 (D) (,71)(1\,)6‘,..,“,\(&' (s sl (A )

N — (- .. €. G e e

Lmatter [(I), G) — W¢g GadeFachd
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GRAVITATIONAL CONSTRUCTION EQUATIONS

A A /Aot e a
Input: Kinematical coefficients ~ defined by ~ N*E#, — 9, N*F4," 69“( G3(@)* and MATi= %(ﬁ(w)M“’"‘(ﬁ(-p)) M ’Y - I OCB 2 det g 6“’){( gB)H )

el

Output:  Dynamical coefficients  defining LIgiK) =Y Ca,.aylol K4 - KAN
=0

||
2
|
N
W
Q
)
.m
=
-y
Q
Q
<
=
3
3

THE NINE INDIVIDUAL EQUATIONS det

©) o = f@cwicm KB

K=0

= i 3
(O 0 = CuPtua =, (Cah ) 5 MY = 148 |- Vdet g €™ gup + YL
(€3) 0 = _05;+‘§’K+1 )CA™ 0 (B e + P25 e ,)—2’(1(4—1)04(‘“ ol FAM o o detG

O (B oy + P ) = SO (K 4 DCma @ s FA

k=0

(C4) 0 = —Ca(Bz"+FN75)+ Y (K+1)Cra™
i
(C5) 0 = 2(degP—1)pPCupF” )+ 3 (K +1)Cma™ st ,Z(fl)x('H?) (05 Cp™ )
K=0 K=0

(c6) 0 = Z(dengI)CAB(p‘“’EAufp“”‘FA,,‘)76',‘&[/“‘”7iCuA”“”"“Z\I““ . 7;” DE(K +1) (05 Cp®re-axk) A Z i i i j 3
©n o0 = 20, (CAM"[“ EM”N)—2(degP—1)pr'"[cAE",+a (CaFA,") ]+KZC, AT L+ * E IJ, = SO ,/J, ) E l.,l, - SO ,/_L b E l.,l, — (P ,[.l, + 0(@ ) )

e (5 )J+1)B’ oy (Cuatn sConcsingai Y

K=07=0
C8) 0 = 6(degP —1)Cag,z, (WE", —p" F*,") —4Cam, M 5,) = 205, Bua M = 20p, 5,:a"M™ . = 205, s MM o5 = C,i3,"
(B 2)

Z KK +1) (0.0, Cp,:3,"10)
i
w K
(c9) 0 = ZZ ( )(Jfl)a-::: oy (G stenmsipg i o ) Y e A _n[
F=t=
FA 7 =274 oY 4 974 o TV —
THE SIXTEEN SEQUENCES FOR N > 2 17 - HO1 ’Y HO1 M (p
«
(C1ox) 0 = Z(K“V) [CuaPoe st (B4 e+ PR aes) = CualOrOnesanil pa o ]
)
(Clly) 0 = Z(K+N) [C BuoBrensBu (BA, o L 4 FAm ) CpGieBreranail pA an) M] —_ [ —_ —_—
=
(C12v) 0 = NCas,. 5y \E* 50 — OuCor..55) + .5y A By + Cy 5y A® B o+ C s E s FA Y — 2 Z A’.Yo-lfy 2 Z A’)’O’l Z _(p
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EQUATIONS OF MOTION FOR SCALAR, VECTOR, AND TENSOR MODES
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EQUATIONS OF MOTION FOR SCALAR, VECTOR, AND TENSOR MODES
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