MAXWELL INTEGRAL QUATERNION QUANTIZED
SPACETIME EVOLUTION

ROMAN CZYBORRA

ABSTRACT. Picking up Peter Jack’s arxivimath-ph/0307038 left-right-balanced
quaternionic reformulation of Maxwellian physics as a

o€ {pe R =R | {{¢,V},V}} + ¢, V], V] =[0,0,0,0]}

Roman Czyborra presents how this leads to a countable and computable de-
terministic evolution if the spacetime location fabric is latticed as %24.

Recall that the quaternions p’ € Q* and ¢ € Q* are left-right-multiplied as

Po qo +po —pP1 —pP2 —P3 qo0

S o D1 0 —p1 +pPo —Dp3 +P2 q
X q= X = X

P D2 q2 —p2 +p3 +po —D1 q2

P3 qs —p3s —p2 +p1 +Do q3

which can be split up into a symmetrically commuting product component

+po —p1 —Pp2 D3 q0

{ﬁ(j}:ziﬁxfﬂﬂfﬂﬂ: —p1 fpo 0 0 | ¢
’ 2 -p2 0 +po O q2
-p3 0 0  +po a3

and an order-sensitive antisymmetric anticommuting product component

0 0 0 0 Qo

[ﬁq_]:: Wxﬂ_[qxﬂ: 0 0 —p3  +p2 « q1
’ 2 0 +p3 0 -p1 qo
0 —p2 +p1 O q3

whose Gateaux nabla operator V € [[R* — R4] — [R* — R*]] introduced as

= o 2 1 B et TNV = 0 ST P e
[V xd| = Jim 3 lae) x [0+ de] - 1]
i€{0,1,2,3}

— SIR T N 1 =~ ~1—1
@ V0= Jim 3 (gl dei] - qle]) x [de]
1€{0,1,2,3}

shall now under the possibly oversimplifying assumption that an underlying field
%Z‘L exposes no smaller positive distance than d — min %Z* = % be redefined as

Vxq):= Y @) x W* 2} “7[5‘ 2”

i€{0,1,2,3}

ix V= Y |afre G| -alo- 5| e

i€{0,1,2,3}
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such that, using the deltas

w w+%_ w % QO[w+ y Ly Y, 2 ]7(]0[“}7 l,ZL’,y,Z]
el fewd] fe=0] |t fey o —afw— Ly
A = — ) y sy I
200yl =9 yt0] " Ty-0 qz[w+§xy,] @lw — 3,2,y, 2]

z Z+0_ L ? 0 Q3[w+ 5T, Y, % ] q3[wf§,x,y,z]
and

[w] [w + 0] [w—0]  [alw,z+ 3,y,2] — qo[w,z — 3,9, 2]]
_.E x o LL’+% - l‘_% _ Q1[w xr+ 5 Y, 2 ] Q1[’w73j ayaz]
qA: =q -7 2=

Y y+0 y—0 Qlw, T+ 5,y,2] — @w,r — 3,y,2]

L% | _Z+O_ _Z_O_ _Q3[’LU7.'17+ Y% ]_Q3[’U}7.'I} Y% ]
and

[w] [w + 0] [w — 0] qo[wa:er 2] — lw, z,y — %,z]_
x| le+0] _ _jz—0 alw,z,y+ 5,2 —qlw, 2,y — 5,2
A =dq 1| — 4 1 = _ fi

Y y+s Y- 3 @,y + 5,2] — 2w, z,y %,Z]

L Z] |2+ 0] |z—0] qs[wl’er 5,2 — @a[w,x,y — 5,2]]
and

[w] [w + 0] [w—=0] [alw,z,y.2+ 3] — qlw,z,y,2 %]_
(T& T :(j' z+0 _q—> z—0 _ QI[wvmvyaZ+ ] [’LU.’IJy, %]

>y y+0 y—0 Qlw,z,y, 2 + ]—%[wxy, — 3l

_Z_ _Z+%_ _Z_i_ _QS[w7337y7Z+ ]_Q3[w x,Y,z 5]_

in their directional contributions
[1,0,0,0]"* x [do, dy, da,ds] = [1,0,0,0] x [do,dy,ds,ds] = [do, dy,dz, ds]
[do, d1,ds, d3] x [1,0,0,0]"" = [do, di,da,d3] x [1,0,0,0] = [do, d1,d2, d3]
{[1,0,0,0], [do, d1,ds, d3]} = [do,dy, ds, ds]
[[1,0,0,0], [do, d1, da, d3]] = [0,0,0,0]
and
[0,1,0,0]"* x [do, dy, dg,ds] = [0,—1,0,0] x [do,dy,ds,ds] = [dy, —do, d3, —ds]
[do, dy,ds,ds] x [0,1,0,0]™" = [do,d1,da,d3] x [0,-1,0,0] = [dy, —do, —d3, da]
{[0,-1,0,0], [do, d1,d2, d3]} = [d1, —do, 0,0]
[[0, =1,0,0], [do, d1, d2, d3]] = [0,0,d3, —da]
and
[0,0,1,0]7* x [do, dy,dy,ds] = [0,0,—1,0] x [do,dy,ds,ds] = [da, —ds3, —do, di]
[do, dy, da, ds] x [0,0,1,0]"" = [do, dy, dy, ds] x 0,0, ~1,0] = [da, ds, —do, —d1]
{[0,0,—1,0], [do, d1, d2, d3]} = [d2, 0, —dy, 0]
(10,0, —1,0],[do, d1,d2, d3]] = [0, —d3, 0, d1]
and
[0,0,0,1]7* x [do, d1, dz,ds] = [0,0,0, —1] x [do, dy,ds,ds] = [d3, d2, —dy, —do]
[do, dy,ds,ds] x [0,0,0,1]7* = [do,d1, da,d3] x [0,0,0,—1] = [d3, —da, d1, —do]
{[0,0,0,—1], [do, d1, d2,ds]} = [d3,0,0, —do]
[[0,0,0,—1], [do, d1,dz, d3]] = [0, da, —d1, 0]
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we get

polw + 1,2, y, 2] + 4po[w, z,y, 2] + polw — 1,2, vy, 2],
—polw,x,y,z — 1] — polw, z,y — 1, 2] — polw,z — 1,4, 2],
fpo[w,x,y,z+1] po[w xz,y + 1, z] — polw, a:+1,y,z},
2p1[w+ 7y7 ] 2p1[w+? xr — 7ya ]7
Z 2])1[11)*%, - 27y7 ] 2p1[ 5, %+ vaa ]7
2p2[w+% ,y+%,z]f2p2[ 7 %,z],
2pa[w myfg,z]—2p2[wffxy+2,z],
2ps[w + 5, z,y, 2 + %] — 2p3lw ST, Y, 2 %],
2ps3[w — =, x y, 51— 2p3[w , T y,z+§],
2p0[w+7, Ly, 2] — 2po[w % %,y,z],
2polw — 5,2+ 5,9, 2] — 2po[w — 3, xfi,y,z],
pilw—1,2,y,2] - P[w$+1y,]
E pl[w+1 €z yv ] pl[ -1 Y, % }7
p?[w7x+ 72] pZ[wx—i_%?y'i_%vZ]v
w p?[u}7x ay+ 27'12] p2[ x_?ﬁg_iwlz]v
. . T p3[w7x+ Y, 2 ?] p3[w :L.—’_%?ya +?}7
{{ﬁ,V},V} y p3[w7x_2ay72+§] p3[ 27yaz_§}v
. 2mw+%xy—g&]2p[ wy+?]
2p0[w—§,xy+?,z] 2p[ _gvxy Z]v
pl[wvx—’_ ?Z] Pl[W$+%ay+%, }v
Z pl[wvx_gay+§ Z] pl[ va }v
p2lw+1,2,y, ]zﬂwxy+ld
pg[w—lacy,z] polw,z,y —1,2],
pslw,z,y + 3, ? pwuxy+fz+$
p3lw,x,y — 2734-?] palw, y 2]
2po[w + L, 2.y, 2 ?] 2po[w + %, y,z—|— %]
2p0[w—2,m y,z—i—?] 2polw — 5, 7,y,2 — 5],
pilw,z+ 1y, 2 ﬁ pﬂum+,%z+$7
S prlw,x — 25y7z+?] p1{w, Q’y’ ?]7
pelw, x,y + ?] palw, 2,y + % %L
pelw,z,y — 272"+ 3] = p2lw,z,y — 5]7
pslw+1,2,y,2] — pg[wxy,z—i—l]
L p3[ 1,.73,:1/7 ] p3[w;may7 1]

as a shifted self-application of

e 8 8

%W+§?%4
Q1[1U,1E+ 5731%2]
QQ[’W,IEJJ‘F 532]

— qo[w
7q1[w’1’7

7q2[w71’7y7 2

- %7?7?%2]5
§7yaz]a

q:g['LU,J?,y,Z =+ %] - qg[w,z,y,z - %]

> qo[w,z — 3y, 2 — qo[w, z + 3,4y, 2],
1w+ %,x,y,z] —q1|w — %,x,y,z]
5 qolw, x,y — %,z] — qolw, z,y + %,Z],
Go[w + %,x,y,z] — go|w — %,x,y,z]

qO[w7I7yvz - %] _qo[w7x7yvz+ %]’
Q3[’LU+ %7I7yvz] - q;g[’LU - %,I,y,Z]
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and likewise the antisymmetric

v e 8 g

2

0
4pl[w x,Y,z ]7
—pw,z,y +1,z] — p1[w, z,y, 2 + 1],
—Pl[wxy Lzl —=pilw, 2y, 2 — 1],
Z pQ[UJCC"‘ 5y+% ] pg[w,x %7y+%
polw,x — ] p2lw,z+ 5,y — 3,
p3lw, x+2,y,z+ ] p3|w, x+2,y,
pg[wx vya - } pg[’UJ.I‘ ,y,Z—f-
pilw,z + 3 ,y+% ] pilw,z+ 5,y — %
mw,z—5,y— 35,2 —pi{lw,x — 5,9+ 3,
4p2[w,1‘,y,2:],
—p2lw,z + 1,y,2] — pQ[wxy»ZJrl] —p2(w,z -1 y, Z]
p3[w X y+ 21, %] p3[w xz y+ %a
pslw,z,y — 5,2 — 5] —pslw, v,y — 5,2 —
pl[U),CL'+ ay,z—’_%] pl[wx+%7ya
pl[’U.),l' 2,y,27?]*p1[w1'7*,y,
pz[wmy+%2+?] pz[w,w7y+ -
YA pelw,w,y — 5,2 — 3] —paw,z,y —
4103[1075573/,2]»
—ps[w, x4+ 1,9y, 2] — ps[w,z,y + 1, 2],
—ps[w,z,y — 1, 2] — ps[w,z — 1,9, ],

as a shifted self-application of

ne 8 8

0

q3[w7x7y_%7lz]_
Q1[wal’7y72—§]—Q1[wa$,y7
q3[w, x+27y7 z] — gslw, x —
ql[w z y+ 29 ]
Z q?[w T — 27y7 ]

@2(w, z +

Z qQ[wum7y7Z + %] - QQ[wan?wa
CIS[U%CU,ZU + %72]

ql[wu$7y _1 29
§7y72]

_ %]7

z—i—%],
3.9, 7]
z],

23,

2,

z);

3]

2,
2,
1272[71}; z,Y,z — 1]7
-3

yielding, when demanding the Maxwell balance of matter-like local thermoelec-
tric deceleration and local spatial curvature to even out

{{(5’6}76} + [[(E’ 6}76] = 6
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a deterministic time evolution
i gf)o[wfl,erl,y,z]Jrgbo[w—1,x,y+1,z]+¢)0[w71,x,y,z+1],
dolw — 1,2 — 1y, 2] + golw — 1,2,y — 1, 2] + dolw — 1, 2,y, 2z — 1],
—4(;50[ 1 x,y, 2] — polw — 2, 2,y, 2],
2¢1[w — % % Y, 2] — 21 [w ,x—i—%,yvz],
> 2¢1|w — %x—l—z,y, z] =2p1[w — 5,2 — 3,y,2],
2¢9[w — 5, T,y — &, 2] — 2¢9[w — ,x,y—&-?z],
202[w — 5,2,y + 5,2] — 2¢02[w — 5,2,y — 3,2],
2¢3hﬂ y Ly Y, 2 %]_'2¢3hu 5%, Y, 2+ %L
2p3[w — 3, x y,z+§] — 2¢3[w — 2, m, y, -3,
2¢0hu % x-+»%,y, ]—-2¢0hu %,y7 L
w 2¢0hﬂ-— 2l = 5:Y,2 }_'2¢0hu'_ 27x'+'27y7 L
(]; | [ pw—Lz+ 1y 2]+ d1lw—1,z,y+1,2] + dw— 1,2y, 2+ 1],
yl| o1lw—1,2— 1Ly, 2]+ p1lw— 1,2,y — 1, 2] + p1[w — 1,2, y,2 — 1],
z —4¢1[w — 1, z,y, 2] — d1{w — 2,2, y, 2]
2¢0[w—l,x,y+%,z}—2q§0[w—l,x,y—%,z],
200w — 5,2,y — 5,2] — 2¢0[w — 5,2,y + 35, 2],
Z gf)g[wf1,:c+1,y,z]+¢)2[wf1,x,y+1,z]+¢)2[w71,x,y,z+1],
dolw— 1,2 — 1y, 2] + ¢olw — 1,2,y — 1, 2] + do|w — 1, 2,9,z — 1],
—Adpa[w — 1, 2,9, 2] — pa|w — 2,2, y, 2]
2¢0[w—17x,y,z+%}—2¢0[w—l,x,y,z—%],
2¢0[w — 35, 2,y,2 — 3] — 2¢0[w — 5, 2,y, 2+ 3],
S epsw—1,2+1,y,2] + ¢3lw— 1,2,y + 1, 2] + ¢p3lw — 1,2, y, 2 + 1],
o3lw— 1,2 — 1y, 2] + ¢3lw — 1,2,y — 1, 2] + ps[w — 1,2, y, 2 — 1],
i —4os[w — 1, z,y, 2] — d3[w — 2, 2,9, 2],

that can easily be simulated on a computer as in:

module Czyborra.Czyborspace20160901 (q) where
import Data.Function.Memoize (memoFix)
g=memoFix$ \q(v,w,x,y,z)->if (w>0)then case v of
0->q(0,w-2,x+2,y,2)+q(0,w-2,x,y+2,2)+q(0,w-2,x,y,2+2) +
q(0,w-2,x-2,y,2)+q(0,w-2,x,y-2,2)+q(0,w-2,x,y,z-2) +
(0-4)*q(0,w-2,%,y,2)-q(0,w-4,x,y,2)+
2xq(1,w-1,x-1,y,z)-2%q(1,w-1,x+1,y,z)+
2xq(1,w-3,x+1,y,2)-2*xq(1,w-3,x-1,y,2)+
2xq(2,w-1,x,y-1,2z)-2%xq(2,w-1,x,y+1,z)+
2xq(2,w-3,x,y+1,2)-2%xq(2,w-3,x,y-1,2z)+
2xq(3,w-1,x,y,2z-1)-2%q(3,w-1,x,y,z+1)+
2xq(3,w-3,x,y,2+1)-2%xq(3,w-3,x,y,2-1)
1->2%q(0,w-1,x+1,y,z)-2*q(0,w-1,x-1,y,z)+
2xq(0,w-3,x-1,y,2)-2*xq(0,w-3,x+1,y,z)+
q(1,w-2,x+2,y,2z)+q(1,w-2,x,y+2,2z)+q(1,w-2,x,y,z+2) +
q(1,w-2,x-2,y,z)+q(1,w-2,x,y-2,2)+q(1,w-2,x,y,z-2)+
(0-4)*q(1,w-2,x,y,2z)-q(1,w-4,x,y,2)
2->2xq(0,w-1,x,y+1,2)-2*q(0,w-1,x,y-1,2)+
2xq(0,w-3,x,y-1,2)-2*xq(0,w-3,x,y+1,z)+
q(2,w-2,x+2,y,2)+q(2,w-2,x,y+2,2) +q(2,w-2,x,y,2+2) +
q(2,w-2,x-2,y,2)+q(2,w-2,x,y-2,2)+q(2,w-2,x,y,z-2) +
(0-4)*q(2,w-2,x,y,2)-q(2,w-4,x,y,2)
3->2%q(0,w-1,x,y,2z+1)-2%q(0,w-1,x,y,z-1)+
2xq(0,w-3,%x,y,2-1)-2*xq(0,w-3,x,y,z+1)+
q(3,w-2,x+2,y,2)+q(3,w-2,x,y+2,2)+q(3,w-2,x,y,z+2) +
q(3,w-2,x-2,y,2)+q(3,w-2,x,y-2,2)+q(3,w-2,x,y,2-2) +
(0-4)*q(3,w-2,x,y,2)-q(3,w-4,x,y,2)
else if (v,w,x,y,z)==(0,0,0,0,0) then 1 else O




