Appendix A — Tanh Solutions

<< "VectorAnalysis™
SetCoordinates(Cartesian(x, Y, 2));

Calculate A from Equation 24

al = ax(x, Y, z t);
a2=ay(x, Yy, z 1),
a3=az(x, ¥,z ),

s Equations 24
egnl= —a2- —as3;
n2= —a3- —al,
“ 4]

eqn3= — al - — a2

eqn = {egn1 =0, eqn2 =0, eqn3 =0}

{ay(x, y, z H ax®010(x, y, 7, t) — az(x, y, z, ) ax 109, y, z, 1) = 0,
az(x, y, 2 D ayt0%%x, y, z ) —ax(x, ¥, 2 D ay®® 0 (x, y, ) = 0,
ax(x, ¥, z ) a2 00(x, y, z, t) — ay(x, v, z ) az2%%x, y, . t) = 0}
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m Solution to Equations (note three solution sets) This is displaying triplets of {ax,ay,az}.

FullSimplify[DSolvelegn, {al, a2, a3}, {Xx, v, z, t}11;
al=al/ %
a2=a2/ %%
a3=a3/. %%%
{Cl[t] (cs[t] + tanh(x ca[t] + y Co[t] + zc3[t] + calt]) Co[t])
calt]
Cy[t] (cs[t] + tanh(x cy[t] + y Co[t] + zCa[t] + C4lt]) (C[t] + tanh(x Co[t] + Y Co[t] + ZCa[t] + C4[t]) Cc7[t]))
Calt] ’

’

1
Jcl[t] (cs[t] + tanh(x cy[t] + y Co[t] + zCs[t] + Cat])
3

(Colt] + tann(x Ca[t] + Y Ca[t] + ZC3[t] + Calt]) (C7[t] + tanh(x Ca[t] + y Co[t] + ZCa[t] + Calt]) Cs[t])))}

fmu%m+wmuqm+qu+z%m+umnum
calt] ’
Calt] (s[t] + tanh(x Ca[t] + y Colt] + ZCa[t] + Calt]) (C[t] + tanh(xcy[t] + Y Calt] + ZCalt] + calt]) C7[t]))
calt] ’

1
C—[t]Cz[t] (cs[t] + tanh(x cy[t] + y Co[t] + ZCs[t] + C4lt])
3

(Co[t] + tanh(x cy[t] + y Co[t] + ZC3[t] + Calt]) (C7[t] + tanh(x ca[t] + y Co[t] + zC3[t] + Calt]) C8[t])))}
{cs[t] + tanh(x cy[t] + y Co[t] + ZCa[t] + Calt]) Colt],
Cs[t] + tanh(x cy[t] + y Co[t] + zC3[t] + ca[t]) (Cs[t] + tanh(x cy[t] + y Co[t] + zCa[t] + C4[t]) C7[t]),
Cs[t] + tanh(x cy[t] + yCo[t] + Zc3[t] + cyft])
(Co[t] + tanh(x ca[t] + y Co[t] + zC3[t] + Calt]) (C7[t] + tanh(x ca[t] + y Co[t] + zC3[t] + calt]) Ca[t])}

m Directional Anisotropyin A (all solution sets have same degree on anisotropy)
! a2
FuIISmlefy[z]
] _ra3
FuIISmlefy[Z]
] a3
FuIISmlefy[E]

Colt] coft] coft]
G o !
Calt] caft] caftl
G o !
{ Calt] cslt] caft] }

cltl’ clt] colt]
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3

Calculating w From Equations (21), (22), (23)

%
1= FullSimplity| ay]
wl= -—

a2

da2

w2 = FuIISimpIify[— E]
a3

da3

w3= FuIISimpIify[— z;]
a

(- sech’(xcalt] +y Galt] + ZCst] + Calt]) calt] col ]
Cs[t] + tanh(x cy[t] + Y Calt] + ZCa[t] + Calt]) Co[t]
~ sech?(X Cy[t] + Y Co[t] + ZCa[t] + Calt]) C1[t] (Co[t] + 2tanh(X Cy[t] + Y Co[t] + ZCa[t] + Calt]) C7[t])

Cs[t] + tanh(x Ca[t] + y Ca[t] + ZCa[t] + Ca[t]) (Colt] + tanh(X Cy[t] + Y Colt] + ZC3[t] + Calt]) c7[t])
—(sech?(x C[t] + y Colt] + ZC[t] + Calt]) Cat]
(Ca[t] + tanh(x ca[t] + Y Co[t] + ZCa[t] + Calt]) (2 C7[t] + Stanh(x cy[t] + y Co[t] + ZCa[t] + Calt]) Celt]))) /
(cs[t] + tanh(x c1[t] + y Ca[t] + ZC3[t] + Caft])
(Colt] + tann(x ca[t] + Y Ca[t] + ZC3[t] + Calt]) (C7[t] + tanh(x Calt] + y Colt] + ZC3[t] + Calt]) Cs[t])))}

(- sech’(xcalt] +y Galt] + ZCst] + Calt] Colt] Col ]
cs[t] + tanh(x cy[t] + Y Ca[t] + ZCa[t] + Calt]) Co[t]
sech?(x ¢4[t] + y Co[t] + ZCa[t] + Caft]) Co[t] (Co[t] + 2tanh(x Ca[t] + Y Ca[t] + ZC3[t] + Calt]) C7[t])

Cs[t] + tanh(x cy[t] + Y Ca[t] + ZC3[t] + Calt]) (Co[t] + tanh(x Ca[t] + Y Ca[t] + ZCa[t] + Calt]) Cr[t])
—(sechP(xcy[t] + Y Colt] + ZCa[t] + Cat]) Co[t]
(Ca[t] + tanh(x Ca[t] + Y Co[t] + ZC3[t] + C4[t]) (2 ¢7[t] + 3tanh(X Ca[t] + Y Co[t] + ZC3[t] + Calt]) Cg[t]))) /
(cslt] + tanh(x ey [t] + y Ca[t] + zCa[t] + ca[t])
(Cslt] + tanh(x ce[t] + y Co[t] + zc3[t] + C4lt]) (c7[t] + tanh(x cy[t] + Y Co[t] + zC3[t] + Ca[t]) Cs[t])))}

{ sech’(x Ca[t] + y Co[t] + ZC3[t] + Ca[t]) Ca[t] Colt]

B Cs[t] + tanh(x cy[t] + Y Co[t] + ZCa[t] + Calt]) Colt]
sech?(x ¢4[t] + y Co[t] + ZCa[t] + Ca[t]) Calt] (Co[t] + 2tanh(X C[t] + Y Ca[t] + ZC3[t] + Calt]) C7[t])

Cs[t] + tanh(x Cy[t] + y Co[t] + ZC3[t] + Ca[t]) (Ca[t] + tanh(X Cy[t] + y C[t] + ZC3[t] + Calt]) C7[t])
—(sech?(x C[t] + Y Calt] + ZC[t] + Calt]) Cat]
(Ca[t] + tanh(x ca[t] + y Co[t] + ZC3[t] + C4[t]) (2¢7[t] + 3tanh(X Ca[t] + Y Co[t] + ZC3[t] + Calt]) Ca[t]))) /
(cs[t] + tanh(x cy[t] + Yy Co[t] + zCa[t] + ca[t])
(Calt] + tanh(x c1[t] + Y Co[t] + ZCa[t] + Calt]) (C7lt] + tanh(x Ce[t] + Y Calt] + ZCa[t] + Calt]) CS[t])))}



4 | Appendix A - Tanh Solutions.nb

m Solution Checkon wl

dal
wll = FuIISimpIify[— "_—Z]
a3t
FullSimplify[wll — 1]
0, 0, 0}

m Anisotropyin w

w2
FuIISimpIify[E]

w3
FuIISimpIify[E]

w3
FuIISimpIify[5]

{ Colt] colt] colt] }

alt] ailtl” cilt]
Calt] cslt] cslt]
G o !
{Ca[t] Calt] Ca[t]}

Cltl calt]” colt]

Calculate phiusing Equation 26

Null

aphi(x, y, z t)
phil = FuIISimpIify[DSoIve[a— — 1L phi(x, y, 2, =0, phi(x, ¥, 2 1, {x, y, 2 8| 127111
X
aphi(x, y, z t)
phi2 = FullSimpIify[DSoIve[a— — w2[1] phi(x, y, z, t) = 0, phi(x, y, z V), {X, ¥, Z, t}]][[l]][[l]]
y
aphi(x, y, z t)
phi3 = FuIISimpIify[DSoIve[a— — w3[1] phi(x, y, z, t) =0, phi(x, vy, z t), {X, Y, Z, t}]][[l]][[l]}
z

phif = phi3/. c7[x, v, t] = ¢0(t)

cosh(Xcy[t] + yco[t] + zcs[t] + calt]) coly, 2z, t]
phi(x, y, z, t) >

cosh(xcy[t] + yCo[t] + zca[t] + ca[t]) cs[t] + sSinh(x cy[t] + yCo[t] + ZCa[t] + c4[t]) C[t]

ohix, v, 2.1 cosh(xcy[t] + yco[t] + zca[t] + calt]) cr[X, z t]
y y Z, el

cosh(xcy[t] + yCo[t] + zca[t] + ca[t]) cs[t] + Sinh(x cy[t] + Yy Co[t] + ZC3[t] + cy4[t]) Co[t]

cosh(Xcy[t] + yco[t] + zcs[t] + calt]) c7[Xx, v, t]

phi(x, y, z, ) - ;
cosh(x cy[t] + yCo[t] + zcs[t] + calt]) cs[t] + sinh(xcy[t] + y Co[t] + zC3[t] + C4[t]) Co[t]

cosh(X cy[t] + yCo[t] + zCa[t] + ca[t]) pO(1)
phi(x, y, z, t) »

cosh(xcy[t] + yCo[t] + zca[t] + ca[t]) cs[t] + Sinh(x cy[t] + y Co[t] + ZCa[t] + c4[t]) Co[t]
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Calculating wO using Equation 27

This calculation compares the differing solutionsfor «0. It isinteresting to note that the ratios

CliI'It] areall equal fori=1,2,3

1t
Two solutions are possible

(2) al the C[i][t] are equal or

(2) CJi][t] does not depend on time

clh

w0l = -2
al
%

w2 = -2
a2
@

w03 =->"
a3

Simplify[w03 — w02]
Simplify[w02 — w01]
Simplify[w03 — w01]
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{[c . ( (cs[t] + tanh(x c1[t] + y Co[t] + zCa[t] + ca[t]) Ce[t]) €1’ (1) . Cy[t] (cs[t] + tanh(x c1[t] + y Co[t] + zCa[t] + ca[t]) Ce[t]) Ca'(1)
3ltl |- _
calt] calt]?

1
ﬁcl[t] (Calt] (X €1/ (1) + Y €' (1) + ZC5'(1) + Ca' (1)) SeCh?(X Ca[t] + Y Ca[t] + ZC3[t] + Calt]) + Cs'(1) +
3

tanh(x cy[t] + y Co[t] + ZCs[t] + Ca[t]) Ce'(t))])/(cﬂt] (Cs[t] + tanh(x ca[t] + y C[t] + zCa[t] + Calt]) Co[t])),

(C il [ (cs[t] + tanh(x c1[t] + y Co[t] + ZCa[t] + c4[t]) (Co[t] + tanh(x c1[t] + Y Co[t] + zCa[t] + Ca[t]) c7[t]) C1' (1) .
’ calt]
cy[t] (cs[t] + tanh(x c1[t] + y Co[t] + zCa[t] + Ca[t]) (Ca[t] + tanh(x c1[t] + y Co[t] + zCa[t] + CaltD c7[th) c3’(h) 1

calt]? Calt]
ci[t] ((Ce[t] +tanh(x cy[t] + y Calt] + ZCa[t] + Calt]) C7[t]) (X €1/ (1) + Y €' (1) + ZC3' (1) + €4’ (1)) sech®(xCa[t] + Y Ca[t] +
ZC3[t] + C4[t]) + C5'(t) + tanh(x Cy[t] + Y Ca[t] + ZCa[t] + Calt]) (C7[t] (X Cy'(1) + Y &2/ (1) + ZC5'(t) + C4'(1))

sech?(X Cy[t] + Y Colt] + ZCalt] + Calt]) + Cg'(t) + tanh(X Cy[t] + Y Calt] + ZCalt] + Ca[t]) cf(t)))]) /
(Ca[t] (cs[t] + tanh(x c1[t] + y Co[t] + zCa[t] + Ca[t]) (Ca[t] + tanh(x ce[t] + y Co[t] + ZCa[t] + C4[t]) C7[t]))),

1
(Cs[t] [— W(Cs[t] + tanh(x c[t] + y co[t] + zc3[t] + calt])
3

(cs[t] + tanh(x c1[t] + y Co[t] + zCa[t] + Ca[t]) (C7[t] + tanh(x cy[t] + y Co[t] + zCa[t] + Cat]) Ca[t]))) €1 (1) +

i Cy[t] (cs[t] + tanh(x cy[t] + y Co[t] + ZzCa[t] + Calt]) (C[t] + tanh(X Cy[t] + Yy Co[t] + ZC3[t] + C4[t])
C3

1
(C7lt] + tanh(x ce[t] + Yy Ca[t] + ZCa[t] + calt]) Colt]))) c5' (1) — e
3
ca[t] ((cs[t] + tanh(x ce[t] + y Co[t] + ZCa[t] + Calt]) (C7[t] + tanh(x Ca[t] + Y Co[t] + ZCa[t] + Calt]) Ca[t]) (X €1/ (1) +
yC2'(t) + ZC5'(1) + C4' (1) Sech®(X Cy[t] + Y Co[t] + ZCa[t] + Ca[t]) + C5' (1) + tanh(X Cy[t] + Y Co[t] + ZCa[t] + Calt])
((c71t] + tanh(x ¢y [t] + y Ca[t] + ZCa[t] + Calt]) Calt]) (X C1'(1) + Y €' (1) + ZC3'(1) + C' (1)) Sech’(X Ca[t] + Y Co[t] + 2
Calt] + Calt]) + ' () + tanh(x ca[t] + Yy Ca[t] + ZC3[t] + Calt]) (Calt] (XCr'(1) + Y &' (1) + ZC'(1) + €4 (1)

sech?(X Cy[t] + Y Colt] + ZCa[t] + Calt]) + C7/(t) + tanh(X C4[t] + Y Calt] + ZCa[t] + Calt]) cg’(t))))]] /

(ca[t] (cs[t] + tanh(x ce[t] + Y Co[t] + ZC3[t] + Ca[t]) (Co[t] + tanh(x C1[t] + Y Co[t] + ZCa[t] + c4[t])
(C7[t] + tanh(x cy[t] + y Co[t] + Zcs[t] + Calt]) Cs[t]))))}

{Cz'(t) ~ c3'(t) c'(b) ~ cs'(t) c'(t) ~ Cs'(t)}
Gl caltl’ cltl  calt]” Goft]l  calt]

g’ oM o' b o'l O
{cl[t] Dot altl cltl altl Cz[t]}
GO GO O GO o) O
{cl[t] Dol altl ol cltl Cs[t]}




Appendix B — Solutions with
General Function Series

This model presents a full solution for the background em problem using an unspecifed series form. It appears that and power
series in a general wave-like function would satisfy the equations in general. Consistency checks have been preformed on
variables that can be calculated in more than one way.

<< "VectorAnalysis™
SetCoordinatex(Cartesian(x, Y, 2));

m AssumedForm for A

Assume that the wave number vector and frequency are constants.

K
(D) A=Z ot (F[kex+ky y+ ko 2= vit])'{ .21}
mo=0;
m=4;
f(X,y,z 1) =gkxx+ky y+kzz+t(-p));

m o dn)kx f(x, y, z )"
Y, z0= ) r=2,

n=mo kz

m o d(nyky f(x,y, z t)"
ay(x, y,z t)= Z - :

n=mo

m

az(x, ¥,z t) = Z din) f(x, y,z D"

n=mo
al = ax(x, Y, z t);
a2 =ay(x, Yy, z t);
a3 = az(x, y, z t);
a={al, a2, a3};

m Equations 24is satisfied
Null

Equation (24) is a three component equation given by

2 Ajok A=A0; Aj  where{i,j=1,2,3}in cyclic permutation.
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odal odal

- 0az aa2
eqn2 = S|mpI|fy[a—X a3 - E al= 0]

. r0a3 0a3
eqn3 = Smpllfy[a—yal— E a2 = 0]

True
True

True

m Calculating w

w iscaculated using one part of each of the equations eguations (21), (22), and (23)
dal

1 FuIISimpIify[ E]
wl = -,
a2

@
w2 = Fullsimplify[ - —=];
a3t

@
w3 = FullSimplify[- ”—1]
a

w = {wl, w2, w3}

{~(kx(4d@ gkxx+ ky y + kzz—t #)* + 3d(3) g(kx x + ky y + kzz—t B)* + 2d(2) g(kx X+ ky y + kzz— t §) + d(1))
g'(kxx+kyy+ kzz—tﬁ))/(d(0)+g(kxx+ kyy+kzz-tp)
d@D) +gkxx+kyy+kzz—tB)(d(2) + gtkxx+ kyy+kzz-tB)(d(3) +d(4) glkxx+ ky y+kzz—-1tp))))),
—(ky(4d(4) g(kx X+ ky y + kzz—tﬁ)3+3d(3) g(kx X+ ky y + kzz—tﬁ)2+2d(2) g(kx X+ ky y + kzz—tﬂ)+d(1))
g'(kxx+kyy+kzz-tp))/(d©0) +gkxx+kyy+kzz—tp)
d@D +gkxx+kyy+kzz—t£)(d(2) + gtkxx+ kyy+kzz-tB) (d(3) + d(4) g(kx x+ ky y + kzz—t 8))))),
—(kz(4d@ gkxx+ ky y+ kzz-t ) +3d(3) glkx x+ Ky y + kzz-t §)* + 2d(2) g(kx x + ky y + kzz— t ) + d(1))
g'(kxx+kyy+ kzz—t,B))/(d(O)+g(kxx+ kyy+kzz-tp)
d@) + gkxx+kyy+kzz—tB)(d(2) + glkx X+ ky y+ kzz—t 8) (d(3) + d(4) g(kx X + Ky y + kzz—tﬂ)))))}

m Solution Check on w

w isverified using the second part of each of the equations equations (21), (22), and (23)
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611
wll = Simplify[— z];
a3
@
w22 = Smplify|- %]
E

w33 = Simplify|- %];

Simplify[wll — w1]
Simplify[w22 — w2]
Simplify[w33 — w3]

0
0

0

m Calculating wo from equation 27 with verification from three components of A

Null

wo i s cal cul ated for each conponent A and t hen checked for consi stency. (3) wo =

6 "
LA for eachi =1, 2, 3

a1
at
w01 = Simplify| - —
plify]- =]
oa2
S at
w02 = Simplify|— —/;
- %]
a3
T at 7.
w03 = Smpllfy[— gl
Simplify[w03 — w02]
Simplify[w02 — w01]

(B(4d@ gkx x+ky y+kzz-t£)> +3d(3) glkx X+ ky y + kzz—t §)° + 2d(2) g(kx X + Ky y + kzz— t ) + d(1)
g'(kxx+kyy+kzz—tp))/(d@ gkxx+ky y+kzz—tg)* + d@) gkx x+ ky y + kzz-t §)° +
d(2) gtkx x+ ky y + kzz—tﬁ)2+d(1)g(kxx+ kyy+ kzz—t,8)+d(0))
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= Null

The calculation of the scalar potential ¢ is aso redundant. Itisgivenin general by equation (26) repeated here
(4  Y¢-wp=0

This produces three equations with a different constant of integration for each one. The solutionsfor ¢ are equated, resulting aa
single constant of integration which may be a function of time. Once thisis done, the solution is self-consistent.

aphi(x, y, z t)
X
Simplify[DSolveleqn4 = O, phi(x, Y, z, 1), {X, Y, z, B11I1IT1];

pl=phix, y,z 1) /. %;

ppl=pl/.cily, z t] » ¢0(t)
aphi2(x, y, z, t)

eqnd = Simplify[ —wlphi(x,y, z, t)];

egn5 = Simplify[ - w2phi2(x, y, z, t)];

Simplify[DSolveleqn5 = O, phi2(x, vy, z, 1), {X, vy, z, 11I11I1T;
p2 = phi2(x, y,z 1) /. %;
pp2 = Simplify[p2 /. ci[X, z, t] = ¢0®)];

aphi3(x, y, z, t)
z

eqné = Simplify[ - w3phi3(x, y, z, t)];

Simplify[DSolve[egn6 = O, phi3(x, Y, z, t), {X, v, z, }11[1I11];

p3 =phi3(x, ¥,z 1) /. %;

pp3=p3/. cilx, y, th = ¢0M);

Simplify[pp2 - pp1]

Simplify[pp3 - pp2]

#0(t) / (d(4) gkx x+ ky y + kzz—t §)* + d(3) g(kx x + ky y + kzz— t B)° +
d@ gkxx+kyy+kzz—t 8% +d(1) gkx x+ ky y + kzz—t B) + d(O))



Appendix C - Energy Calculation

Abstract

This model presents an energy density calculaaaation for the background em problem using a travelling wave form for the
magnetic vector potential A. Constant values for the wave number and frequency have been assumed.

Thesolutionfor thetravellingwave assumption for the magnetic vector potential is given by thefollowingequations.

A= { kx g(kx x+ky y+kz z-t B)  ky g(kx x+Kky y+kz z—t 8)
- kz ’ kz
6= $o
T g(kx x+ky y+kzz-t §)

, gkx X+ ky y + kzz—t,B)}

_ kx g’ (kx X+Ky y+kz z—t ) Ky g’ (kx x+Ky y+kz z—t ) kz g’ (kx x+ky y+kz z—t B)
- {_ g(kx x+ky y+kzz-t ) '’ - g(kx x+ky y+kz z—t B) - g(kx x+ky y+kz z—t B) }

B9 [kx x+ky y+kz z-t ]

Wo =-— glkx x+ky y+kz z—t ]

2 ((kx*+(ky?+k2?) ko +ky*+kz* +ky? kz?) ¢+ (ko+ky?+kz%) B7) glkx x+ky y+kz -t B)* ' (kx x+ky y+kz z-t B)°—k2? ((ko+ky?+kz?) 2+ %) 92 ' (kx x+ky y+kz z-t )]

u=
c* kz? g(kx x+ky y+kz z-t B)* g

. { kx (kx+ky?+kz%) B o' [kx x+ky y+kz -t il N kx B 62 o' [kx x+Ky y+kz z—t BT
B Kz 1o 2 glkx x+ky y+kzz-t B1 iy

ky (oG +ky?+k2?) B o [kx x+ky yrkzz-t B Ky Bo2 g/[kxx+ky yrkzz-t B2 (kxP+ky?+k2?) Bg[kx xky yrkzz—t 87 kz B¢R o' [kx x+Ky y+kz z—t B }
k2% o 2 glkx x+ky y+kz z—t 1 prg kz po 2 glkx x+ky y+kz z—t B1* g

In[1]:=
PageBr eakBel ow;
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Calculation of Potentials

In[2]:=
<< VectorAnal ysis®
Set Coordi nates [Cartesian[x, vy, z]1;

m Assumed Form for A

4= ax[X, y, z, t]1 =kX/kz*g[kx*X +Ky *y +kz*xz -B*t];
ay[x, ¥y, z, t]1 =ky/kz+g[kx*X +Ky *y +Kkz*z -B«t];
az[X, Y, z, t]1 =g[kx*X +ky xy +kz*z -B*t];

al =ax[x, VY, z, t];

a2 =ay[x, VY, z, t];

a3 =az[x, vy, z, tJ];

a={al, a2, a3}

jo=dixlz,y, z, t],jyIx, y, z, t1, jzIx, y, z, t]};

eqnl = D[al, z] xa2 - D[al, y] *a3;
eqgn2 = D[a2, x] *a3 - D[a2, z] xal,
eqn3 = D[a3, y] xal - D[a3, x] *a2,
eqn = {egnl == 0, egn2 =0, eqn3 =0}

kx g[kxx +kyy+kzz-t 3] Kkyg[lkxx+kyy+kzz-t 3]

out[10]= , , kx x +k +kzz-t g
ut[10] { Kz Kz g[ yy 1}

ouf1s]= {True, True, True}

The magnetic vector potential isgiven by the following; this expression satisfies equations 24

kxgkxx+kyy+kzz—tB) kygkxx+kyy+kzz-tp)

A= , , g(kxx+kyy+kzz—t
{ = - glkx X+ kyy A

{True, True, True}
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m Calculation of ¢

By combining equations (21) and (25) we get the following equations

d(X,y,zt) % N XYzt _

= X 0 or

dal
m d(xy,zt) _

IP(X,y,Zt)
ax T a2

which easily solvesto

)

pX Y,z )= g(kx x+ky y+kz z-t B)

npiel= eqnphi = D[p[X, y, z, t1, x] + (D[al, z]l=p[x, Yy, z, t1)/as3;
Ful | Sinplify[DSol ve[eqnphi == 0, p[x, Yy, z, t], {X, VY, z, t}1] /.
Cr11[y, z, t] -> Subscript[¢, O]
eqnphia = D[pa[x, Yy, z, t], x] + (D[al, yl=xpa[x, Yy, z, t])/az;
Ful | Simplify[DSol ve[egnphia == 0, pa[x, y, z, t1, {X, y, z, t}1] /.
C[1l]1[y, z, t] -> Subscript[¢, O]

o]
out[17]= {{p[x, Yoz, t] - g[kx X + Ky y0+ kzz-t B3] }}

o
Out[19]= {{pa[xr y. z, t] - g[kXX+ky y0+ kzz -t B] }}

¢ can be generated from two similar equations by using equations (22) and (23) instead of (21). This verifies the consistency of
the calculaion.

In[20]:=
eqnphi 2 = pl[x, y, z, t]xD[a2, x]/al + D[pl[x, vy, z, t], yI;
Ful | Simplify[DSol ve[egnphi2 == 0, pl[Xx, vy, z, t], {X, vy, z, t}1]1 /.
Cr11[x, z, t] -> Subscript[¢, O]
eqnphi 3 = p2[x, y, z, t]=D[a3, x]/al + D[p2[x, Yy, z, t], zl;
Ful | Si nmpli fy[DSol ve[egnphi 3 == 0, p2[x, vy, z, t], {X, vy, z, t}1] /.
CI[1]1[x, y, t]1 -> Subscript[e¢, O]
®o
= 1(x, vy, z, t
otz {{p Dy }%g[kxx+kyy+kzzft/5}}}
®o
= 2(X,y, z, t
ouel {{p Dy 1%g[kxx+kyy+kzz—t/3}”
In[24]:=

o

o[X, Yy, z, t]= ;
g(kxx +kyy +kzz -t B)
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m Calculating w from equations (21),(22), (23)

nesl= wl = -kX *#Q"' [KX*X +Kky xy +kz*z -B*xt]/g[kxXx +kyy +kzz -t B];
w2 = -ky*xg' [Kx*X +Kkyxy +kzxz-Bxt]/g[kxXx +kyy+kzz -t B];
w3 =-kzxg' [KX*X +Kyxy +kzxz-Bxt]/g[kxX +kyy +kzz -t B];
w= {wl, w2, w3}
wl -Full Sinmplify[-D[al, y]/a2];
w2 -Full Sinmplify[-D[a2, z] /a3];
w3 -Ful I Sinmplify[-D[a3, x]/al]l;
{%%%, %%, %}

kx g’ [kx x +kyy +kzz -t 3] ky g’ [kxx +kyy +kzz -t 3] kzg' [kxx+kyy +kzz -t 3]

out[28]= 1 - ) )
izl { glkxx +kyy +kzz -t 3] glkxx +kyy +kzz -t 3] glkxx +kyy +kzz -t ] }

Out[32]= {O. 0, O}

Thevector portion of the spin connection isgiven by the following, and shown to satisfy equations 21, 22, 23

kxg'(kxx+kyy+kzz—-tp) kyg(kxx+kyy+kzz—tpB) kzg'(kxx+kyy+kzz—tp)
_{_ glkxx+kyy+kzz—tB) = gkxx+kyy+kzz—tB) = ghkxx+kyy+kzz—tp) }

{0, 0, 0}
m Calculating wo from equation (27) with verification from three components of A
note alternate for for wg

In[33]:=
wop = Sinplify[-B+g' [kKx*X +ky*xy +kzxz-Bxt]/g[kxx+kyy+kzz-t B]];
woz = D[Log[g[kx x +kyy +kzz -t B]]1, t1;

Wo1 == Wop2

Wo = Wo1

out[3s]= True

BY [kxx +kyy+kzz -t B]

out[36]= -
glkxx +kyy +kzz -t ]

The scalar component of the spin connectionisgiven by thefollowingexpression.

B kxx+kyy+kzz—tpg]
- glkxx+kyy+kzz—1tpg]

wo =

Anadternate expressionfor thisis
olog(g(kx x+ kyy + kzz—t B))
- ot

wo
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= An Observed Relationship betweenw and wqg

ina71= Sinplify[{wl/wo, w2/ wo1, w3/ woi}l]

owor {2, 2

Notethat theratio of thevector spin connectiontothescalar spin connection isthewavevelocity

Wi kx ky kz
{ﬁ’ﬁ’ﬁ}

wo

Energy Density Calculation

m Puthoff Energy Term

In[38]:=
gradai squared =
Sinplify[Dot [Gad[al], Gad[al]] + Dot [Gad[a2], G ad[a2]] + Dot [Gad[a3], G ad[a3]1]];
dai dtsquared = Si npl i fy[Dot [D[a, t], D[a, t111];
ua=Sinmplify[(1/ (2u)) (gradai squared + daidtsquared/c”2)1];

(kx? + ky? + kz?) (kx? + ky? + kz? + E’—i) g [kxx +kyy+kzz -t p]2
Ua_

2 kz? Ho

In[41]:=
ubl=Sinplify[ (D[¢[X, ¥V, z, t], t])"2];
ub2 = Sinplify[Dot [Gad[é[X, ¥, z, t1], Gad[¢[X, vy, z, t11]1];
up=Sinmplify[(1/ (2 *pup*c”2) % (ubl/c”2+ub2))1;

(c (kx® + ky? + kZ°) + B2) 43 9 [kKx X + Ky y + kzz—tp)°

Uy =

2c* glkx x+ ky y + kzz—t B1* uo

The energy density from the Puthoff articleis given by
in44:= energydensity =Sinplify[ua-u¢+p+o[Xx, vy, z, t1];

0o (kx® + ky? + kZ°) (kx2 +ky? +kZ? + %) g'Ikxx+kyy+kzz—t g

u = + —
Pt glkxx+kyy+kzz-1tp] 2kZ% uo

(€2 (k® + ky? + kZ%) + B2) 93 g’ [kx x + Ky y + kzZ— t B

2ct glkxx+ ky y+ kzz—t B1* uo
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m Spin Energy

in4s)= t1 = Dot [wo &, wo a];
t2=(wl*xal)"2+ (w2+*a2)"2 + (w3%xa3)"2;
uaece =Sinmplify[(1/ (2ug)) »(t1/c"2+1t2)7;

(c2 (kx* + ky? + kz*) + (kx? + ky? + kz?) g2) g'[kx X +kyy + kz z -t B]?

UAECE = 5
2c?kz o

nag)= t3 = (wo @[X, Yy, z, t1)"2;
td=(wlxp[X, Y, Z, t]) "2+ (W2*x¢p[X, V¥V, 2, t]) "2+ (w3 *xp[X, ¥, Z, t])"2;
upece = (1/ (2% po*xc™2)) *Sinmplify[t3/cr2+1t4];

(c2 (kx? +ky? + kz?) + B2) g3 g’ [kx x + Ky y + kz z -t B]?

Uy ECE =
2ctglkxx +kyy +kzz -t B1% uo

m Total Energy Density with p being Zero

o u=Full Sinplify[energydensity +uaece -upece] /. p-0;
In[52]:=
u= (2 ((kx* + (Ky” + kZ?) kx® + ky* + kz* + ky? kz%) & + (kx® + Ky + kZ°) %)
gkxx+kyy+kzz—tB)* g’ (kxx+ ky y + kzz—t,B)Z—
kZ” ((kx® + Ky + k2) & + %) 93 0 (kx X+ ky y + kz Z— tﬁ)z)/(c4 kz” g(kx x + Ky y + kzz—t 8)" o)

Power Flux

nB3= Sa=Simplify[(-1/ ) (D[al, t] Gad[al] + D[a2, t] Gad[a2] +D[a3, t] G ad[a3])]

kx (kx2+ky2+kzz) BgIkxx +kyy+kzz -t 312

Out[53]= > ’
Kz o
ky (kx2+ky2+kzz) BY[kxX +kyy+kzz-t p]? (kx2+ky2+k22) BY[kxx+kyy+kzz-t ]2
kz? Ho ’ kz o }
In[54]:=

Se=Simplify[-(1/ (uo*c”2)) Dlo[X, ¥y, z, t], t1Gad[é[x, y, z, t1]]
kx B3 g’ [kxx +kyy +kzz -t 812
om[541:{ :
c2grkxx +kyy +kzz -t 1% 1o

ky Bd3 g [kxXx +kyy+kzz -t 812 kzB¢3g [kxx+kyy+kzz-t p]?

}

c2gikxx +kyy +kzz -t 8% Lo ’ c2gikxx +kyy +kzz -t 8% 1o
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In[55]:=
Spece = Simplify[-(1/ wuo) wo (@al”2 +a2"2 +a3”"2) w]
kx (kx2+ky2+k22)Bg’[kxx+kyy+kzzft/3]2
out[ss]= 1 - :
kZZMo
ky (kx2+ky2+k22)Bg’[kxx+kyy+kzz—tB]2 (kx2+ky2+k22)/39’[kxx+kyy+kzz—t/3]2
kz® Lo ’ kz Lo }
In[56]:=
Sgece =Simplify[-(1/ (uo*Cc"2)) (wowd[X, Yy, z, t]"2)]
kx B3 g/ [kx X +kyy +kzz -t ]2
out[56]= {— ,
c2grkxx +kyy+kzz -t 1% o
ky B3 g/ [kxXx +kyy +kzz -t ]2 kz[jqj%g’[kxx+kyy+kzz—tB]Z}
c2gikxx +kyy +kzz -t 1% 1o ' c2g[kxx +kyy+kzz -t 1% 1o
In[57]:=
StoraL = Sinplify[%%% + %% -%%%-%+d[X, Yy, z, t1j1/.jx[z,y, z, t1-0/.jy[Xx, Yy, z, t] >0 /.
jz[x, Yy, z,t]1-0
{kX (kx® + ky® +kz?) B [kxx +kyy +kzz -t B1° kxBodg [kxx +kyy «kzz -t B]2
out57]= { - + :
kz?2 uo c2gikxx +kyy +kzz -t 1% o
ky (kx® +ky? +kz®) pg' [kxx +kyy +kzz -t B1° Kkype2g kxx «kyy +kzz -t B]2
_ . .
kz? 1o c2gikxx +kyy +kzz -t 1% Lo
(kx2+ky2+k22)Bg’[kxx+kyy+kzz—tB]2 kz/3¢>gg'[kxx+kyy+kzz—t/3}2}
- +
kz 1o c2gikxx +kyy+kzz -t B1* o
In[58]:=

PageBr eakBel ow;



	App-A-B
	Appendix_A_-_Tanh_Solutions_Math_Form
	Appendix_B_-_Solutions_with_General_Function_Series_Math_Form

	Appendix_C-111

