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Introducing Smart Symmetries with application to
grauty related radiation

Jacob M. Manale

Abstract—Local one-parameter point symmetries do not always 1) Invariant Functions inR 2:
lead to readily integrable results. To address this here, a secondaryn R2, we havey = (¢;9), while x = (z,7) andz =
infinitesimal parametetv is introduced, leading to what we term .y), so that
smart symmetries. These enable the transformation of the integrgfé '
into limit expressions, much like Cauchys contour integration. As
proof of validity, we use these type of symmetries to develop a T=¢(x,y,€) (2.4)
procedure for determining frequencies for detecting any material,
depending on the elements constituting it, including metals such &3
Copper, Silver, Gold and Platinum. Here, we give the frequency for g=1v(z,y,€) (2.5)
Platinum.
Expanding (2.4) and (2.5) abouat= 0, in some neighbor-

Keywords—Differential equations, Gravitational waves, Symmetnﬁ ood ofe = 0, gives

analysis.
. o¢ 2
I. INTRODUCTION T=1T+e (g ) +0 (&) (26)
e=0
A NYONE who has ever attempted to use group invariant
. ) . S . and
solutions in practical applications, can attest how difficuft o
it is to do so, primarily because of the unintegrable results the y=y-+e (8_ ) + 0 (52) ) (2.7)
pure Lie approach usually leads to. =0
In here, we introduce a parameterin addition toe. The Letting
parametere maintains the role it has always been used for. )
The new parameter is used to evaluate the integrals, possible §(z,y) = | (28)
through limits and continuity principles. €=0
and
[l. THE THEORETICAL BASIS oY
There are a number of symmetry type in use today. Local one- Oe —o
parameter symmetries are the most popular; hence the choicg .
reduces the expansions to
we made to ground our theory around them.
T=x+¢€€ (:c,y)+0(62) (2.10)
A. Local One-Parameter Type Point Transformations and
To begin, let J=y+en(z,y)+0 (), (2.11)
X = x(x;w,€) (2.1) _
or simply
be a family of invertible transformations of points = =+ el (2,y) (2.12)
(z',---,2N) € R into pointsx = (z',--- ,z) € RY,
with w ande in R, subject to the conditions and
y=y+en(x,y). 2.13
Koo = x 2.2) y=y+en(z,y) (2.13)
. 2) The group generator:
That is, The local one-parameter point transformations in (2.12) and
X (x;w, €) =Xx. (2.3) (2.13) can be rewritten in the form
e=0
These become the regular local one-parameter transformation T=a+e(€(zy)n(2,y) Ve, (2.14)
whenw = 0. The symmetries that follow from these new,,
new symmetries differs from the original local one-parameter g=y+e(z,y):n(x,y) - Vy, (2.15)

symmetries by this parameter as discussed in texts like [1]
and [2], and the rules that gorven them holds so long as theso that
conditionw = 0 holds, as outlined below.

z=(1+el(2,y)in(ry) V) (2.16)
J.M. Manale is with the Department of Mathematical Sciences d
University of South Africa, Pretoria, 0003, South Africa: (seean
http://www.unisa.ac.za/Default.asp ). g=14+e(z,y);n(x,y)) V)y. (2.17)
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An operator,

G= (5(3379);77(3079))'V7
or

0 0
G:é.(xﬂy)%+n(xay)8_ya

can then be introduced, so that (2.12) and (2.13) assume the

form
(@) = (1 + €G) (z;y).
3) Prolongations formulas :

In determining the prolongations, it is convenient to use the ¢2

operator of total differentiation

0 0 0
D=2 1 Y n Y
8m+y6y+y 0y’+ ’
where )
/_d_y //_dy

Y= T dx?’

The derivatives of the transformed point is then

y=2
dz’
Since
T=x+e and §=y+ en,
then

_,_ dy+edn
V' = o+ ede
That is,
_, _dy/dx + edn/dx
 dx/dr + ed€/dx
Now introducing the operatab:

o _y+eDm) (Y +eD(m)( - eD(E))

- 1+eD(§) 1—€e*(D(¢))?
Hence

Y =) —y'D(E) — E(D(E))
1= (D)2 |

That is,
7 =y +eDmn) -y D),
or
7=y +eC,
with

¢t =D(n) —y'D(&).
It expands into
Cl =Nz + (ny - §¢)yl - y12€y-
The first prolongation of> is then
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(2.28)
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(2.30)

(2.31)

(2.32)
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0

0 0
1 — — — = 2.
G €(fc,y)ax +77(x,y)8y +¢ oy (2.3)
For the second prolongation, we have
—1n y” + GD(Cl) ~ ! 2
Y _71+6D(€) ~y' +eC”, (2.34)
with
¢ =D(¢") —y"D(&). (2.35)

This expands into

Naa + (277:cy - &u)y' + (77yy - 2€:cy)yl2

ylgfyy + (ny — 28, — 3y,€y>y”~ (2.36)
The second prolongation @ is then
0 0 0 0
2 — — — + =+ = (237
G €(w,y)ax+n(x7y)ay+< ay,+< G (237)

Most applications involve up to second order derivatives.

4) Lie equations :

One-parameter groups are obtained by their generators by
means ofLie’s theorem:

Theorem 1: Given the infinitesimal transformations (2.1) or
its symbolG, the corresponding one-parameter grodp is
obtained by solution of theie equations

dz* PO du® 0
=d@w), =@,
subject to the initial conditions

T'lamo = 2", U|a=0 =u".

B. Our integration procedure

Anyone who has ever used Lie’s group symmetrical meth-
ods to solve differential equations [3], knows the danger
that afflicts this approach. One could end with beautifully
looking solutions, but an impractical because they be based on
unsubstantiated assumptions. The reason for such assumptions
being easy integration. Some such examples can be found in
[4] and [5], and a lot more in [6].

To avert this for one parameter local point transformations

X = P(x,€), (2.38)

we introduce the parametar, in addition toe, so that the
transformation assumes the form

X = ¢(x, €,w). (2.39)

This is not to be confused with the two-parameters local
point transformations. The parameterdoes is not involved

in determining the symmetry generators. Instead, it is allowed
to enter the infinitesimals of the generators. The result is that
integrals evaluated through the simple formula

b N b
/ fz)da = [Z Gif(x)g

]7
w=0a

where¢; ! = & ! (z,w) is the inverse function of the infinites-
imal &; = & (z,w), obtained by solving the Lie equations.
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Theorem 2:Supmwse ¢ : [a,b] — R is a continuous for each. We just want enough information that would allow
and differentiable function, and is a solution of the differa formula forG to emerge. Applying Newton’s mechanics to
ential equationf(z, ¢(x), ¢'(x),¢”(z)) = 0 on [«,3] C a single atom does not really help much. Applying it to the
[a,b]. Then it holds on[a, 8] U R\ [a,5] C [a,b] if charges in the atom does make a differenéeemerges. The
™ ()p™ () D) (a) 1) (a) > 0. If these conditions simplest atom is the element Hydrogen. We only have two
hold, then objects to work with. It is possible to go beyond this level,

n mtl et 1 m but that would generate too much information, more than what
o' )(€)¢>( ! )(@ — o )(€)¢>( )(@ =0 (2.40) we bargained for. We would be overwhelmed.

A special case of this theorem, useful here, with= 0 and 1) The classical approach:

n = 1 assumes the form Let us suppose that the positions of two atoms,and

Theorem 3:Suppose¢ : [a,b] — R is a continuous ps, in an object are given by the pointsXy,Y:, Z;) and
and differentiable function, and is a solution of the differfXs, Y2, Z5) with respect to some reference point. Let us
ential equationf(z, ¢(x), ¢'(x),¢”(z)) = 0 on [«,3] C also suppose that when the object is in motion with velocity
[a,b]. Then it holds on[a,8] U R\ [, 3] C Ja,b] if (v,0,0) with respect to the same reference point, then the
B(a)d' ()¢ (a)p® (a) > 0. If these conditions hold, then same atoms assume the positiéns, y1, 1) and (za, y2, 22).

Ve 3 In Newtonian mechanics, the distance between the atoms is
0" (€)¢'(€) — 6V (€)9(&) = 0. (2.41) 1ot affected by this. That is,

Its proof is as follows:

Supposep(a) — ¢(8)]¢’ (o) < 0. Then this implies that (X1, Y1, 21) = (X2, Y2, 25|
either (o) — ¢(8) < 0 and ¢/(a) > 0 or ¢(a) — 4(8) > 0 = [|(z1,y1,21) — (22,92, 22)||. (3.42)
and¢’ () < 0. The first case implies thai(x) has a maximum
on (a, B), meaning there exists € («, 8) such thaty(§) =
0. The second case impliegz) has a minimum on«, ), - )
meaning there exist§ € (ZM,B; such that¢(§) = (r)( Th?at 2)_ Rel_a'E|V|st|c ?‘Ppr_oa"h- L .
is, [6(c) — ¢(8)]¢'(a) < 0 implies there existg € (a, 3) Elngtelns relat|y|st|c me_chanlcs is punted as a viable al-
such thaté(¢) = 0. Similarly, [¢(a) — ¢ (8)]6® (a) < 0 ternative. According to this theory, there should be length

implies there existg) € («, 8) such that¢”(n) = 0. If then coniraction. That is,

We do not agree with this. The general belief is that this is
the case whem << c.

¢ and ¢ have a common root i, 8), thenn = €. If 3 is (X1, Y1, Z1) — (X2, Y2, Zo)||
chosen to coincide witl§, we have¢(a)d’'(a) < 0 implying S ) ) (3.43)
#(¢) = 0 and ¢//(a)¢(3)(a) < 0 implying ¢”(¢) = 0. Or (21,91, 21) — (22,92, 22)][, .

simply ¢(a)¢’(a)¢” (2)¢!®) () > 0 implying ¢(€) = 0 and  for 4 £ 0. And this led toE = mc2, and many benefits for

¢”(§) = 0. By L'Hospital's rule, this means)”(£)¢'(£) — mankind. We partially agree with this view.

¢ (€)¢(€) = 0. Since¢ is a continuous and differentiable  3) our view:

on (a, b), it follows then from the Taylor series expansion that o pelief is that the positions of the atomsandp, should

¢ and¢” have infinite number of roots ofu, b), meaning the e referenced with respect to the galactic center. The position

result in (2.41) extends tov, 5] U R \ [a, 5] C [a,b], which  of the reference point does not matter in Newton and Einstein's

completes the proof. For a more detailed applications of thgechanics. It does here. Any other reference point will lead

above see [7], [8], [9], [10], [11] and [12]. to inaccurate results. It then becomes possible to understand

Newton’s gravitational law in terms of electrodynamic vari-

IIl. GRAVITY RELATED RADIATION ables, and deduce a formula f6t The distance between the

We are of the view that while Newton’s mechanics has beatoms oscillates between (3.43) and

successfully applied to a wide variety of areas, it is thide

variety that makes it difficult to understand through it. (X1, Y1, Z1) = (X2, Y2, Z2)

Newton's mechanics can be used to accurately predict the < ||(z1,91,21) — (2, Y2, 22)||- (3.44)

motions of satellites. For us, this mechanics does not re

explain how they move. For a solid object in motion witho

spin, Newton’s mechanics is usually used to describe t

average motion. The interest is not on the motion of t

?#Yw value of||(z1,y1,21) — (z2,y2, 22)|| IS not necessarily
WQat Einstein calculated it to be. This view is not really
ew, except for the galactic center priority. The continuum

individual atoms. While this is understandable, it would n ypothes_is exp_lains this very w_ell, jus_t that it is unheard
be wise to account for the motion of the individual atoms inu%? havg it applied to an object in mo'Flon, or not having a
satellite or a moving truck, but the sacrifice is huge. The tr flancmg force. A.‘” that we havg to QO is replace the material
picture gets forgotten, and is replaced by Newton'’s averagg ements of Continuum mechanic with atoms.
It then becomes impossible to explain concepts (ke

B. Newton's mass based formula for gravity

A. Formulation of the model In his universal gravitation law, Newton maintained that

We are not really interested in exactly how this motioevery particle of matter in the universe attracts every other
happens. There are just too many atoms in an object to accopautticle with a force that is directly proportional to the product
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of the masses of the particles and inversely proportinal to tAecording to Newton’s third law
square of the distance between them. That is,

mi m Fpe +Fep =0; (3.54)
_ 1 M2 A
Fy = —Gn 2 d;. (3.45) hence,
This is called the universal gravitation law, ard is the d?(mpr, + mer.)
parameter whose formula we are interested in. Applied to two di2 =Fp+Fe. (3.%5)

Hydrqgen atoms of massy = m;, +m. each, separated byUsing the result in (3.49), the preceding equation may be
the distance-, we have

written as
- mi\? PR
Fy = -GN (T) d;. (3.46) (mp +me)ﬁ =F. (3.56)
This was viewed as a two body problem, in that there ACnce
two bodies, one has mass; and the othems, much like ’ )
the Earth and the Moon. Our quest here is to understand the Md R _ F. (3.57)
constantG in the law, and this two body does not help us dt?

much in this regard. For us, this should be seen as a mamyereF = F, + F., and M = m, + m.. This is the first
body problem, in that the Earth has infinitely many atoms, amd the equations we are interested in. To get the second, we
so does the Moon. This complicated picture can be simplifieaultiply (3.47) bym. and (3.48) bym, and subtract:
by considering the gravitational force between two hydrogen 9 9
L. . d°r d°r,

atoms. This is a four body problem, in that each atom has two mempd—; —MpMe s =
subatomic particles, each with its own mass. The atom on its moF +tm F. —m Ft L F (3.58)
own is a two body problem. er o pe pre prepr '

The two body problem analysis can be found in many texts$,can be rewritten as This is the first of the equations we are
including [13] and [14]. We briefly outline it below for easyinterested in. To get the second, we multiply (3.47 ykbyand

reference. (3.47) bym, and subtract:
1) The two-body problem for a Hydrogen atom : 9
. I . d*(rp, —r.)
Let us consider a system consisting of two bodies of mass mem”# =

m, andm, at distances, andr. from the galactic centr®.
Let F, andF. be the external forces acting on, andm.,

respectively, whileF,,. is the internal force acting on bodyDividing by m. + m, and using the result in (3.50):
m,, due tom., andF,, the internal force acting on body:.

meF, — mpFe + (me + myp)Fpe. (3.59)

mem, d*r

due tom,,. — =
According to Newton’s second law, the motionof the two Me ‘1F my dt
bodies may be written as (meFp — myFe) + Fe. (3.60)
d’r, Me + Mp
Mp~g2 = Fp+ Fpe, (347) Introducing the quantityu, called the reduced mass, and
and defined by
mem
d’r, =—F 3.61
med—; =F.+F. (348) # Me + My ( )
The centre of mass coordinaRe is given by reduces the preceding equation into
2
_ MmpTp + Ml dr _ meky — myFe +F 362
R= 77% rpmpan (3.49) M e + M pe- (3.62)

and the relative coordinateis given by C. Our magnetism based gravity

I="rIp—Tre. 3:50)  our hypothesis is thaan atom has a velocity relative to
The inverse transformation are given by the centre of the universe; each individual charge in the atom
Me then has a magnetic field; the nett sum of these fields at any
re=R+ e (3.51) point is not zero This non-zero sum is what we believe is the
P © source of gravity. We will now build this up for two Hydrogen
and atoms, a distance apart.
r,=R— Mp . (352) Let r, be the position vector relative to the centre of the
My + Me universe for a proton in a Hydrogen atom. The velocity is then
To transform the equations from, andr, to R, we add Tp- Its magnetic field3,, at positiona,, occupied by a proton
(3.47) and (3.48); that is of another Hydrogen, is then
2 2 po . dpp
mpdd% + me% =F, +F, +F. +F,. (353 Brp = Gz T X g (3.63)
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Magnetic field of the electron at the same point is

_ Ho . de,p
Be,p— —Eerexﬁ.
The sum of the two gives
Ho < P,p devp)
= — Iy X —= —Te X ,
4 dg,p dg',p
or
_ Mo ({ dp,p de,p)
= = re+ul X —= — 1, .
47 dgyp dgp
That is,
B =
d d d.
Bo <u X —g’p +F. X (—g’p - —3’p>> ,
47 dm, dm, de’p
whereu =r, — ..
From the Biot-Savart law:
F=qvxB,

International Journal of Mathematical and Computational Methods

(3.64)

(3.65)

(3.66)

(3.67)

the force on the second proton moving with velocitys

Ho
“eq

dp-p)
vxux 22
4 < dgyp

d
(v X Fe X (# -
dpap

47 q

dE,p
3
deyp

)

(3.68)

The identitya x b x ¢ = (a- ¢)b — (a - b)c reduces it to

_ ko dpp dpp

F, = o ¢4 ((dfw-v)u—(v U)dg,p
. d d.

+ Z—Oeq(vxrex(ﬁ—d;p)).
& Pip ep

The force on the electron is then

)

Ho de,e de,e
Ho . de,e dp,e
+ f2ea (vxnx <d d>)

- . : . _an
This is our impression of a force between two electrically

neutral objects.

D. The fifth, sixth and seventh force
The are three other forces from (3.70):

Fi23 = Z—; = ((v-al)u)
+ Z—;z—j ((v-&)fe)
- j—z (e v)d),

ISSN: 2367-895X
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(3.71)
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They point to three different new directions. These do not
surprise. The possibility of a fifth force has long being
suspected, see [15] and [16].

It is also assumed that the two Hydrogen atoms are moving
at the same speed, and in the same direction, hence

v =02 (3.72)
FromFy = Fgys, we have

mi mo a 1o ev?
1 = |=

52 4 [s} di.

We replaced~y with G, just to able to compare because our
G is not really a constant, as equation (4.80) below suggests.

-G

(3.73)

IV. DETERMINING v

It is assumed that the electron and proton are held together to
form the hydrogen atom by some for#g,, which could be
described through Coulomb potential or the Yukawa potential.

A. Condition condusive for easy evaluation®@f
The special case in which

meF, —m,F,

=0, (4.74)
Me + My
reduces the equation to
d’r

That is the case when the two Hydrogen atoms are far apart,
because the gravitation diminishes with distance.

B. The internal forceF., = —F .

HereF., is given by Coulomb’s law:

- el
o 47T€() S '

That is, to findu and hence>, we have to solve the system
constituted by

F,

ep

(4.76)

d?s

MpMe

1 e12
—re ~ 2= _ - 4.77
mp+me dt? 47’(’6() |:S:| ’ ( )
ds
= — 4.
. (4.78)
d
ev 2
¢ =1 [—] (4.79)
47 mpgyg
These can be put together to give
2 2
G <_7T> G
Mo /) U
LM (L)Q (imﬁm_e) 1_,
2 \mpy dme mpme v
(4.80)

with G = G(t, s, v).
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One other condition thaty has b satisfy is that gravity Its parameters are given by

fields travel a the speed of light. That is,
Vss = CQUtt;

wherec is the speed of light.
The equation (4.77) solves into

2

v %
— =A+ =
2 + S
It simplifies further into
W
=B t)— =
s = Beos(ft) - 7,
or
v = —DBfsin(ft),
giving
Vit = *fQUa
with
243
f )
W
where
_v_ ok
o 2 SQ7

and sy represents the ground state of the Hydrogen atom.
Substitutingvss and vy into (4.81) leads to the quintic

equation (5.91).

V. A LIE GROUP SYMMETRICAL SOLUTION
After a lengthy analysis, one of the symmetries of the equation

leads to a simple solution of the form
G = Gy cos(ft),
with f given by

Gy =

(4.81)

(4.82)

(4.83)

(4.84)

(4.85)

(4.95)

(4.87)

(5.88)

(5.99)

(5.90)

The parametep is given by the quintic equation in?:

0451)10 + Oé4’l)8 + 0431)6 + 0421)4 + 041’02 + ap = 0.

ISSN: 2367-895X

(5.91)
45

ag = —4u’,
a1 = 88()#3,
Qg = 786280M ,
as = 12c2s3u7,
oy = —GCQSgu,
as = s

andp = —K.(e7)?/9. with the physical parameters

G = 6.67259% 107 1'Nm?/kg?,

gravitational constant from experiment

%(0.52917720859) x A,
Bohr’'s atom size
so = %(0.528) x A,
hypothetical atom size,
e~ = 1.602176487x1071C,
charge of an electrgn
5—7‘; — 1% 10~ "Wh/(A m),
permeability of free space
K. = 8.987551787%10°N/C?,
permittivity of free space,
2.99792458 x 108m/s,

speed of light in vacuum

S0 =

Zy = 1.000794,
mass number of an Hydrogen atom
u = 1.660538782x 107 2"kg,

atomic mass unit
(5.92)

A. A note on the quintic equation (5.91)

The tenth-order equation (5.91) is essentially a quintic in
V =2, and is said to be unsolvable, algebraicly, otherwise it
should have five roots. Lagrange gave up trying to solve the
quintic, because every time he did, it evolved into another of
a much higher degree. A closer look at the analysis reveals
some fascinating observations.

Equation (5.91) can be solved numerically. Settirfg=
V transforms it into a proper quintic equation, say with
solutions/rootsVy, Vo, V3, V4, V5. One then expects the rela-
tion v2 = V x 10P to lead to an equation with solutions
Vi x 107, i =1,2,3,4,5. But there is a value g, at which
the solutions suddenly change. The realisation is that one set
of five solutions is valid fop < pg, another forp > py.

The paragraph above suggests that there could be ten roots
for a single quintic equation. Exploring this line of thought
using other mathematical tools suggests that they are more
forty. This means Lagrange was on the right track. He gave
up too soon.

Volume 1, 2016



International Journal of Mathematical and Computational Methods
J. M. Manale http://www.iaras.org/iaras/journals/ijmcm

B. A calculatedG A. The gravitational frequency of the element Platinum

Solution of the quintic through numerical techniques yields The frequencies of heavier elements like Platinum, Gold and

ten roots. It is only two of them that lead to the correct answéfranium, on the other hand, are easier to measure and validate,
Bohr's atom size gives unfortunately they involve too many calculations because of

the many subatomic particles. Each leads to a many body

v = £6.89696 i x 10~ m/s, (5.93) problem.
The plot provided in Figure 1 is that of Platinum and its
from which the gravitational constant is found to be isotopes. It is in abundance all around us, be it in jewelery
and vehicle exhaust systems. One only has to stand next to a
Gy = 6.656 % 107 ''Nm? /kg*, (5.94) traffic light and see Platinum and Gold peak on a spectrum
analyzer, as cars go by. The Uranium peaks when standing
a 99.8% accuracy. next to mine dumps from mines that used to dig it up.

Our calculations suggest a Hydrogen atom size slightly
larger by about0.2%(what we refer to as the hypothetical
atom size, above). It led to

v = +6.90451 i x 10~ "m//s, (5.95)

from which the gravitational constant is found to be

Gy = 6.671%1071Nm?/kg?, (5.96)

| that f bl ith th . @ 1. A picture of Platinum frequency captured with a Signal ktbu
a value that compares more favorably wi € experimeniaip saq4p spectrum analyzer, emanating from a catalytic converter. The

result at99.98%. calculated frequency ih.88G H z. One of the isotopes in the picture measured
The same effect can be realized by rounding off the BoRf!-85G 2.
obtainedv to 6.9 i * 10719m/s, thus leaving Bohr's model

Intact. VIl. DISCUSSION AND CONCLUSIONS

The objective of this work was to determine a formula for the
V1. APPLICATIONS gravitational constant:. This we did with99.98% accuracy.
The formula is in (5.90) and the calculated value in (5.96).
The formula (5.89) leads to the frequenty.2Hz, which  The accuracy can however be improved through a quantum
we believe is the gravitational frequency for the Hydrogemechanical approach. We used Newton’s mechanics.
atom. Other frequencies could be possible through the forcesrhere were serendipitous results. First, a frequency associ-
suggested in (3.71), ther.2H z has appeared in practise.  ated with Newton’s gravitational force was observed. For the

While studying the electromagnetic radiation in and arounflement Hydrogen, it turned out to b&.2H z, thus answering
the Snowfru pyramids, Khavroshkin and Tsyplakov [17] nahe question for us on why this frequency is always observed in
ticed a peak around th&7H = frequency. They attributed it places where water is in close proximity. Unfortunately, those
to an external influence, that being the local power plangho observed it did not associate it with water or Hydrogen.
generating electricity ai0H z. Their proposition was that the They had their own explanations. This prompted us to seek
17H = frequency is a subharmonic of this frequency, meaning independent justification. We calculated the frequency for
17THz =~ 50Hz/3. Subsequently, they concluded that théhe element Platinum, and succeeded in observing it through a
frequencies falling within the intervall6.5—17.2) Hz can be spectrum analyzer, presented in Figure 1(The calculations are
traced to the frequency attained by the electricity generatorsyf presented here, of course). We chose this element on the
the Aswan hydroelectric power plant, as water passed througiis that it is so common, especially in the part of the world
the turbines. the authors of this contribution are.

Another chance detection of the frequerigy2H z was by ~ Choosingu = v in (3.72) was the right decision to take.
Rakhmanov. This happened while studying the dynamics Bfuation (3.70) then led to an attraction, thus agreeing with
mirrors in laser interferometric gravitational wave detectondewton’s gravitational attraction law. The case= —v should
[18], an antenna that will/is be suspended above earth, dsdd to a repulsion, probably observable at astronomical scales.
will pass over rivers, dams, lakes and oceans. He explaingd astronomical object, say a galaxy, moving in a countering
the origin of the frequency as being indirectly induced by thdirection to others, should experience a repelling force from
electronics. Apparently, this frequency has a dampening effeigém. The three forces in (3.71) would then generate toques
on the motion of the mirrors. in the body, that would then proceed to turn it around. Thus

This frequency is also encountered regularly in motions adiising the dark matter phenomena.
ships, and has been accepted as the natural frequency of thEhere was a third result. The use of Lie’s symmetry group
masts. The cause is attributed to the engines. This exampesoretical methods to solve differential equations analytically
together with the other two, are an empirical confirmations dfas not waned in more than a century, thanks to the practition-
the association of gravitational waves with ordinary mass. ers in pure Mathematics, and analytical tools were absolutely
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necessary in this study. But as anyone in the physical scienfi@$ J.M. Manale. New symmetry solutions to burgers equation (salerno,

can attest, one has to be extra cautious when using this
procedure. Some choose to stray away from it. We thus had

to come up with a modification to the theory, given in (2.39),
and it worked for us: We got a formula far.

complex valuei from the velocityv in (5.93) and (5.95).

traverse.

(17]
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