arXiv:gr-qc/9910036 v8 7 Jun 2000

-XG\OZGZOUT�GTJ�+RKIZXUSGMTKZOYS�!�)UXXKRGZOUT�GTJ�-XGTJ�;TOLOIGZOUT

Fran De Aquino

Physics Department, Maranhão State University, S. Luís, MA, Brazil.

It is demonstrated that gravitational and inertial masses are correlated b yan

electromagnetic factor. Some theoretical consequences of the correlation are: incorporation of

Mach’s principle into Gravitation Theor y; new relativistic expression for the mass ; the

generalization of Newton´s second law for the motion; the deduction of the differential

equation for entrop ydirectl yfrom the Gravitation Theor y. Another fundamental

consequence of the mentioned correlation is that , in specific ultra-high energyconditions, the

gravitational and electromagnetic fields can be described b ythe same Hamiltonian , i.e., in

these circumstances, the yare unified ! S uch conditions can have occurred inclusive in the

Initial Universe , before the first spontaneous breaking of s ymmetr y.

Key Words : Gravitation , QuantumCosmology , Unified Field .

INTRODUCTION

Several experiments

1,2,3,4,5,6 , have been carried out since Newton to try

to establish a correlation between gravitational mass m

g and inertial mass m

i

.

However, onlyrecentlyhas it been discovered that a particle´s gravitational

mass decreases with the increasing temperature and that onlyin absolute zero

(T=0 K) are gravitational mass and inertial mass equivalent 7 .

The purpose of this work is to show that the old suspicion of a

correlation between gravitation and electromagnetismis true. Initially, using

formal techniques let us showing that there is an adimensional electromagnetic

factor which relates gravitational to inertial mass. Afterwards, we will see

fundamental consequences of this correlation, such as, the generalisation of

Newton´s second law for the motion, the deduction of the differential equation

for entropy (second law of Thermodynamics), and the possibilityof the

electromagnetic control of the gravitational mass. In addition, we will see that ,

in specific conditions of ultra-high energy, the gravitational field can be

described bythe same Hamiltonian which allows to describe the

electromagnetic field. Such conditions can have occurred in the initial Universe,

before the first spontaneous breaking of symmetry.

1 . CORRELATION

Using elementaryarguments fromQuantumMechanics, J.F.

Donoghue and B.R. Holstein 7 , have shown that the renormalized mass for

temperature T = 0 is expressed by m

r

= m + d m

o where d m

o is the temperature-

independent mass shift . In addition, for T > 0, mass renormalization leads to the

following expressions for inertial and gravitational masses, respectively:

m

i

= m + d m

o

+ d m

b

; m

g

= m + d m

o

- d m

b

, where d m

b is the temperature-

dependent mass shift .

2

The expression of d m

b obtained byDonoghue and Holstein refers

solelyto thermal radiation. It is then imperative to obtain the generalised

expression for anytype of electromagnetic radiation.

The electromagnetic wave equations in an absorbing medium,

Ñ 2 E +

w 2 m e

[1 + s / w e i ] E = 0 and Ñ 2 H + w 2 m e

[1 + s / w e i ] H =0 (1.01) express the fact that electromagnetic fields of cyclic frequency w , w =2 p f , propagate in a mediumwith electromagnetic characteristics, e , m and s , at speed v = c

ò + 1

] } -

ò

(1.02)

If an electromagnetic radiation with velocity v strikes a particle ( or is emitted froma particle) of rest inertial mass m i

, and U is the electromagnetic energyabsorbed (or emitted) bythe particle, then, according to

Maxwell´s prediction, a mo mentum q=U/v is transferred to it.

Mass shift d m b ,

dependent on the external electromagnetic energy, equals the inertial mass shift dependent on the increment of energyin the particle. Since in this case the inertial mass shift does not depend on the particle´s velocity V , i.e., it is related onlyto the mo mentum q absorbed, it can be obtained bymaking p = 0 in variation D H = H´-H = c [ q 2 + ( m i

c ) 2 ] 1 / 2 - m i

c 2 fromthe particle´s inertial Hamiltonian.Consequently, the expression of d m b ,

is written as:

d m b

= D H / 2 c

( ) i

r r i

m c m

U ï þ

ï ý

ü

- ï î

ï í

ì ï þ

ï ý

ü î

í

ì

+ + + = 1 1 ) / ( 1

2

1

2

2

2

we s

m e

(1.03)

Comparing now the expression of m i

and m g

we have m g

=m i

-2 d m b .

Byreplacing d m b

in this equation, given byequation above, we obtain the expression of the correlation between gravitational mass and inertial mass. i.e.,

( ) i

r r i

i g

m c m

U m m ï þ

ï ý

ü

- ï î

ï í

ì ï þ

ï ý

ü î

í

ì

+ + + - = 1 1 ) / ( 1

2

1 2

2

2

2

we s

m e

(1.04)

We see that onlyin the absence of electromagnetic radiation on the particle ( U=0 ) is the gravitational mass equivalent to the inertial mass.

Note that the electromagnetic characteristics, e , m and s do not refer to the particle, but to the outside mediumaround the particle in which the incident radiation is propagating. For an atom inside a body, the incident radiation on this atomwill be propagating inside the body, and consequently, s = s body

, e = e body

, m = m body

. So , if w << s b o dy

/ e bod y

, equation above reduces to :

a

body body a

a g

m f

c c m

U m m ï þ

ï ý

ü

- ï î

ï í

ì ï þ

ï ý

ü ï î

ï í

ì

+ - = 1

4

1 2

2

2

2 p

s m

(1.05) where m a

is the inertial mass of the atom.

Thus we see that, atoms (or molecules ) can have their gravitational masses stronglyreduced bymeans of extra-low frequency(ELF) radiation.

For the particular case of m r

= e r

@ 1 , w >> s / e and U<<m i

c 2 the expression (1.04) is reduced to:

m g

=

[

1 - ( U/m i

c 2 ) 2 ] m i

(1.06)

In the case of thermal radiation, it is common to relate the energyof photons to temperature, through the relation, < h n > ~ k T where k=1.38 ´ 10 -23 J/K is the Boltzmann´s constant. Thus, in this case, the energy absorbed bythe particle will be U= h < h n > ~ h k T,and equation above may be rewritten as:

m g

= [ 1

- ( h k T/ m i

c 2 ) 2 ] m i

(1.07)

If we take T~ 300 K, and m i

as the electron mass, we will have:

( h k T/ m i

c 2 ) 2

~ 2 . 5 ´ 1 0 - 15 h 2 . For h ~ 0 . 1

, a value is obtained is agreement with that obtained byDonoghue and Holstein, in this case. That is , 2 / 3 p a (T/ m i

) 2 ~

3 ´ 1 0 - 1 7 .

2. FUNDAMENTAL CONSEQUENCES

As we know, Lagrange´s function (or lagrangean) for a particle is expressed by L = - y c [ 1- V 2 /c 2 ] 1/2

, where y characterises the given particle. In

Classical Mechanics, everyparticle is characterised byits mass, so that it was established that y =m i

c .However, as a consequence of new expression of the gravitational mass, we can easilysee that m g

characterises the particles in a more general waythan m i

, thus, we should make y =m g

c .

The ( - ) sign in Lagrange´s function comes fromthe fact that y , in action integral S = - y ò ds , was considered as always positive and, thus, the

( - ) sign was introduced because the aforesaid integral preceded bythe (+) sign could not have a minimu m; preceded bythe ( - ) sign, it manifestlyhas a mini mu malong a world-line.

Nevertheless, with the new expression of y , we see that it may assume positive and negative values, since gravitational mass , as opposed to inertial mass, maybe negative. Consequently, the action for a free particle is:

ò ò - = - = b a g

b a

ds c m ds S || y , (2.01) and the Lagrangean,

2 2 2 / 1 c V c m L g

- - = . (2.02)

It follows fromequation above , that:

p = ¶ L / ¶ V = ½ m g

½ V

[

1 - V 2 / c 2 ] -

ò

(2.03)

F = d p / dt = ½ m g

½

[

1 - V 2 / c 2 ] - ò d V / dt (2.04) or d p / dt = ½ m g

½

[

(1 - V 2 / c 2 ) 3 ] - ò d V / dt

Note that equation (2.04) , in the absence of external electromagnetic fields on the particle ( U = 0), and V<<c , reduces to F =m i

a (Newton´s 2nd

Law).

Frommentioned equation , we deduce the new expression for the inertial forces , i.e. ,

F = ½ M g

½ a (2.05) where

½ M g

½ = ½ m g

½

[

1 -V 2 / c 2 ]

- ò

�

(2.06)

is the new relativistic expression for the mass.

According to the new expression for the inertial forces, we see that

these forces have origin in the gravitational interaction between the bodyand the

other masses of the Universe, just as Mach´s principle predicts. Hence

mentioned expression incorporates the Mach´s principle into Gravitation

Theory, and furthermore reveals that a body´s inertial effects can be reduced

and even annulled if its gravitational mass maybe reduced or annulled,

respectively.

The new relativistic expression for the mass show that , a particle

with null gravitational mass isn’t subject to relativistic effects , because under

these circumstances its gravitational mass doesn’t increase with increasing

velocity.i.e., it stays null independentlyof the particle’s velocity. This means

that , a particle with null gravitational mass , can reach and even surpass the

light speed . It becomes a particle with momentum p = ½ M

g

½ V = 0 and energy

E = ½ M

g

½ c 2 = 0 .There is nothing of stranger with this particle type . In fact ,

we know that theyappear in a natural way, in General Relativity, as solutions

that predict the existence of "ghost" neutrinos 8 . This neutrinos are so called ,

because with mo mentumnull and energynull , theycannot be detected. But

even so , theycan be present because still exists a wave function describing its

presence.

The fact that a non-inertial reference frame is equivalent to a certain

gravitational field (modern version of equivalence principle ) presupposed

m

i º m

g because the inertial forces was expressed by F

i

=m

i a

i

, while the equivalent gravitational forces , by F

g

=m

g a

g

. So, to satisfythe

equivalence a

i

= a

g

, F

i º F

g it was necessary that m

i º m

g .

Now, due to the new expression of the inertial forces, i,e., F = ½ m

g

½ a

i

,

we can easilyverifythat the equivalence a

i º a

g

, F

i º F

g is self-evident, it

no longer being necessarythat m

g º m

i

. In other words, although preserving the

modern version of the equivalence principle (also known as the strong

equivalence principle), the primitive conception of the equivalence principle

(also called the weak equivalence principle) , where the equivalence of the

gravitational and inertial masses was fundamental,is eliminated.

Therefore, once the validityof the equivalence principle is reaffirmed,

the equations of the General RelativityTheorywill obviouslybe preserved.

We define the particle´s energy E to be 9 , E= p.V -L . Thus, by

substituting the equations (2.02) and (2.03) of L and p in this expression,

we obtain:

2 2

2

/ 1

| |

c V c m

E g

-

= (2.07)

Bysquaring the expressions for p and E and comparing them, we

find the following relationship between energyand mo mentumof a particle:

2 2 2 2 2 c m p c E

g

+ = (2.08)

This equation in the form E=c [ p 2 + ( m

g c ) 2 ] 1/2 is the particle´s

gravitational Hamiltonian . It is the expression of particle´s internal energy .

Here, when we say^ particlẽ we are not saying ^ elementarỹ . So,

these equations are equallyvalid for all complex bodies (constituted of several

particles); this way, m

g will be the total mass, and V the velocity of the body.

Therefore, in the case of a particles system, at rest ( p = 0), within

vacuum ( m

r

= e

r

=1, s =0 ), where the external electromagnetic energy U is

only thermal (and U<<m

i c 2 ),the internal energy E of the systemis reduced to:

( )

2

2 2

2

2 2 2 c

m

T

c k

m c m m c m E

i i i g ú ú

û ù

ê ê

ë é

÷

ø ö

ç

è æ

- = - = = h

d

b

, (2.09)

If we consider the expression of d m

b and also m

i

= m + d m

0

+ d m

b

, it is

possible to rewrite this equation in the following form:

( )

T c m

T c m c m E i

i g ¶

¶ ) ( 2

2 2 - = = (2.10)

whence we recognise the inertial Hamiltonian which, as we know, is identified

with the free energy ( F ) of the system,

H = F (2.11)

So, the expression for E can be rewritten in the following form:

T

F

T F E

¶

¶

- = (2.12)

This is a well-known equation of Thermodynamics. On the other hand,

remembering ¶ Q= ¶ t + ¶ E (1st principle of Thermodynamics) and F=E-TS

6

(Helmholtz function), we can easilyobtain fromexpression for E , for a

isolated system ¶ t = 0 , that

¶ Q = T ¶ S . (2.13)

This is the well-known Entropy Differential Equation .

3. UNIFICATION

The k

i

T expression of the energy-mo mentumtensor for a particle

is, as we know, given by k

i k

i c T m m r 2 = where r is the particle´s gravitational

mass density. So, m

g is fundamental for describing the gravitational

field produced bythe particle, because once known k

i

T , we can

derive the gravitational field equation by means : )(

2

1 8

4

T T R k

i k

i c

G k

i d p - = .

As was stated previously, a particle´s gravitational mass can be

expressed in the following form:

( )

2 2 2 2 / 2 ) / ( 2 2 2 cHmcp m c H H m m m m

i i i i g

¢ -

ú û ù

ê ë é

+ + = - ¢ - = - =

b d (3.01)

Thus, we can saythat starting point for describing the gravitational field is,

basicallythe Hamiltonian H´ , given by:

2222 2 c m c m p c c m H H

i b b d d + + = + = ¢ . (3.02)

Particularly, in the case of elementaryparticles in the vacuum ,we can place

e

r

= m

r

= 1 and s = 0 in expression of d m

b

(eq.1.03), so we have:

{ }

2 2 2 2 1 ) / ( 1 cm c m U c m

i i

- + =

b d (3.03)

If U>>m

i c 2 , then d m

b c 2 = U and the expression for H´ will be given by:

U H

c V c m

i

+ = ¢

- 2 2

2

/ 1

(3.04)

The absorbed electromagnetic energy, U , depends on the particle´s

interaction with the electromagnetic field. The properties of the particle are

defined, with respect to its interaction with the electromagnetic field, for only

just one parameter: the particle´s electric charge , Q .On the other hand, the

properties of the field in and of itself are characterized bythe potential , j ,of

the field. So, absorbed electromagnetic energy, U , depends onlyon Q and

j .The product Q j has the dimensions of energy, so that we can write U=Q j

once anyproportionalityfactor can be included in the j expression . So, the

expression for H´ becomes equal to the well-known Hamiltonian,

+

, (3.05)

for a charge Q in an electromagnetic field.

Fro mthis equation its possible obtain a complete description of the

electromagnetic field, because starting fromthis Hamiltonian we can write the

Hamilton-Jacobi equation that allows us to establish the equations of motion

for a charge in an electromagnetic field. The Hamilton-Jacobi equation, as we

know, constitutes the starting point of a general method of integrating the

equations of motion .

Then, we conclude that, when

U>>m

i c 2 , the gravitational field can

be described starting fromthe same Hamiltonian ,which allows description of

the electromagnetic field. This is equivalent to saying that in these

circumstances, the gravitational and electromagnetic fields are unified !

In the GUTs, the Initial Universe was simplified for just two types of

fundamental particles: the boson and the fermion . However, bosons and

fermions are unified in Supergravity : one can be transformed into another , just

as quarks can be transformed into leptons in the GUTs. Thus, in the period

where gravitation and electromagnetismwere unified. (which would have

occurred fromti me zero up to a critical time t

c

@ 10 -43 s after Big-Bang ) , the

Universe should have been extremelysi mple - with just one particle type

( protoparticle ) .

The temperature T of the Universe in the 10 -43 s < t < 10 -23 s period can

be calculated bymeans of the well-known expression 10 T ~ 10 22 (t/10 -23 ) -1/2

.

Everything indicates that, T ~ 10 32 K ( ~ 10 19 GeV) in the t

c instant ( when the

first spontaneous breaking of symmetryoccurred ).

In the 0-t

c period, the electromagnetic energyabsorbed bythe

protoparticles was U ~ h < h n > = h k T>> m

pp c 2 . ( m

pp is the protoparticle´s

inertial mass and h , as we have seen , is a particle-dependent absorption

coefficient) .This means that the gravitational and electromagnetic fields

unification condition ( U >> m

i c 2 ) was satisfied in the aforementioned period, and

consequently the gravitational and electromagnetic interactions were themselves

unified .

APPENDIX A

Here we examine a possible experimental test for equation(1.04).Let us consider

the apparatus in figure 1. The Transformer has the following characteristics:

· Frequency: 60 Hz

· Power : 11.5kVA

· Number of turns of coil : n

1

= 12 , n

2

= 2

· Coil 1 : copper wire 6 AWG

· Coil 2 : ½ inch diameter copper rod (with insulation paint).

· Core area : 502.4 cm 2 ; f = 1 0 inch (Steel).

· Maximu minput voltage : V

1 max = 220 V

· Input impedance : Z

1

= 4.2 W

· Output impedance : Z

2

< 1m W ( ELF antenna impedance : 116 m W )

· Maximu moutput voltage with coupled antenna : 34.8V

· Maximu moutput current with coupled antenna : 300 A

In the system-G the annealed pure iron has an electric conductivity

s

i

= 1.03 ´ 10 7 S/m, magnetic permeability m

i

= 25000 m

0

11 ,thickness 0.6 mm ( to

absorb the ELF radiation produced bythe antenna).The iron powder which

encapsulates the ELF antenna has s

p

» 10 S/m; m

p

» 75 m

0

12 . The antenna

physical length is z

0

= 12 m, see Fig.1c.The power radiated bythe antenna can

be calculated bythe well-known general expression ,for z

0

<< l :

P = ( I

0 w z

0

) 2 / 3 p e v 3 {[1+ ( s / w e ) 2 ] ½ + 1}

where I

0 is the antenna current amplitude ; w = 2 p f ; f =60Hz ; e = e

p

; s = s

p and

v is the wave phase velocity in the iron powder ( given byEquation 1.02 ).

The radiation efficiencye = P / P + P

ohmic is nearly100%.

The atoms of the annealed iron absorb an ELF energy U = h P

a

/f ,

where h is a particle-dependent absorption coefficient ( the maxima h values

occurs, as we know, for the frequencies of the atoḿ s absorption spectrum ) and

P

a is the incident radiation power on the atom; P

a

=DS

a where S

a is the atoḿ s

geometric cross section and D = P/S the radiation power densityon the iron

atom( P is the power radiated bythe antenna and S is the annealed iron toroid

area( S = 0.374 m 2 ,see Fig.1b)) . So, we can write :

U = h S

a

( I

0 z

0

) 2 w / 3S e

i v 3 {[1+ ( s

i

/ w e

i

) 2 ] ½ + 1} .

Consequently, according to Eq.(1.04) , for w << s

i

/ e

i

, t he

gravitational masses of these iron atoms, under these conditions, will be given

by:

m

g

= m

a

- 2 {[1 + 8 ´ 10 - 8 ( m

i s

i s

p

)( m

p

) 3 ( z

0

) 4 I

0

4 ] ½ - 1} m

a

Note that the equation above doesn´t depend on e

p or e

i

.In addition it shows

that the gravitational masses ( m

g

) of the atoms of the annealed iron toroid can

be nullified for a value I

0

» 130A. Above this critical value the gravitational

masses become negatives (anti-gravity).

Connection cables

4/0 AWG 19 wires ; 20 cm

S ystem-G

Transformer

0 220

220 V

Balance INPUT V

60Hz

(a) Experimental set-up

ELF antenna

(dipole elements in superimposed spirals; totallyencapsulated in the iron powder)

Iron powder

Annealed pure iron ; thickness=0.6mm

2½ inch diameter steel toroid

63.5mm

320mm 320mm

(b) Cross section of the System - G

spiral 1(dipole element 1)length=Z

0

/ 2=6m

1

2 2

2 1 2 2 1 2 1 1

2

spiral 2(dipole element 2)length=Z

0

/ 2=6m

Three turns of spiral for each dipole element

( copper rod with insulation paint ; ½ inch diameter )

Antenna Top View

1 2 (c) Spiral antenna arrangement

Fig.1 ˘ Schematic Viewof the Experimental Apparatus

APPENDIX B

It is known that photons have null inertial mass ( m

i

= 0 ) and that

theydo not absorb others photons ( U = 0 ) . So , if we put m

i

= 0 and U = 0 in

Eq.(1.04) , the result is m

g

= 0 .Therefore photons have null gravitational mass .

Let us consider a point source of radiation with power P ,

frequency f and radiation densityat distance r given by D = P /4 p r 2 .Due

to the null gravitational mass of the photons, it must be possible to build a

shield of photons around the source, which will impede the exchange of

gravitons between the particles inside the shield and the rest of the Universe.

The shield begins at distance r

s fromthe source where the radiation densityis

such that there will be a photon in opposition to each incident graviton . This

critical situation occurs when D = hf 2 / S

g

, where S

g is the geometric cross

section of the graviton .Thus r

s is given bythe relation,

r

s

= ( r

g

/ f )( P / h ) 1/2 .

We then see that the ELF radiation are the most appropriate to produce

the shield . It can be easilyshown that, if f << 1mHz , the radiation will traverse

anyparticle . It is not difficult to see that in this case, there will be ^ clouds̃ of

photons around the particles inside the shield . Due to the null gravitational mass

of the photons , these ^ clouds̃ will impede the exchange of gravitons between

the particle inside the^ cloud̃ and the rest of the Universe. Thus, we can saythat

the gravitational mass of the particle will be null with respect to the Universe,

and that the space-time inside the shield (out of the particles)becomes flat or

euclidean . It is clear that the space-time which the particles occupies remains

non-euclidean.

In an euclidean space-time the maximu mspeed of propagation of

the interactions is infinite ( c ® ¥ ) because , as we know, the metrics becomes

from Galilei. Therefore, the interactions are instantaneous . Thus , in this space-

time the speed of photons must be infinite , simplybecause theyare the quanta

of the electromagnetic interaction. So, the speed of photons will be infinite

inside the shield .

On the other hand , the new relativistic expression for mass,

Eq.(2.06) , shows that a particle with null gravitational mass isn´t submitted to

the increase of relativistic mass , because under these circumstances its

gravitational mass doesn’t increase with increasing velocity.i.e., it remains null

independentlyof the particle’s velocity. In addition , the gravitational potential

j = GM

g

/ r for the particle will be null and, consequently, the component

g

00

= - 1 - 2 j / c 2 of the metric tensor will be equal to - 1 .Thus , we will have

ds 2 = g

00

( dx

0

’) 2 = g

00

( icdt’ ) 2 = c 2 ( dt’ ) 2 where t’ is the time in a clock moving

with the particle , and ds 2 = c 2 dt 2 where t is the time indicated bya clock at

rest ( dx = dy = dz = 0 ). Fromthe combination of these two equations we conclude that t’ = t .This means that the particle will be not more

submitted to the relativistic effects predicted in Einstein’s theory. So, it can

reach and even surpass the speed of light .

We can imagine a spacecraft with positive gravitational mass equal

to (m) kg , and negative gravitational mass ( see System-G in appendix A)

equal to - (m - 0.001) kg . It has a shield of photons , as above mentioned. If

the photons, which produce the shield , radiate fromthe surface of the

spacecraft , then the space-time that it occupies remains non-euclidean ,and

consequently, for an observer in this space-time , the total gravitational mass of

the spacecraft, will be | M

g

| = 0.001 kg . Therefore , if its propulsion system

produces F=10N (only) the spacecraft acquires acceleration a = F/ | M

g

| =

10 4 m/s ( see Eq.(2.05)).

Furthermore, due to the ^ cloud̃ of photons around the spacecraft

its gravitational interaction with the Universe will be null , and therefore, we can

saythat its gravitational mass will be null with respect to the Universe.

Consequently, the inertial forces upon the spacecraft will also be null, in

agreement with Eq.2.05 ( Mach´s principle ) .This means that the spacecraft will

lose its inertial properties . In addition, the spacecraft can reach and even

surpass the speed of light because , as we have seen , a particle with null

gravitational mass will be not submitted to the relativistic effects .

REFERENCES

1. Eötvos, R. v. (1890), Math. Natur. Ber. Ungarn , 8 ,65.

2. Zeeman, P. (1917), Proc. Ned. Akad. Wet . , 20 ,542.

3. Eötvos, R. v., Pékar, D., Fekete, E. (1922) Ann. Phys ., 68 ,11.

4. Dicke, R.H. (1963) Experimental Relativity in R̂elativity, Groups and

Topology ~( Les Houches Lectures) , p. 185.

5. Roppl, P.G et. al. (1964) Ann. Phys (N.Y), 26 ,442.

6. Braginskii, V.B, Panov, V.I (1971) Zh. Eksp. Teor. Fiz , 61 ,873.

7. Donoghue, J.F, Holstein, B.R (1987) European J.of Physics , 8 ,105.

8. Davies,T. and Rays, J.(1975)Gravityand Neutrinos ˘ Para doxes and

Possibilities. Prize paper byGravityResearch Foundation of New Boston .

9. Landau, L., Lifchitz, E.(1966) Mécanique, Ed. MIR, Moscow, p.23.

10. Carr, B. J . (1976) Astrophys. J., 206 ,10.

11. Reference Data for Radio Engineers, ITT Howard ,W. Sams Co.,1983,p.4-

3 3,Table 21, ISBN 0-672-21218-8.

12. Standard Handbook for Electrical Engineers, McGraw-Hill Co., D.G.

Fink,H.W.Beaty,1987,p4-110,Table 4-50,ISBN 0-07-020975-8 .