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Ning Li. †

I. Introduction

 æ The gravity waves emitted by accelerated 
masses  by Albert Einstein in 1916. 

 æ Husle and Taylor won the Noble Prize in 
1993 for provides an indirect evidence affirm-
ing GW existence.  

 æ The gravity waves remain undetected. 

 æ Very powerful concept of the 3 + 1 
split by Kip Thorne1 in 1988 
     
     † 3-dimensional curved space plus 1-di-
mensional time in stationary case. 
     † spacetime metric gmnö  two gravity 
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potentioals, Fg and Ag 
    Fg ö  the time-time part g00
    Ag ö the time-space part gojof the 
spacetime  
     † forces fields of  gmn öthe gravitoelec-
tric field Eg = - “ ÿ Fg and the gravitomagnetic 
field Bg= “×Ag, the 
     † the geodesic equation ö Lorentz force-
Force F= m ( Eg+ v× Bg) 

(1)

     † the general relativistic field 
equationö almost identical to 
Maxwell's equation.

“· Eg= - 4pGr
“×Eg= 0

“· Bg = 0
“×Bg= - 16 pGrÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅc v + 4ÅÅÅÅc

∑E”÷÷ gÅÅÅÅÅÅÅÅÅ∑t

the minus signs in the source terms due to 
gravity to be attractive rather than repulsive. 
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æ Ning Li2 in 1990 generazed Thorne equa-
tion ö gravity waves. 
     † introduced  the gravity permeability mg,  
the gravity permittivity ¶g.

        In the viccum, ¶g0 = 1 4 pG, mg0= 
4 pG c, 
      † the gravity wave velocity as ¶g mg= 
1 vg2.  in vacun   vg = c.  
      † introduced the time-varying part of the 
vector potential into  Eg

(2)
Eg = - “ ÿ Fg - 

∑A
”÷÷
gÅÅÅÅÅÅÅÅÅ∑t

      † modifed Thorne's Eq. (1) into the equa-
tion of gravity waves as

(3)
(“2- 1ÅÅÅÅÅÅÅÅVg2

∑2
ÅÅÅÅÅÅÅ∑t2 ) Ag = 

4 mg jm
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“· Eg= - rÅÅÅÅÅÅ¶g “

×Eg= - ∑B”÷÷ gÅÅÅÅÅÅÅÅÅ∑t
“· Bg = 0 “

×Bg= -mg jm + mg ¶g
∑E”÷÷ gÅÅÅÅÅÅÅÅÅ∑t

      † forces of the spacetime metric gmn ö 
the AC gravity fields
                                Eg = - ∑A

”÷÷
gÅÅÅÅÅÅÅÅÅÅ∑t , Bg= “×Ag. 

   æ  Physicists now view the experiments of 
search for gravity waves as the searchs for 
the AC gravity fields Eg and Bg. 

 æNing Li2 in 1990
† a superconductor ö a tool of gener-

ating and detecting the gravity waves due to 
its special properties: 

†Macroscopic quantum properties. 
 Total AC fields = one particle AC 

firld × N 
†Nuclear motion ö bring in the 

superconductivity. 
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†GW power emitted by an acceler-
ated particle is determined by the square of 
the force exerted on the particle. 

† very high nuclear energy ö the fre-
quencies in the g-range.  

† an oppotunity of generate and to 
detecte HFGW in the Laboratory.

II. THE NUCLEAR ACCELERATION IN 
A SUPERCONDUCTOR

1. The macroscopic quantum properties of 
a superconductor

ü Spin of a microscopic particle ö
their magnetic properties.  

† e, p, n with helf spin are Femions  
† Fermi-Dirac quantum statistics. 
† Fermi temperature T f  
† a superconductor  temperature Tc. 
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†The isotope effect experiments:  Tc ∂ 
mn

† That convinced physicists the 
nuclear motion such as vibration, rotation, 
spin must play  a key function in bring the 
superconductivity. 

†The BCS theory: 
• the nuclear vibrations (phonons) + e 

öa Cooper pair.  
• T=0, All electrons (Femions)öCoo-

per pairs (Bosens) 
• T=0, all Cooper pairs in the ground 

state. 
• Superconductivity is often describes 

arising because of the Bose-Einstein condensa-
tionr.
      
2. Induced the AC gravity fields in noniner-
tial frame   

† an inertial frame and a noninertial 
frame 2 rotating with an angular velocity w. 

grav.nb 7



(5)
F2 = F1 +

m ω2 r − ωrcosθ ω +

V2 × 2 ω

† a gravitoelectric field Eg and a gravi-
tomagnetic field Bg given by

(6)Eg = ω2 r − ωrcosθ ω
Bg = 2 ω

†a noninertial frame = a inertial frame 
+ the  AC gravity fields. 

†A factor 2 in the strength of Bgö 
gravity is a spin-2 field.  

†The Eg is centrifugal force for a free 
particle or the spring force for a bounded parti-
cle with the spring constant k  = m w2 sin2 q. 

†A bound particle shall be vibrating 
in linear case or rotating in nonlinear case 
with frequency w sinq.
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3. Nuclear acceleration

†uncertainty principle : P
2 r2 s

Ñ2
ÅÅÅÅÅÅÅÅ
4

,

† zero point energy E0 =
1
ÅÅÅÅÅÅ
2
Ñw

† zero point angular velocity w = 4.14 µ

†  zero point amplitute r = 2.88 µ 10-14
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Figure 1

The energy, the frequency and
the amplitude of nuclear vibration .

Figure 2

The
nuclear vibrations and rotations
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Figure 3

                                          Animation of 
the nuclear vibrations

III.Gravitational Generalization of Lienard Wiechart potenti

1. The retarded potentials

A
Ø

=
1

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
1 - v2ÅÅÅÅÅÅ2

 
m v

Ø

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
4 pe  2 rè
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j
Ø

=
1

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
1 - v2

ÅÅÅÅÅÅ2

 
m

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
4 pe  rè

rè = tè - tè' =
t - t' - v

Ø

ÅÅÅÅÅ ÿ R
Ø

- rè'

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
1 - v2

ÅÅÅÅÅÅ2

=

 the gravitational generalized Lienard -Wiechert

A
Ø

=
m

ÅÅÅÅÅÅÅÅÅÅ
4 p

ÅÅÅÅÅÅÅ
r

v
Ø

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
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Ø
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ÅÅÅÅÅÅÅÅ
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◊
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2. The radiation fields

† DC gravity ö velocity fields, local an

P = 0 at r = ∂

† AC gravity ö acceleration fields ∂ Å

† Bg
Ø

=
mg

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
4 p c

m
ÅÅÅÅÅÅÅ
r

v° Sinq ej

† E
Ø

g = -
mg

ÅÅÅÅÅÅÅÅÅÅ
4 p

m
ÅÅÅÅÅÅÅ
r

 v° Sinq e
Ø

q

† Sg
Ø

=
mg

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
16 p2 

m2 v° 2 Sin2 q
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

r2  e
Ø

r

†P =
m

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
6 p c

 m2 v° 2 =
m

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
6 p c

 F2

†The gravity wave's power depends only
† Albert Einstein: accelerated masses em
† GW power is determined by force exer
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† The energy decay of the particle due to
supplied from the external forces.

IV. The dipole gravity waves emitted by N pa

A
Ø

g r
Ø

, t = mg
ÅÅÅÅÅÅÅÅÅÅ
4 p

e  H r-wtL
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

r
 mr0 w A-i ez

Ø
+

r0ÅÅÅÅÅÅÅÅÅÅ
r

 ejE
For N nuclei occupied in the same quantum state

Bg
Ø

 I r
Ø

, tM = N 
mg

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
4 pc

e  H r-wtL
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

r
 mr0 w2 A-sinq ej

Ø
-

r0
2

ÅÅÅÅÅÅÅÅÅ
r2  3 ez ◊

Ø
 
Ø

-

Eg
Ø

 Jr, t
Ø N = N 

mg
ÅÅÅÅÅÅÅÅÅÅ
4 p

e  H r-wtL
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

r
 mr0 w2 sinq A eq

Ø
-

r0
2

ÅÅÅÅÅÅÅÅÅÅ
r2 ej

”÷÷÷ E
Sg
Ø

= N2 mg
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
16 p2 

 w4 m2 r0
2 

Sin2 J
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

r2 1 +
r0

4
ÅÅÅÅÅÅÅÅÅ
r4  

Sg
→

= N2 µg
cccccccccccccccc16 π2 

 ω4 m2 r02 
Sin2 ϑ
cccccccccccccccr2 er→ ; r >> r

Sg
→

= N2 µg
ccccccccccccc8 π2 

 ω4 m2 r02 
Sin2 ϑ
cccccccccccccccr2 er→ ; r = r0
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P = N2
mg

ÄÄÄÄÄÄÄÄÄÄÄÄÄ
6 p

 m2 w4 r0
2 =

2 G
ÄÄÄÄÄÄÄÄÄÄÄÄ
3 c3

 m2 w4 r2 N2

-0.4-0.2 0.2 0.4

-1

-0.5

0.5

1

The dipole angular distribution of Sin2 J

Substitute the nuclear vibration frequency and am

and r0 = 2.88 µ 10-14 1
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
4 A

m into Eq. 8 , t

nuclei in a superconductor with volume of 1 cm
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P = 11.1 kilowatt

It is certainly can be measured easyly.

V. Compare the AC gravity fields produced b

1. The Earth AC gravity fields 

Let us calculate the  amplitute of the mag
Earth rotation  from the second term of eq.

B
Ø H2L

 JRØ, tN =

m 0
ÅÅÅÅÅÅÅÅÅÅÅ
4 p

I
ÅÅÅÅÅÅÅÅÅ
R3 3 w

Ø
◊

Ø
 
Ø

- w
Ø

 ‰-  H R-wtL
E
Ø H2L

 R
Ø

, t =
m 0 c
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
4 p

I
ÅÅÅÅÅÅÅÅÅ
R3  

Ø
µ w

Ø
 ‰-  H R-wtL

The Eq. 24  has been used by the NASA GPB pr
calculate the gravitomagnetic fields excited by

B
Ø

g  R
Ø

, t =
m 0

ÅÅÅÅÅÅÅÅÅÅÅÅÅ
12 p

MR0
2 w

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
R3  3 ez ◊

Ø
 
Ø

- ez
Ø = ‰-  H R-wtL
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E
Ø

g  R
Ø

, t = -
m 0 c
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
12 p

MR0
2 w

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
R3 Sinq ej

Ø
 ‰-  H R-

where I =
1
ÅÅÅÅÅ
3

 M R0
2 . The Earth AC Gravity field

the Earth ' s surface R = R0 and at q =
p
ÅÅÅÅÅ
2

are gi

B
Ø

g  R0 = -
m 0

ÅÅÅÅÅÅÅÅÅÅÅÅÅ
12 p

Mw
ÅÅÅÅÅÅÅÅÅÅÅÅ
R0

 eq
Ø

E
Ø

g  R0 = -
m 0

ÅÅÅÅÅÅÅÅÅÅÅÅÅ
12 p

c Mw
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

R0
 ej

Ø

Substitute the following numbers as m 0 =
4 p
ÅÅÅÅÅÅÅÅÅ2

= 3 µ 108 m s ; the earth ' s mass M = 5.98 µ
m , its frequency one day one cycle as w0 = 1.1
the Earth ' s AC gravity fields at the surface are
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E , earth =
G

ÅÅÅÅÅÅÅÅÅ
3 

 
Mw0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
R0

= 6.67 µ 10-11 
3

ÅÅÅÅÅÅÅÅÅÅÅÅÅ
k s2 µ 5.98 µ 1024 kg µ

3 µ 3 µ 108 m s µ 6.67 µ 10-11 
3

ÅÅÅÅÅÅÅÅÅÅÅÅÅ
k s2

= 8.07 µ 10-7 m
ÅÅÅÅÅÅÅ
s2 ~ 8.07 µ 10-8 

B ,earth =
G
ÅÅÅÅÅÅÅ2  

Mw0ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
3 R0

= 2.69 µ 10-15 1 s

= 110 milarcsecond year

1 s = 4.09 µ 1013 ArcSecond yr = 4.09 µ 10

2. The nuclear AC gravity fields

E ,nuclear =
G
ÅÅÅÅÅÅÅ  

A mp w
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

3 r0
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B nuclear =
G
ÅÅÅÅÅÅÅ2  

A mp w
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

3 r0

Substitute r0 = 2.88 µ 10-14 1
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
4 A

; w = 4.1

B nuclear =
6.67 µ 10-11
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
3 µ 3 µ 108 2  

A µ 1.67 µ 10-27 µ 4.14 µ
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

2.88 µ 10-14 ÅÅÅÅ4

= 5.93 µ 10-25 µ 32 A 3 1 s

Eg nuclear = 1.78 µ 10-16 µ 32 A 3 m
ÅÅÅÅÅÅÅ
s2

For Ba nucleus Z = 56 and A = 137, its Ac gravity f

Eg nuclear = 2.45 µ 10-9 m
ÅÅÅÅÅÅÅ
s2

B nuclear = 1.63 µ 10-17 1 s
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Comparing of the Eq. 45 with Eq. 40 , one see
is one order small than the Earth AC gravity.

V. CONCLUTION

Research in high frequency gravitationa
wave  generations  and  observations.The challe
rewards are the prospect of new tests of fundam
looking at  the  Universe.As  the new detectors c
tions they make to learn about astrophysics or t
we definitively show the existence of gravitatio
neutron stars?Can we distinguish between gamm
gered by binary coalescence?How do we unders
new  sources  and  new  astronomy?As  we devel
detectors to optimize the concrete science they
well-suited  for  searching  for  a  stochastic gr
systems?Finally,the  questions  of  interpretation
tional wave detection,gives a special focus to,e.
ity or numerical relativity studies of single and b
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