arXiv:gr-qc/0104025 9 Apr 2001

Pulsars and Redshifts

David Apsel 1

ABSTRACT

Gravitational redshifts of neutron stars have a theoretical upper limit of z=0.62. Also, it is generally believed that neutron stars have magnetic fields of 10 12 - 10 13 G. A previously predicted electromagnet ic time dilation effect has been shown to correctly predict decay lifetimes of muons bound to atomic nuclei. In this paper it is shown that the electromagnetic time dilation effect, along with the gravitational time dilation effect, can produce total neut ron star redshifts that are substantially larger than 0.62. For instance, the redshift can cutoff radiation for B

10 13 G. Consequently, we can have a neutron star

that is unobservable except for localized surface regions where the

cutoff condition does not hold. Assuming coherent radiation, a

surface region of this kind that does not include the star´s rotation

axis will emit a lighthouse type beam. Since the magnetic field in

these regions will usually be strong enough to cause significant

redshifts, and there is no reason to expect these regions to always be of

constant size, shape, or field strength, this model explains the

predominance of radio waves, and the existence of pulse variations

(e.g. nulling and drifting) in pulsars.

KEY WORDS: General relativity; Pulsars; Electromagnetic field; Neutron stars;

Redshifts.

INTRODUCTION

It is generallybelieved that

neutron stars have magnetic fields in the

range of 10 12 - 10 13 G. If appropriate

conditions on the equation of state and

on stabilityare ap plied, it has been

shown byBondi[1] that gravitational

redshifts have an upper limit of z=0.62.

For pulsars, the pulse is formed bya

beam of radiation that sweeps across the

observer´s line of sight, as in a

lighthouse.[2] In previous papers,[3,4]

an investigation of the Bohm Aharonov

experiment led to the prediction of an

1 925 Andover Terrace, Ridgewood, NJ.

electromagnetic time dilation effect

analogous to the gravitational time

dilation effect. The electromagnetic

time dilation effect has been shown to

correctlypredict decaylifetimes of

muons bound to atomic nuclei.[5] This

effect has also been discussed at by

Rodrigues, et al.,[6] Beil,[7] and Krori,

et al.[8] In the current paper it is shown

that for a standard neutron star model the

ele ctromagnetic time dilation effect,

along with the gravitational time dilation

effect, can produce total redshifts that

are substantiallylarger than 0.62. For

instance, the redshift can cutoff radiation

for B ~ 10 13 G. Consequently, we can

Neutron Star Redshifts

have a neutron s tar that is unobservable

except for localized surface regions

where the cutoff condition does not hold.

Assuming coherent radiation, a surface

region of this kind that does not include

the star´s rotation axis will emit a

lighthouse type beam. Since the

magnetic field in these regions will

usuallybe strong enough to cause

significant redshifts, and there is no

reason to expect these regions to always

be of constant size, shape, or field

strength, this model explains the

predominance of radio waves, and t he

existence of pulse variations (e.g. nulling

and drifting) in pulsars.[2,9]

2. REDSHIFTS

Let g

mn and A

m be the

gravitational and electromagnetic

potentials at the surface of a neutron star.

From a previous pape r,[3] the proper

time interval for a displacement m dx at

the surface of the star is

d

c g dx dx

c

A dx t r

r mn m n

m m = +

¢ 1 1

2

2

[( ) ]

dt A J

c

A

c dx dx g

c

]

1

[

1

) (

1

~ ~

4 2

2

1

× - ¢

+ =

r

r n m

mn

(1)

where ¢ r is the scalar charge density, r

is the scalar mass density, J

~ is the 3 -

current density, c is the speed of light,

and A

~ is the 3 vector potential. For a

first approximation it can be assumed

that ¢ = r A

4

0 , and that

mn g , r ,

~

J , and

A

~ are independent of time. But

1

2 c

J A

~ ~

×

is the magnetic energydensity. The

magnetic energydensityalso has the form

B 2

8 p

, where B is the mag nitude of

the magnetic field. Thus we can write

dt

c

B

dx dx g

c d

2

2

2

1

4

) (

1

pr t n m

mn

- = . (2)

For an oscillator, at rest, emitting at the

surface of a neutron star

n

n pr

0

44

1

2

2

2 4

= - ( ) g

B

c

(3)

where n is the frequencyobserved at

infinityand n

0 is the proper frequency.

Consequently,

z g

B

c º

-

= - -- l l

l pr

0

0

44

1

2

2

2

1

4

1 [( ) ] . (4)

Let us define the magnetic and

gravitational redshifts as

z

B

c m

= - -- ( ) 1

4

1

2

2

1

pr

z g

g

= - -

( ) .

44

1

2 1 (5)

Then

. 1 ) 1 ( ) 1 ( ) 1 ( 1 1 1 - + + + = + - - -

m g z z z (6)

For our sun, z

g

~ 10 - 6 and z

m

~ 10 - 13 .

For matter with atomic number

N, with

1

4 6 10 9 3

1

2 << º

´ h (

.

)

B

N

(7)

and with B in the range 10 12 - 10 13 G, the

densityhas been estimated[10,11] to be

Neutron Star Redshifts

. )

26

( 10 ~ 5

12

4 6 h r

N

(8)

Putting this with the expression for z, we

can solve for B

. }] ) 1 ( ) {( 10 7 . 6 [

~

4

5

1 2

1

44

10 2

1

- + - ´ z g N

B

(9)

For z >>1, z

g

~ 0.6, and N = 1 or N=4

we get B ~ 10 13 G.

Consequently, we can have a

neutron star that is unobservable except

for localized surface regions where the

cutoff condition does not hold.

Assuming coherent radiation, a surface

region of this kind that does not include

the star´s rotation axis will emit a

lighthouse type beam. Since the

magnetic field in these regions will

usuallybe strong enough to cause

significant redshifts, and there is no

reason to expect these regions to always

be of constant size, shape, or field

strength, this model explains the

predominance of radio waves, and the

existence of pulse variations (e.g. nulling

and drifting) in pulsars.[2,9]

References

1. H. Bondi, Proc. Roy. Soc. (London),

A281 , 39 (1964); H. Bondi, Lectures on

Relativity , ed. byS. Dresser, and K.W.

Ford, (Englewood Cliffs, 1964), 375.

2. A.G. Lyne and F. Graham - Smith,

Pulsar Astronomy , (Cambridge

UniversityPress, 1998) 66 - 80,155 - 167.

3. D. Apsel, Gen. Rel. Grav., 10 , 297,

(1979).

4. D. Apsel, Int. J. Theor. Phys., 17 , 643,

(1978).

5. D. Apsel, Gen. Rel. Grav., 13 , 605,

(1981).

6. W.A. Rodrigues, and E.C. DeOliveira,

Phys L ett A 140 (9) 479, (1989).

7. R.G. Beil, Int. J. Theor. Phys. 30 : (12)

1663, (1991).

8. K.D. Krori, P. Borgohain, K. Das, and

A. Sarona, Can J Physics 66 : (2) 126,

(1988).

9. F. Curtis Michel, Theory of Neutron

Star Magnetospheres , (Universityof

Chicago P ress, 1991), 62, 67 - 73.

10. M. Ruderman, in Role of Magnetic

Fields in Physics and Astrophysics ,

annals of the New York Academyof

Sciences, ed. byV. Canuto ( New York,

1975), 127; M. Ruderman, Physics of

Dense Matter , Symposium no. 53 of

Internationa l Astronomical Union, ed. by

C. Hanson, ( Boston, 1974), 117.

11. M. Ruderman, Phys. Rev. Lett., 27 ,

1306 (1971).