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Discovery of pulsars: A.Hewish, J.Bell et al., 1968, Nature, 217, 709

1973: all pulsars are single (more than 100)
          more than half massive stars (predesessors of pulsars) are in binaries.
 
Possible explanations: pair disruption during explosion
                                      no possibility to form a radiopulsar in pairs

1971: X-ray satellite UHURU
           Discovery of X-ray pulsars in binaries.

Her X-1:   X ray pulsar 
Period of pulsations P(p)=1.24 sec,   orbital   P(orb)=1.7 days
Neutron star mass 1.4 Solar masses
Optical star mass  about 2 Solar masses
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This system should give birth to the binary radiopulsar
Bisnovatyi-Kogan G.S. and Komberg B.V., 1974, Astron. Zh. 51,373
Reasons:
1. After 100 million years the optical star will become a white dwarf,
 mass transfer will be finished, and the system will be transparant to 
 radio emission.

2. X ray pulsar is accelerating its rotation due to accretion, so after
 the birth of the white dwarf  companion the neurton star will rotate 
 rapidly, P(p) about 100 msec.

Question: 
Why are the binary radiopulsars not found (1973) ?

Answer (B-K, K, 1974):
Because  the magnetic field of  the neutron star is decreasing about 100 times 
during the accretion, so binary radiopulsars are very faint objects,
Pulsar luminosity L ~ B  /P 

At small B luminosity L is low even at the rapid rotation
  Magnetic field is screened by the infalling plasma
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The properties of the first binary pulsar coinside with our predictions:
Rapid rotation    and   Small magnetic field
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The average magnetic fields of single radiopulsars is about 10   Gauss.12
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Single
pulsars
of
common
origin
(B-K, K
(1974)
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2020+28
2016+28   B-K, K (1974)

et al.



2006: New class of neutron stars: recycled pulsars, more than 180 objects.

           All passed the stage of accreting pulsars, accelerating the

          rotation and decreasing the magnetic field.

Ordinary pulsars                                     Recycled pulsars

P=0.033 – 8 sec                                       P=1.5 – 50 msec

B= 10  -  10    Gauss                                B=10  -  10   Gauss11 13 8
10
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The ubiquitous $P - \dot{P}$
diagram shown for a sample
of radio pulsars.  Those
objects known to be
members of binary systems
are highlighted by a circle
(for low-eccentricity orbits)
or an ellipse (for elliptical
orbits). Pulsars thought to be
associated with supernova
remnants are highlighted by
the starred symbols, from

        Lorimer (2001)
astro/ph-0104388
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Recycled pulsars: NS + WD and single - about 180 objects
                             NS + NS          6 objects (like Hulse- Taylor pulsar)

Single recycled pulsars (small P and B) passed  the stage of X-ray pulsar 
   in binary, and later had lost the companion WD.

NS + NS are in the Galaxy disk
NS + WD and single are in the galactic bulge, and in the globular clusters.

Globular clusters contain 0.001 of the mass of the Galaxy, and about ½ 
 of the recycled pulsars. 

Formation of the binary in GC by tidal capture or triple colllision
Disruption of the binary RP by collisions with GC stars: most single RP

 are situated in GC. 
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22 RP in 47 Tuc  (14 – BP, 7 + 1? – single)

In total:  80 RP in Gal (15 – single),  108 RP in GC (40+15? – single)          

31 RP in Terzian 5 (11 – BP, 10 +10? – single)
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Enhanced evaporation

Bisnovatyi-Kogan, Astrofizika, 32, 313 (1990)



GR Effects:
NS+NS
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NS + NS   RP are the best laboratories for checking of General Relativity
1913+16 timing had shown (indirectly) the existence of gravitational waves

Nobel Prize of Hulse and Taylor (1993)

A Double-Pulsar System — A Rare Laboratory for
Relativistic Gravity and Plasma Physics     (Lyne et al., 2004)

The clock-like properties of pulsars moving in the gravitational fields of their unseen
neutron-star companions have allowed unique tests of general relativity and provided
evidence for gravitational radiation. We report here the detection of the 2.8-sec pulsar
J0737-3039B as the companion to the 23-ms
pulsar J0737-3039A in a highly-relativistic double-neutron-star system, allowing
unprecedented tests of fundamental gravitational physics. We observe a short eclipse
of J0737-3039A by J0737-3039B and orbital modulation of the flux density and pulse
shape of J0737-3039B, probably due to the influence of J0737-3039A’s energy flux
upon its magnetosphere. These effects will allow us to probe magneto-ionic properties
of a pulsar magnetosphere.
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The observational constraints
upon the masses mA and mB.
The colored regions are those
which are excluded by the
Keplerian mass functions of the
two pulsars. Further constraints
are shown as pairs of lines
enclosing permitted regions as
predicted by general relativity:
(a) the measurement of the
advance of periastron    , giving
the total mass mA+mB = 2:588
pm 0:003M (Sun) (dashed line);
(b) the measurement of R =
mA/mB = 1:069 pm 0:006 (solid
line); (c) the measurement of
the gravitational redshift/time
dilation parameter (dot-dash
line); (d) the measurement of
Shapiro parameter r giving mB
= 1:2 pm 0.3M (Sun) (dot-dot-
dot-dash line) and (e) Shapiro
parameter s (dotted line).Lyne et al., 2004, Science,  303, 1153. Vulcano, 23 May, 2006

Checking General Gelativity



M.~Kramer et al., astro-ph/0503386.
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Moon eclipces (example)

Variability of the gravitational constant. 
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The Lunar Laser Ranging (LLR) experiment has measured the position of the Moon with an
accuracy of about 1 cm for 30 years.

from the first six years of LLR

20 years of data to improve this result to

the main error arising from the Lunar tidal acceleration.

24 years of data concluded
that

Using all available astrometric data and in
particular the ranging data from Viking landers on

Mars,

 Stellar constraints

Variability of the gravitational constant. 

Solar evolution in the presence of a time-varying gravitational constant.

Hellings et al., Phys. Rev. Lett. 51 (1983) 1609
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Variability of the gravitational constant.

1. T.Damour, G.Gibbons, J.Taylor, PRL, 61, 1151 (1988)

After complicated calculations:

2. ApJ, 428, 713 (1994)

Binary Recycled Pulsars
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 J.H. Taylor,
Classical and
Quantum
Gravity 10
(1993) 167.

PSR
B1913+16

better precision is expected  from timing of  RP J0737-3039A    

Checking the variability of the gravitational constant with binary pulsars

Bisnovatyi-Kogan,   gr-qc/0511072
RP PSR B1913+16  (1992)

Vulcano, 23 May, 2006



The combination of Mariner 10 and Mercury and Venus ranging data gave (1992)

Combining with binary pulsar data we obtain

Bisnovatyi-Kogan,   gr-qc/0511072
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Incompletely modeled solid Earth tides, ocean loading or geocenter motion, and
uncertainties in values of fixed model parameters have to be considered in those
estimations.

J. Mueller, J. G. Williams, S. G. Turyshev gr-qc/0509114

Lunar Laser Ranging Contributions to Relativity and Geodesy

Williams et al.  gr-qc/0411113

Recent results
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CONCLUSIONS

1. Timing of the pulsars J0737-3039A /B is the most poweful
 instrument for the verification of General Relativity 

   due to unpresedented precision of the observations

2. Recycled pulsars are the most precise available time standards

3. Checking the physics beyond  the standard: G-variability 
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