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The first well-studied compact binary system was discovered in 1974, the binary pulsar PSR 1913+16, in the
constellation Aquila.
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RIGHT ASCENSION (1950)

BINARY PULSAR PSR 1913 + 16 is in the constellation Aquila at the coordinates that sup-
ply its designation: right ascension 19 hours 13 minutes and declination +16 degrees. Its posi-
tion is marked by the reticle. It is estimated that the binary pulsar is some 15,000 light-years
away, too far for it to be observed optically even with the most powerful existing telescopes.
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FIG. 4. Pulse profiles obtained on April 24, 1992 during a five-
minute observation of PSR 1913+16. The characteristic
double-peaked shape, clearly seen in the de-dispersed profile at
the bottom, is also discernible in the 32 individual spectral
channels.



First steps: accurate determination of orbital parameters according to classical Keplerian theory
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THE BINARY STARS

BY ROBERT G. AITKEN

Velocity curve for the binary pulsar. Points represent measurements of the

pulsar period distributed over parts of 10 different orbital periods. The curve
corresponds to equations from Aitken, with the following orbital
parameters:

second ed. 1935

(https://archive.org/details/binarystars00aitk/page/n8)
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COMPANION STAR
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250 MILLIQN YEARS

SHRINKING OF PULSAR’S ORBIT is projected on the basis of
evidence that arbital energy is being converted into gravitational ra-
diation, as is predicted by the general theory of relativity. According
to the theory, the orbit of PSR 1913 + 16 should shrink by 3.1 milli-
meters per orbital revolution, or 3.5 meters per year. The orbital pe-
riod should decrease accordingly by 6.7 X 10-8 second per orbit, or

DIAMETER OF THE SUN

7.6 < 10 -° second per year. This iny change is measurable because it
leads to a constantly accumulating deviation in the time of periastron
passage. Here the orbit is drawn fo scale as it will appear every 50
million years in the future until the two stars coalesce 300 million
years from now. For comparison the sun is shown at the same scale.
PSR 1913 + 16 is thought to be a 50,000th the diameter of the sun.



LINE OF SIGHT

ORBIT OF PULSAR PSR 1913 + 16 lies in a plane tilted about 45
degrees from the line of sight. Like the more than 300 other pulsars
discovered since 1967, PSR 1913 + 16 is thought to be a neutron star,
20 to 30 kilometers in diameter, that emits a radio beam that sweeps
past the earth at precisely spaced intervals synchronized with the
star’s rate of spin. For PSR 1913 + 16 the spin rate is 16.94 revolu-
tions per second. Unlike the large majority of other pulsars, PSR
1913 + 16 travels in an orbit around a companion star whose presence
was inferred from a Doppler shift in the arrival time of the pulsar’s

“beeps.” The beeps arrive slightly more frequently when the pulsar is
traveling toward the earth and less frequently when the pulsar is re-
ceding. A complete picture of the pulsar’s orbit around the center of
mass of the binary system was derived through careful measure-
ments of the Doppler shift in combination with an analysis of subtle
gravitational effects predicted by the general theory of relativity. The
theory made it possible to calculate that the pulsar and its compan-
ion are both 1.4 times as massive as the sun and that the separation
of the two stars varies from 1.1 to 4.8 times the radius of the sun.



CENTER OF MASS

ORBIT 3

ORBIT 2

P3

ORBIT 1

ADVANCE OF PERIASTRON in the orbit of PSR 1913 + 16 has provided one of the first
clear observations of a general-relativistic effect involving bodies outside the solar system.
The periastron advances, or rotates, as the elliptical orbit of PSR 1913 + 16 itself rotates in a
plane because of the curvature of space-time in the vicinity of the pulsar’s massive compan-
ion. In this diagram the effect is greatly exaggerated. The general theory of relativity predicts
a periastron advance of about four degrees per year in the orbit of PSR 1913 + 16, the exact
value depending on the total mass of the pulsar and its companion. The authors’ measurements
show the periastron is advancing 4.2 degrees per year, in good agreement with the prediction.

Cumulative shift of periastron time (s)
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Line of Zero Orbital Decay
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General Relativity Prediction

Weisberg & Huang, ApJ 829 (2016) 55
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Orbital decay of PSR B1913+16 as a function of time. The curve represents the orbital

phase shift expected from gravitational wave emission according to General Relativity.

The points, with error bars too small to show, represent our measurements.



The Nobel Prize in Physics 1993

Photo from the Nobel Photo from the Nobel

Foundation archive. Foundation archive.
Russell A. Hulse Joseph H. Taylor Jr.
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 1993 was awarded
jointly to Russell A. Hulse and Joseph H. Taylor Jr.
"for the discovery of a new type of pulsar, a

discovery that has opened up new possibilities for
the study of gravitation"



