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Abstract: <p>Neutron stars are a celestial gift to scientists. These incredibly dense collapsed stars act as very precise cosmic beacons that help shed
light on some of the most challenging problemsin modern physics.</p>

<p>In her Feb. 3 talk at Perimeter Institute, astrophysicist Victoria Kaspi will explore these strange objects, explain how astronomers are using them
to study issues ranging from the origins of the universe to the very nature of matter, and even let the audience hear the cosmic symphony they
create.</p>

Pirsa: 16020084 Page 1/31



Arecibo Radio Telescope
in Puerto Rico

Diameter:
305 m
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Pulsar “Sounds”

PSR B0329+54 P=0.7s
PSR B0833-45 P=0.089s

PSR B0531+21 P=0.033s
PSR B1937+21 P=0.0015s
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Life Cycle of a Star
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Neutron Star Rotation

e Conservation of
Angular Momentum

e Progenitor
star’s spilin gets
amplified in
collapse
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Vita-mix 5000:

“fastest
blender
on Earth”

Maximum
625 rps
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What is the speed at the
surface of a millisecond

P 00014

HOW FAST CAN A PULSAR SPIN?
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A NEUTRON STAR: SURFACE and INTERIOR
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Arecibo Radio Telescope
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Fastest Pulsar Yet!

ASTRONOMY

A Neutron Star in F-sharp

Jonathan E. Grindlay

illisecond pulsars ore extreme exam-
ples of what can happen when stars
evolve into neutron stars in com

binary systems. The

by accretion of matter from th

ions, producing luminous x emission, and
later become detectable as pulsars with penods of

pulsars™ may

study matter and space in the relativistic i
strong gravigv. On

report the dltk Vel

This object. detected with the Green
telescope, bolds the new record for th
spinning neutron star (or, indeed, any object of

The author is a1 the Harvard-Smithsonion Center for
Astrophysics, 60 Garden Street, Cambeidge, MA 02138,
USA. E-mail josh@dla harvard edu

stellor mass or larger). Its spin
1.396 ms, even shorter than that of I
first millisecond pulsar discovered
1 rotation frequency of 71
new high note for the
I spheres—between
B1937421 (at 642 Hiz) can

10"* times that of Earth, as reve

31 MARCH 2006 VOL 311 SCIENCE
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Binary Pulsars

y

\\\

The pulsar orbits another star




Doppler Shift
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Doppler Shift in Binary Stars

) e Pulse period in
Doppler Shift due to A .
Stellar Wobble 8 binary system
e ' changes!

e Can study
binary motion
with exquisite

o% precision
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Doppler Shift in Binary Stars

) e Pulse period in
Doppler Shift due to A .
Stellar Wobble 8 binary system
i changes!

e Can study
binary motion
with exquisite
precision
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1974: Discovery of first
Binary Pulsar

e PSR B1913+16 in
orbit around a
second neutron A -
star that is not Russell Hulse Joe Taylor
a pulsar

PSR B1913+16:0rbital period 8hrs!
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Classical Dynamics Relativistic Dynamics

Einstein’s Equation:

R . (1/2)(8"YR) + Ag'V = 8 aGTI'Y

ds® = [1 - (A/3)r2 - vg/r] dt® - [1 - (A/aw2 -
re/r ]t de® - v = (d0® 4 sin®0dgp*)

Sewarzechild metric with a cosmalogical consiant
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Binary Pulsars and Einsteiln
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Double Pulsar: GR Laboratory

@] U npa ra l l e le d l ab Eclipse Profile ot MJD 54050
for GR

Use eclipses of
pulsar A
EONSEUCVABIES
orientation
in space
GR:B should change
if GR correct

N
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Double Pulsar: GR Laboratory

e Unparalleled lab
for GR

Use eclipses of
pulsar A

to study B’s
orientation

in space

GR:B should change
if GR correct
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Neutron Stars:
Gifts that Keeps Giving

e Pulsars are sources of
gravitational waves...and

e Pulsars can be detectors of
gravitational waves!

—Pulsars’ signals affected by
other sources of gravitational waves

— Example:
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Merging Galaxies

"
Optical image of

merging galaxies Computer Simulation

“The Mice” of merging galaxies
(574
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Cosmic Gifts from Pulsars

Pulsar music
Perfect clocks
Binary pulsars

Tests of Einstein’s theories

— Indirect detection of gravitational
waves

Double pulsar
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McGill Pulsar Group

Institut Spatial de McGill

McGill Space Institute

Fonds de rechorche Lorne Trotlier Chair

Nature et INSTITUT in Astrophysics &
technologles CANADIEN Ry

[+ ] EOR OE ir Cosmology
QUébec 1 A S : Canada Rﬁfcarch Chairs
12 < - q &

pAR

Pirsa: 16020084 Page 31/31




