
1

Einstein's Legacy: 
General Relativity, our Best 
Description of the Universe

Barry C. Barish
Caltech

AAAS
20-Feb-05Crab  Pulsar

LIGO-xxx



2

Gµν= 8πΤµν

General Relativity
the essential idea

Overthrew the 19th-century concepts of 
absolute space and time

Gravity is not a force, but a property of 
space & time
» Spacetime = 3 spatial dimensions + time
» Perception of space or time is relative

Concentrations of mass or energy distort 
(warp) spacetime
Objects follow the shortest path through 

this warped spacetime; path is the same for 
all objects
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General Relativity

Einstein theorized that a massive object 
warps the surrounding space
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General Relativity

Smaller objects travel through space 
that is warped by larger objects




5

Gravity a fundamental force
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After several hundred years, a 
small crack in Newton’s theory …..

perihelion shifts forward an extra 
+43”/century

compared to Newton’s theory
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A new prediction of 
Einstein’s theory …

Light from distant stars are bent as they graze 
the Sun.  The exact amount is predicted by 
Einstein's theory. 
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Confirming Einstein ….

Observation made  
during the solar 
eclipse of 1919 by 
Sir Arthur Eddington, 
when the Sun was 
silhouetted against 
the Hyades star 
cluster

bending of light

A massive object shifts 
apparent position of a star
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Einstein’s Cross

The bending of light rays
gravitational lensing

Quasar image appears around the central glow 
formed by nearby galaxy. The Einstein Cross is 
only visible in southern hemisphere.
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Gravitational
Waves ?
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A Conceptual Problem is solved ! 

Newton’s Theory
“instantaneous action 

at a distance”

Einstein’s Theory
information carried 

by gravitational 
radiation at the 
speed of light
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Detection
of 

Gravitational Waves

Detectors 
in space

LISA

Gravitational Wave 
Astrophysical 

Source

Terrestrial detectors
Virgo, LIGO, TAMA, GEO

AIGO
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Detecting a passing wave ….

Free masses
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Detecting a passing wave ….

Interferometer
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The challenge ….
I have greatly exaggerated the effect!! The 
change in length is about 10-18 m in LIGO
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How Small is 10-18 Meter?
One meter ~ 40 inches

Human hair ~ 100 microns000,10÷

Wavelength of light ~ 1 micron100÷

Atomic diameter 10-10 m000,10÷

Nuclear diameter 10-15 m000,100÷

LIGO sensitivity 10-18 m000,1÷
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Simultaneous Detection
LIGO

3002 km
(L/c = 10 ms)

Hanford 
Observatory

Caltech

Livingston
Observatory

MIT
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LIGO Livingston Observatory
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LIGO Hanford Observatory
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What Limits LIGO Sensitivity?
Seismic noise limits low 
frequencies

Thermal Noise limits 
middle frequencies

Quantum nature of light 
(Shot Noise) limits high 
frequencies

Technical issues  -
alignment, electronics, 
acoustics, etc limit us 
before we reach these 
design goals 
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Evolution of LIGO Sensitivity 
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Astrophysical Sources
signatures

Compact binary inspiral: “chirps”
» NS-NS waveforms are well described
» BH-BH need better waveforms   
» search technique:  matched templates

Supernovae / GRBs: “bursts”
» burst signals in coincidence with signals in 

electromagnetic radiation 
» prompt alarm (~ one hour) with neutrino 

detectors

Pulsars in our galaxy: “periodic”
» search for observed neutron stars  

(frequency, doppler shift)
» all sky search (computing challenge)
» r-modes

Cosmological Signal  “stochastic background”
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Neutron Star

Radio Pulsar
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Directed Pulsar Search

28 Radio Sources



25

Detection of Periodic Sources

Known Pulsars in our galaxy

Frequency modulation of 
signal due to Earth’s motion 
relative to the Solar System 
Barycenter, intrinsic 
frequency changes.

Amplitude modulation due 
to the detector’s antenna 
pattern.

NEW RESULT
28 known pulsars

NO gravitational waves

e < 10-5 – 10-6

(no mountains > 10 cm

ALL SKY SEARCH
enormous computing challenge
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Einstein@Home
A maximum-sensitivity all-sky search for pulsars 
in LIGO data requires more computer resources 
than exist on the planet.

The world’s largest supercomputer is arguably 
SETI@home
» A $599 computer from Radio Shack is a very powerful 

computational engine.

» Currently runs on a half-million machines at any given 
time.

With help from the SETI@home developers, LIGO 
scientists have created a distributed public all-
sky pulsar search.  
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Einstein@Home
Versions are available for Windows, Mac, Linux.

How does Einstein@home work?
» Downloads a 12 MB ‘snippet’ of data from 

Einstein@home servers

» Searches the sky in a narrow range of frequencies

» Uploads interesting candidates for further follow-up

» Screensaver shows where you are currently searching 
in the sky

At this AAAS meeting, we are officially ‘opening 
the doors’ and inviting the general public to join 
Einstein@Home and help us find gravitational 
waves.  
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Einstein@Home Usage

Test Version has about 7K Users
4x LIGO computing capacity
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Einstein@Home Users
I'm from Germany and was 
interested in the mysteries of 
the universe since I was a 
little boy. I read lots of 
magazines about 
astrophysics and astronomy. 
When I heard about the 
Einstein@Home project it 
was no question for me to 
participate. 
My job is to make original-
sized design models of new 
Mercedes-Benz cars, 
especially the interieur. 
When I don't work I often 
play keyboards and 
percussions and sing some 
backing vocals in my cover-
rock-band "Gilga-Mesh" 
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Einstein@Home Users
Hi, my name's John Slattery. 
I'm a 62 year old English 
teacher, originally from 
Boston, MA, currently living 
in Santa Fe, New Mexico 
where I'm tutoring, and 
teaching ESL. 
My hobbies: fitness, 
camping, hiking, reading, 
writing, surfing the Net 
I'm so very new at this; I'm 
not even sure what's going 
on. But it seemed, from the 
little I could understand, to 
be a worthwhile project. 
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Einstein@Home Users
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Einstein@Home

LIGO Pulsar Search using 
home pc’s

BRUCE ALLEN
Project Leader

Univ of Wisconsin 
Milwaukee

LIGO, UWM, AEI, APS

http://einstein.phys.uwm.edu
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