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According to Einstein's theory of 
gravity, an accelerating mass causes 
the fabric of space-time to ripple 
like a pond disturbed by a rock.  
These ripples are Gravity Waves. 

This picture represents Gravity Waves 
produced by a pair of rotating neutron stars. 

This picture represents ripples in a pond 
disturbed by a rock.

http://focus.aps.org/story/v8/st3 

www.jointsolutions.co.uk/ docs/
pages/leftnav.htm 



Electromagnetic Waves

Electromagnetic Waves 
oscillate perpendicular to their 
motion.   

They oscillate in the X and Y 
directions and the wave moves 
in the Z direction.



Gravity Waves
Gravity waves have 2 
polarizations like 
Electromagnetic Waves.  The 
only difference is that Gravity 
Wave polarization lies in a 
horizontal-vertical “+” shape 
and 45 degrees to that in a “x” 
shape.





Gravity Waves would give us a new way to observe the universe.  Like 
a new sense, they would bring a new dimension to astronomy. 

   They would: 

   Verify general relativity's prediction that gravity 
   waves exist. 

   Test that they travel at the speed of light. 

   Test that the graviton has zero rest mass. 

   Study black holes, and a binary black hole  
   system. 

   Allow us to study astronomical entities that we 
   either know little about, or have yet to discover. 

Why are they important?  



Gravitational Radiation, for example, occurs in a 
binary system with two massive objects circling 
one another.  The large accelerations due to their 

gravitational attraction would release gravitational 
radiation.  The noticeable affect of the expelled 
radiation is the loss of mechanical energy of the 
   system, the two circling 

                objects would draw closer     
          to one another.   

Gravitational Radiation



A laser is split into two beams and aimed down either arm. 

The beams reflect off a mirror at the end, return to the middle, bounce 
back to the end, and back to the middle for a total of 50 times.  This 

makes the distance the light travels longer, and increases the sensitivity 
of the detector.

Laser Interferometer
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Gravitational Wave Detection

• Suspended Interferometers
» Suspended mirrors in “free-fall”

» Michelson IFO is 
“natural” GW detector

» Broad-band response
    (~50 Hz to few kHz)

» Waveform information
(e.g., chirp reconstruction)

power recycling 
mirror

Fabry-Perot cavity4km

g.w. output
port

LIGO design length sensitivity: 10-18m



LIGO mirrors
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Sensing the Effect of a Gravitational 
Wave

Laser

signal

Gravitational 
wave  changes 
arm lengths and 
amount of light 
in signal 

Change in arm length is 
10-18 meters, 

or about 
2/10,000,000,000,000,000 inches
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LIGO (Washington) 
(4km and 2km)

LIGO (Louisiana) 
(4km)

Funded by the National Science Foundation; operated by Caltech and MIT; the research focus 
for more than 670 LIGO Scientific Collaboration members worldwide.

LIGO sites
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The LIGO Observatories

• Adapted from “The Blue Marble: Land Surface, Ocean Color and Sea Ice” at visibleearth.nasa.gov
• NASA Goddard Space Flight Center Image by Reto Stöckli (land surface, shallow water, clouds). Enhancements by Robert Simmon (ocean color, compositing, 

3D globes, animation). Data and technical support: MODIS Land Group; MODIS Science Data Support Team; MODIS Atmosphere Group; MODIS Ocean Group 
Additional data: USGS EROS Data Center (topography); USGS Terrestrial Remote Sensing Flagstaff Field Center (Antarctica); Defense Meteorological Satellite 
Program (city lights).

LIGO Hanford Observatory (LHO) 
 H1 : 4 km arms 
 H2 : 2 km arms

LIGO Livingston Observatory (LLO) 
 L1 : 4 km arms

10 ms
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The First Detection

GW150914 
 Duration 0.2 sec 
 Distance 440(+160-180) Mph 
 Redshift 0.093 (+0.030-0.036) 
Total energy imput 3 (+/-0.5) Msun
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Previous Events

» GW150914   Advanced LIGO
» GW 151226  Advanced LIGO
» GW 170104  Advanced LIGO
» GW 170814  Advanced LIGO + VIRGO

» All of these event ware due to BH mergers



GW170817





Localizations of the gravitational wave, the γ-ray burst and the kilonova on the sky

I Arcavi et al. Nature 1–3 (2017) doi:10.1038/nature24291



Gemini Observatory, 8m Telecope

Gran Telescopio Canarias, 10m Telescope

1m class telescope

The TOROS 
Collaboration



LCO discovery image of the kilonova AT 2017gfo in the galaxy NGC 4993

I Arcavi et al. Nature 1–3 (2017) doi:10.1038/nature24291

RA 13:09:48.1 
DEC -23:22:53







LCO light curves of the kilonova AT 2017gfo

I Arcavi et al. Nature 1–3 (2017) doi:10.1038/nature24291







So far the most interesting result









Not anymore
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An International Network of 
Interferometers

LIGO

Simultaneously detect signal (within msec)

detection 
confidence 
  
locate the sources 

decompose the 
polarization of 
gravitational 
waves  

GEO Virgo
TAMA

AIGO (proposed)



We got the infrastructure





This is a new era for the 
exploration of the universe


