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What if you were there? 






Newtonian Gravity 

• Published in 1687 
• Gravitational force is 

transmitted instantaneously 

2
21

r
mGmF =



Albert Einstein predicted the existence of gravitational waves in 1916, as part of 
the theory of General Relativity. In this theory, gravity is not just a force, but the 
curvature of space-time. Gravity also does not travel instantaneously, but at the 
speed of light. 
 
Einstein thought that the waves would be too small to  
ever be detected – space is very stiff! 

“Spacetime tells matter how to move; matter tells spacetime how to curve.” John Wheeler 



Gravitational waves 

• Ripples in the fabric 
of spacetime 

• Travel at the speed of 
light 

• Stretch and squeeze 
space as they pass 



Gravitational wave sources 
• Need large mass accelerating rapidly – compact 

binaries, supernova, big bang 



Gravitational waves 






Animation created by R. Hurt, Caltech/MIT/LIGO Lab 
 
 






The effect of gravitational waves 
• As the gravitational waves pass the Earth, 

they alternately stretch and squeeze 
space. By how much? 

• Measured in strain –  
• For a reasonable sized detector of 4 km, 

this leads to a distance of about 10-18 m, 
or about 1/1,000 the diameter of a 
proton. 

• How small is 10-21?  
• There are roughly 1021 grains of 

 sand in all the beaches of the  
world.  
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What was observed? 

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 061102  



What was observed? 

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 061102  



Waveform 

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 061102  



B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 061102  


This video is about LIGO Chirp�

Robert Hurt�

LIGO Chirp�

Chirp Source�

LIGO Chirp�





What do we know about the black holes? 

• About 3 times the mass of the sun was converted to 
gravitational waves. 

• Over the sun’s lifetime of about 10 billion years, it will only 
convert about 0.07% of its mass into energy – this event 
emitted over 1,000 times more energy in a fraction of a second. 

• This event was outputting more power during its peak than all 
observable stars combined. By a factor of about 50. 
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B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 061102  



Where did the event occur? 



Statistics 

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 061102  



B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 061102  



International network of 
detectors 





LIGO.org 

Presenter
Presentation Notes
And here the mirror is mounted. These are the objects that sensed the gravitational wave as it passed the earth. 
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LIGO.org 

Presenter
Presentation Notes
And here the mirror is mounted. These are the objects that sensed the gravitational wave as it passed the earth. 



LIGO.org 

Presenter
Presentation Notes
The laser, in addition to needing extreme cleanliness, also requires very serious eye protection



Sensitivity 



Why does this matter? 

Hevelius 

400 years ago, 
Galileo used the 
first telescope to 
discover the 
moons of Jupiter 

26 years ago, 
NASA launched 
the Hubble 
Telescope 

Today, we know the age 
of the universe, that it is 
expanding, and more 
about the starts and 
galaxies that fill it 



Why does this matter? 

• First direct detection of gravitational waves, 
confirming a prediction from GR 

• First observation of a binary black hole merger 
• Opens a new window on how we see, or listen to 

the universe 
• There are many mysteries still out there 





A New Window 





A second detection: GW151226 

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration) 
Phys. Rev. Lett. 116, 241103 



LIGO’s First Observing Run 



Looking ahead 



Quantum noise 



Prototypes 



Thank you! 
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