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Pulsars

Image: Jocelyn Bell Burnell
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Gravitation is universal

Objects move in 
straight lines



  

Relativity

Space and time are 
linked

Nothing can travel 
faster than the speed 
of light

Image: BBC



  

Space-time

Image: WGBH Boston 

Space tells matter how to move, 
matter tells space how to curve



  
Image: Swinburne 
Astronomy Productions

Accelerating masses create 
gravitational waves, ripples 
in space-time



  

Credit: Weisberg & 
Taylor 

Pulsars 
confirm 
theoretical 
predictions 
to superb 
accuracy



  

Stretch and squash



  Image: LIGO

LIGO Livingston
4 km arms



  

Detector network

Google Maps

LIGO Hanford

LIGO Livingston

GEO 600

Virgo

KAGRA

LIGO India



  
Image: LIGO

15 September 
2015

We observed 
gravitational 
waves



  



  

GW170817

17 August 2017
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Masses
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Video: LVC/NASA/L. Singer 



  



  
Image: LIGO
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Spectrum of observations
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Heavy elements

Credit: AP/F. Vergara



  

Hubble constant

Credit: LVC+



  

Gravitational waves are a new way to do 
astronomy

We have observed the first neutron star 
coalescence

Neutron stars are the source of short 
gamma-ray bursts and kilonovae



  

Combined observations tell a 
more complete story

birmingham.ac.uk/gravitational-waves/

Image: NSF/LIGO/Sonoma State University/A. Simonnet

ligo.org/science/



  
Image: Super-Kamiokande

The neutrino sky



  

The puzzle of 
Mercury’s orbit



  

General relativity

Curvature Mass



  

Dark energy

Curvature Mass

Cosmological constant
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The black hole 
from Interstellar

Image: James et al. (2015)
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Waves
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Tidal distortion

Credit: LVC
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Gamma-
rays



  

Spectrum of observations

Credit: LVC+



  



  

Expansion of the Universe

Credit: LVC+



  
Image: Double Negative

Black holes and neutron 
stars are the remains of 
stars

Gravitational waves give 
us a new way to observe 
these remarkable objects 

@cplberry
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