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1.  Extra-solar planets 





1. How can we detect extra-solar planets? 
 

  They cause their parent star to ‘wobble’, as  
     they orbit their common centre of gravity  



Star + planet in circular 
orbit about centre of mass 



Star + planet in circular 
orbit about centre of mass  



Star 

Laboratory 



51 Peg – the first new planet 

Discovered in 1995 
 

Doppler wobble 
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Pegasi 51b 



Pegasi 51b 



Kepler spacecraft 

launched 2009 















2. Stellar life and death 







versus 

Forming stars 



Forming stars 

versus 

Gas pressure trying 

to expand the cloud 

Gravity trying to 

collapse the cloud 
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Hydrogen fusion – fuelling a star’s nuclear furnace 

E = mc 2 

H   = Hydrogen 

He =  Helium 

Speed of light 







Inside a very massive star 

conditions are hot and 

dense enough to 

fuse even heavier 

elements, 
 

all the way up 

to  Iron 







10 light years 

10 km 













3. The Milky Way and other galaxies 









 





A long time ago, 
 

in a galaxy far, far away…  



















4. The runaway Universe 
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Hubble also measured 

a shift in colour of   

the light from  

distant galaxies. 

Galaxy 

Laboratory 





Hubble’s Law 



How fast is the Universe expanding? 

Hubble space Telescope 

Key Project: 1990-2000 
 

Cepheid distances to ~30 

galaxies, linking to other 

standard candles 



















5. Multimessenger Astronomy 





















Einstein’s RelativityEinstein’s Relativity

Matter causes space Matter causes space 

to to curvecurve or or warpwarp“Space tells matter how to 

move, and matter tells 

space how to curve” 

Gravity in Einstein’s Universe 



Gravity in Einstein’s Universe 







Detecting gravitational waves with laser interferometers 



GEO600 
TAMA, 

CLIO 

LIGO  

Livingston 

LIGO 

Hanford 

4 km 

2 km 

600 m 
300 m 

100 m 

4 km 

VIRGO 3 km 
LIGO 

Livingston 

Ground-based network of detectors 
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http://www.amazon.com/exec/obidos/redirect-home/internetmoviedat
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Opening a new window on the Universe 
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Gravitational Waves 

???? 

Opening a new window on the Universe 


