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Physics 311
General Relativity

Lecture 20:
Hot topics in General Relativity 

(and beyond)





Microwave background map (fluctuations)
• Small ripples in the exceptionally uniform microwave background give 
us a glimpse at the quantum fluctuations in the very early Universe, just 
after the inflation.

http://arxiv.org/abs/astro-ph/0302496


• Time-dependence in Einstein field equation leads to spacetime 
curvature that varies with time.

• These time-variations of spacetime curvature are expected to propagate 
at speed of light and are called gravitational waves.

Gravitational waves

In this figure, two hypothetical 
black holes orbit each other at 
high rate.

Each black hole creates its 
own curved spacetime around 
itself.

As the black holes rotate, the 
centers of their respective 
metrics move. This creates a 
wave pattern!



• Gravitational waves carry away energy. This energy must come from 
somewhere. In other words, the source of gravitational waves must lose 
energy.

• Looking for this loss of energy is an indirect way of detecting 
gravitational waves. 

Energy of gravitational waves 



• Two enormous Michelson interferometers look for tiny relative
movements of their mirrors caused by gravitational waves.

• Current sensitivity ~ 10-18 meters (1000 times smaller than the proton!), 
yet not sensitive enough (would probably detect waves coming from our 
entire Galaxy collapsing...)

LIGO - Laser Interferometer Gravitational 
wave Observatory



• Three satellites flying 5 million kilometers apart, with laser beams 
“connecting” them.

• May be launched in 2012.

• Would have sensitivity 1,000,000 times better than LIGO

LISA - Laser Interferometer Space Antenna 



Gravitational waves

Numerical Relativity 
can now predict the 
characteristic signals 
sent by the merging 
black holes

Detection of these 
signals – the 
gravitational waves –
will improve and 
expand our 
understanding of the 
Universe.


















Gravitational waves emitted by a small black 
hole falling onto a supermassive black hole





BIG open questions in relativity and cosmology

• What happened before the Big Bang?

• How many dimensions of space (and time?) are there?

• What is the topology of space? (remember the balloon?)

• “Big Crunch”, “Big Rip” or ...?

• What is the nature of the “Dark Energy?”

• Do “naked singularities” (i.e. singularities without the event 
horizon) exist?

• ... and many more...
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