General Relativity
Gravitational Radiation
&

LIGO at more than full
sensitivity



Maxwell: EM waves with
velocity c= 299792458m/sec



Lorentz Transformations



Lorentz transformations
imply time dilation and length
contraction, but have
dramatic new implications for
causality and “spacetime”

(rather than “space” and
"time”).



Simultaneity Is Relative!



Observational status:
twin paradox

“These results provide an unambiguous empirical
resolution of the famous clock "paradox” with
macroscopic clocks.”



Other well Known
implications

E = mc@

E = moCZ-I- KE



General Relativity

Einstein’s Description of Gravity

Basic motivation:
Equivalence Principle



Newtonian Equivalence
Principle

inertial mass gravitational mass

inertial mass = gravitational mass



Different from E&M



Why Is this true?
(Theoretical Question)

Einstein: Because objects are
following the same path in curved
spacetime

Gravity is Curvature!



Curvature determines
orbits



Subtle GR Effects in
Solar System



Strong Fields Produce
Big Effects



Black Holes: the
Strongest Gravitating
Objects



Strongest Fields: Binary
Black Holes in Orbit



very large waves are very small

] x](-22
~ transverse when detected

at source

LIGO






As wave enters from top:
This arm squeezed

this arm stretched

LIGO



LIGO: Interferometer
detector






No detections so far,
but...






Gravitational Waves and
Spaceborne Detector



