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&) Galilean Principle of Relativity

Laws of Mechanics are the same in
all Inrtial Frames (IF)
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Then came Electromagnetism ...
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TEP II: Special Relativity + Gravity
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iS mass proportional
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10 yut in a small region

Principle of Equivalence !

Answer: Yes! But with a caveat
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&) Principle of Equivalence

Principle of Equivalence (WEP):

All masses fall with the same

acceleration
—
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Principle of Equivalence (SEP):

The laws of physics are the same In

all LIFs
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@ EINSTEIN’S GRAVITY : General theory of
Relativity
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Dynamical variables in General Relativity
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Curvature iIn 2D

The 3 angles of the triangle
do not add up to 180°
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finstein’s Field Equations

Spacetime grips mass, telling it how to move, and mass grips

spacetime, telling it how to curve

— John Archibald Wheeler
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MASSES OSCILLATE :
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GRAVITATIONAL WAVES ???
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Waves in the curvature of spacetime
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§@ Plane wave solutions: TT gauge
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fabric of spacetime

General Relativity Prediction
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Detection: Effect on test particles
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test particles move along geodesics
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@ PRINCIPLE OF DETECTION




\@ LIGO Louisiana 4 km armlength (US) indige
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CURRENT DETECTOR STATUS

arge scale laser interferometric detectors
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on confidence 2. Source direction 3. Polarisation info
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Technology pushed to the limits
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Seismic noise at low
frequencies

Thermal noise at mid
frequencies

Shot noise at high
frequencies — quantum
nature of light
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We did it !

Best Strain Sensitivities for the LIGO Interferometers
Comparisons among S1 - 85 Runs  LIGO-G060009-01-Z

LLO 4km - 81 {2002.09.07) |-
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LIGO 1SRD Goal, 4km I

le-19

le-20

h[f]. 1/Sqrt[Hz]

le-21

1240 100 1000 10000

Frequency [Hz]



NN

@ GRAVITATIONAL WAVE SOURCES indige
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* Inspiraling binaries:
Neutron stars (NS), Blackholes
h~ 10” for 2 NS at 200 Mpc
* Rotating NS, Accreting NS — LMXBs
Sco X-1
* Supernovae
* Stochastic background — Early Universe

Parametric amplification



Source Strengths
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Binary inspiral :
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Matched filtering the signal
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S \\ matched filter

c(T) :J'x(t) q(t +7) dt
Stationary noise:

q(f) =




@ Matched filtering the inspiraling binary signal
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LISA e
« A Collaborative ESA MH to observe low-

frequency gravitational waves

° ° ° ° X
- Cluster of 3 S/C in heliocentric orbit at 1 AU
eTS/E in lasers and free—flying test masses

. Equ1lateral trlangle with 5 -leng];b




T i elative crbits
b x&{of SEocecraft

0 "7



Cluster rolls once per year around its centre
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LLISA SCIENCE contd
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y upgrades: Amplitude, Band-width

oved Dy factor ~ 100 just in amplitude sensitivity in 2
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