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Gravity = curve

General Relativity the theory of the
ds? = Z,U,I/ gwdaﬁ“dw” = dx

= AP~ R + r2d6?
R(t) the Scale factor ... A. A. Fried



k = 0, £1 curvature constant : flat, spherical or hyperbolic
geometries
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Equation

<1d_R)2 L
R dt R
Equation of state p = p(p) required
Radiation dominated Universe :
p=3p = R(t) o t*/2

Matter dominated Universe :

p=0= R(t) xt?/?
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In the beginning

Nuclear reactions in the Big Bang

Matter and anti-matter not in equ

* The baryon to photon ratio ~ 1

What kind of nuclei form as the U

* 24% “He, 76% unprocessed H
* T he rest minuscule but calculab
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Wavelength [mm]
1 0.67

FIRAS data with 4006 errorbars
2.725 K Blackbody
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More signals from cosmic frontier

Cosmic book keeping of contents

H? + % — A=2%2%  where p =Total energy

another way of writing ...
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Signals ...

[1 A term seems to dominate, 25 = 0.7

[] But most of p is not baryons! Let 2, = Qpy + Q2B
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Dark Matter and Dark Energy

Evidence for Dark Energy — acceleration in expansion rate

show movie

What can Dark Matter be?




19

Inhomogeneity of photon gas

There are fluctuations 2L ~ 109 as we scan different directions in

T
sky

These are exactly as predicted by the theory of galaxy formation!
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Black Holes
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The theory ...
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The theory ...
Schwarzschild solution to Einstein's equations

2
ds? = dt?(1 — 27?6]2\/") = (l_d{GM + ...

'I"C2

Disaster at R, = 2(3_21\/./?

No, but the value is special.
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R, for the sun is
R for a 100kg person is

Total time of falling to » = 0 is finite

At r = 0 there is a ferocious singularity of space-time curvature.
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Cleaned

Waren et al. (1999)






Cleaned




Microle

L ens much closer, but of small mass

Gives information about small optic

within our galaxy by lensing objec

Planet occluding its larger partner

From OGLE project Poland, Chile,
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Fia. 2.— I-band light curve for the microlensing event OGL
magnification is shown on the right y-axis. The dotted line i

10

linear magnification



Optical Gravitational Lensing Ex

JD—-2450000

Figure 2. The I-band light curve for OGLE-1999-BU

standard and parallax fits, respectively. The short-dash
line shows the total baseline flux of the lensed star and
these two baselines, together with the peak I-band ma,
panel shows the residual flux (the observed data points
systematic discrepancies. The curved solid line shows t




DOGLE-TR-56 P=1.21190 (days)
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Gravitatio




Einstein’s equations give a wave equ
metric tensor

Electromagnetic waves polarised — d
the electric field vector

Gravitational waves are simultaneou
perpendicular directions




LIGO
E7 Data Analysis Working Groups

e Compact binary inspiral:  “chirps”

e Supernovae /| GRBs: “bursts”

e Pulsars in our galaxy: “periodic”

e Cosmological Signal “stochastic background”

Reports scheduled at the LIGO | Meeting this Thursday




