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¢ THE LARGE SCALES QF
ASTROPHYSICE AND COSMOLOGY
ARE INCREASINGLY ACESSIRLE
TO ORSERVATION.

¢ THE SMAUWLEST SCALES ARE
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G PS Nominal Constellation
24 Satellites in 6 Orbital Planes
.. 4 Satellites in each:Plane
20,200 km Altitudes, 55 Degree Inclination
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(ARAVITATIONAL REDSHIFT,
ZENDING AND TIME DELAY OF LIGWT,
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Geodetic Effect

6,614.4 milliarcseconds/yr
(0.00183 degrees/yr)
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MATOR THEME
OF THE THIS "DECADE:

THE EXPLORATION OF
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GRAVITATIONAL FIELDS




STRONG GRAV(TY .

o GRAVITATIONAL WAVES
o BLACK HOLES
o COSMOLRA&Y



GRAVITATIONAL WAVES
EINSTEIN'S “THEORY PREDICTS
PROPAGATING RIPPLES

IN
SPICETIME CURVATURE



GRAVITATIONAL WAVEC
PROPAGATING RIPPLES | CURVATUPRE

® SPEED C
©@ TWO POLARIZATIONS




MASS IN MIT7IoA,
THE SOURCE OF GRAVITATIONAL. WHV/ES

| JEY AL
&Gw ,EM &
My P/ N
FXPLOSIVE COLLABSE BwARy STARS
IS MUCH BRIGHTER  MAss M, PERIOD B,

® NUE _

NE COULD POTENTIALLY SEE

TO THE SURFACE OF BLACK HALES
ANDTO THE EARLIEST TIMES

OF THE Bl5 BANG  WiTH

GRAVITRT 1ONAL. W) £



PSR R1913+ 16

1]

20,000 o

Delay (s}

4 6 8 1

. = > 2
Orbital phase (F,=7.75 h)

Frot = 0.0890299973 29613 + . 0000000000077
(Tuy?, W54 ~ b GMT) N

LAN AED

Partt = 77Sha (i ey

CDUEY Ly~
‘m&é&gﬁ?n% ) )y ‘Or\‘?‘*/



'[llfIIlfl![||||I||I|||l||‘|I

1

%

G ~
_m al
v L =
£ —10 —
O 1
2 8 -
n —15 — e
9 - :
3 c B
o N ]
o —20 — f//f =
+ | General Relativity prediction il
% B _
o —25 — _
R s — -
S B N
S B _
E 30 — —
3 L= _|
5 B |
s ..
- X
a0 Ol b b b L | |11
1975 1980 1985 1990 1995 2000 2005

Year

TAYLORQ \WE ISRERS



DETECTION OF GRAVITATIONAL WAVES
=< —d—

LASER (NTERFEROMETER

|

BlG INTERFEROMETERS CAN DETECT
DIFFERENCES IN LENGTH OF

A FRACTION' OF THE SIZE OF THE
NUCLEUS TP AN aTon, P

2



~Ec
.JE{_}
= - AURIGA

EXPLORER
'-,-';RG(_]. NAUTILUS

e LIGO

: LIGCO
ALLEGRO g @'Y




HANFORD | WA






0D

J_,f|

10000

iber

HMIFORD 4k,

Strain Sensitivities for the LIGO Interferometers

1000

Frequency [Hz]

00

1

le- 18

HI Performance adapted from  LIGQ-GOSOM483-01-7






BLALK HoLsS
( P. Diener))

EVENT HORZ OV
#” oF TWO MERK) U
RLAG HLES




Space-based
T Ak Interterometer

Contle soe e o
Mansive Black Hodes

10"]] Hewobvedd

Galactie Binaries

Uinee sotved
€ ol tic
Bnuirics

Gravitational Wave Ampliude

LIGO

NS-NS at BH-IH
Coalewence

SN Core
Collapse

103"' ]
1o 107 10°

Frequency (Hz)

10° 10*

MASS IN MOTION PRODUCES
CRANITATIONAL WAVES .

Walker






relative orbit
" of spacecraft

~ Mercury




Optical
Radio, Owen et al.

MERGING RIACK HOLES EMIT

,E 5 Cfmd@) MC?“

IN A TIME
+ ~ (fow )x GM
¢3

~ M * S " '
LGW 'C ‘Cl/_{- s 'Q"' A ‘la'uff ffr
= 1('5 (-’-} >
[ cuma_~ 1020gy/. MAXIMOM PHISICAC
Tay RURSTS e LUMINOSITY,



PERY SICAL REVIEW 17 8%, (XMW (206

Analysis of LIGO data for gravitational waves from binary neutron stars
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RLACK HOLES

EINSTEIN'S THEORY PREDICIS
THAT WHEN

MASS )R COMPRESSED
TO A SMALL ENOUGH VOLUME
THE GRAVITATIONM. FORCE

IS SO STRONG
’ NOTHING CAN ESCAPE



[BLACK HOLES

® GEVERAL RELATIVITY PREDICTS THAI
THE GEOMETRY OF ASTROPHYSICAL
rgwc& HOLE.S :3 CHA’KACTERI%ED
By © |
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T — ANGQULAK. MOMENTUM)

& BLACK HOLES PROVIDE THE
CLEMEST CONNECTION RETWEEN

ASTROPHYSICS AND FUNDAMENTAY, PUKICS

IR

i

.i



WEIGHING THE SUN

THE MASS OF THE SUN CAN BE
DETERMINED FROM THE SPEED
OF THE EATH AND THE SIZE

OF ITS ORBIT.

THE EARTH WOULD GO AROUNMD
TWICE AS FAST IF THE SUMN
WERE FOUR TIMES MRE MATIVE
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THE BLACK HOLE IN QUR. GALAXY
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RIACK HOLES POWER SOME OF
THE MOST ENELGETIC PHENIMENA

IN THE ONLWVERSE.
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ACI'IVE GALACTIC NUCLE

s — 10,000 TIMES RRGHTER,

THAN ALL THE STARS IN THE
GALAXY .
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GRAVITATIONAL RINDING
ve THERMONUCLEAR FUSIN
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THE RLACK HILES (QF

GENERAL RELATVITY (19)8)
ARE THE MOST EFFICIENT
WAY OF REALIZING
== me*
OF PECIAL RELATIVIT) (1966)



OTODAY: TDENTIFIED PLACES
WHERE THELE 1S MUCH
MASS IN A SMALL VOLUME

® FUTURE @ QCHECK THE
TETAILED PREDICTION OF

EINSTEIN'S THERY FoR
THE GEOMETRY AROUND

RLACK HOLES
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GRAVITAT (ONAL. WAVES
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COSMOLOG Y
EINSTEIN'S THERY PREDICTS
THE EXPANSION OF

THE UNIVERSE
FROM A Blg BiNg.



GRAVITATIONAL TSQUES IN COSMOLO4

® WHAT (S THE GEOMETRY
¥ THE ONIVERSE 2

® WHAT (R THE SOURCE
OF CURVATUR & 7

: DARK MATTER

- VACUUM ENEREGY
((ASMOLOGI CAL COVSTRAT, \

® DOES THE UNIVERSE
OREY THE EINSTEIND
EQUATION ¢
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CO3MILOGY TOMORROW (

TS EINSTEN'S
GRAVITATIONAL
THEORY CORRECT
ON THE
SCALES OF
COSMOLOGY 7
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COSMOLOGY AID QUANTUM GRAVITY
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