AN FIEE R

Bin HU

bhu@bnu.edu.cn

Astro@BNU
Office: RITAE 9907


mailto:bhu@bnu.edu.cn

outline

4. FHMKEE RESFIHAN

5. Pl FRIRH

6. 5| 7R R

7. Bk ER RN

8. FHE—HREA“LIM”



1%— MR F5| IMKRANIAIR!

JAREE 2 R PTANRYE RIS SN ER?



galaxy
galaxy cluster

lensed galaxy images

distorted light-rays
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2GM AGM

Why Einstein > Newton?









Mass, Velocity, Spin, Polarization, ...
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Spin =2 (NO negative mass charge)
After half orbital period, the source mass distribution restore the original configuration

2 Polarisations
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Linear Polarization
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Only consider the TE-mode, i.e. ignore TM-mode
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Monopole: E ~ Q , 9. FEfa<FIE

[L1=[t]
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P P
Dipole: E ~ 3 5

However, the first-order spatial moment of a charge distribution, P = 20si,
1S not a conserved quantity: we can change it freely by moving a charge
around, or by separating pairs of balanced positive and negative charges.
This 1s also called the electric dipole moment, since it 1s the first and most
significant nonzero moment of an electric dipole (1.e. a pair of balanced
positive and negative charges). As shown ealier, we get 1/r transverse
electromagnetic radiation, or dipole radiation, when 0°P/0¢? = 2Q,a; # 0



Fﬂﬁw%%%ﬁﬁﬂiﬂﬁﬁ@ﬂﬁﬁ—?ﬁ%ﬁmmMﬁ%ﬁ%ﬁgﬁo

B
\  GM
g o< =3

(point mass)

=135 101 b = RS PO d A

tidal force  \ QM
g X Vg~

3
(sizable object) r

N ,  Ag  changein gravity
d \Ad 5= d B displacement
/ I 2Ad _ oy change in displacement
N - d 7 displacement



Monopole: ¢ ~ —, o «——— JUFH: REFE
Dipole: g ~ 51 _, 2 _, -?-, «— MRS H=EFIE
r re re
I I I I
uadrupole: ¢ ~ — |, — — —
Q P g "5 pd 3 "2
I: ZIiE YR zE

AXJFRIERZNE

@
octupole

quadrupole




Q: EFES| DKIG? Why?




Q: EFE5|71KIE? Why? .




A: we need tl m e Va ryl n g quadruple anisotropy!

R

GM 1 v

h~ x5 ()
The first term 1s roughly the size of a black hole of mass M, so
the distance r to the system must clearly be much greater.
Similarly, v/c 1s the ratio of the speeds of masses in the system
to the speed of light, which must be less than (usually much
less than) unity. Thus 4 approaches unity when one 1s standing
in the immediate vicinity of black holes moving about at
lightspeed, and 1s less for any other circumstance.



In particular, the length scale of a "typical" black
hole 10x as massive as our Sun 18 14km, and such
objects achive speeds around ¢ only when they
collide, which might occur on a yearly basis within
a volume of radius 6x102%km (20 megaparsecs). So
the strongest waves we expect to observe passing
the Earth will have & ~ 10-20 or less. This 1s enough
to distort the shape of the Earth by 10-13 metres, or
about 1% of the size of an atom. By contrast, the
(nonradiative) tidal field of the Moon raises a tidal
bulge of about 1 metre on the Earth's oceans.

Calculate the yellow number!



GW from binary system

Quasi-circular Plunge Ringdown
inspiral and merger
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Black hole
Post-Newtonian Numerical perturbation

techniques relativity =~ methods



his claim to have detected
gravitational waves from
SN1987Ain 1987, were

widely discredited.

Weber

[Credit: 22035 & wangyi]
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LIGO Hanford

Time (sec)
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The LIGO Observatories

LIGO Hqgford Observatory (LHO)
) H1:4 kmarms
. H2:2kmarms

T

LIGO Livingston Observatory (LLO)
~ . L1:4kmarms

'\'\:‘_ e s '
Adapted from “The Blue Marble: E%\ nadSurface, Ocean Colorand Sea Ice” at visibleearth.nasa.gov
NASA Goddard Space Flight Ceniter Image by Re o Stockli {land surface, shallow water, clouds). Enhancements by Robert Simmon
(ocean color, compositing, 3D globes, animation): and technical support: MODIS Land Group; MODIS Science Data Support Team;
MOD Atmoenhere nnun* MOD Ocean NN dditional data- 20) Nata ante nnooranhv) arrectrial Ramaote
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Problem-10: What are the possible sources of GW?
Briefly describe its mechanism.

Problem-10: £3iA—T, SHEILIGO / VIRGO#RM{E R .
IABRA, T—GWERTISCIGRIERE




