General Rclah'vﬂ—y

We describe a P°i“+ in Spaceh'me B\/ its posihon vector XM where M=0,0,2,3:
M = (ct, X))  whee 1=1,2,3.
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The spacetime interval  dst between dwo points  can be wrtken as
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where Juv s the metnic fensor. The mefric tensor depends on Hhe geometry of spacetime
and He coordinates  used.

The metric has b c0ml>ohenl-s, but He): are rot all l'nJepmdenk The reetric 1€ Symw\eh-‘c)
ie) Quv = Gy, SO Here are (O in&cchlen{— dcgrecs of freedom.
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In Flat SpaceHme., He SPQCE.'HMC interva| Is
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Einstein Field Equa\'ions

The Einstenn Field Eciuml-v'ons relate the curvature of SPquHMC o Hhe dickibubion Olc
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Linearized C)rmw'l'y

5uppose, Spacelﬂ'me IS near|y but  hot guih. Flat. Then He metric can be writen as
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Then He lincarized Einstein Field Ec;uaHons are
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Note Hot we have enforced He gauge condi+Hon %ﬂ A% =0 (Lorenz ﬂauge)

This is analoﬂous to He Lorenz qauge in 6|ecl'mma3neﬁsm 2—» M =0



Gravitational Waves

In vacuum, He |inearized Einstein Field Equmﬁohs are
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This equation admits Plane-waue solutions

RMV (x“) = I‘Mv (z‘:-z/c_> Wave huve]ir\ﬂ in He z-direction
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OR°M
ox*

s0 te nhumber of iﬂdcpwden'l’ COMPdnem‘g of EAW is 10-Y=6.

= hr w=0)1,2,3



But not all of Hese correspond 4o ph\,sml deﬂrces of Greedon,.

Recall Hat curvabuee is calculabed from 2 derivabives of He memic.  For our Plane wave
$olu.l-ior\J only % 8ed g‘z ae nonzero. We an use this to show that Her are only
2 kalsiw\\ dearces of Freedom:
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Gravitationa|  waves Carry Away  enerqy. If we look at He Einstein Field CC}UMHOI\S
at 60\1), we Find an effective shcss-encrgy tensor from He GWs:
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Astrophysical Sources of GWs
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The entrgy carried away IS L = - ;‘? ~ ’;; I

This causes the orbit ho AECG\/ and Hthe orbital
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The GW Frequuncy is relartd 4o He orbital FreQucr\cy b\’ a factor of 2:
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DcJ'ecHnS Grovitational Waves
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The radio sigm\ Bllows o Sc,odesic5
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Pulsas T\'mins AN‘O\\/S

Gravitational waves induce o redshift in Pre pulses of pulsars.
We search for 3rmvi+mHonm| WoweS by Starcl\u'as He Pu\sar Hm‘na residuals:
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For an ensemble of sources, we inteqrate over o population of sources dictributed across He sky.
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Pulsar Fmirg acrays  are sensibive to GWs  fom §—~I—IOO nHz.
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PTAs often describe H\ipﬂs in terms of He induced residuals:
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For white noise, 5_ (sf'>~§° = }\C(1}>~)C3’z.



