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Lecture 1
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 Notations and brief reminder of General Relativity

 Weak gravitational waves (GW) in vacuum 

 Generation of GWs (quadrupole expression).



Gravitational Waves across frequency
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Main features of GWs

 Gravitational waves (GWs) exist in every covariant 
theory of gravity 

 In GR:

  GWs propagate with the speed of light

 GWs are acting as time varying tidal forces 

 GWs have two polarization state (in case of linearly 
polarized wave:  

 GWs weakly interact with the matter 
(                             ) - are not scattered or absorbed, but 
hard to detect
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Special relativity (reminder)
 Existence of inertial coordinate systems (not accelerated)

 Equivalence of inertial coordinate frames 

 Universality of the speed of light 
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We use G=c=1 (mass, length, time in seconds) 

interval: �s
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Differential geometry (reminder)
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Non-flat geometry
Metric defines the distances and angles: 

ds
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µ
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<latexit sha1_base64="CIzMllOFkTANYY2q7hpS2DlM04k=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5IUQTdC0Y3LCvYCTRomk2k7dDIJcxFL6CO48VXcuFDErUt3vo2TNgtt/WHg4z/ncOb8YcqoVI7zbS0tr6yurZc2yptb2zu79t5+SyZaYNLECUtEJ0SSMMpJU1HFSCcVBMUhI+1wdJ3X2/dESJrwOzVOiR+jAad9ipEyVmCfRLJXg5fQIwoFmRdrj+sJjB56ORdgnHJgV5yqMxVcBLeACijUCOwvL0qwjglXmCEpu66TKj9DQlHMyKTsaUlShEdoQLoGOYqJ9LPpQRN4bJwI9hNhHldw6v6eyFAs5TgOTWeM1FDO13Lzv1pXq/6Fn1GeakU4ni3qawZVAvN0YEQFwYqNDSAsqPkrxEMkEFYmwzwEd/7kRWjVqq5TdW/PKvWrIo4SOARH4BS44BzUwQ1ogCbA4BE8g1fwZj1ZL9a79TFrXbKKmQPwR9bnDyXnnKo=</latexit><latexit sha1_base64="CIzMllOFkTANYY2q7hpS2DlM04k=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5IUQTdC0Y3LCvYCTRomk2k7dDIJcxFL6CO48VXcuFDErUt3vo2TNgtt/WHg4z/ncOb8YcqoVI7zbS0tr6yurZc2yptb2zu79t5+SyZaYNLECUtEJ0SSMMpJU1HFSCcVBMUhI+1wdJ3X2/dESJrwOzVOiR+jAad9ipEyVmCfRLJXg5fQIwoFmRdrj+sJjB56ORdgnHJgV5yqMxVcBLeACijUCOwvL0qwjglXmCEpu66TKj9DQlHMyKTsaUlShEdoQLoGOYqJ9LPpQRN4bJwI9hNhHldw6v6eyFAs5TgOTWeM1FDO13Lzv1pXq/6Fn1GeakU4ni3qawZVAvN0YEQFwYqNDSAsqPkrxEMkEFYmwzwEd/7kRWjVqq5TdW/PKvWrIo4SOARH4BS44BzUwQ1ogCbA4BE8g1fwZj1ZL9a79TFrXbKKmQPwR9bnDyXnnKo=</latexit><latexit sha1_base64="CIzMllOFkTANYY2q7hpS2DlM04k=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5IUQTdC0Y3LCvYCTRomk2k7dDIJcxFL6CO48VXcuFDErUt3vo2TNgtt/WHg4z/ncOb8YcqoVI7zbS0tr6yurZc2yptb2zu79t5+SyZaYNLECUtEJ0SSMMpJU1HFSCcVBMUhI+1wdJ3X2/dESJrwOzVOiR+jAad9ipEyVmCfRLJXg5fQIwoFmRdrj+sJjB56ORdgnHJgV5yqMxVcBLeACijUCOwvL0qwjglXmCEpu66TKj9DQlHMyKTsaUlShEdoQLoGOYqJ9LPpQRN4bJwI9hNhHldw6v6eyFAs5TgOTWeM1FDO13Lzv1pXq/6Fn1GeakU4ni3qawZVAvN0YEQFwYqNDSAsqPkrxEMkEFYmwzwEd/7kRWjVqq5TdW/PKvWrIo4SOARH4BS44BzUwQ1ogCbA4BE8g1fwZj1ZL9a79TFrXbKKmQPwR9bnDyXnnKo=</latexit><latexit sha1_base64="CIzMllOFkTANYY2q7hpS2DlM04k=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5IUQTdC0Y3LCvYCTRomk2k7dDIJcxFL6CO48VXcuFDErUt3vo2TNgtt/WHg4z/ncOb8YcqoVI7zbS0tr6yurZc2yptb2zu79t5+SyZaYNLECUtEJ0SSMMpJU1HFSCcVBMUhI+1wdJ3X2/dESJrwOzVOiR+jAad9ipEyVmCfRLJXg5fQIwoFmRdrj+sJjB56ORdgnHJgV5yqMxVcBLeACijUCOwvL0qwjglXmCEpu66TKj9DQlHMyKTsaUlShEdoQLoGOYqJ9LPpQRN4bJwI9hNhHldw6v6eyFAs5TgOTWeM1FDO13Lzv1pXq/6Fn1GeakU4ni3qawZVAvN0YEQFwYqNDSAsqPkrxEMkEFYmwzwEd/7kRWjVqq5TdW/PKvWrIo4SOARH4BS44BzUwQ1ogCbA4BE8g1fwZj1ZL9a79TFrXbKKmQPwR9bnDyXnnKo=</latexit>

arbitrary metric

flat (Minkowski)
Local flatness theorem: the metric can be 
brought by a coordinate transformation  
at a point to Minkowski form, and all its 

first derivatives can be made = zero at that
point. (but not the second derivatives!)

We can introduce Local  Inertial Frame: approximately flat in a vicinity of a point 
(for the scale mauch less than radius of curvature of spacetime) 

dx ⌧ R
<latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit><latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit><latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit><latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit>



Differential geometry (reminder)
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Vector field: vector is defined continuously at each point: requires/involves comparison 
between vectors at two points.

d

~

V

dx

µ
=

d(V ⌫
~e⌫)

dx

µ
=

dV

⌫

dx

µ
~e⌫ + V

⌫ d~e⌫

dx

µ
<latexit sha1_base64="xUwEWit1Yt828YoEkLs7VuUhi0k="></latexit><latexit sha1_base64="xUwEWit1Yt828YoEkLs7VuUhi0k="></latexit><latexit sha1_base64="xUwEWit1Yt828YoEkLs7VuUhi0k="></latexit><latexit sha1_base64="xUwEWit1Yt828YoEkLs7VuUhi0k="></latexit>

basis vector could be different 
at different points d~e⌫

dx

µ
= �↵

µ⌫~e↵
<latexit sha1_base64="q4LDY/oFq1YxrDmkqn4oSQyhO5E="></latexit><latexit sha1_base64="q4LDY/oFq1YxrDmkqn4oSQyhO5E="></latexit><latexit sha1_base64="q4LDY/oFq1YxrDmkqn4oSQyhO5E="></latexit><latexit sha1_base64="q4LDY/oFq1YxrDmkqn4oSQyhO5E="></latexit>

Christoffel symbols (not a tensor)

Covariant derivative: V ↵
;� = V ↵

,� + V µ�↵
µ�

<latexit sha1_base64="AbKJUn0J9CcRQwThAOk5ix7geQI=">AAACO3icbZBNS8NAEIY3flu/oh69LBZBUEoigoIIRQ96VLFVaGKYbLd26W4SdjdCCflfXvwT3rx48aCIV+9uahBbHVh4eeYdZucNE86Udpwna2x8YnJqema2Mje/sLhkL680VZxKQhsk5rG8DkFRziLa0Exzep1ICiLk9CrsHRf9qzsqFYujS91PqC/gNmIdRkAbFNgXWfMm84AnXcjzIDvwQqohx4d4mG+XfAsXWKS5dwJCwI8lKGDpCeyqU3MGhf8KtxRVVNZZYD967ZikgkaacFCq5TqJ9jOQmhFO84qXKpoA6cEtbRkZgaDKzwa353jDkDbuxNK8SOMB/T2RgVCqL0LjFKC7arRXwP96rVR39v2MRUmqaUS+F3VSjnWMiyBxm0lKNO8bAUQy81dMuiCBaBN3xYTgjp78VzR3aq5Tc893q/WjMo4ZtIbW0SZy0R6qo1N0hhqIoHv0jF7Rm/VgvVjv1se3dcwqZ1bRUFmfXz7Rr2Y=</latexit><latexit sha1_base64="AbKJUn0J9CcRQwThAOk5ix7geQI=">AAACO3icbZBNS8NAEIY3flu/oh69LBZBUEoigoIIRQ96VLFVaGKYbLd26W4SdjdCCflfXvwT3rx48aCIV+9uahBbHVh4eeYdZucNE86Udpwna2x8YnJqema2Mje/sLhkL680VZxKQhsk5rG8DkFRziLa0Exzep1ICiLk9CrsHRf9qzsqFYujS91PqC/gNmIdRkAbFNgXWfMm84AnXcjzIDvwQqohx4d4mG+XfAsXWKS5dwJCwI8lKGDpCeyqU3MGhf8KtxRVVNZZYD967ZikgkaacFCq5TqJ9jOQmhFO84qXKpoA6cEtbRkZgaDKzwa353jDkDbuxNK8SOMB/T2RgVCqL0LjFKC7arRXwP96rVR39v2MRUmqaUS+F3VSjnWMiyBxm0lKNO8bAUQy81dMuiCBaBN3xYTgjp78VzR3aq5Tc893q/WjMo4ZtIbW0SZy0R6qo1N0hhqIoHv0jF7Rm/VgvVjv1se3dcwqZ1bRUFmfXz7Rr2Y=</latexit><latexit sha1_base64="AbKJUn0J9CcRQwThAOk5ix7geQI=">AAACO3icbZBNS8NAEIY3flu/oh69LBZBUEoigoIIRQ96VLFVaGKYbLd26W4SdjdCCflfXvwT3rx48aCIV+9uahBbHVh4eeYdZucNE86Udpwna2x8YnJqema2Mje/sLhkL680VZxKQhsk5rG8DkFRziLa0Exzep1ICiLk9CrsHRf9qzsqFYujS91PqC/gNmIdRkAbFNgXWfMm84AnXcjzIDvwQqohx4d4mG+XfAsXWKS5dwJCwI8lKGDpCeyqU3MGhf8KtxRVVNZZYD967ZikgkaacFCq5TqJ9jOQmhFO84qXKpoA6cEtbRkZgaDKzwa353jDkDbuxNK8SOMB/T2RgVCqL0LjFKC7arRXwP96rVR39v2MRUmqaUS+F3VSjnWMiyBxm0lKNO8bAUQy81dMuiCBaBN3xYTgjp78VzR3aq5Tc893q/WjMo4ZtIbW0SZy0R6qo1N0hhqIoHv0jF7Rm/VgvVjv1se3dcwqZ1bRUFmfXz7Rr2Y=</latexit><latexit sha1_base64="AbKJUn0J9CcRQwThAOk5ix7geQI=">AAACO3icbZBNS8NAEIY3flu/oh69LBZBUEoigoIIRQ96VLFVaGKYbLd26W4SdjdCCflfXvwT3rx48aCIV+9uahBbHVh4eeYdZucNE86Udpwna2x8YnJqema2Mje/sLhkL680VZxKQhsk5rG8DkFRziLa0Exzep1ICiLk9CrsHRf9qzsqFYujS91PqC/gNmIdRkAbFNgXWfMm84AnXcjzIDvwQqohx4d4mG+XfAsXWKS5dwJCwI8lKGDpCeyqU3MGhf8KtxRVVNZZYD967ZikgkaacFCq5TqJ9jOQmhFO84qXKpoA6cEtbRkZgaDKzwa353jDkDbuxNK8SOMB/T2RgVCqL0LjFKC7arRXwP96rVR39v2MRUmqaUS+F3VSjnWMiyBxm0lKNO8bAUQy81dMuiCBaBN3xYTgjp78VzR3aq5Tc893q/WjMo4ZtIbW0SZy0R6qo1N0hhqIoHv0jF7Rm/VgvVjv1se3dcwqZ1bRUFmfXz7Rr2Y=</latexit>

�↵
µ⌫ =

1

2
g↵�(g�µ,⌫ + g�⌫,µ � gµ⌫,�)

<latexit sha1_base64="WsWLUxtKI02PPItm59t25naDaSU="></latexit><latexit sha1_base64="WsWLUxtKI02PPItm59t25naDaSU="></latexit><latexit sha1_base64="WsWLUxtKI02PPItm59t25naDaSU="></latexit><latexit sha1_base64="WsWLUxtKI02PPItm59t25naDaSU="></latexit>

Covariant derivative of metric=0 =>



Differential geometry (reminder)
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Parallel transport of the vector along the curve: we transport the vector along the curve and 
we preserve its length and keep it parallel in nearby points.  

Local flatness: at a given point we can make Christoffel symbols=0: 
covariant derivative -> partial

dV ↵

d�
= 0 = V ↵

,�u
�

<latexit sha1_base64="yX/OoyLFFccXSq5NUuQ+Fx/87Sw="></latexit><latexit sha1_base64="yX/OoyLFFccXSq5NUuQ+Fx/87Sw="></latexit><latexit sha1_base64="yX/OoyLFFccXSq5NUuQ+Fx/87Sw="></latexit><latexit sha1_base64="yX/OoyLFFccXSq5NUuQ+Fx/87Sw="></latexit>

parameter
along the curve 

tangent to the curve

Local inertial frame (LIF)

= u�V ↵
;� = 0

<latexit sha1_base64="o9MTLlVqy3nJ5rCSCu0i7p0Hn8Q=">AAACEnicbZDLSsNAFIYn9VbjLerSzWARdFMSERSkUHTjsoK9QBvDyXTSDp1cmJkIJeQZ3Pgqblwo4taVO9/GaZuFtv4w8PGfczhzfj/hTCrb/jZKS8srq2vldXNjc2t7x9rda8k4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57Ttj64n9fYDFZLF0Z0aJ9QNYRCxgBFQ2vKsE2zWME7vs55PFeRZSxPwZAh57mWXMxPjGraxZ1Xsqj0VXgSngAoq1PCsr14/JmlII0U4SNl17ES5GQjFCKe52UslTYCMYEC7GiMIqXSz6Uk5PtJOHwex0C9SeOr+nsgglHIc+rozBDWU87WJ+V+tm6rgws1YlKSKRmS2KEg5VjGe5IP7TFCi+FgDEMH0XzEZggCidIqmDsGZP3kRWqdVx646t2eV+lURRxkdoEN0jBx0juroBjVQExH0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDoSGcLA==</latexit><latexit sha1_base64="o9MTLlVqy3nJ5rCSCu0i7p0Hn8Q=">AAACEnicbZDLSsNAFIYn9VbjLerSzWARdFMSERSkUHTjsoK9QBvDyXTSDp1cmJkIJeQZ3Pgqblwo4taVO9/GaZuFtv4w8PGfczhzfj/hTCrb/jZKS8srq2vldXNjc2t7x9rda8k4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57Ttj64n9fYDFZLF0Z0aJ9QNYRCxgBFQ2vKsE2zWME7vs55PFeRZSxPwZAh57mWXMxPjGraxZ1Xsqj0VXgSngAoq1PCsr14/JmlII0U4SNl17ES5GQjFCKe52UslTYCMYEC7GiMIqXSz6Uk5PtJOHwex0C9SeOr+nsgglHIc+rozBDWU87WJ+V+tm6rgws1YlKSKRmS2KEg5VjGe5IP7TFCi+FgDEMH0XzEZggCidIqmDsGZP3kRWqdVx646t2eV+lURRxkdoEN0jBx0juroBjVQExH0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDoSGcLA==</latexit><latexit sha1_base64="o9MTLlVqy3nJ5rCSCu0i7p0Hn8Q=">AAACEnicbZDLSsNAFIYn9VbjLerSzWARdFMSERSkUHTjsoK9QBvDyXTSDp1cmJkIJeQZ3Pgqblwo4taVO9/GaZuFtv4w8PGfczhzfj/hTCrb/jZKS8srq2vldXNjc2t7x9rda8k4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57Ttj64n9fYDFZLF0Z0aJ9QNYRCxgBFQ2vKsE2zWME7vs55PFeRZSxPwZAh57mWXMxPjGraxZ1Xsqj0VXgSngAoq1PCsr14/JmlII0U4SNl17ES5GQjFCKe52UslTYCMYEC7GiMIqXSz6Uk5PtJOHwex0C9SeOr+nsgglHIc+rozBDWU87WJ+V+tm6rgws1YlKSKRmS2KEg5VjGe5IP7TFCi+FgDEMH0XzEZggCidIqmDsGZP3kRWqdVx646t2eV+lURRxkdoEN0jBx0juroBjVQExH0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDoSGcLA==</latexit><latexit sha1_base64="o9MTLlVqy3nJ5rCSCu0i7p0Hn8Q=">AAACEnicbZDLSsNAFIYn9VbjLerSzWARdFMSERSkUHTjsoK9QBvDyXTSDp1cmJkIJeQZ3Pgqblwo4taVO9/GaZuFtv4w8PGfczhzfj/hTCrb/jZKS8srq2vldXNjc2t7x9rda8k4FYQ2Scxj0fFBUs4i2lRMcdpJBIXQ57Ttj64n9fYDFZLF0Z0aJ9QNYRCxgBFQ2vKsE2zWME7vs55PFeRZSxPwZAh57mWXMxPjGraxZ1Xsqj0VXgSngAoq1PCsr14/JmlII0U4SNl17ES5GQjFCKe52UslTYCMYEC7GiMIqXSz6Uk5PtJOHwex0C9SeOr+nsgglHIc+rozBDWU87WJ+V+tm6rgws1YlKSKRmS2KEg5VjGe5IP7TFCi+FgDEMH0XzEZggCidIqmDsGZP3kRWqdVx646t2eV+lURRxkdoEN0jBx0juroBjVQExH0iJ7RK3oznowX4934mLWWjGJmH/2R8fkDoSGcLA==</latexit>

covariant extension 

Geodesic: the curve with the shortest distance connecting two points.  Line in flat spacetime: 
how to extend?  Line as straight as possible: tangent to a curve is parallel at nearby points - >

parallel transport of a tangent vector.    

u�u↵
;� = 0

<latexit sha1_base64="MDupD+999j+N7II1F6HB7sqi/Ek=">AAACEHicbZDLSsNAFIYnXmu8RV26GSyiq5KIoCBC0Y3LCvYCbQwn00k7dHJhZiKUkEdw46u4caGIW5fufBsnbRba+sPAx3/O4cz5/YQzqWz721hYXFpeWa2smesbm1vb1s5uS8apILRJYh6Ljg+SchbRpmKK004iKIQ+p21/dF3U2w9USBZHd2qcUDeEQcQCRkBpy7OOsInT+6znUwV5VhDwZAh57mUXUxPjS2xjz6raNXsiPA9OCVVUquFZX71+TNKQRopwkLLr2IlyMxCKEU5zs5dKmgAZwYB2NUYQUulmk4NyfKidPg5ioV+k8MT9PZFBKOU49HVnCGooZ2uF+V+tm6rg3M1YlKSKRmS6KEg5VjEu0sF9JihRfKwBiGD6r5gMQQBROkNTh+DMnjwPrZOaY9ec29Nq/aqMo4L20QE6Rg46Q3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjHJmD/2R8fkD7X+b2g==</latexit><latexit sha1_base64="MDupD+999j+N7II1F6HB7sqi/Ek=">AAACEHicbZDLSsNAFIYnXmu8RV26GSyiq5KIoCBC0Y3LCvYCbQwn00k7dHJhZiKUkEdw46u4caGIW5fufBsnbRba+sPAx3/O4cz5/YQzqWz721hYXFpeWa2smesbm1vb1s5uS8apILRJYh6Ljg+SchbRpmKK004iKIQ+p21/dF3U2w9USBZHd2qcUDeEQcQCRkBpy7OOsInT+6znUwV5VhDwZAh57mUXUxPjS2xjz6raNXsiPA9OCVVUquFZX71+TNKQRopwkLLr2IlyMxCKEU5zs5dKmgAZwYB2NUYQUulmk4NyfKidPg5ioV+k8MT9PZFBKOU49HVnCGooZ2uF+V+tm6rg3M1YlKSKRmS6KEg5VjEu0sF9JihRfKwBiGD6r5gMQQBROkNTh+DMnjwPrZOaY9ec29Nq/aqMo4L20QE6Rg46Q3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjHJmD/2R8fkD7X+b2g==</latexit><latexit sha1_base64="MDupD+999j+N7II1F6HB7sqi/Ek=">AAACEHicbZDLSsNAFIYnXmu8RV26GSyiq5KIoCBC0Y3LCvYCbQwn00k7dHJhZiKUkEdw46u4caGIW5fufBsnbRba+sPAx3/O4cz5/YQzqWz721hYXFpeWa2smesbm1vb1s5uS8apILRJYh6Ljg+SchbRpmKK004iKIQ+p21/dF3U2w9USBZHd2qcUDeEQcQCRkBpy7OOsInT+6znUwV5VhDwZAh57mUXUxPjS2xjz6raNXsiPA9OCVVUquFZX71+TNKQRopwkLLr2IlyMxCKEU5zs5dKmgAZwYB2NUYQUulmk4NyfKidPg5ioV+k8MT9PZFBKOU49HVnCGooZ2uF+V+tm6rg3M1YlKSKRmS6KEg5VjEu0sF9JihRfKwBiGD6r5gMQQBROkNTh+DMnjwPrZOaY9ec29Nq/aqMo4L20QE6Rg46Q3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjHJmD/2R8fkD7X+b2g==</latexit><latexit sha1_base64="MDupD+999j+N7II1F6HB7sqi/Ek=">AAACEHicbZDLSsNAFIYnXmu8RV26GSyiq5KIoCBC0Y3LCvYCbQwn00k7dHJhZiKUkEdw46u4caGIW5fufBsnbRba+sPAx3/O4cz5/YQzqWz721hYXFpeWa2smesbm1vb1s5uS8apILRJYh6Ljg+SchbRpmKK004iKIQ+p21/dF3U2w9USBZHd2qcUDeEQcQCRkBpy7OOsInT+6znUwV5VhDwZAh57mUXUxPjS2xjz6raNXsiPA9OCVVUquFZX71+TNKQRopwkLLr2IlyMxCKEU5zs5dKmgAZwYB2NUYQUulmk4NyfKidPg5ioV+k8MT9PZFBKOU49HVnCGooZ2uF+V+tm6rg3M1YlKSKRmS6KEg5VjEu0sF9JihRfKwBiGD6r5gMQQBROkNTh+DMnjwPrZOaY9ec29Nq/aqMo4L20QE6Rg46Q3V0gxqoiQh6RM/oFb0ZT8aL8W58TFsXjHJmD/2R8fkD7X+b2g==</latexit>



Differential geometry (reminder)

!10

Curvature tensor

The vector parallel transported along the loop does not 
return to itself if space is curved

A

B
C

D

x1
<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

x1 + �x1
<latexit sha1_base64="pzp7/4AxoE6FG/yPMPu1dd7XClc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiCEJJRNBl0Y3LCvYCbQiTyaQdOrkwcyLW0idx40IRtz6KO9/GaZuFtv4w8PGfczhn/iCTQqPjfFsrq2vrG5ulrfL2zu5exd4/aOk0V4w3WSpT1Qmo5lIkvIkCJe9kitM4kLwdDG+m9fYDV1qkyT2OMu7FtJ+ISDCKxvLtyqPvkrNeyCVSYti3q07NmYksg1tAFQo1fPurF6Ysj3mCTFKtu66ToTemCgWTfFLu5ZpnlA1pn3cNJjTm2hvPDp+QE+OEJEqVeQmSmft7YkxjrUdxYDpjigO9WJua/9W6OUZX3lgkWY48YfNFUS4JpmSaAgmF4gzlyABlSphbCRtQRRmarMomBHfxy8vQOq+5Ts29u6jWr4s4SnAEx3AKLlxCHW6hAU1gkMMzvMKb9WS9WO/Wx7x1xSpmDuGPrM8fNLGSIg==</latexit><latexit sha1_base64="pzp7/4AxoE6FG/yPMPu1dd7XClc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiCEJJRNBl0Y3LCvYCbQiTyaQdOrkwcyLW0idx40IRtz6KO9/GaZuFtv4w8PGfczhn/iCTQqPjfFsrq2vrG5ulrfL2zu5exd4/aOk0V4w3WSpT1Qmo5lIkvIkCJe9kitM4kLwdDG+m9fYDV1qkyT2OMu7FtJ+ISDCKxvLtyqPvkrNeyCVSYti3q07NmYksg1tAFQo1fPurF6Ysj3mCTFKtu66ToTemCgWTfFLu5ZpnlA1pn3cNJjTm2hvPDp+QE+OEJEqVeQmSmft7YkxjrUdxYDpjigO9WJua/9W6OUZX3lgkWY48YfNFUS4JpmSaAgmF4gzlyABlSphbCRtQRRmarMomBHfxy8vQOq+5Ts29u6jWr4s4SnAEx3AKLlxCHW6hAU1gkMMzvMKb9WS9WO/Wx7x1xSpmDuGPrM8fNLGSIg==</latexit><latexit sha1_base64="pzp7/4AxoE6FG/yPMPu1dd7XClc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiCEJJRNBl0Y3LCvYCbQiTyaQdOrkwcyLW0idx40IRtz6KO9/GaZuFtv4w8PGfczhn/iCTQqPjfFsrq2vrG5ulrfL2zu5exd4/aOk0V4w3WSpT1Qmo5lIkvIkCJe9kitM4kLwdDG+m9fYDV1qkyT2OMu7FtJ+ISDCKxvLtyqPvkrNeyCVSYti3q07NmYksg1tAFQo1fPurF6Ysj3mCTFKtu66ToTemCgWTfFLu5ZpnlA1pn3cNJjTm2hvPDp+QE+OEJEqVeQmSmft7YkxjrUdxYDpjigO9WJua/9W6OUZX3lgkWY48YfNFUS4JpmSaAgmF4gzlyABlSphbCRtQRRmarMomBHfxy8vQOq+5Ts29u6jWr4s4SnAEx3AKLlxCHW6hAU1gkMMzvMKb9WS9WO/Wx7x1xSpmDuGPrM8fNLGSIg==</latexit><latexit sha1_base64="pzp7/4AxoE6FG/yPMPu1dd7XClc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiCEJJRNBl0Y3LCvYCbQiTyaQdOrkwcyLW0idx40IRtz6KO9/GaZuFtv4w8PGfczhn/iCTQqPjfFsrq2vrG5ulrfL2zu5exd4/aOk0V4w3WSpT1Qmo5lIkvIkCJe9kitM4kLwdDG+m9fYDV1qkyT2OMu7FtJ+ISDCKxvLtyqPvkrNeyCVSYti3q07NmYksg1tAFQo1fPurF6Ysj3mCTFKtu66ToTemCgWTfFLu5ZpnlA1pn3cNJjTm2hvPDp+QE+OEJEqVeQmSmft7YkxjrUdxYDpjigO9WJua/9W6OUZX3lgkWY48YfNFUS4JpmSaAgmF4gzlyABlSphbCRtQRRmarMomBHfxy8vQOq+5Ts29u6jWr4s4SnAEx3AKLlxCHW6hAU1gkMMzvMKb9WS9WO/Wx7x1xSpmDuGPrM8fNLGSIg==</latexit>

x2 + �x2
<latexit sha1_base64="Yim/fI65nBwPLkFfDoBZrwIB/BE=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWQRBKUgRdFt24rGAv0IYwmUzaoZNJmJmINfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT9IOVPacb6t0tr6xuZWebuys7u3X7UPDjsqySShbZLwRPYCrChngrY105z2UklxHHDaDcY3s3r3gUrFEnGvJyn1YjwULGIEa2P5dvXRb6DzQUi5xsiwb9ecujMXWgW3gBoUavn21yBMSBZToQnHSvVdJ9VejqVmhNNpZZApmmIyxkPaNyhwTJWXzw+folPjhChKpHlCo7n7eyLHsVKTODCdMdYjtVybmf/V+pmOrryciTTTVJDFoijjSCdolgIKmaRE84kBTCQztyIywhITbbKqmBDc5S+vQqdRd526e3dRa14XcZThGE7gDFy4hCbcQgvaQCCDZ3iFN+vJerHerY9Fa8kqZo7gj6zPHzfFkiQ=</latexit><latexit sha1_base64="Yim/fI65nBwPLkFfDoBZrwIB/BE=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWQRBKUgRdFt24rGAv0IYwmUzaoZNJmJmINfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT9IOVPacb6t0tr6xuZWebuys7u3X7UPDjsqySShbZLwRPYCrChngrY105z2UklxHHDaDcY3s3r3gUrFEnGvJyn1YjwULGIEa2P5dvXRb6DzQUi5xsiwb9ecujMXWgW3gBoUavn21yBMSBZToQnHSvVdJ9VejqVmhNNpZZApmmIyxkPaNyhwTJWXzw+folPjhChKpHlCo7n7eyLHsVKTODCdMdYjtVybmf/V+pmOrryciTTTVJDFoijjSCdolgIKmaRE84kBTCQztyIywhITbbKqmBDc5S+vQqdRd526e3dRa14XcZThGE7gDFy4hCbcQgvaQCCDZ3iFN+vJerHerY9Fa8kqZo7gj6zPHzfFkiQ=</latexit><latexit sha1_base64="Yim/fI65nBwPLkFfDoBZrwIB/BE=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWQRBKUgRdFt24rGAv0IYwmUzaoZNJmJmINfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT9IOVPacb6t0tr6xuZWebuys7u3X7UPDjsqySShbZLwRPYCrChngrY105z2UklxHHDaDcY3s3r3gUrFEnGvJyn1YjwULGIEa2P5dvXRb6DzQUi5xsiwb9ecujMXWgW3gBoUavn21yBMSBZToQnHSvVdJ9VejqVmhNNpZZApmmIyxkPaNyhwTJWXzw+folPjhChKpHlCo7n7eyLHsVKTODCdMdYjtVybmf/V+pmOrryciTTTVJDFoijjSCdolgIKmaRE84kBTCQztyIywhITbbKqmBDc5S+vQqdRd526e3dRa14XcZThGE7gDFy4hCbcQgvaQCCDZ3iFN+vJerHerY9Fa8kqZo7gj6zPHzfFkiQ=</latexit><latexit sha1_base64="Yim/fI65nBwPLkFfDoBZrwIB/BE=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWQRBKUgRdFt24rGAv0IYwmUzaoZNJmJmINfRJ3LhQxK2P4s63cdpmoa0/DHz85xzOmT9IOVPacb6t0tr6xuZWebuys7u3X7UPDjsqySShbZLwRPYCrChngrY105z2UklxHHDaDcY3s3r3gUrFEnGvJyn1YjwULGIEa2P5dvXRb6DzQUi5xsiwb9ecujMXWgW3gBoUavn21yBMSBZToQnHSvVdJ9VejqVmhNNpZZApmmIyxkPaNyhwTJWXzw+folPjhChKpHlCo7n7eyLHsVKTODCdMdYjtVybmf/V+pmOrryciTTTVJDFoijjSCdolgIKmaRE84kBTCQztyIywhITbbKqmBDc5S+vQqdRd526e3dRa14XcZThGE7gDFy4hCbcQgvaQCCDZ3iFN+vJerHerY9Fa8kqZo7gj6zPHzfFkiQ=</latexit>

x2
<latexit sha1_base64="FbvGHYojp/wJMbM2TI4TFdl4VIc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHoxWMF+wHtUrJptg1NskuSFcvSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDJteKwe7DRhgSQjxSNOic2lp0EdDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6DrIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmnXa75X8+8vq42bIo4SnMIZXIAPV9CAO2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB2Oljcs=</latexit><latexit sha1_base64="FbvGHYojp/wJMbM2TI4TFdl4VIc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHoxWMF+wHtUrJptg1NskuSFcvSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDJteKwe7DRhgSQjxSNOic2lp0EdDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6DrIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmnXa75X8+8vq42bIo4SnMIZXIAPV9CAO2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB2Oljcs=</latexit><latexit sha1_base64="FbvGHYojp/wJMbM2TI4TFdl4VIc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHoxWMF+wHtUrJptg1NskuSFcvSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDJteKwe7DRhgSQjxSNOic2lp0EdDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6DrIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmnXa75X8+8vq42bIo4SnMIZXIAPV9CAO2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB2Oljcs=</latexit><latexit sha1_base64="FbvGHYojp/wJMbM2TI4TFdl4VIc=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHoxWMF+wHtUrJptg1NskuSFcvSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDJteKwe7DRhgSQjxSNOic2lp0EdDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6DrIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmnXa75X8+8vq42bIo4SnMIZXIAPV9CAO2hCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB2Oljcs=</latexit>

Vector propagated 
A->B->C->D->A

~V
<latexit sha1_base64="U5wnwF0NSgXR2/nhRDLDxH8D73g=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTDJssEYnqhFSj4BKbhhuBnVQhjUOB7XB8P/fbE1SaJ/LJTFMMYjqUPOKMGiu1exNkeWvWd6tezVuArBO/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4GzSi/TmFI2pkPsWippjDrIF+fOyIVVBiRKlC1pyEL9PZHTWOtpHNrOmJqRXvXm4n9eNzPRbZBzmWYGJVsuijJBTELmv5MBV8iMmFpCmeL2VsJGVFFmbEIVG4K/+vI6aV3VfK/mP15X63dFHGU4g3O4BB9uoA4P0IAmMBjDM7zCm5M6L86787FsLTnFzCn8gfP5A345j6g=</latexit><latexit sha1_base64="U5wnwF0NSgXR2/nhRDLDxH8D73g=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTDJssEYnqhFSj4BKbhhuBnVQhjUOB7XB8P/fbE1SaJ/LJTFMMYjqUPOKMGiu1exNkeWvWd6tezVuArBO/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4GzSi/TmFI2pkPsWippjDrIF+fOyIVVBiRKlC1pyEL9PZHTWOtpHNrOmJqRXvXm4n9eNzPRbZBzmWYGJVsuijJBTELmv5MBV8iMmFpCmeL2VsJGVFFmbEIVG4K/+vI6aV3VfK/mP15X63dFHGU4g3O4BB9uoA4P0IAmMBjDM7zCm5M6L86787FsLTnFzCn8gfP5A345j6g=</latexit><latexit sha1_base64="U5wnwF0NSgXR2/nhRDLDxH8D73g=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTDJssEYnqhFSj4BKbhhuBnVQhjUOB7XB8P/fbE1SaJ/LJTFMMYjqUPOKMGiu1exNkeWvWd6tezVuArBO/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4GzSi/TmFI2pkPsWippjDrIF+fOyIVVBiRKlC1pyEL9PZHTWOtpHNrOmJqRXvXm4n9eNzPRbZBzmWYGJVsuijJBTELmv5MBV8iMmFpCmeL2VsJGVFFmbEIVG4K/+vI6aV3VfK/mP15X63dFHGU4g3O4BB9uoA4P0IAmMBjDM7zCm5M6L86787FsLTnFzCn8gfP5A345j6g=</latexit><latexit sha1_base64="U5wnwF0NSgXR2/nhRDLDxH8D73g=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6SRTDJssEYnqhFSj4BKbhhuBnVQhjUOB7XB8P/fbE1SaJ/LJTFMMYjqUPOKMGiu1exNkeWvWd6tezVuArBO/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4GzSi/TmFI2pkPsWippjDrIF+fOyIVVBiRKlC1pyEL9PZHTWOtpHNrOmJqRXvXm4n9eNzPRbZBzmWYGJVsuijJBTELmv5MBV8iMmFpCmeL2VsJGVFFmbEIVG4K/+vI6aV3VfK/mP15X63dFHGU4g3O4BB9uoA4P0IAmMBjDM7zCm5M6L86787FsLTnFzCn8gfP5A345j6g=</latexit>

�V / �x1�x2RV

<latexit sha1_base64="1ZkjTRmWTczmtyZRwYTN7hWb/jc=">AAACFnicbVBPS8MwHE3nvzn/VT16CQ7Bi6Mdgh6HXjxOcd1gKyVN0y0sbUKSiqPsU3jxq3jxoIhX8ea3MdsK6uaDwOO9349f3gsFo0o7zpdVWlpeWV0rr1c2Nre2d+zdPU/xTGLSwpxx2QmRIoympKWpZqQjJEFJyEg7HF5O/PYdkYry9FaPBPET1E9pTDHSRgrsk15EmEa5N4Y9IbnQHM4UeB+4P7QOb6AHYWBXnZozBVwkbkGqoEAzsD97EcdZQlKNGVKq6zpC+zmSmmJGxpVepohAeIj6pGtoihKi/HwaawyPjBLBmEvzUg2n6u+NHCVKjZLQTCZID9S8NxH/87qZjs/9nKYi0yTFs0NxxqAJP+kIRlQSrNnIEIQlNX+FeIAkwto0WTEluPORF4lXr7lOzb0+rTYuijrK4AAcgmPggjPQAFegCVoAgwfwBF7Aq/VoPVtv1vtstGQVO/vgD6yPb8A3ncY=</latexit><latexit sha1_base64="1ZkjTRmWTczmtyZRwYTN7hWb/jc=">AAACFnicbVBPS8MwHE3nvzn/VT16CQ7Bi6Mdgh6HXjxOcd1gKyVN0y0sbUKSiqPsU3jxq3jxoIhX8ea3MdsK6uaDwOO9349f3gsFo0o7zpdVWlpeWV0rr1c2Nre2d+zdPU/xTGLSwpxx2QmRIoympKWpZqQjJEFJyEg7HF5O/PYdkYry9FaPBPET1E9pTDHSRgrsk15EmEa5N4Y9IbnQHM4UeB+4P7QOb6AHYWBXnZozBVwkbkGqoEAzsD97EcdZQlKNGVKq6zpC+zmSmmJGxpVepohAeIj6pGtoihKi/HwaawyPjBLBmEvzUg2n6u+NHCVKjZLQTCZID9S8NxH/87qZjs/9nKYi0yTFs0NxxqAJP+kIRlQSrNnIEIQlNX+FeIAkwto0WTEluPORF4lXr7lOzb0+rTYuijrK4AAcgmPggjPQAFegCVoAgwfwBF7Aq/VoPVtv1vtstGQVO/vgD6yPb8A3ncY=</latexit><latexit sha1_base64="1ZkjTRmWTczmtyZRwYTN7hWb/jc=">AAACFnicbVBPS8MwHE3nvzn/VT16CQ7Bi6Mdgh6HXjxOcd1gKyVN0y0sbUKSiqPsU3jxq3jxoIhX8ea3MdsK6uaDwOO9349f3gsFo0o7zpdVWlpeWV0rr1c2Nre2d+zdPU/xTGLSwpxx2QmRIoympKWpZqQjJEFJyEg7HF5O/PYdkYry9FaPBPET1E9pTDHSRgrsk15EmEa5N4Y9IbnQHM4UeB+4P7QOb6AHYWBXnZozBVwkbkGqoEAzsD97EcdZQlKNGVKq6zpC+zmSmmJGxpVepohAeIj6pGtoihKi/HwaawyPjBLBmEvzUg2n6u+NHCVKjZLQTCZID9S8NxH/87qZjs/9nKYi0yTFs0NxxqAJP+kIRlQSrNnIEIQlNX+FeIAkwto0WTEluPORF4lXr7lOzb0+rTYuijrK4AAcgmPggjPQAFegCVoAgwfwBF7Aq/VoPVtv1vtstGQVO/vgD6yPb8A3ncY=</latexit><latexit sha1_base64="1ZkjTRmWTczmtyZRwYTN7hWb/jc=">AAACFnicbVBPS8MwHE3nvzn/VT16CQ7Bi6Mdgh6HXjxOcd1gKyVN0y0sbUKSiqPsU3jxq3jxoIhX8ea3MdsK6uaDwOO9349f3gsFo0o7zpdVWlpeWV0rr1c2Nre2d+zdPU/xTGLSwpxx2QmRIoympKWpZqQjJEFJyEg7HF5O/PYdkYry9FaPBPET1E9pTDHSRgrsk15EmEa5N4Y9IbnQHM4UeB+4P7QOb6AHYWBXnZozBVwkbkGqoEAzsD97EcdZQlKNGVKq6zpC+zmSmmJGxpVepohAeIj6pGtoihKi/HwaawyPjBLBmEvzUg2n6u+NHCVKjZLQTCZID9S8NxH/87qZjs/9nKYi0yTFs0NxxqAJP+kIRlQSrNnIEIQlNX+FeIAkwto0WTEluPORF4lXr7lOzb0+rTYuijrK4AAcgmPggjPQAFegCVoAgwfwBF7Aq/VoPVtv1vtstGQVO/vgD6yPb8A3ncY=</latexit>

curvature

R↵
�µ⌫ = �↵

�⌫,µ � �↵
�µ,⌫ + �↵

⇢µ�
⇢
�⌫ � �↵

⇢⌫�
⇢
�µ

<latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit><latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit><latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit><latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit>



Differential geometry (reminder)

!11

R↵
�µ⌫ = �↵

�⌫,µ � �↵
�µ,⌫ + �↵

⇢µ�
⇢
�⌫ � �↵

⇢⌫�
⇢
�µ

<latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit><latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit><latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit><latexit sha1_base64="xsBzBEn7W2dnMBXO/mD/vef84U0="></latexit>

Properties of Riemann (curvature) tensor:

 Depends on the second derivatives of metric: cannot be eliminated by coord. 
transformation.
 Flat spacetime <-> Riemann=0
 Second covariant derivatives do not commute (~ Riemann)
 Not all components independent (symmetries + differential Bianchi identity)
 In LIF: 

R↵�µ⌫ =
1

2
[g↵⌫,�µ � g↵µ,�⌫ + g�µ,↵⌫ � g�⌫,↵µ]

<latexit sha1_base64="/bjT/VQQt2Y1GXfZIx4kVoNmt/E="></latexit><latexit sha1_base64="/bjT/VQQt2Y1GXfZIx4kVoNmt/E="></latexit><latexit sha1_base64="/bjT/VQQt2Y1GXfZIx4kVoNmt/E="></latexit><latexit sha1_base64="/bjT/VQQt2Y1GXfZIx4kVoNmt/E="></latexit>

Ricci tensor, Ricci scalar, Einstein tensor:  

Rµ⌫ = g↵�R↵µ�⌫
<latexit sha1_base64="4jR27u5ZfGBZcCfx/PMvbVyvS74=">AAACG3icbVDLSgMxFM34rPU16tJNsAiuykwRdCMU3bisYh/QGcudNG1DM5khyQhl6H+48VfcuFDEleDCvzEznYW2HgicnHMuyT1BzJnSjvNtLS2vrK6tlzbKm1vbO7v23n5LRYkktEkiHslOAIpyJmhTM81pJ5YUwoDTdjC+yvz2A5WKReJOT2LqhzAUbMAIaCP17NptL/XCxBPJFF/g4X3qAY9H4AVUwzTzZleTyJQ81rMrTtXJgReJW5AKKtDo2Z9ePyJJSIUmHJTquk6s/RSkZoTTadlLFI2BjGFIu4YKCKny03y3KT42Sh8PImmO0DhXf0+kECo1CQOTDEGP1LyXif953UQPzv2UiTjRVJDZQ4OEYx3hrCjcZ5ISzSeGAJHM/BWTEUgg2tRZNiW48ysvklat6jpV9+a0Ur8s6iihQ3SETpCLzlAdXaMGaiKCHtEzekVv1pP1Yr1bH7PoklXMHKA/sL5+APGNofk=</latexit><latexit sha1_base64="4jR27u5ZfGBZcCfx/PMvbVyvS74=">AAACG3icbVDLSgMxFM34rPU16tJNsAiuykwRdCMU3bisYh/QGcudNG1DM5khyQhl6H+48VfcuFDEleDCvzEznYW2HgicnHMuyT1BzJnSjvNtLS2vrK6tlzbKm1vbO7v23n5LRYkktEkiHslOAIpyJmhTM81pJ5YUwoDTdjC+yvz2A5WKReJOT2LqhzAUbMAIaCP17NptL/XCxBPJFF/g4X3qAY9H4AVUwzTzZleTyJQ81rMrTtXJgReJW5AKKtDo2Z9ePyJJSIUmHJTquk6s/RSkZoTTadlLFI2BjGFIu4YKCKny03y3KT42Sh8PImmO0DhXf0+kECo1CQOTDEGP1LyXif953UQPzv2UiTjRVJDZQ4OEYx3hrCjcZ5ISzSeGAJHM/BWTEUgg2tRZNiW48ysvklat6jpV9+a0Ur8s6iihQ3SETpCLzlAdXaMGaiKCHtEzekVv1pP1Yr1bH7PoklXMHKA/sL5+APGNofk=</latexit><latexit sha1_base64="4jR27u5ZfGBZcCfx/PMvbVyvS74=">AAACG3icbVDLSgMxFM34rPU16tJNsAiuykwRdCMU3bisYh/QGcudNG1DM5khyQhl6H+48VfcuFDEleDCvzEznYW2HgicnHMuyT1BzJnSjvNtLS2vrK6tlzbKm1vbO7v23n5LRYkktEkiHslOAIpyJmhTM81pJ5YUwoDTdjC+yvz2A5WKReJOT2LqhzAUbMAIaCP17NptL/XCxBPJFF/g4X3qAY9H4AVUwzTzZleTyJQ81rMrTtXJgReJW5AKKtDo2Z9ePyJJSIUmHJTquk6s/RSkZoTTadlLFI2BjGFIu4YKCKny03y3KT42Sh8PImmO0DhXf0+kECo1CQOTDEGP1LyXif953UQPzv2UiTjRVJDZQ4OEYx3hrCjcZ5ISzSeGAJHM/BWTEUgg2tRZNiW48ysvklat6jpV9+a0Ur8s6iihQ3SETpCLzlAdXaMGaiKCHtEzekVv1pP1Yr1bH7PoklXMHKA/sL5+APGNofk=</latexit><latexit sha1_base64="4jR27u5ZfGBZcCfx/PMvbVyvS74=">AAACG3icbVDLSgMxFM34rPU16tJNsAiuykwRdCMU3bisYh/QGcudNG1DM5khyQhl6H+48VfcuFDEleDCvzEznYW2HgicnHMuyT1BzJnSjvNtLS2vrK6tlzbKm1vbO7v23n5LRYkktEkiHslOAIpyJmhTM81pJ5YUwoDTdjC+yvz2A5WKReJOT2LqhzAUbMAIaCP17NptL/XCxBPJFF/g4X3qAY9H4AVUwzTzZleTyJQ81rMrTtXJgReJW5AKKtDo2Z9ePyJJSIUmHJTquk6s/RSkZoTTadlLFI2BjGFIu4YKCKny03y3KT42Sh8PImmO0DhXf0+kECo1CQOTDEGP1LyXif953UQPzv2UiTjRVJDZQ4OEYx3hrCjcZ5ISzSeGAJHM/BWTEUgg2tRZNiW48ysvklat6jpV9+a0Ur8s6iihQ3SETpCLzlAdXaMGaiKCHtEzekVv1pP1Yr1bH7PoklXMHKA/sL5+APGNofk=</latexit>

R = g↵�R↵�
<latexit sha1_base64="pUwwkkt889Yvu4lvfk+S4HmhLEU=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZi31AO5Y76Z02NPMgyQhl6Ae48VfcuFDErR/gzr8xbWdhWw8ETs45l+QeLxZcadv+sXIrq2vrG/nNwtb2zu5ecf+goaJEMqyzSESy5YFCwUOsa64FtmKJEHgCm97wZuI3H1EqHoX3ehSjG0A/5D5noI3ULZZq9Ir2H9IOiHgAHQ81jGvduSs1KbtsT0GXiZOREslQ7Ra/O72IJQGGmglQqu3YsXZTkJozgeNCJ1EYAxtCH9uGhhCgctPpMmN6YpQe9SNpTqjpVP07kUKg1CjwTDIAPVCL3kT8z2sn2r90Ux7GicaQzR7yE0F1RCfN0B6XyLQYGQJMcvNXygYggWnTX8GU4CyuvEwaZ2XHLjt356XKdVZHnhyRY3JKHHJBKuSWVEmdMPJEXsgbebeerVfrw/qcRXNWNnNI5mB9/QItbJsS</latexit><latexit sha1_base64="pUwwkkt889Yvu4lvfk+S4HmhLEU=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZi31AO5Y76Z02NPMgyQhl6Ae48VfcuFDErR/gzr8xbWdhWw8ETs45l+QeLxZcadv+sXIrq2vrG/nNwtb2zu5ecf+goaJEMqyzSESy5YFCwUOsa64FtmKJEHgCm97wZuI3H1EqHoX3ehSjG0A/5D5noI3ULZZq9Ir2H9IOiHgAHQ81jGvduSs1KbtsT0GXiZOREslQ7Ra/O72IJQGGmglQqu3YsXZTkJozgeNCJ1EYAxtCH9uGhhCgctPpMmN6YpQe9SNpTqjpVP07kUKg1CjwTDIAPVCL3kT8z2sn2r90Ux7GicaQzR7yE0F1RCfN0B6XyLQYGQJMcvNXygYggWnTX8GU4CyuvEwaZ2XHLjt356XKdVZHnhyRY3JKHHJBKuSWVEmdMPJEXsgbebeerVfrw/qcRXNWNnNI5mB9/QItbJsS</latexit><latexit sha1_base64="pUwwkkt889Yvu4lvfk+S4HmhLEU=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZi31AO5Y76Z02NPMgyQhl6Ae48VfcuFDErR/gzr8xbWdhWw8ETs45l+QeLxZcadv+sXIrq2vrG/nNwtb2zu5ecf+goaJEMqyzSESy5YFCwUOsa64FtmKJEHgCm97wZuI3H1EqHoX3ehSjG0A/5D5noI3ULZZq9Ir2H9IOiHgAHQ81jGvduSs1KbtsT0GXiZOREslQ7Ra/O72IJQGGmglQqu3YsXZTkJozgeNCJ1EYAxtCH9uGhhCgctPpMmN6YpQe9SNpTqjpVP07kUKg1CjwTDIAPVCL3kT8z2sn2r90Ux7GicaQzR7yE0F1RCfN0B6XyLQYGQJMcvNXygYggWnTX8GU4CyuvEwaZ2XHLjt356XKdVZHnhyRY3JKHHJBKuSWVEmdMPJEXsgbebeerVfrw/qcRXNWNnNI5mB9/QItbJsS</latexit><latexit sha1_base64="pUwwkkt889Yvu4lvfk+S4HmhLEU=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6EYounFZi31AO5Y76Z02NPMgyQhl6Ae48VfcuFDErR/gzr8xbWdhWw8ETs45l+QeLxZcadv+sXIrq2vrG/nNwtb2zu5ecf+goaJEMqyzSESy5YFCwUOsa64FtmKJEHgCm97wZuI3H1EqHoX3ehSjG0A/5D5noI3ULZZq9Ir2H9IOiHgAHQ81jGvduSs1KbtsT0GXiZOREslQ7Ra/O72IJQGGmglQqu3YsXZTkJozgeNCJ1EYAxtCH9uGhhCgctPpMmN6YpQe9SNpTqjpVP07kUKg1CjwTDIAPVCL3kT8z2sn2r90Ux7GicaQzR7yE0F1RCfN0B6XyLQYGQJMcvNXygYggWnTX8GU4CyuvEwaZ2XHLjt356XKdVZHnhyRY3JKHHJBKuSWVEmdMPJEXsgbebeerVfrw/qcRXNWNnNI5mB9/QItbJsS</latexit>

G↵� = R↵� � 1

2
g↵�R

<latexit sha1_base64="oOXcdeZWL0qmADsBeVUfsoUiAAc=">AAACJ3icbVDJSgNBEO2JWxy3UY9eGoPgxTATBL0oQQ96jMEskBlDTacnadKz0N0jhCF/48Vf8SKoiB79EzvLwSQ+KHi8V0VVPT/hTCrb/jZyS8srq2v5dXNjc2t7x9rdq8s4FYTWSMxj0fRBUs4iWlNMcdpMBIXQ57Th969HfuORCsni6F4NEuqF0I1YwAgoLbWty5uHzAWe9MD1qYIhvsDVOeUEm24ggDhZadid9aptq2AX7THwInGmpICmqLStN7cTkzSkkSIcpGw5dqK8DIRihNOh6aaSJkD60KUtTSMIqfSy8Z9DfKSVDg5ioStSeKz+ncgglHIQ+rozBNWT895I/M9rpSo49zIWJamiEZksClKOVYxHoeEOE5QoPtAEiGD6Vkx6oDNROlpTh+DMv7xI6qWiYxedu9NC+WoaRx4doEN0jBx0hsroFlVQDRH0hF7QO/owno1X49P4mrTmjOnMPpqB8fMLjn2lwA==</latexit><latexit sha1_base64="oOXcdeZWL0qmADsBeVUfsoUiAAc=">AAACJ3icbVDJSgNBEO2JWxy3UY9eGoPgxTATBL0oQQ96jMEskBlDTacnadKz0N0jhCF/48Vf8SKoiB79EzvLwSQ+KHi8V0VVPT/hTCrb/jZyS8srq2v5dXNjc2t7x9rdq8s4FYTWSMxj0fRBUs4iWlNMcdpMBIXQ57Th969HfuORCsni6F4NEuqF0I1YwAgoLbWty5uHzAWe9MD1qYIhvsDVOeUEm24ggDhZadid9aptq2AX7THwInGmpICmqLStN7cTkzSkkSIcpGw5dqK8DIRihNOh6aaSJkD60KUtTSMIqfSy8Z9DfKSVDg5ioStSeKz+ncgglHIQ+rozBNWT895I/M9rpSo49zIWJamiEZksClKOVYxHoeEOE5QoPtAEiGD6Vkx6oDNROlpTh+DMv7xI6qWiYxedu9NC+WoaRx4doEN0jBx0hsroFlVQDRH0hF7QO/owno1X49P4mrTmjOnMPpqB8fMLjn2lwA==</latexit><latexit sha1_base64="oOXcdeZWL0qmADsBeVUfsoUiAAc=">AAACJ3icbVDJSgNBEO2JWxy3UY9eGoPgxTATBL0oQQ96jMEskBlDTacnadKz0N0jhCF/48Vf8SKoiB79EzvLwSQ+KHi8V0VVPT/hTCrb/jZyS8srq2v5dXNjc2t7x9rdq8s4FYTWSMxj0fRBUs4iWlNMcdpMBIXQ57Th969HfuORCsni6F4NEuqF0I1YwAgoLbWty5uHzAWe9MD1qYIhvsDVOeUEm24ggDhZadid9aptq2AX7THwInGmpICmqLStN7cTkzSkkSIcpGw5dqK8DIRihNOh6aaSJkD60KUtTSMIqfSy8Z9DfKSVDg5ioStSeKz+ncgglHIQ+rozBNWT895I/M9rpSo49zIWJamiEZksClKOVYxHoeEOE5QoPtAEiGD6Vkx6oDNROlpTh+DMv7xI6qWiYxedu9NC+WoaRx4doEN0jBx0hsroFlVQDRH0hF7QO/owno1X49P4mrTmjOnMPpqB8fMLjn2lwA==</latexit><latexit sha1_base64="oOXcdeZWL0qmADsBeVUfsoUiAAc=">AAACJ3icbVDJSgNBEO2JWxy3UY9eGoPgxTATBL0oQQ96jMEskBlDTacnadKz0N0jhCF/48Vf8SKoiB79EzvLwSQ+KHi8V0VVPT/hTCrb/jZyS8srq2v5dXNjc2t7x9rdq8s4FYTWSMxj0fRBUs4iWlNMcdpMBIXQ57Th969HfuORCsni6F4NEuqF0I1YwAgoLbWty5uHzAWe9MD1qYIhvsDVOeUEm24ggDhZadid9aptq2AX7THwInGmpICmqLStN7cTkzSkkSIcpGw5dqK8DIRihNOh6aaSJkD60KUtTSMIqfSy8Z9DfKSVDg5ioStSeKz+ncgglHIQ+rozBNWT895I/M9rpSo49zIWJamiEZksClKOVYxHoeEOE5QoPtAEiGD6Vkx6oDNROlpTh+DMv7xI6qWiYxedu9NC+WoaRx4doEN0jBx0hsroFlVQDRH0hF7QO/owno1X49P4mrTmjOnMPpqB8fMLjn2lwA==</latexit>
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Geodesic deviation

⇠↵0
<latexit sha1_base64="nJDwEIVUuljBhnEfPcRUyFsdpok=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkCblsl20y7dbMLuRi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawajm6nffGBK81jem3HC/AgHkoecorFSt/PEe24366BIhjjplcpuxZ2BLBMvJ2XIUeuVvjr9mKYRk4YK1LrtuYnxM1SGU8EmxU6qWYJ0hAPWtlRixLSfza6ekFOr9EkYK1vSkJn6eyLDSOtxFNjOCM1QL3pT8T+vnZrwys+4TFLDJJ0vClNBTEymEZA+V4waMbYEqeL2VkKHqJAaG1TRhuAtvrxMGucVz614dxfl6nUeRwGO4QTOwINLqMIt1KAOFBQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8AY/vkoo=</latexit><latexit sha1_base64="nJDwEIVUuljBhnEfPcRUyFsdpok=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkCblsl20y7dbMLuRi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawajm6nffGBK81jem3HC/AgHkoecorFSt/PEe24366BIhjjplcpuxZ2BLBMvJ2XIUeuVvjr9mKYRk4YK1LrtuYnxM1SGU8EmxU6qWYJ0hAPWtlRixLSfza6ekFOr9EkYK1vSkJn6eyLDSOtxFNjOCM1QL3pT8T+vnZrwys+4TFLDJJ0vClNBTEymEZA+V4waMbYEqeL2VkKHqJAaG1TRhuAtvrxMGucVz614dxfl6nUeRwGO4QTOwINLqMIt1KAOFBQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8AY/vkoo=</latexit><latexit sha1_base64="nJDwEIVUuljBhnEfPcRUyFsdpok=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkCblsl20y7dbMLuRi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawajm6nffGBK81jem3HC/AgHkoecorFSt/PEe24366BIhjjplcpuxZ2BLBMvJ2XIUeuVvjr9mKYRk4YK1LrtuYnxM1SGU8EmxU6qWYJ0hAPWtlRixLSfza6ekFOr9EkYK1vSkJn6eyLDSOtxFNjOCM1QL3pT8T+vnZrwys+4TFLDJJ0vClNBTEymEZA+V4waMbYEqeL2VkKHqJAaG1TRhuAtvrxMGucVz614dxfl6nUeRwGO4QTOwINLqMIt1KAOFBQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8AY/vkoo=</latexit><latexit sha1_base64="nJDwEIVUuljBhnEfPcRUyFsdpok=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkCblsl20y7dbMLuRi2h/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawajm6nffGBK81jem3HC/AgHkoecorFSt/PEe24366BIhjjplcpuxZ2BLBMvJ2XIUeuVvjr9mKYRk4YK1LrtuYnxM1SGU8EmxU6qWYJ0hAPWtlRixLSfza6ekFOr9EkYK1vSkJn6eyLDSOtxFNjOCM1QL3pT8T+vnZrwys+4TFLDJJ0vClNBTEymEZA+V4waMbYEqeL2VkKHqJAaG1TRhuAtvrxMGucVz614dxfl6nUeRwGO4QTOwINLqMIt1KAOFBQ8wyu8OY/Oi/PufMxbV5x85gj+wPn8AY/vkoo=</latexit>

⇠↵(�)
<latexit sha1_base64="j5sFT3nTcEgqOy30wvMyWHprrhU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURQZdFNy4r2Ac0sdxMJu3QySTMTMQSCv6KGxeKuPU73Pk3TtsstPXAwOGce7h3TpByprTjfFtLyyura+uljfLm1vbOrr2331JJJgltkoQnshOAopwJ2tRMc9pJJYU44LQdDK8nfvuBSsUScadHKfVj6AsWMQLaSD370Htk97kHPB3AuOpxkwzhtGdXnJozBV4kbkEqqECjZ395YUKymApNOCjVdZ1U+zlIzQin47KXKZoCGUKfdg0VEFPl59Pzx/jEKCGOEmme0Hiq/k7kECs1igMzGYMeqHlvIv7ndTMdXfo5E2mmqSCzRVHGsU7wpAscMkmJ5iNDgEhmbsVkABKINo2VTQnu/JcXSeus5jo19/a8Ur8q6iihI3SMqshFF6iOblADNRFBOXpGr+jNerJerHfrYza6ZBWZA/QH1ucPBUGVgA==</latexit><latexit sha1_base64="j5sFT3nTcEgqOy30wvMyWHprrhU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURQZdFNy4r2Ac0sdxMJu3QySTMTMQSCv6KGxeKuPU73Pk3TtsstPXAwOGce7h3TpByprTjfFtLyyura+uljfLm1vbOrr2331JJJgltkoQnshOAopwJ2tRMc9pJJYU44LQdDK8nfvuBSsUScadHKfVj6AsWMQLaSD370Htk97kHPB3AuOpxkwzhtGdXnJozBV4kbkEqqECjZ395YUKymApNOCjVdZ1U+zlIzQin47KXKZoCGUKfdg0VEFPl59Pzx/jEKCGOEmme0Hiq/k7kECs1igMzGYMeqHlvIv7ndTMdXfo5E2mmqSCzRVHGsU7wpAscMkmJ5iNDgEhmbsVkABKINo2VTQnu/JcXSeus5jo19/a8Ur8q6iihI3SMqshFF6iOblADNRFBOXpGr+jNerJerHfrYza6ZBWZA/QH1ucPBUGVgA==</latexit><latexit sha1_base64="j5sFT3nTcEgqOy30wvMyWHprrhU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURQZdFNy4r2Ac0sdxMJu3QySTMTMQSCv6KGxeKuPU73Pk3TtsstPXAwOGce7h3TpByprTjfFtLyyura+uljfLm1vbOrr2331JJJgltkoQnshOAopwJ2tRMc9pJJYU44LQdDK8nfvuBSsUScadHKfVj6AsWMQLaSD370Htk97kHPB3AuOpxkwzhtGdXnJozBV4kbkEqqECjZ395YUKymApNOCjVdZ1U+zlIzQin47KXKZoCGUKfdg0VEFPl59Pzx/jEKCGOEmme0Hiq/k7kECs1igMzGYMeqHlvIv7ndTMdXfo5E2mmqSCzRVHGsU7wpAscMkmJ5iNDgEhmbsVkABKINo2VTQnu/JcXSeus5jo19/a8Ur8q6iihI3SMqshFF6iOblADNRFBOXpGr+jNerJerHfrYza6ZBWZA/QH1ucPBUGVgA==</latexit><latexit sha1_base64="j5sFT3nTcEgqOy30wvMyWHprrhU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyURQZdFNy4r2Ac0sdxMJu3QySTMTMQSCv6KGxeKuPU73Pk3TtsstPXAwOGce7h3TpByprTjfFtLyyura+uljfLm1vbOrr2331JJJgltkoQnshOAopwJ2tRMc9pJJYU44LQdDK8nfvuBSsUScadHKfVj6AsWMQLaSD370Htk97kHPB3AuOpxkwzhtGdXnJozBV4kbkEqqECjZ395YUKymApNOCjVdZ1U+zlIzQin47KXKZoCGUKfdg0VEFPl59Pzx/jEKCGOEmme0Hiq/k7kECs1igMzGYMeqHlvIv7ndTMdXfo5E2mmqSCzRVHGsU7wpAscMkmJ5iNDgEhmbsVkABKINo2VTQnu/JcXSeus5jo19/a8Ur8q6iihI3SMqshFF6iOblADNRFBOXpGr+jNerJerHfrYza6ZBWZA/QH1ucPBUGVgA==</latexit>

x(�0)
<latexit sha1_base64="fPJHIHfKJBI68PCY6yQNQqwYdAY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBItQNyUjgi6LblxWsA/oDCWTybShmcyQZMQy9DfcuFDErT/jzr8xbWehrQcCh3PO5d6cIBVcG4y/ndLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC4hmgkvWNtwI1ksVI3EgWDcY38787iNTmifywUxS5sdkKHnEKTFW8p7qnrDhkAzw+aBaww08B1olbkFqUKA1qH55YUKzmElDBdG67+LU+DlRhlPBphUv0ywldEyGrG+pJDHTfj6/eYrOrBKiKFH2SYPm6u+JnMRaT+LAJmNiRnrZm4n/ef3MRNd+zmWaGSbpYlGUCWQSNCsAhVwxasTEEkIVt7ciOiKKUGNrqtgS3OUvr5LORcPFDff+sta8KeoowwmcQh1cuIIm3EEL2kAhhWd4hTcnc16cd+djES05xcwx/IHz+QMO85EH</latexit><latexit sha1_base64="fPJHIHfKJBI68PCY6yQNQqwYdAY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBItQNyUjgi6LblxWsA/oDCWTybShmcyQZMQy9DfcuFDErT/jzr8xbWehrQcCh3PO5d6cIBVcG4y/ndLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC4hmgkvWNtwI1ksVI3EgWDcY38787iNTmifywUxS5sdkKHnEKTFW8p7qnrDhkAzw+aBaww08B1olbkFqUKA1qH55YUKzmElDBdG67+LU+DlRhlPBphUv0ywldEyGrG+pJDHTfj6/eYrOrBKiKFH2SYPm6u+JnMRaT+LAJmNiRnrZm4n/ef3MRNd+zmWaGSbpYlGUCWQSNCsAhVwxasTEEkIVt7ciOiKKUGNrqtgS3OUvr5LORcPFDff+sta8KeoowwmcQh1cuIIm3EEL2kAhhWd4hTcnc16cd+djES05xcwx/IHz+QMO85EH</latexit><latexit sha1_base64="fPJHIHfKJBI68PCY6yQNQqwYdAY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBItQNyUjgi6LblxWsA/oDCWTybShmcyQZMQy9DfcuFDErT/jzr8xbWehrQcCh3PO5d6cIBVcG4y/ndLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC4hmgkvWNtwI1ksVI3EgWDcY38787iNTmifywUxS5sdkKHnEKTFW8p7qnrDhkAzw+aBaww08B1olbkFqUKA1qH55YUKzmElDBdG67+LU+DlRhlPBphUv0ywldEyGrG+pJDHTfj6/eYrOrBKiKFH2SYPm6u+JnMRaT+LAJmNiRnrZm4n/ef3MRNd+zmWaGSbpYlGUCWQSNCsAhVwxasTEEkIVt7ciOiKKUGNrqtgS3OUvr5LORcPFDff+sta8KeoowwmcQh1cuIIm3EEL2kAhhWd4hTcnc16cd+djES05xcwx/IHz+QMO85EH</latexit><latexit sha1_base64="fPJHIHfKJBI68PCY6yQNQqwYdAY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBItQNyUjgi6LblxWsA/oDCWTybShmcyQZMQy9DfcuFDErT/jzr8xbWehrQcCh3PO5d6cIBVcG4y/ndLa+sbmVnm7srO7t39QPTzq6CRTlLVpIhLVC4hmgkvWNtwI1ksVI3EgWDcY38787iNTmifywUxS5sdkKHnEKTFW8p7qnrDhkAzw+aBaww08B1olbkFqUKA1qH55YUKzmElDBdG67+LU+DlRhlPBphUv0ywldEyGrG+pJDHTfj6/eYrOrBKiKFH2SYPm6u+JnMRaT+LAJmNiRnrZm4n/ef3MRNd+zmWaGSbpYlGUCWQSNCsAhVwxasTEEkIVt7ciOiKKUGNrqtgS3OUvr5LORcPFDff+sta8KeoowwmcQh1cuIIm3EEL2kAhhWd4hTcnc16cd+djES05xcwx/IHz+QMO85EH</latexit>

(x+ �x)(�0)
<latexit sha1_base64="vR6qOODbcfMugTUtIpp1pXcwUt0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahRSiJCLosunFZwT6gCWEyuWmHTh7MTKSlFNz4K25cKOLWn3Dn3zhts9DWAwOHc+7hzj1+yplUlvVtFFZW19Y3ipulre2d3T1z/6Alk0xQaNKEJ6LjEwmcxdBUTHHopAJI5HNo+4Obqd9+ACFZEt+rUQpuRHoxCxklSkueeVQZ4jPsBMAVwcNqxeE6GxDPqmLPLFs1awa8TOyclFGOhmd+OUFCswhiRTmRsmtbqXLHRChGOUxKTiYhJXRAetDVNCYRSHc8u2GCT7US4DAR+sUKz9TfiTGJpBxFvp6MiOrLRW8q/ud1MxVeuWMWp5mCmM4XhRnHKsHTQnDABFDFR5oQKpj+K6Z9IghVuraSLsFePHmZtM5rtlWz7y7K9eu8jiI6Rieogmx0ieroFjVQE1H0iJ7RK3oznowX4934mI8WjDxziP7A+PwBr6OVng==</latexit><latexit sha1_base64="vR6qOODbcfMugTUtIpp1pXcwUt0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahRSiJCLosunFZwT6gCWEyuWmHTh7MTKSlFNz4K25cKOLWn3Dn3zhts9DWAwOHc+7hzj1+yplUlvVtFFZW19Y3ipulre2d3T1z/6Alk0xQaNKEJ6LjEwmcxdBUTHHopAJI5HNo+4Obqd9+ACFZEt+rUQpuRHoxCxklSkueeVQZ4jPsBMAVwcNqxeE6GxDPqmLPLFs1awa8TOyclFGOhmd+OUFCswhiRTmRsmtbqXLHRChGOUxKTiYhJXRAetDVNCYRSHc8u2GCT7US4DAR+sUKz9TfiTGJpBxFvp6MiOrLRW8q/ud1MxVeuWMWp5mCmM4XhRnHKsHTQnDABFDFR5oQKpj+K6Z9IghVuraSLsFePHmZtM5rtlWz7y7K9eu8jiI6Rieogmx0ieroFjVQE1H0iJ7RK3oznowX4934mI8WjDxziP7A+PwBr6OVng==</latexit><latexit sha1_base64="vR6qOODbcfMugTUtIpp1pXcwUt0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahRSiJCLosunFZwT6gCWEyuWmHTh7MTKSlFNz4K25cKOLWn3Dn3zhts9DWAwOHc+7hzj1+yplUlvVtFFZW19Y3ipulre2d3T1z/6Alk0xQaNKEJ6LjEwmcxdBUTHHopAJI5HNo+4Obqd9+ACFZEt+rUQpuRHoxCxklSkueeVQZ4jPsBMAVwcNqxeE6GxDPqmLPLFs1awa8TOyclFGOhmd+OUFCswhiRTmRsmtbqXLHRChGOUxKTiYhJXRAetDVNCYRSHc8u2GCT7US4DAR+sUKz9TfiTGJpBxFvp6MiOrLRW8q/ud1MxVeuWMWp5mCmM4XhRnHKsHTQnDABFDFR5oQKpj+K6Z9IghVuraSLsFePHmZtM5rtlWz7y7K9eu8jiI6Rieogmx0ieroFjVQE1H0iJ7RK3oznowX4934mI8WjDxziP7A+PwBr6OVng==</latexit><latexit sha1_base64="vR6qOODbcfMugTUtIpp1pXcwUt0=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahRSiJCLosunFZwT6gCWEyuWmHTh7MTKSlFNz4K25cKOLWn3Dn3zhts9DWAwOHc+7hzj1+yplUlvVtFFZW19Y3ipulre2d3T1z/6Alk0xQaNKEJ6LjEwmcxdBUTHHopAJI5HNo+4Obqd9+ACFZEt+rUQpuRHoxCxklSkueeVQZ4jPsBMAVwcNqxeE6GxDPqmLPLFs1awa8TOyclFGOhmd+OUFCswhiRTmRsmtbqXLHRChGOUxKTiYhJXRAetDVNCYRSHc8u2GCT7US4DAR+sUKz9TfiTGJpBxFvp6MiOrLRW8q/ud1MxVeuWMWp5mCmM4XhRnHKsHTQnDABFDFR5oQKpj+K6Z9IghVuraSLsFePHmZtM5rtlWz7y7K9eu8jiI6Rieogmx0ieroFjVQE1H0iJ7RK3oznowX4934mI8WjDxziP7A+PwBr6OVng==</latexit>

~u|
x+�x

<latexit sha1_base64="sCoHaZlAYRTZqsU/sIQK8VOCQl4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglEUGXRTcuK9gHtCFMJjft0MmDmUlpidn4K25cKOLWz3Dn3zhts9DWAxcO59zLvfd4CWdSWda3UVpZXVvfKG9WtrZ3dvfM/YOWjFNBoUljHouORyRwFkFTMcWhkwggoceh7Q1vp357BEKyOHpQkwSckPQjFjBKlJZc86g3Apql+aObjfE57vnAFcHj3DWrVs2aAS8TuyBVVKDhml89P6ZpCJGinEjZta1EORkRilEOeaWXSkgIHZI+dDWNSAjSyWYP5PhUKz4OYqErUnim/p7ISCjlJPR0Z0jUQC56U/E/r5uq4NrJWJSkCiI6XxSkHKsYT9PAPhNAFZ9oQqhg+lZMB0QQqnRmFR2CvfjyMmld1GyrZt9fVus3RRxldIxO0Bmy0RWqozvUQE1EUY6e0St6M56MF+Pd+Ji3loxi5hD9gfH5A3Yplkw=</latexit><latexit sha1_base64="sCoHaZlAYRTZqsU/sIQK8VOCQl4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglEUGXRTcuK9gHtCFMJjft0MmDmUlpidn4K25cKOLWz3Dn3zhts9DWAxcO59zLvfd4CWdSWda3UVpZXVvfKG9WtrZ3dvfM/YOWjFNBoUljHouORyRwFkFTMcWhkwggoceh7Q1vp357BEKyOHpQkwSckPQjFjBKlJZc86g3Apql+aObjfE57vnAFcHj3DWrVs2aAS8TuyBVVKDhml89P6ZpCJGinEjZta1EORkRilEOeaWXSkgIHZI+dDWNSAjSyWYP5PhUKz4OYqErUnim/p7ISCjlJPR0Z0jUQC56U/E/r5uq4NrJWJSkCiI6XxSkHKsYT9PAPhNAFZ9oQqhg+lZMB0QQqnRmFR2CvfjyMmld1GyrZt9fVus3RRxldIxO0Bmy0RWqozvUQE1EUY6e0St6M56MF+Pd+Ji3loxi5hD9gfH5A3Yplkw=</latexit><latexit sha1_base64="sCoHaZlAYRTZqsU/sIQK8VOCQl4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglEUGXRTcuK9gHtCFMJjft0MmDmUlpidn4K25cKOLWz3Dn3zhts9DWAxcO59zLvfd4CWdSWda3UVpZXVvfKG9WtrZ3dvfM/YOWjFNBoUljHouORyRwFkFTMcWhkwggoceh7Q1vp357BEKyOHpQkwSckPQjFjBKlJZc86g3Apql+aObjfE57vnAFcHj3DWrVs2aAS8TuyBVVKDhml89P6ZpCJGinEjZta1EORkRilEOeaWXSkgIHZI+dDWNSAjSyWYP5PhUKz4OYqErUnim/p7ISCjlJPR0Z0jUQC56U/E/r5uq4NrJWJSkCiI6XxSkHKsYT9PAPhNAFZ9oQqhg+lZMB0QQqnRmFR2CvfjyMmld1GyrZt9fVus3RRxldIxO0Bmy0RWqozvUQE1EUY6e0St6M56MF+Pd+Ji3loxi5hD9gfH5A3Yplkw=</latexit><latexit sha1_base64="sCoHaZlAYRTZqsU/sIQK8VOCQl4=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglEUGXRTcuK9gHtCFMJjft0MmDmUlpidn4K25cKOLWz3Dn3zhts9DWAxcO59zLvfd4CWdSWda3UVpZXVvfKG9WtrZ3dvfM/YOWjFNBoUljHouORyRwFkFTMcWhkwggoceh7Q1vp357BEKyOHpQkwSckPQjFjBKlJZc86g3Apql+aObjfE57vnAFcHj3DWrVs2aAS8TuyBVVKDhml89P6ZpCJGinEjZta1EORkRilEOeaWXSkgIHZI+dDWNSAjSyWYP5PhUKz4OYqErUnim/p7ISCjlJPR0Z0jUQC56U/E/r5uq4NrJWJSkCiI6XxSkHKsYT9PAPhNAFZ9oQqhg+lZMB0QQqnRmFR2CvfjyMmld1GyrZt9fVus3RRxldIxO0Bmy0RWqozvUQE1EUY6e0St6M56MF+Pd+Ji3loxi5hD9gfH5A3Yplkw=</latexit>

~u|
x

<latexit sha1_base64="yQbgy2dZtne7GZ30XbPAIsSTzx8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymR60w6dTMI8iiXmN9y4UMStP+POv3HaZqGtBy4czrmXe+8JU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD4/aKjGSQosmPJHdkCjgTEBLM82hm0ogccihE45vZ35nAlKxRDzoaQpBTIaCRYwSbSXfnwDNTP7Uzx7zfrXm1t058CrxClJDBZr96pc/SKiJQWjKiVI9z011kBGpGeWQV3yjICV0TIbQs1SQGFSQzW/O8ZlVBjhKpC2h8Vz9PZGRWKlpHNrOmOiRWvZm4n9ez+joOsiYSI0GQReLIsOxTvAsADxgEqjmU0sIlczeiumISEK1jaliQ/CWX14l7Yu659a9+8ta46aIo4xO0Ck6Rx66Qg10h5qohShK0TN6RW+OcV6cd+dj0Vpyiplj9AfO5w/znpJE</latexit><latexit sha1_base64="yQbgy2dZtne7GZ30XbPAIsSTzx8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymR60w6dTMI8iiXmN9y4UMStP+POv3HaZqGtBy4czrmXe+8JU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD4/aKjGSQosmPJHdkCjgTEBLM82hm0ogccihE45vZ35nAlKxRDzoaQpBTIaCRYwSbSXfnwDNTP7Uzx7zfrXm1t058CrxClJDBZr96pc/SKiJQWjKiVI9z011kBGpGeWQV3yjICV0TIbQs1SQGFSQzW/O8ZlVBjhKpC2h8Vz9PZGRWKlpHNrOmOiRWvZm4n9ez+joOsiYSI0GQReLIsOxTvAsADxgEqjmU0sIlczeiumISEK1jaliQ/CWX14l7Yu659a9+8ta46aIo4xO0Ck6Rx66Qg10h5qohShK0TN6RW+OcV6cd+dj0Vpyiplj9AfO5w/znpJE</latexit><latexit sha1_base64="yQbgy2dZtne7GZ30XbPAIsSTzx8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymR60w6dTMI8iiXmN9y4UMStP+POv3HaZqGtBy4czrmXe+8JU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD4/aKjGSQosmPJHdkCjgTEBLM82hm0ogccihE45vZ35nAlKxRDzoaQpBTIaCRYwSbSXfnwDNTP7Uzx7zfrXm1t058CrxClJDBZr96pc/SKiJQWjKiVI9z011kBGpGeWQV3yjICV0TIbQs1SQGFSQzW/O8ZlVBjhKpC2h8Vz9PZGRWKlpHNrOmOiRWvZm4n9ez+joOsiYSI0GQReLIsOxTvAsADxgEqjmU0sIlczeiumISEK1jaliQ/CWX14l7Yu659a9+8ta46aIo4xO0Ck6Rx66Qg10h5qohShK0TN6RW+OcV6cd+dj0Vpyiplj9AfO5w/znpJE</latexit><latexit sha1_base64="yQbgy2dZtne7GZ30XbPAIsSTzx8=">AAAB83icbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUATymR60w6dTMI8iiXmN9y4UMStP+POv3HaZqGtBy4czrmXe+8JU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD4/aKjGSQosmPJHdkCjgTEBLM82hm0ogccihE45vZ35nAlKxRDzoaQpBTIaCRYwSbSXfnwDNTP7Uzx7zfrXm1t058CrxClJDBZr96pc/SKiJQWjKiVI9z011kBGpGeWQV3yjICV0TIbQs1SQGFSQzW/O8ZlVBjhKpC2h8Vz9PZGRWKlpHNrOmOiRWvZm4n9ez+joOsiYSI0GQReLIsOxTvAsADxgEqjmU0sIlczeiumISEK1jaliQ/CWX14l7Yu659a9+8ta46aIo4xO0Ck6Rx66Qg10h5qohShK0TN6RW+OcV6cd+dj0Vpyiplj9AfO5w/znpJE</latexit>

Consider two geodesic, due to to local flatness
(                  ) they remain parallel for some time  
if started in the nearby points, but if spacetime 

is not flat they diverge/converge.

dx ⌧ R
<latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit><latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit><latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit><latexit sha1_base64="ZVV2DkhV1AHyPGLpOzv5P88+ZdM=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnFPqAJZTKZtEMnkzAzEUuov+LGhSJu/RB3/o2TNgttPTBwOOde7pkTpJwp7Tjf1srq2vrGZmWrur2zu7dvHxx2VJJJQtsk4YnsBVhRzgRta6Y57aWS4jjgtBuMrwu/+0ClYom415OU+jEeChYxgrWRBnYtfEQe58iLsR4RzPO7aXVg152GMwNaJm5J6lCiNbC/vDAhWUyFJhwr1XedVPs5lpoRTqdVL1M0xWSMh7RvqMAxVX4+Cz9FJ0YJUZRI84RGM/X3Ro5jpSZxYCaLjGrRK8T/vH6mo0s/ZyLNNBVkfijKONIJKppAIZOUaD4xBBPJTFZERlhiok1fRQnu4peXSees4ToN9/a83rwq66jAERzDKbhwAU24gRa0gcAEnuEV3qwn68V6tz7moytWuVODP7A+fwDix5RD</latexit>

ruru⇠
↵ = R↵

µ⌫�u
µu⌫⇠�

<latexit sha1_base64="F/zfAypRyFovc5S+055xGta4jds="></latexit><latexit sha1_base64="F/zfAypRyFovc5S+055xGta4jds="></latexit><latexit sha1_base64="F/zfAypRyFovc5S+055xGta4jds="></latexit><latexit sha1_base64="F/zfAypRyFovc5S+055xGta4jds="></latexit>

ru⇠
↵ = u�⇠↵;�

<latexit sha1_base64="GnqkHtNFRERAFugH4UfwDuCZdbY=">AAACI3icbVDLSsNAFJ34rPVVdelmsAiuSiKCoghFNy4r2Ac0NdxMp+3QySTMTMQS8i9u/BU3LpTixoX/4qTNorYeuHDmnHuZe48fcaa0bX9bS8srq2vrhY3i5tb2zm5pb7+hwlgSWichD2XLB0U5E7Sumea0FUkKgc9p0x/eZn7ziUrFQvGgRxHtBNAXrMcIaCN5pUtXgM/Bi7H7zB4TF3g0gBRf49g8fKohLSazTuolV7nulcp2xZ4ALxInJ2WUo+aVxm43JHFAhSYclGo7dqQ7CUjNCKdp0Y0VjYAMoU/bhgoIqOokkxtTfGyULu6F0pTQeKLOTiQQKDUKfNMZgB6oeS8T//Pase5ddBImolhTQaYf9WKOdYizwHCXSUo0HxkCRDKzKyYDkEC0iTULwZk/eZE0TiuOXXHuz8rVmzyOAjpER+gEOegcVdEdqqE6IugFvaEP9Gm9Wu/W2Pqati5Z+cwB+gPr5xfT96T9</latexit><latexit sha1_base64="GnqkHtNFRERAFugH4UfwDuCZdbY=">AAACI3icbVDLSsNAFJ34rPVVdelmsAiuSiKCoghFNy4r2Ac0NdxMp+3QySTMTMQS8i9u/BU3LpTixoX/4qTNorYeuHDmnHuZe48fcaa0bX9bS8srq2vrhY3i5tb2zm5pb7+hwlgSWichD2XLB0U5E7Sumea0FUkKgc9p0x/eZn7ziUrFQvGgRxHtBNAXrMcIaCN5pUtXgM/Bi7H7zB4TF3g0gBRf49g8fKohLSazTuolV7nulcp2xZ4ALxInJ2WUo+aVxm43JHFAhSYclGo7dqQ7CUjNCKdp0Y0VjYAMoU/bhgoIqOokkxtTfGyULu6F0pTQeKLOTiQQKDUKfNMZgB6oeS8T//Pase5ddBImolhTQaYf9WKOdYizwHCXSUo0HxkCRDKzKyYDkEC0iTULwZk/eZE0TiuOXXHuz8rVmzyOAjpER+gEOegcVdEdqqE6IugFvaEP9Gm9Wu/W2Pqati5Z+cwB+gPr5xfT96T9</latexit><latexit sha1_base64="GnqkHtNFRERAFugH4UfwDuCZdbY=">AAACI3icbVDLSsNAFJ34rPVVdelmsAiuSiKCoghFNy4r2Ac0NdxMp+3QySTMTMQS8i9u/BU3LpTixoX/4qTNorYeuHDmnHuZe48fcaa0bX9bS8srq2vrhY3i5tb2zm5pb7+hwlgSWichD2XLB0U5E7Sumea0FUkKgc9p0x/eZn7ziUrFQvGgRxHtBNAXrMcIaCN5pUtXgM/Bi7H7zB4TF3g0gBRf49g8fKohLSazTuolV7nulcp2xZ4ALxInJ2WUo+aVxm43JHFAhSYclGo7dqQ7CUjNCKdp0Y0VjYAMoU/bhgoIqOokkxtTfGyULu6F0pTQeKLOTiQQKDUKfNMZgB6oeS8T//Pase5ddBImolhTQaYf9WKOdYizwHCXSUo0HxkCRDKzKyYDkEC0iTULwZk/eZE0TiuOXXHuz8rVmzyOAjpER+gEOegcVdEdqqE6IugFvaEP9Gm9Wu/W2Pqati5Z+cwB+gPr5xfT96T9</latexit><latexit sha1_base64="GnqkHtNFRERAFugH4UfwDuCZdbY=">AAACI3icbVDLSsNAFJ34rPVVdelmsAiuSiKCoghFNy4r2Ac0NdxMp+3QySTMTMQS8i9u/BU3LpTixoX/4qTNorYeuHDmnHuZe48fcaa0bX9bS8srq2vrhY3i5tb2zm5pb7+hwlgSWichD2XLB0U5E7Sumea0FUkKgc9p0x/eZn7ziUrFQvGgRxHtBNAXrMcIaCN5pUtXgM/Bi7H7zB4TF3g0gBRf49g8fKohLSazTuolV7nulcp2xZ4ALxInJ2WUo+aVxm43JHFAhSYclGo7dqQ7CUjNCKdp0Y0VjYAMoU/bhgoIqOokkxtTfGyULu6F0pTQeKLOTiQQKDUKfNMZgB6oeS8T//Pase5ddBImolhTQaYf9WKOdYizwHCXSUo0HxkCRDKzKyYDkEC0iTULwZk/eZE0TiuOXXHuz8rVmzyOAjpER+gEOegcVdEdqqE6IugFvaEP9Gm9Wu/W2Pqati5Z+cwB+gPr5xfT96T9</latexit>

covar. deriv along the curve



General Relativity

!13

   No particles  neutral to grav. interaction 
   Weak equivalence principle: freely falling particles move on timelike geodesics. 
   Einstein equivalence principle: any local  physical experiment not involving gravity 

has the same result in LIF and in flat spacetime 

Einstein equations:  should be covariant,  should have Newtonian limit

R↵� � 1

2
g↵�R+ ⇤g↵� = T↵�

<latexit sha1_base64="HNeoFgBlMknzNo8P1xX+0ZbM/Qg="></latexit><latexit sha1_base64="HNeoFgBlMknzNo8P1xX+0ZbM/Qg="></latexit><latexit sha1_base64="HNeoFgBlMknzNo8P1xX+0ZbM/Qg="></latexit><latexit sha1_base64="HNeoFgBlMknzNo8P1xX+0ZbM/Qg="></latexit>

G↵�
;� ⌘ 0

<latexit sha1_base64="m/sO9DBI8NHOSZMbaGoZTREyr2s=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGATtNAygrlANoazk5NkyOzFmdlAWPYFbHwVGwtFbO3tfBsnyRaa+MPAx3/O4cz5vUhwpW3721pYXFpeWc2t5dc3Nre2Czu7NRXGkmGVhSKUDQ8UCh5gVXMtsBFJBN8TWPcGV+N6fYhS8TC406MIWz70At7lDLSx2oXD5Po+cUFEfXA91JCm7eRiStTFh5gPqU3bhaJdsiei8+BkUCSZKu3Cl9sJWexjoJkApZqOHelWAlJzJjDNu7HCCNgAetg0GICPqpVMrknpkXE6tBtK8wJNJ+7viQR8pUa+Zzp90H01Wxub/9Wase6etxIeRLHGgE0XdWNBdUjH0dAOl8i0GBkAJrn5K2V9kMC0CTBvQnBmT56H2knJsUvO7WmxfJnFkSP75IAcE4eckTK5IRVSJYw8kmfySt6sJ+vFerc+pq0LVjazR/7I+vwBQo+bog==</latexit><latexit sha1_base64="m/sO9DBI8NHOSZMbaGoZTREyr2s=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGATtNAygrlANoazk5NkyOzFmdlAWPYFbHwVGwtFbO3tfBsnyRaa+MPAx3/O4cz5vUhwpW3721pYXFpeWc2t5dc3Nre2Czu7NRXGkmGVhSKUDQ8UCh5gVXMtsBFJBN8TWPcGV+N6fYhS8TC406MIWz70At7lDLSx2oXD5Po+cUFEfXA91JCm7eRiStTFh5gPqU3bhaJdsiei8+BkUCSZKu3Cl9sJWexjoJkApZqOHelWAlJzJjDNu7HCCNgAetg0GICPqpVMrknpkXE6tBtK8wJNJ+7viQR8pUa+Zzp90H01Wxub/9Wase6etxIeRLHGgE0XdWNBdUjH0dAOl8i0GBkAJrn5K2V9kMC0CTBvQnBmT56H2knJsUvO7WmxfJnFkSP75IAcE4eckTK5IRVSJYw8kmfySt6sJ+vFerc+pq0LVjazR/7I+vwBQo+bog==</latexit><latexit sha1_base64="m/sO9DBI8NHOSZMbaGoZTREyr2s=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGATtNAygrlANoazk5NkyOzFmdlAWPYFbHwVGwtFbO3tfBsnyRaa+MPAx3/O4cz5vUhwpW3721pYXFpeWc2t5dc3Nre2Czu7NRXGkmGVhSKUDQ8UCh5gVXMtsBFJBN8TWPcGV+N6fYhS8TC406MIWz70At7lDLSx2oXD5Po+cUFEfXA91JCm7eRiStTFh5gPqU3bhaJdsiei8+BkUCSZKu3Cl9sJWexjoJkApZqOHelWAlJzJjDNu7HCCNgAetg0GICPqpVMrknpkXE6tBtK8wJNJ+7viQR8pUa+Zzp90H01Wxub/9Wase6etxIeRLHGgE0XdWNBdUjH0dAOl8i0GBkAJrn5K2V9kMC0CTBvQnBmT56H2knJsUvO7WmxfJnFkSP75IAcE4eckTK5IRVSJYw8kmfySt6sJ+vFerc+pq0LVjazR/7I+vwBQo+bog==</latexit><latexit sha1_base64="m/sO9DBI8NHOSZMbaGoZTREyr2s=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGATtNAygrlANoazk5NkyOzFmdlAWPYFbHwVGwtFbO3tfBsnyRaa+MPAx3/O4cz5vUhwpW3721pYXFpeWc2t5dc3Nre2Czu7NRXGkmGVhSKUDQ8UCh5gVXMtsBFJBN8TWPcGV+N6fYhS8TC406MIWz70At7lDLSx2oXD5Po+cUFEfXA91JCm7eRiStTFh5gPqU3bhaJdsiei8+BkUCSZKu3Cl9sJWexjoJkApZqOHelWAlJzJjDNu7HCCNgAetg0GICPqpVMrknpkXE6tBtK8wJNJ+7viQR8pUa+Zzp90H01Wxub/9Wase6etxIeRLHGgE0XdWNBdUjH0dAOl8i0GBkAJrn5K2V9kMC0CTBvQnBmT56H2knJsUvO7WmxfJnFkSP75IAcE4eckTK5IRVSJYw8kmfySt6sJ+vFerc+pq0LVjazR/7I+vwBQo+bog==</latexit>

T↵�
;� = 0

<latexit sha1_base64="KGGgc0EDUiVGBIoe4g+vIFzoeM0=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSERREKLpxWaE3aGI4mU7aoZMLMxOhhCzd+CpuXCji1kdw59s4bbPQ1h8GPv5zDmfO7yecSWVZ30ZpaXllda28XtnY3NreMXf32jJOBaEtEvNYdH2QlLOIthRTnHYTQSH0Oe34o5tJvfNAhWRx1FTjhLohDCIWMAJKW555mDXvMwd4MgTHpwry3MsuZ4SvsIU9s2rVrKnwItgFVFGhhmd+Of2YpCGNFOEgZc+2EuVmIBQjnOYVJ5U0ATKCAe1pjCCk0s2mh+T4WDt9HMRCv0jhqft7IoNQynHo684Q1FDO1ybmf7VeqoILN2NRkioakdmiIOVYxXiSCu4zQYniYw1ABNN/xWQIAojS2VV0CPb8yYvQPq3ZVs2+O6vWr4s4yugAHaETZKNzVEe3qIFaiKBH9Ixe0ZvxZLwY78bHrLVkFDP76I+Mzx/koJk0</latexit><latexit sha1_base64="KGGgc0EDUiVGBIoe4g+vIFzoeM0=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSERREKLpxWaE3aGI4mU7aoZMLMxOhhCzd+CpuXCji1kdw59s4bbPQ1h8GPv5zDmfO7yecSWVZ30ZpaXllda28XtnY3NreMXf32jJOBaEtEvNYdH2QlLOIthRTnHYTQSH0Oe34o5tJvfNAhWRx1FTjhLohDCIWMAJKW555mDXvMwd4MgTHpwry3MsuZ4SvsIU9s2rVrKnwItgFVFGhhmd+Of2YpCGNFOEgZc+2EuVmIBQjnOYVJ5U0ATKCAe1pjCCk0s2mh+T4WDt9HMRCv0jhqft7IoNQynHo684Q1FDO1ybmf7VeqoILN2NRkioakdmiIOVYxXiSCu4zQYniYw1ABNN/xWQIAojS2VV0CPb8yYvQPq3ZVs2+O6vWr4s4yugAHaETZKNzVEe3qIFaiKBH9Ixe0ZvxZLwY78bHrLVkFDP76I+Mzx/koJk0</latexit><latexit sha1_base64="KGGgc0EDUiVGBIoe4g+vIFzoeM0=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSERREKLpxWaE3aGI4mU7aoZMLMxOhhCzd+CpuXCji1kdw59s4bbPQ1h8GPv5zDmfO7yecSWVZ30ZpaXllda28XtnY3NreMXf32jJOBaEtEvNYdH2QlLOIthRTnHYTQSH0Oe34o5tJvfNAhWRx1FTjhLohDCIWMAJKW555mDXvMwd4MgTHpwry3MsuZ4SvsIU9s2rVrKnwItgFVFGhhmd+Of2YpCGNFOEgZc+2EuVmIBQjnOYVJ5U0ATKCAe1pjCCk0s2mh+T4WDt9HMRCv0jhqft7IoNQynHo684Q1FDO1ybmf7VeqoILN2NRkioakdmiIOVYxXiSCu4zQYniYw1ABNN/xWQIAojS2VV0CPb8yYvQPq3ZVs2+O6vWr4s4yugAHaETZKNzVEe3qIFaiKBH9Ixe0ZvxZLwY78bHrLVkFDP76I+Mzx/koJk0</latexit><latexit sha1_base64="KGGgc0EDUiVGBIoe4g+vIFzoeM0=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSERREKLpxWaE3aGI4mU7aoZMLMxOhhCzd+CpuXCji1kdw59s4bbPQ1h8GPv5zDmfO7yecSWVZ30ZpaXllda28XtnY3NreMXf32jJOBaEtEvNYdH2QlLOIthRTnHYTQSH0Oe34o5tJvfNAhWRx1FTjhLohDCIWMAJKW555mDXvMwd4MgTHpwry3MsuZ4SvsIU9s2rVrKnwItgFVFGhhmd+Of2YpCGNFOEgZc+2EuVmIBQjnOYVJ5U0ATKCAe1pjCCk0s2mh+T4WDt9HMRCv0jhqft7IoNQynHo684Q1FDO1ybmf7VeqoILN2NRkioakdmiIOVYxXiSCu4zQYniYw1ABNN/xWQIAojS2VV0CPb8yYvQPq3ZVs2+O6vWr4s4yugAHaETZKNzVEe3qIFaiKBH9Ixe0ZvxZLwY78bHrLVkFDP76I+Mzx/koJk0</latexit>

4 identities: choice of coordinate frame

Bianchi identities:

Covaiant conservation law 

Stress-energy tensor



Gauge transformation

!14

Consider weak gravitational field: gµ⌫ = ⌘µ⌫ + hµ⌫ , |hµ⌫ | ⌧ 1
<latexit sha1_base64="tTVR5viTD/ckykDIlEKHsmHZLdE=">AAACLHicbVDLSgMxFM3UV62vUZdugkUQlDIjgoIIxW5cVrAP6AxDJk3b0ExmyEMo036QG39FEBcWcet3mLaDj9YTAueecy/JPWHCqFSOM7ZyS8srq2v59cLG5tb2jr27V5exFpjUcMxi0QyRJIxyUlNUMdJMBEFRyEgj7FcmfuOBCEljfq8GCfEj1OW0QzFSRgrsSjdIvUh7XI/gNfSIQj/1Cex9F6fe1ezA4Y84hB5j0A3solNypoCLxM1IEWSoBvaL146xjghXmCEpW66TKD9FQlHMyKjgaUkShPuoS1qGchQR6afTZUfwyCht2ImFuVzBqfp7IkWRlIMoNJ0RUj05703E/7yWVp1LP6U80YpwPHuooxlUMZwkB9tUEKzYwBCEBTV/hbiHBMLK5FswIbjzKy+S+lnJdUru3XmxfJPFkQcH4BAcAxdcgDK4BVVQAxg8gmfwBsbWk/VqvVsfs9aclc3sgz+wPr8ARgKnkw==</latexit><latexit sha1_base64="tTVR5viTD/ckykDIlEKHsmHZLdE=">AAACLHicbVDLSgMxFM3UV62vUZdugkUQlDIjgoIIxW5cVrAP6AxDJk3b0ExmyEMo036QG39FEBcWcet3mLaDj9YTAueecy/JPWHCqFSOM7ZyS8srq2v59cLG5tb2jr27V5exFpjUcMxi0QyRJIxyUlNUMdJMBEFRyEgj7FcmfuOBCEljfq8GCfEj1OW0QzFSRgrsSjdIvUh7XI/gNfSIQj/1Cex9F6fe1ezA4Y84hB5j0A3solNypoCLxM1IEWSoBvaL146xjghXmCEpW66TKD9FQlHMyKjgaUkShPuoS1qGchQR6afTZUfwyCht2ImFuVzBqfp7IkWRlIMoNJ0RUj05703E/7yWVp1LP6U80YpwPHuooxlUMZwkB9tUEKzYwBCEBTV/hbiHBMLK5FswIbjzKy+S+lnJdUru3XmxfJPFkQcH4BAcAxdcgDK4BVVQAxg8gmfwBsbWk/VqvVsfs9aclc3sgz+wPr8ARgKnkw==</latexit><latexit sha1_base64="tTVR5viTD/ckykDIlEKHsmHZLdE=">AAACLHicbVDLSgMxFM3UV62vUZdugkUQlDIjgoIIxW5cVrAP6AxDJk3b0ExmyEMo036QG39FEBcWcet3mLaDj9YTAueecy/JPWHCqFSOM7ZyS8srq2v59cLG5tb2jr27V5exFpjUcMxi0QyRJIxyUlNUMdJMBEFRyEgj7FcmfuOBCEljfq8GCfEj1OW0QzFSRgrsSjdIvUh7XI/gNfSIQj/1Cex9F6fe1ezA4Y84hB5j0A3solNypoCLxM1IEWSoBvaL146xjghXmCEpW66TKD9FQlHMyKjgaUkShPuoS1qGchQR6afTZUfwyCht2ImFuVzBqfp7IkWRlIMoNJ0RUj05703E/7yWVp1LP6U80YpwPHuooxlUMZwkB9tUEKzYwBCEBTV/hbiHBMLK5FswIbjzKy+S+lnJdUru3XmxfJPFkQcH4BAcAxdcgDK4BVVQAxg8gmfwBsbWk/VqvVsfs9aclc3sgz+wPr8ARgKnkw==</latexit><latexit sha1_base64="tTVR5viTD/ckykDIlEKHsmHZLdE=">AAACLHicbVDLSgMxFM3UV62vUZdugkUQlDIjgoIIxW5cVrAP6AxDJk3b0ExmyEMo036QG39FEBcWcet3mLaDj9YTAueecy/JPWHCqFSOM7ZyS8srq2v59cLG5tb2jr27V5exFpjUcMxi0QyRJIxyUlNUMdJMBEFRyEgj7FcmfuOBCEljfq8GCfEj1OW0QzFSRgrsSjdIvUh7XI/gNfSIQj/1Cex9F6fe1ezA4Y84hB5j0A3solNypoCLxM1IEWSoBvaL146xjghXmCEpW66TKD9FQlHMyKjgaUkShPuoS1qGchQR6afTZUfwyCht2ImFuVzBqfp7IkWRlIMoNJ0RUj05703E/7yWVp1LP6U80YpwPHuooxlUMZwkB9tUEKzYwBCEBTV/hbiHBMLK5FswIbjzKy+S+lnJdUru3XmxfJPFkQcH4BAcAxdcgDK4BVVQAxg8gmfwBsbWk/VqvVsfs9aclc3sgz+wPr8ARgKnkw==</latexit>

In the LIF R↵�µ⌫ =
1

2
[h↵⌫,�µ � h↵µ,�⌫ + h�µ,↵⌫ � h�⌫,↵µ]

<latexit sha1_base64="qxGZ2D3aWbtr5SimbTHA9uFj0qg="></latexit><latexit sha1_base64="qxGZ2D3aWbtr5SimbTHA9uFj0qg="></latexit><latexit sha1_base64="qxGZ2D3aWbtr5SimbTHA9uFj0qg="></latexit><latexit sha1_base64="qxGZ2D3aWbtr5SimbTHA9uFj0qg="></latexit>

gauge transformation: we keep fixed Minkowski part but modify the field: 

hnew

↵�

! hold

↵�

� ⇠
↵,�

� ⇠
�,↵

<latexit sha1_base64="miJA08dm+k4uC9hfatauY1T0kGI="></latexit><latexit sha1_base64="miJA08dm+k4uC9hfatauY1T0kGI="></latexit><latexit sha1_base64="miJA08dm+k4uC9hfatauY1T0kGI="></latexit><latexit sha1_base64="miJA08dm+k4uC9hfatauY1T0kGI="></latexit>

|hnew
µ⌫ | ⌧ 1

<latexit sha1_base64="vAt5pmCvPPHMj6TGMKNrkB5Uxzs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0MUymk3boZBLmoZQ0uPFX3LhQxK1f4c6/cdpmoa0HLhzOuZd77wlTRqVynG+rtLS8srpWXq9sbG5t79i7ey2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+HVxG/fEyFpwm/VKCV+jPqcRhQjZaTAPoDjwV3GyUMeZF6sPa7zMfQYg25gV52aMwVcJG5BqqBAI7C/vF6CdUy4wgxJ2XWdVPkZEopiRvKKpyVJER6iPukaylFMpJ9NX8jhsVF6MEqEKa7gVP09kaFYylEcms4YqYGc9ybif15Xq+jCzyhPtSIczxZFmkGVwEkesEcFwYqNDEFYUHMrxAMkEFYmtYoJwZ1/eZG0TmuuU3Nvzqr1yyKOMjgER+AEuOAc1ME1aIAmwOARPINX8GY9WS/Wu/Uxay1Zxcw++APr8wcmBZc+</latexit><latexit sha1_base64="vAt5pmCvPPHMj6TGMKNrkB5Uxzs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0MUymk3boZBLmoZQ0uPFX3LhQxK1f4c6/cdpmoa0HLhzOuZd77wlTRqVynG+rtLS8srpWXq9sbG5t79i7ey2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+HVxG/fEyFpwm/VKCV+jPqcRhQjZaTAPoDjwV3GyUMeZF6sPa7zMfQYg25gV52aMwVcJG5BqqBAI7C/vF6CdUy4wgxJ2XWdVPkZEopiRvKKpyVJER6iPukaylFMpJ9NX8jhsVF6MEqEKa7gVP09kaFYylEcms4YqYGc9ybif15Xq+jCzyhPtSIczxZFmkGVwEkesEcFwYqNDEFYUHMrxAMkEFYmtYoJwZ1/eZG0TmuuU3Nvzqr1yyKOMjgER+AEuOAc1ME1aIAmwOARPINX8GY9WS/Wu/Uxay1Zxcw++APr8wcmBZc+</latexit><latexit sha1_base64="vAt5pmCvPPHMj6TGMKNrkB5Uxzs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0MUymk3boZBLmoZQ0uPFX3LhQxK1f4c6/cdpmoa0HLhzOuZd77wlTRqVynG+rtLS8srpWXq9sbG5t79i7ey2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+HVxG/fEyFpwm/VKCV+jPqcRhQjZaTAPoDjwV3GyUMeZF6sPa7zMfQYg25gV52aMwVcJG5BqqBAI7C/vF6CdUy4wgxJ2XWdVPkZEopiRvKKpyVJER6iPukaylFMpJ9NX8jhsVF6MEqEKa7gVP09kaFYylEcms4YqYGc9ybif15Xq+jCzyhPtSIczxZFmkGVwEkesEcFwYqNDEFYUHMrxAMkEFYmtYoJwZ1/eZG0TmuuU3Nvzqr1yyKOMjgER+AEuOAc1ME1aIAmwOARPINX8GY9WS/Wu/Uxay1Zxcw++APr8wcmBZc+</latexit><latexit sha1_base64="vAt5pmCvPPHMj6TGMKNrkB5Uxzs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0MUymk3boZBLmoZQ0uPFX3LhQxK1f4c6/cdpmoa0HLhzOuZd77wlTRqVynG+rtLS8srpWXq9sbG5t79i7ey2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+HVxG/fEyFpwm/VKCV+jPqcRhQjZaTAPoDjwV3GyUMeZF6sPa7zMfQYg25gV52aMwVcJG5BqqBAI7C/vF6CdUy4wgxJ2XWdVPkZEopiRvKKpyVJER6iPukaylFMpJ9NX8jhsVF6MEqEKa7gVP09kaFYylEcms4YqYGc9ybif15Xq+jCzyhPtSIczxZFmkGVwEkesEcFwYqNDEFYUHMrxAMkEFYmtYoJwZ1/eZG0TmuuU3Nvzqr1yyKOMjgER+AEuOAc1ME1aIAmwOARPINX8GY9WS/Wu/Uxay1Zxcw++APr8wcmBZc+</latexit>

R
↵�µ⌫

(hnew) = R
↵�µ⌫

(hold)
<latexit sha1_base64="BHoeqp6+MTSaPMD1GoKOxVuaJm0=">AAACLXicdVBNSwMxFMz6WetX1aOXYBHaS9kVQS9CUQ8eq1gtdGt5m762wWx2SbJKWfYPefGviOBBEa/+DdPag7Y6EBhm5vHyJogF18Z1X52Z2bn5hcXcUn55ZXVtvbCxeaWjRDGss0hEqhGARsEl1g03AhuxQggDgdfB7cnQv75DpXkkL80gxlYIPcm7nIGxUrtwetFOfRBxH/wADfhh4ssko6X+TSrxPitTekRp/v9QJDpZuV0ouhV3BDpNvDEpkjFq7cKz34lYEqI0TIDWTc+NTSsFZTgTmOX9RGMM7BZ62LRUQoi6lY6uzeiuVTq0Gyn7pKEj9edECqHWgzCwyRBMX096Q/Evr5mY7mEr5TJODEr2vaibCGoiOqyOdrhCZsTAEmCK279S1gcFzNiC87YEb/LkaXK1V/Hcine+X6wej+vIkW2yQ0rEIwekSs5IjdQJIw/kibySN+fReXHenY/v6Iwzntkiv+B8fgETBKgB</latexit><latexit sha1_base64="BHoeqp6+MTSaPMD1GoKOxVuaJm0=">AAACLXicdVBNSwMxFMz6WetX1aOXYBHaS9kVQS9CUQ8eq1gtdGt5m762wWx2SbJKWfYPefGviOBBEa/+DdPag7Y6EBhm5vHyJogF18Z1X52Z2bn5hcXcUn55ZXVtvbCxeaWjRDGss0hEqhGARsEl1g03AhuxQggDgdfB7cnQv75DpXkkL80gxlYIPcm7nIGxUrtwetFOfRBxH/wADfhh4ssko6X+TSrxPitTekRp/v9QJDpZuV0ouhV3BDpNvDEpkjFq7cKz34lYEqI0TIDWTc+NTSsFZTgTmOX9RGMM7BZ62LRUQoi6lY6uzeiuVTq0Gyn7pKEj9edECqHWgzCwyRBMX096Q/Evr5mY7mEr5TJODEr2vaibCGoiOqyOdrhCZsTAEmCK279S1gcFzNiC87YEb/LkaXK1V/Hcine+X6wej+vIkW2yQ0rEIwekSs5IjdQJIw/kibySN+fReXHenY/v6Iwzntkiv+B8fgETBKgB</latexit><latexit sha1_base64="BHoeqp6+MTSaPMD1GoKOxVuaJm0=">AAACLXicdVBNSwMxFMz6WetX1aOXYBHaS9kVQS9CUQ8eq1gtdGt5m762wWx2SbJKWfYPefGviOBBEa/+DdPag7Y6EBhm5vHyJogF18Z1X52Z2bn5hcXcUn55ZXVtvbCxeaWjRDGss0hEqhGARsEl1g03AhuxQggDgdfB7cnQv75DpXkkL80gxlYIPcm7nIGxUrtwetFOfRBxH/wADfhh4ssko6X+TSrxPitTekRp/v9QJDpZuV0ouhV3BDpNvDEpkjFq7cKz34lYEqI0TIDWTc+NTSsFZTgTmOX9RGMM7BZ62LRUQoi6lY6uzeiuVTq0Gyn7pKEj9edECqHWgzCwyRBMX096Q/Evr5mY7mEr5TJODEr2vaibCGoiOqyOdrhCZsTAEmCK279S1gcFzNiC87YEb/LkaXK1V/Hcine+X6wej+vIkW2yQ0rEIwekSs5IjdQJIw/kibySN+fReXHenY/v6Iwzntkiv+B8fgETBKgB</latexit><latexit sha1_base64="BHoeqp6+MTSaPMD1GoKOxVuaJm0=">AAACLXicdVBNSwMxFMz6WetX1aOXYBHaS9kVQS9CUQ8eq1gtdGt5m762wWx2SbJKWfYPefGviOBBEa/+DdPag7Y6EBhm5vHyJogF18Z1X52Z2bn5hcXcUn55ZXVtvbCxeaWjRDGss0hEqhGARsEl1g03AhuxQggDgdfB7cnQv75DpXkkL80gxlYIPcm7nIGxUrtwetFOfRBxH/wADfhh4ssko6X+TSrxPitTekRp/v9QJDpZuV0ouhV3BDpNvDEpkjFq7cKz34lYEqI0TIDWTc+NTSsFZTgTmOX9RGMM7BZ62LRUQoi6lY6uzeiuVTq0Gyn7pKEj9edECqHWgzCwyRBMX096Q/Evr5mY7mEr5TJODEr2vaibCGoiOqyOdrhCZsTAEmCK279S1gcFzNiC87YEb/LkaXK1V/Hcine+X6wej+vIkW2yQ0rEIwekSs5IjdQJIw/kibySN+fReXHenY/v6Iwzntkiv+B8fgETBKgB</latexit>

x

↵̄ = x

↵ + ⇠

↵(x⌫)
<latexit sha1_base64="xW/+Ya7pxYjRG7Qfu/LDqrEQVNQ=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUhDIjim6EohuXFewDOrXcSdM2NJMZkoy0DPMlbvwVNy4UEVzp35hpi2jrgcC559zLzT1eyJnStv1lZRYWl5ZXsqu5tfWNza389k5NBZEktEoCHsiGB4pyJmhVM81pI5QUfI/Tuje4Sv36PZWKBeJWj0La8qEnWJcR0EZq50+Hd7HrgYxd4GEfkgRf4FSaVPgIu0P2UxZTR0TJYTtfsEv2GHieOFNSQFNU2vkPtxOQyKdCEw5KNR071K0YpGaE0yTnRoqGQAbQo01DBfhUteLxeQk+MEoHdwNpntB4rP6eiMFXauR7ptMH3VezXir+5zUj3T1vxUyEkaaCTBZ1I451gNOscIdJSjQfGQJEMvNXTPoggWiTaM6E4MyePE9qxyXHLjk3J4Xy5TSOLNpD+6iIHHSGyugaVVAVEfSAntALerUerWfrzXqftGas6cwu+gPr8xvO+KLh</latexit><latexit sha1_base64="xW/+Ya7pxYjRG7Qfu/LDqrEQVNQ=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUhDIjim6EohuXFewDOrXcSdM2NJMZkoy0DPMlbvwVNy4UEVzp35hpi2jrgcC559zLzT1eyJnStv1lZRYWl5ZXsqu5tfWNza389k5NBZEktEoCHsiGB4pyJmhVM81pI5QUfI/Tuje4Sv36PZWKBeJWj0La8qEnWJcR0EZq50+Hd7HrgYxd4GEfkgRf4FSaVPgIu0P2UxZTR0TJYTtfsEv2GHieOFNSQFNU2vkPtxOQyKdCEw5KNR071K0YpGaE0yTnRoqGQAbQo01DBfhUteLxeQk+MEoHdwNpntB4rP6eiMFXauR7ptMH3VezXir+5zUj3T1vxUyEkaaCTBZ1I451gNOscIdJSjQfGQJEMvNXTPoggWiTaM6E4MyePE9qxyXHLjk3J4Xy5TSOLNpD+6iIHHSGyugaVVAVEfSAntALerUerWfrzXqftGas6cwu+gPr8xvO+KLh</latexit><latexit sha1_base64="xW/+Ya7pxYjRG7Qfu/LDqrEQVNQ=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUhDIjim6EohuXFewDOrXcSdM2NJMZkoy0DPMlbvwVNy4UEVzp35hpi2jrgcC559zLzT1eyJnStv1lZRYWl5ZXsqu5tfWNza389k5NBZEktEoCHsiGB4pyJmhVM81pI5QUfI/Tuje4Sv36PZWKBeJWj0La8qEnWJcR0EZq50+Hd7HrgYxd4GEfkgRf4FSaVPgIu0P2UxZTR0TJYTtfsEv2GHieOFNSQFNU2vkPtxOQyKdCEw5KNR071K0YpGaE0yTnRoqGQAbQo01DBfhUteLxeQk+MEoHdwNpntB4rP6eiMFXauR7ptMH3VezXir+5zUj3T1vxUyEkaaCTBZ1I451gNOscIdJSjQfGQJEMvNXTPoggWiTaM6E4MyePE9qxyXHLjk3J4Xy5TSOLNpD+6iIHHSGyugaVVAVEfSAntALerUerWfrzXqftGas6cwu+gPr8xvO+KLh</latexit><latexit sha1_base64="xW/+Ya7pxYjRG7Qfu/LDqrEQVNQ=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUhDIjim6EohuXFewDOrXcSdM2NJMZkoy0DPMlbvwVNy4UEVzp35hpi2jrgcC559zLzT1eyJnStv1lZRYWl5ZXsqu5tfWNza389k5NBZEktEoCHsiGB4pyJmhVM81pI5QUfI/Tuje4Sv36PZWKBeJWj0La8qEnWJcR0EZq50+Hd7HrgYxd4GEfkgRf4FSaVPgIu0P2UxZTR0TJYTtfsEv2GHieOFNSQFNU2vkPtxOQyKdCEw5KNR071K0YpGaE0yTnRoqGQAbQo01DBfhUteLxeQk+MEoHdwNpntB4rP6eiMFXauR7ptMH3VezXir+5zUj3T1vxUyEkaaCTBZ1I451gNOscIdJSjQfGQJEMvNXTPoggWiTaM6E4MyePE9qxyXHLjk3J4Xy5TSOLNpD+6iIHHSGyugaVVAVEfSAntALerUerWfrzXqftGas6cwu+gPr8xvO+KLh</latexit>

xi is arbitrary but preserving 

In terms of full metric it corresponds to the coordinate transformation:



GW in linearized gravity

!15

g↵� = gB↵� + h↵� , R↵�µ⌫ = RB
↵�µ⌫ +RGW

↵�µ⌫
<latexit sha1_base64="pZ3UtjH/84F/p4Dz8Z8zY6AXlwA="></latexit><latexit sha1_base64="pZ3UtjH/84F/p4Dz8Z8zY6AXlwA="></latexit><latexit sha1_base64="pZ3UtjH/84F/p4Dz8Z8zY6AXlwA="></latexit><latexit sha1_base64="pZ3UtjH/84F/p4Dz8Z8zY6AXlwA="></latexit>

gB↵� =< g↵� >, RB
↵�µ⌫ =< R↵�µ⌫ >

<latexit sha1_base64="ZQEINURlBcY64ftfJNT5t9S5QjU=">AAACVnicbVFNSwMxFMyuVmv9WvXoJVgED1J2RVDwg6IXj1WsFrq1vE3TNjTJLklWKEv/pF70p3gRs+0ebPWFwDDz5iWZRAln2vj+p+MuLZdWVstrlfWNza1tb2f3ScepIrRJYh6rVgSaciZp0zDDaStRFETE6XM0us3151eqNIvloxkntCNgIFmfETCW6npi0M1C4MkQwogamLzcYHyF8eUCfX2Mw4v5VcEPcz2hSEOZ5gNy/7/adder+jV/WvgvCApQRUU1ut5b2ItJKqg0hIPW7cBPTCcDZRjhdFIJU00TICMY0LaFEgTVnWwaywQfWqaH+7GyWxo8ZX87MhBaj0VkOwWYoV7UcvI/rZ2a/nknYzJJDZVkdlA/5djEOM8Y95iixPCxBUAUs3fFZAgKiLE/UbEhBItP/gueTmqBXwvuT6v1myKOMtpHB+gIBegM1dEdaqAmIugdfTmus+R8ON9uyV2dtbpO4dlDc+V6PzkJsd4=</latexit><latexit sha1_base64="ZQEINURlBcY64ftfJNT5t9S5QjU=">AAACVnicbVFNSwMxFMyuVmv9WvXoJVgED1J2RVDwg6IXj1WsFrq1vE3TNjTJLklWKEv/pF70p3gRs+0ebPWFwDDz5iWZRAln2vj+p+MuLZdWVstrlfWNza1tb2f3ScepIrRJYh6rVgSaciZp0zDDaStRFETE6XM0us3151eqNIvloxkntCNgIFmfETCW6npi0M1C4MkQwogamLzcYHyF8eUCfX2Mw4v5VcEPcz2hSEOZ5gNy/7/adder+jV/WvgvCApQRUU1ut5b2ItJKqg0hIPW7cBPTCcDZRjhdFIJU00TICMY0LaFEgTVnWwaywQfWqaH+7GyWxo8ZX87MhBaj0VkOwWYoV7UcvI/rZ2a/nknYzJJDZVkdlA/5djEOM8Y95iixPCxBUAUs3fFZAgKiLE/UbEhBItP/gueTmqBXwvuT6v1myKOMtpHB+gIBegM1dEdaqAmIugdfTmus+R8ON9uyV2dtbpO4dlDc+V6PzkJsd4=</latexit><latexit sha1_base64="ZQEINURlBcY64ftfJNT5t9S5QjU=">AAACVnicbVFNSwMxFMyuVmv9WvXoJVgED1J2RVDwg6IXj1WsFrq1vE3TNjTJLklWKEv/pF70p3gRs+0ebPWFwDDz5iWZRAln2vj+p+MuLZdWVstrlfWNza1tb2f3ScepIrRJYh6rVgSaciZp0zDDaStRFETE6XM0us3151eqNIvloxkntCNgIFmfETCW6npi0M1C4MkQwogamLzcYHyF8eUCfX2Mw4v5VcEPcz2hSEOZ5gNy/7/adder+jV/WvgvCApQRUU1ut5b2ItJKqg0hIPW7cBPTCcDZRjhdFIJU00TICMY0LaFEgTVnWwaywQfWqaH+7GyWxo8ZX87MhBaj0VkOwWYoV7UcvI/rZ2a/nknYzJJDZVkdlA/5djEOM8Y95iixPCxBUAUs3fFZAgKiLE/UbEhBItP/gueTmqBXwvuT6v1myKOMtpHB+gIBegM1dEdaqAmIugdfTmus+R8ON9uyV2dtbpO4dlDc+V6PzkJsd4=</latexit><latexit sha1_base64="ZQEINURlBcY64ftfJNT5t9S5QjU=">AAACVnicbVFNSwMxFMyuVmv9WvXoJVgED1J2RVDwg6IXj1WsFrq1vE3TNjTJLklWKEv/pF70p3gRs+0ebPWFwDDz5iWZRAln2vj+p+MuLZdWVstrlfWNza1tb2f3ScepIrRJYh6rVgSaciZp0zDDaStRFETE6XM0us3151eqNIvloxkntCNgIFmfETCW6npi0M1C4MkQwogamLzcYHyF8eUCfX2Mw4v5VcEPcz2hSEOZ5gNy/7/adder+jV/WvgvCApQRUU1ut5b2ItJKqg0hIPW7cBPTCcDZRjhdFIJU00TICMY0LaFEgTVnWwaywQfWqaH+7GyWxo8ZX87MhBaj0VkOwWYoV7UcvI/rZ2a/nknYzJJDZVkdlA/5djEOM8Y95iixPCxBUAUs3fFZAgKiLE/UbEhBItP/gueTmqBXwvuT6v1myKOMtpHB+gIBegM1dEdaqAmIugdfTmus+R8ON9uyV2dtbpO4dlDc+V6PzkJsd4=</latexit>

We need to seprate the background geometry and GWs

Averaging over several GW wavelength

We will work with the metric,            - GWsh↵�
<latexit sha1_base64="3KmGXU4JIhhS5sl1TcREH4R7n1M=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0lE0GPRi8cK9gOaECbbTbN088HuRqihv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLMsGVtu1va219Y3Nru7JT3d3bP6jVD4+6Ks0lZR2ailT2A1RM8IR1NNeC9TPJMA4E6wXj25nfe2RS8TR50JOMeTGOEh5yitpIfr0W+YWLIovQDZjGqV9v2E17DrJKnJI0oETbr3+5w5TmMUs0FajUwLEz7RUoNaeCTaturliGdIwjNjA0wZgpr5gfPiVnRhmSMJWmEk3m6u+JAmOlJnFgOmPUkVr2ZuJ/3iDX4bVX8CTLNUvoYlGYC6JTMkuBDLlkVIuJIUglN7cSGqFEqk1WVROCs/zyKuleNB276dxfNlo3ZRwVOIFTOAcHrqAFd9CGDlDI4Rle4c16sl6sd+tj0bpmlTPH8AfW5w8WD5Na</latexit><latexit sha1_base64="3KmGXU4JIhhS5sl1TcREH4R7n1M=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0lE0GPRi8cK9gOaECbbTbN088HuRqihv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLMsGVtu1va219Y3Nru7JT3d3bP6jVD4+6Ks0lZR2ailT2A1RM8IR1NNeC9TPJMA4E6wXj25nfe2RS8TR50JOMeTGOEh5yitpIfr0W+YWLIovQDZjGqV9v2E17DrJKnJI0oETbr3+5w5TmMUs0FajUwLEz7RUoNaeCTaturliGdIwjNjA0wZgpr5gfPiVnRhmSMJWmEk3m6u+JAmOlJnFgOmPUkVr2ZuJ/3iDX4bVX8CTLNUvoYlGYC6JTMkuBDLlkVIuJIUglN7cSGqFEqk1WVROCs/zyKuleNB276dxfNlo3ZRwVOIFTOAcHrqAFd9CGDlDI4Rle4c16sl6sd+tj0bpmlTPH8AfW5w8WD5Na</latexit><latexit sha1_base64="3KmGXU4JIhhS5sl1TcREH4R7n1M=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0lE0GPRi8cK9gOaECbbTbN088HuRqihv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLMsGVtu1va219Y3Nru7JT3d3bP6jVD4+6Ks0lZR2ailT2A1RM8IR1NNeC9TPJMA4E6wXj25nfe2RS8TR50JOMeTGOEh5yitpIfr0W+YWLIovQDZjGqV9v2E17DrJKnJI0oETbr3+5w5TmMUs0FajUwLEz7RUoNaeCTaturliGdIwjNjA0wZgpr5gfPiVnRhmSMJWmEk3m6u+JAmOlJnFgOmPUkVr2ZuJ/3iDX4bVX8CTLNUvoYlGYC6JTMkuBDLlkVIuJIUglN7cSGqFEqk1WVROCs/zyKuleNB276dxfNlo3ZRwVOIFTOAcHrqAFd9CGDlDI4Rle4c16sl6sd+tj0bpmlTPH8AfW5w8WD5Na</latexit><latexit sha1_base64="3KmGXU4JIhhS5sl1TcREH4R7n1M=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0lE0GPRi8cK9gOaECbbTbN088HuRqihv8SLB0W8+lO8+W/ctjlo64OBx3szzMwLMsGVtu1va219Y3Nru7JT3d3bP6jVD4+6Ks0lZR2ailT2A1RM8IR1NNeC9TPJMA4E6wXj25nfe2RS8TR50JOMeTGOEh5yitpIfr0W+YWLIovQDZjGqV9v2E17DrJKnJI0oETbr3+5w5TmMUs0FajUwLEz7RUoNaeCTaturliGdIwjNjA0wZgpr5gfPiVnRhmSMJWmEk3m6u+JAmOlJnFgOmPUkVr2ZuJ/3iDX4bVX8CTLNUvoYlGYC6JTMkuBDLlkVIuJIUglN7cSGqFEqk1WVROCs/zyKuleNB276dxfNlo3ZRwVOIFTOAcHrqAFd9CGDlDI4Rle4c16sl6sd+tj0bpmlTPH8AfW5w8WD5Na</latexit>

We use LIF for the background (!) geometry  (LIF is also called sometimes local Lorentz frame)

l ⌧ R
<latexit sha1_base64="yP9RneUnldM/wkCEZ9uF1/b5AAc=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXRjcsq9gHtUDJppg3NJEOSUcrYT3HjQhG3fok7/8ZMOwttPXDhcM695OSECWfaeN63s7K6tr6xWdoqb+/s7u27lYOWlqkitEkkl6oTYk05E7RpmOG0kyiK45DTdji+zv32A1WaSXFvJgkNYjwULGIEGyv13QpHPW4nxmZEMM/upn236tW8GdAy8QtShQKNvvvVG0iSxlQYwrHWXd9LTJBhZRjhdFrupZommIzxkHYtFTimOshm0afoxCoDFEllRxg0U39fZDjWehKHdjOPqBe9XPzP66YmugwyJpLUUEHmD0UpR0aivAc0YIoSwyeWYKKYzYrICCtMjG2rbEvwF7+8TFpnNd+r+bfn1fpVUUcJjuAYTsGHC6jDDTSgCQQe4Rle4c15cl6cd+djvrriFDeH8AfO5w/RVJO1</latexit><latexit sha1_base64="yP9RneUnldM/wkCEZ9uF1/b5AAc=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXRjcsq9gHtUDJppg3NJEOSUcrYT3HjQhG3fok7/8ZMOwttPXDhcM695OSECWfaeN63s7K6tr6xWdoqb+/s7u27lYOWlqkitEkkl6oTYk05E7RpmOG0kyiK45DTdji+zv32A1WaSXFvJgkNYjwULGIEGyv13QpHPW4nxmZEMM/upn236tW8GdAy8QtShQKNvvvVG0iSxlQYwrHWXd9LTJBhZRjhdFrupZommIzxkHYtFTimOshm0afoxCoDFEllRxg0U39fZDjWehKHdjOPqBe9XPzP66YmugwyJpLUUEHmD0UpR0aivAc0YIoSwyeWYKKYzYrICCtMjG2rbEvwF7+8TFpnNd+r+bfn1fpVUUcJjuAYTsGHC6jDDTSgCQQe4Rle4c15cl6cd+djvrriFDeH8AfO5w/RVJO1</latexit><latexit sha1_base64="yP9RneUnldM/wkCEZ9uF1/b5AAc=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXRjcsq9gHtUDJppg3NJEOSUcrYT3HjQhG3fok7/8ZMOwttPXDhcM695OSECWfaeN63s7K6tr6xWdoqb+/s7u27lYOWlqkitEkkl6oTYk05E7RpmOG0kyiK45DTdji+zv32A1WaSXFvJgkNYjwULGIEGyv13QpHPW4nxmZEMM/upn236tW8GdAy8QtShQKNvvvVG0iSxlQYwrHWXd9LTJBhZRjhdFrupZommIzxkHYtFTimOshm0afoxCoDFEllRxg0U39fZDjWehKHdjOPqBe9XPzP66YmugwyJpLUUEHmD0UpR0aivAc0YIoSwyeWYKKYzYrICCtMjG2rbEvwF7+8TFpnNd+r+bfn1fpVUUcJjuAYTsGHC6jDDTSgCQQe4Rle4c15cl6cd+djvrriFDeH8AfO5w/RVJO1</latexit><latexit sha1_base64="yP9RneUnldM/wkCEZ9uF1/b5AAc=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXRjcsq9gHtUDJppg3NJEOSUcrYT3HjQhG3fok7/8ZMOwttPXDhcM695OSECWfaeN63s7K6tr6xWdoqb+/s7u27lYOWlqkitEkkl6oTYk05E7RpmOG0kyiK45DTdji+zv32A1WaSXFvJgkNYjwULGIEGyv13QpHPW4nxmZEMM/upn236tW8GdAy8QtShQKNvvvVG0iSxlQYwrHWXd9LTJBhZRjhdFrupZommIzxkHYtFTimOshm0afoxCoDFEllRxg0U39fZDjWehKHdjOPqBe9XPzP66YmugwyJpLUUEHmD0UpR0aivAc0YIoSwyeWYKKYzYrICCtMjG2rbEvwF7+8TFpnNd+r+bfn1fpVUUcJjuAYTsGHC6jDDTSgCQQe4Rle4c15cl6cd+djvrriFDeH8AfO5w/RVJO1</latexit>

�GW ⌧ R
<latexit sha1_base64="GXjaDLp7eM1ZmpNgAzDJS6y5KzI=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuiy60GUV+4AmlpvJpB06eTAzEUrIxo2/4saFIm79B3f+jZM2C209MHA451zm3uMlnEllWd/GwuLS8spqZa26vrG5tW3u7LZlnApCWyTmseh6IClnEW0ppjjtJoJC6HHa8UaXhd95oEKyOLpT44S6IQwiFjACSkt988DhOuzDfXbVybHDOXZCUEMCPLvN+2bNqlsT4Hlil6SGSjT75pfjxyQNaaQIByl7tpUoNwOhGOE0rzqppAmQEQxoT9MIQirdbHJFjo+04uMgFvpFCk/U3xMZhFKOQ08nixXlrFeI/3m9VAXnbsaiJFU0ItOPgpRjFeOiEuwzQYniY02ACKZ3xWQIAojSxVV1CfbsyfOkfVK3rbp9c1prXJR1VNA+OkTHyEZnqIGuURO1EEGP6Bm9ojfjyXgx3o2PaXTBKGf20B8Ynz9BZJho</latexit><latexit sha1_base64="GXjaDLp7eM1ZmpNgAzDJS6y5KzI=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuiy60GUV+4AmlpvJpB06eTAzEUrIxo2/4saFIm79B3f+jZM2C209MHA451zm3uMlnEllWd/GwuLS8spqZa26vrG5tW3u7LZlnApCWyTmseh6IClnEW0ppjjtJoJC6HHa8UaXhd95oEKyOLpT44S6IQwiFjACSkt988DhOuzDfXbVybHDOXZCUEMCPLvN+2bNqlsT4Hlil6SGSjT75pfjxyQNaaQIByl7tpUoNwOhGOE0rzqppAmQEQxoT9MIQirdbHJFjo+04uMgFvpFCk/U3xMZhFKOQ08nixXlrFeI/3m9VAXnbsaiJFU0ItOPgpRjFeOiEuwzQYniY02ACKZ3xWQIAojSxVV1CfbsyfOkfVK3rbp9c1prXJR1VNA+OkTHyEZnqIGuURO1EEGP6Bm9ojfjyXgx3o2PaXTBKGf20B8Ynz9BZJho</latexit><latexit sha1_base64="GXjaDLp7eM1ZmpNgAzDJS6y5KzI=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuiy60GUV+4AmlpvJpB06eTAzEUrIxo2/4saFIm79B3f+jZM2C209MHA451zm3uMlnEllWd/GwuLS8spqZa26vrG5tW3u7LZlnApCWyTmseh6IClnEW0ppjjtJoJC6HHa8UaXhd95oEKyOLpT44S6IQwiFjACSkt988DhOuzDfXbVybHDOXZCUEMCPLvN+2bNqlsT4Hlil6SGSjT75pfjxyQNaaQIByl7tpUoNwOhGOE0rzqppAmQEQxoT9MIQirdbHJFjo+04uMgFvpFCk/U3xMZhFKOQ08nixXlrFeI/3m9VAXnbsaiJFU0ItOPgpRjFeOiEuwzQYniY02ACKZ3xWQIAojSxVV1CfbsyfOkfVK3rbp9c1prXJR1VNA+OkTHyEZnqIGuURO1EEGP6Bm9ojfjyXgx3o2PaXTBKGf20B8Ynz9BZJho</latexit><latexit sha1_base64="GXjaDLp7eM1ZmpNgAzDJS6y5KzI=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuiy60GUV+4AmlpvJpB06eTAzEUrIxo2/4saFIm79B3f+jZM2C209MHA451zm3uMlnEllWd/GwuLS8spqZa26vrG5tW3u7LZlnApCWyTmseh6IClnEW0ppjjtJoJC6HHa8UaXhd95oEKyOLpT44S6IQwiFjACSkt988DhOuzDfXbVybHDOXZCUEMCPLvN+2bNqlsT4Hlil6SGSjT75pfjxyQNaaQIByl7tpUoNwOhGOE0rzqppAmQEQxoT9MIQirdbHJFjo+04uMgFvpFCk/U3xMZhFKOQ08nixXlrFeI/3m9VAXnbsaiJFU0ItOPgpRjFeOiEuwzQYniY02ACKZ3xWQIAojSxVV1CfbsyfOkfVK3rbp9c1prXJR1VNA+OkTHyEZnqIGuURO1EEGP6Bm9ojfjyXgx3o2PaXTBKGf20B8Ynz9BZJho</latexit>

Valid on the scales: still assume that 



Weak GWs

!16

In LIF (w.r.t.) background: g↵� = ⌘↵� + h↵� +O(h2)
<latexit sha1_base64="vEavcZaGddgggX+dCGT5RlbzBEA=">AAACKXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKYJuhKIbd1awF+jUciZNO6GZzJBkhDL0ddz4Km4UFHXri5i2s9DWAyE/338Oyfn9mDOlHefTyi0tr6yu5dcLG5tb2zv27l5DRYkktE4iHsmWD4pyJmhdM81pK5YUQp/Tpj+8mvjNByoVi8SdHsW0E8JAsD4joA3q2tVBN/WAxwF4PtUwxhfYM/ccPMGFYAHdlIL7ynHXLjplZ1p4UbiZKKKsal371etFJAmp0ISDUm3XiXUnBakZ4XRc8BJFYyBDGNC2kQJCqjrpdNMxPjKkh/uRNEdoPKW/J1IIlRqFvukMQQdq3pvA/7x2ovvnnZSJONFUkNlD/YRjHeFJbLjHJCWaj4wAIpn5KyYBSCDahFswIbjzKy+KRqXsOmX39rRYvcziyKMDdIhKyEVnqIquUQ3VEUGP6Bm9oXfryXqxPqyvWWvOymb20Z+yvn8AufalmA==</latexit><latexit sha1_base64="vEavcZaGddgggX+dCGT5RlbzBEA=">AAACKXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKYJuhKIbd1awF+jUciZNO6GZzJBkhDL0ddz4Km4UFHXri5i2s9DWAyE/338Oyfn9mDOlHefTyi0tr6yu5dcLG5tb2zv27l5DRYkktE4iHsmWD4pyJmhdM81pK5YUQp/Tpj+8mvjNByoVi8SdHsW0E8JAsD4joA3q2tVBN/WAxwF4PtUwxhfYM/ccPMGFYAHdlIL7ynHXLjplZ1p4UbiZKKKsal371etFJAmp0ISDUm3XiXUnBakZ4XRc8BJFYyBDGNC2kQJCqjrpdNMxPjKkh/uRNEdoPKW/J1IIlRqFvukMQQdq3pvA/7x2ovvnnZSJONFUkNlD/YRjHeFJbLjHJCWaj4wAIpn5KyYBSCDahFswIbjzKy+KRqXsOmX39rRYvcziyKMDdIhKyEVnqIquUQ3VEUGP6Bm9oXfryXqxPqyvWWvOymb20Z+yvn8AufalmA==</latexit><latexit sha1_base64="vEavcZaGddgggX+dCGT5RlbzBEA=">AAACKXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKYJuhKIbd1awF+jUciZNO6GZzJBkhDL0ddz4Km4UFHXri5i2s9DWAyE/338Oyfn9mDOlHefTyi0tr6yu5dcLG5tb2zv27l5DRYkktE4iHsmWD4pyJmhdM81pK5YUQp/Tpj+8mvjNByoVi8SdHsW0E8JAsD4joA3q2tVBN/WAxwF4PtUwxhfYM/ccPMGFYAHdlIL7ynHXLjplZ1p4UbiZKKKsal371etFJAmp0ISDUm3XiXUnBakZ4XRc8BJFYyBDGNC2kQJCqjrpdNMxPjKkh/uRNEdoPKW/J1IIlRqFvukMQQdq3pvA/7x2ovvnnZSJONFUkNlD/YRjHeFJbLjHJCWaj4wAIpn5KyYBSCDahFswIbjzKy+KRqXsOmX39rRYvcziyKMDdIhKyEVnqIquUQ3VEUGP6Bm9oXfryXqxPqyvWWvOymb20Z+yvn8AufalmA==</latexit><latexit sha1_base64="vEavcZaGddgggX+dCGT5RlbzBEA=">AAACKXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKYJuhKIbd1awF+jUciZNO6GZzJBkhDL0ddz4Km4UFHXri5i2s9DWAyE/338Oyfn9mDOlHefTyi0tr6yu5dcLG5tb2zv27l5DRYkktE4iHsmWD4pyJmhdM81pK5YUQp/Tpj+8mvjNByoVi8SdHsW0E8JAsD4joA3q2tVBN/WAxwF4PtUwxhfYM/ccPMGFYAHdlIL7ynHXLjplZ1p4UbiZKKKsal371etFJAmp0ISDUm3XiXUnBakZ4XRc8BJFYyBDGNC2kQJCqjrpdNMxPjKkh/uRNEdoPKW/J1IIlRqFvukMQQdq3pvA/7x2ovvnnZSJONFUkNlD/YRjHeFJbLjHJCWaj4wAIpn5KyYBSCDahFswIbjzKy+KRqXsOmX39rRYvcziyKMDdIhKyEVnqIquUQ3VEUGP6Bm9oXfryXqxPqyvWWvOymb20Z+yvn8AufalmA==</latexit>

Consider Einstein equations in vacuum (far from the source) R↵� = 0
<latexit sha1_base64="mvxVRrwB8ggIrc8RAGvXl2Xj7lw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6MZlFfuAJoSb6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTzpR2nG+rtLS8srpWXq9sbG5t79i7ey2VZJLQJkl4IjshKMqZoE3NNKedVFKIQ07b4fB64rcfqFQsEfd6lFI/hr5gESOgjRTYB3dB7gFPB+CFVMMYX2IHB3bVqTlT4EXiFqSKCjQC+8vrJSSLqdCEg1Jd10m1n4PUjHA6rniZoimQIfRp11ABMVV+Pr1+jI+N0sNRIk0Jjafq74kcYqVGcWg6Y9ADNe9NxP+8bqajCz9nIs00FWS2KMo41gmeRIF7TFKi+cgQIJKZWzEZgASiTWAVE4I7//IiaZ3WXKfm3p5V61dFHGV0iI7QCXLROaqjG9RATUTQI3pGr+jNerJerHfrY9ZasoqZffQH1ucPA7qUQw==</latexit><latexit sha1_base64="mvxVRrwB8ggIrc8RAGvXl2Xj7lw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6MZlFfuAJoSb6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTzpR2nG+rtLS8srpWXq9sbG5t79i7ey2VZJLQJkl4IjshKMqZoE3NNKedVFKIQ07b4fB64rcfqFQsEfd6lFI/hr5gESOgjRTYB3dB7gFPB+CFVMMYX2IHB3bVqTlT4EXiFqSKCjQC+8vrJSSLqdCEg1Jd10m1n4PUjHA6rniZoimQIfRp11ABMVV+Pr1+jI+N0sNRIk0Jjafq74kcYqVGcWg6Y9ADNe9NxP+8bqajCz9nIs00FWS2KMo41gmeRIF7TFKi+cgQIJKZWzEZgASiTWAVE4I7//IiaZ3WXKfm3p5V61dFHGV0iI7QCXLROaqjG9RATUTQI3pGr+jNerJerHfrY9ZasoqZffQH1ucPA7qUQw==</latexit><latexit sha1_base64="mvxVRrwB8ggIrc8RAGvXl2Xj7lw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6MZlFfuAJoSb6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTzpR2nG+rtLS8srpWXq9sbG5t79i7ey2VZJLQJkl4IjshKMqZoE3NNKedVFKIQ07b4fB64rcfqFQsEfd6lFI/hr5gESOgjRTYB3dB7gFPB+CFVMMYX2IHB3bVqTlT4EXiFqSKCjQC+8vrJSSLqdCEg1Jd10m1n4PUjHA6rniZoimQIfRp11ABMVV+Pr1+jI+N0sNRIk0Jjafq74kcYqVGcWg6Y9ADNe9NxP+8bqajCz9nIs00FWS2KMo41gmeRIF7TFKi+cgQIJKZWzEZgASiTWAVE4I7//IiaZ3WXKfm3p5V61dFHGV0iI7QCXLROaqjG9RATUTQI3pGr+jNerJerHfrY9ZasoqZffQH1ucPA7qUQw==</latexit><latexit sha1_base64="mvxVRrwB8ggIrc8RAGvXl2Xj7lw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6MZlFfuAJoSb6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTzpR2nG+rtLS8srpWXq9sbG5t79i7ey2VZJLQJkl4IjshKMqZoE3NNKedVFKIQ07b4fB64rcfqFQsEfd6lFI/hr5gESOgjRTYB3dB7gFPB+CFVMMYX2IHB3bVqTlT4EXiFqSKCjQC+8vrJSSLqdCEg1Jd10m1n4PUjHA6rniZoimQIfRp11ABMVV+Pr1+jI+N0sNRIk0Jjafq74kcYqVGcWg6Y9ADNe9NxP+8bqajCz9nIs00FWS2KMo41gmeRIF7TFKi+cgQIJKZWzEZgASiTWAVE4I7//IiaZ3WXKfm3p5V61dFHGV0iI7QCXLROaqjG9RATUTQI3pGr+jNerJerHfrY9ZasoqZffQH1ucPA7qUQw==</latexit>

h̄µ⌫ = hµ⌫ � 1

2
⌘µ⌫h, h = hµ

µ
<latexit sha1_base64="X9pwWUq86XG8edmO9zYRUTM2eyA="></latexit><latexit sha1_base64="X9pwWUq86XG8edmO9zYRUTM2eyA="></latexit><latexit sha1_base64="X9pwWUq86XG8edmO9zYRUTM2eyA="></latexit><latexit sha1_base64="X9pwWUq86XG8edmO9zYRUTM2eyA="></latexit>

h̄µ⌫
,⌫ = 0

<latexit sha1_base64="3//5FX8UE5mw0/4djjqr8HmZ1G8=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLoRim5cVrAXaGKYTCft0MkkzEyEMmTtxldx40IRtz6BO9/GSZuFtv4w8PGfczhz/jBlVCrH+bYWFpeWV1Yra9X1jc2tbXtnty2TTGDSwglLRDdEkjDKSUtRxUg3FQTFISOdcHRd1DsPREia8Ds1TokfowGnEcVIGSuwD7T2QiT0MM/vtRdnHs/yXOeBPikIXkInsGtO3ZkIzoNbQg2Uagb2l9dPcBYTrjBDUvZcJ1W+RkJRzEhe9TJJUoRHaEB6BjmKifT15JQcHhmnD6NEmMcVnLi/JzSKpRzHoemMkRrK2Vph/lfrZSq68DXlaaYIx9NFUcagSmCRC+xTQbBiYwMIC2r+CvEQCYSVSa9qQnBnT56H9mndderu7VmtcVXGUQH74BAcAxecgwa4AU3QAhg8gmfwCt6sJ+vFerc+pq0LVjmzB/7I+vwBCv2bEA==</latexit><latexit sha1_base64="3//5FX8UE5mw0/4djjqr8HmZ1G8=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLoRim5cVrAXaGKYTCft0MkkzEyEMmTtxldx40IRtz6BO9/GSZuFtv4w8PGfczhz/jBlVCrH+bYWFpeWV1Yra9X1jc2tbXtnty2TTGDSwglLRDdEkjDKSUtRxUg3FQTFISOdcHRd1DsPREia8Ds1TokfowGnEcVIGSuwD7T2QiT0MM/vtRdnHs/yXOeBPikIXkInsGtO3ZkIzoNbQg2Uagb2l9dPcBYTrjBDUvZcJ1W+RkJRzEhe9TJJUoRHaEB6BjmKifT15JQcHhmnD6NEmMcVnLi/JzSKpRzHoemMkRrK2Vph/lfrZSq68DXlaaYIx9NFUcagSmCRC+xTQbBiYwMIC2r+CvEQCYSVSa9qQnBnT56H9mndderu7VmtcVXGUQH74BAcAxecgwa4AU3QAhg8gmfwCt6sJ+vFerc+pq0LVjmzB/7I+vwBCv2bEA==</latexit><latexit sha1_base64="3//5FX8UE5mw0/4djjqr8HmZ1G8=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLoRim5cVrAXaGKYTCft0MkkzEyEMmTtxldx40IRtz6BO9/GSZuFtv4w8PGfczhz/jBlVCrH+bYWFpeWV1Yra9X1jc2tbXtnty2TTGDSwglLRDdEkjDKSUtRxUg3FQTFISOdcHRd1DsPREia8Ds1TokfowGnEcVIGSuwD7T2QiT0MM/vtRdnHs/yXOeBPikIXkInsGtO3ZkIzoNbQg2Uagb2l9dPcBYTrjBDUvZcJ1W+RkJRzEhe9TJJUoRHaEB6BjmKifT15JQcHhmnD6NEmMcVnLi/JzSKpRzHoemMkRrK2Vph/lfrZSq68DXlaaYIx9NFUcagSmCRC+xTQbBiYwMIC2r+CvEQCYSVSa9qQnBnT56H9mndderu7VmtcVXGUQH74BAcAxecgwa4AU3QAhg8gmfwCt6sJ+vFerc+pq0LVjmzB/7I+vwBCv2bEA==</latexit><latexit sha1_base64="3//5FX8UE5mw0/4djjqr8HmZ1G8=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2CCymJCLoRim5cVrAXaGKYTCft0MkkzEyEMmTtxldx40IRtz6BO9/GSZuFtv4w8PGfczhz/jBlVCrH+bYWFpeWV1Yra9X1jc2tbXtnty2TTGDSwglLRDdEkjDKSUtRxUg3FQTFISOdcHRd1DsPREia8Ds1TokfowGnEcVIGSuwD7T2QiT0MM/vtRdnHs/yXOeBPikIXkInsGtO3ZkIzoNbQg2Uagb2l9dPcBYTrjBDUvZcJ1W+RkJRzEhe9TJJUoRHaEB6BjmKifT15JQcHhmnD6NEmMcVnLi/JzSKpRzHoemMkRrK2Vph/lfrZSq68DXlaaYIx9NFUcagSmCRC+xTQbBiYwMIC2r+CvEQCYSVSa9qQnBnT56H9mndderu7VmtcVXGUQH74BAcAxecgwa4AU3QAhg8gmfwCt6sJ+vFerc+pq0LVjmzB/7I+vwBCv2bEA==</latexit>

⇤h̄µ⌫ = 0
<latexit sha1_base64="K8WAtajObTt9aNrfyQMkjbsYBNM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQTdCqRuXFewDmlgm00k7dDIT5iGWENz4K25cKOLWr3Dn3zh9LLT1wIXDOfdy7z1RyqjSnvftFJaWV1bXiuuljc2t7R13d6+phJGYNLBgQrYjpAijnDQ01Yy0U0lQEjHSioZXY791T6Sigt/qUUrCBPU5jSlG2kpd9yCoiQcYREhmg/wuCxITcJPDS+h13bJX8SaAi8SfkTKYod51v4KewCYhXGOGlOr4XqrDDElNMSN5KTCKpAgPUZ90LOUoISrMJi/k8NgqPRgLaYtrOFF/T2QoUWqURLYzQXqg5r2x+J/XMTq+CDPKU6MJx9NFsWFQCzjOA/aoJFizkSUIS2pvhXiAJMLaplayIfjzLy+S5mnF9yr+zVm5WpvFUQSH4AicAB+cgyq4BnXQABg8gmfwCt6cJ+fFeXc+pq0FZzazD/7A+fwBWT6Wuw==</latexit><latexit sha1_base64="K8WAtajObTt9aNrfyQMkjbsYBNM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQTdCqRuXFewDmlgm00k7dDIT5iGWENz4K25cKOLWr3Dn3zh9LLT1wIXDOfdy7z1RyqjSnvftFJaWV1bXiuuljc2t7R13d6+phJGYNLBgQrYjpAijnDQ01Yy0U0lQEjHSioZXY791T6Sigt/qUUrCBPU5jSlG2kpd9yCoiQcYREhmg/wuCxITcJPDS+h13bJX8SaAi8SfkTKYod51v4KewCYhXGOGlOr4XqrDDElNMSN5KTCKpAgPUZ90LOUoISrMJi/k8NgqPRgLaYtrOFF/T2QoUWqURLYzQXqg5r2x+J/XMTq+CDPKU6MJx9NFsWFQCzjOA/aoJFizkSUIS2pvhXiAJMLaplayIfjzLy+S5mnF9yr+zVm5WpvFUQSH4AicAB+cgyq4BnXQABg8gmfwCt6cJ+fFeXc+pq0FZzazD/7A+fwBWT6Wuw==</latexit><latexit sha1_base64="K8WAtajObTt9aNrfyQMkjbsYBNM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQTdCqRuXFewDmlgm00k7dDIT5iGWENz4K25cKOLWr3Dn3zh9LLT1wIXDOfdy7z1RyqjSnvftFJaWV1bXiuuljc2t7R13d6+phJGYNLBgQrYjpAijnDQ01Yy0U0lQEjHSioZXY791T6Sigt/qUUrCBPU5jSlG2kpd9yCoiQcYREhmg/wuCxITcJPDS+h13bJX8SaAi8SfkTKYod51v4KewCYhXGOGlOr4XqrDDElNMSN5KTCKpAgPUZ90LOUoISrMJi/k8NgqPRgLaYtrOFF/T2QoUWqURLYzQXqg5r2x+J/XMTq+CDPKU6MJx9NFsWFQCzjOA/aoJFizkSUIS2pvhXiAJMLaplayIfjzLy+S5mnF9yr+zVm5WpvFUQSH4AicAB+cgyq4BnXQABg8gmfwCt6cJ+fFeXc+pq0FZzazD/7A+fwBWT6Wuw==</latexit><latexit sha1_base64="K8WAtajObTt9aNrfyQMkjbsYBNM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQTdCqRuXFewDmlgm00k7dDIT5iGWENz4K25cKOLWr3Dn3zh9LLT1wIXDOfdy7z1RyqjSnvftFJaWV1bXiuuljc2t7R13d6+phJGYNLBgQrYjpAijnDQ01Yy0U0lQEjHSioZXY791T6Sigt/qUUrCBPU5jSlG2kpd9yCoiQcYREhmg/wuCxITcJPDS+h13bJX8SaAi8SfkTKYod51v4KewCYhXGOGlOr4XqrDDElNMSN5KTCKpAgPUZ90LOUoISrMJi/k8NgqPRgLaYtrOFF/T2QoUWqURLYzQXqg5r2x+J/XMTq+CDPKU6MJx9NFsWFQCzjOA/aoJFizkSUIS2pvhXiAJMLaplayIfjzLy+S5mnF9yr+zVm5WpvFUQSH4AicAB+cgyq4BnXQABg8gmfwCt6cJ+fFeXc+pq0FZzazD/7A+fwBWT6Wuw==</latexit>

Introduce trace reverse metric 

Choose gauge (coordinate frame):

Einstein’s field equations (linear):

Remaining gauge freedom: h̄µ⌫
new,⌫ = h̄µ⌫

,⌫ �⇤⇠µ = 0, ⇤⇠µ = 0
<latexit sha1_base64="34g+T1H/c+VnK4a/vVSjgmhlaTc="></latexit><latexit sha1_base64="34g+T1H/c+VnK4a/vVSjgmhlaTc="></latexit><latexit sha1_base64="34g+T1H/c+VnK4a/vVSjgmhlaTc="></latexit><latexit sha1_base64="34g+T1H/c+VnK4a/vVSjgmhlaTc="></latexit>

if

h̄0↵ = 0, h = 0
<latexit sha1_base64="vbGVpnOUFS2HUiRev/hXrSF4r5g=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupGREUJBC0Y3LCvYBnVrupJlOaOZBkhHK0LUbf8WNC0Xc+gXu/BszbRfaei4XDufcS3KPlwiuNCHf1sLi0vLKamGtuL6xubVt7+w2VJxKyuo0FrFseaCY4BGra64FayWSQegJ1vQG17nffGBS8Ti608OEdULoR9znFLSRuvaB64HMgtF9RlwQSQAjXMHkBLuXeeGgQrp2iZTJGHieOFNSQlPUuvaX24tpGrJIUwFKtR2S6E4GUnMq2KjopoolQAfQZ21DIwiZ6mTjU0b4yCg97MfSdKTxWP29kUGo1DD0zGQIOlCzXi7+57VT7V90Mh4lqWYRnTzkpwLrGOe54B6XjGoxNASo5OavmAYggWqTXtGE4MyePE8ap2WHlJ3bs1L1ahpHAe2jQ3SMHHSOqugG1VAdUfSIntErerOerBfr3fqYjC5Y05099AfW5w8FZ5iB</latexit><latexit sha1_base64="vbGVpnOUFS2HUiRev/hXrSF4r5g=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupGREUJBC0Y3LCvYBnVrupJlOaOZBkhHK0LUbf8WNC0Xc+gXu/BszbRfaei4XDufcS3KPlwiuNCHf1sLi0vLKamGtuL6xubVt7+w2VJxKyuo0FrFseaCY4BGra64FayWSQegJ1vQG17nffGBS8Ti608OEdULoR9znFLSRuvaB64HMgtF9RlwQSQAjXMHkBLuXeeGgQrp2iZTJGHieOFNSQlPUuvaX24tpGrJIUwFKtR2S6E4GUnMq2KjopoolQAfQZ21DIwiZ6mTjU0b4yCg97MfSdKTxWP29kUGo1DD0zGQIOlCzXi7+57VT7V90Mh4lqWYRnTzkpwLrGOe54B6XjGoxNASo5OavmAYggWqTXtGE4MyePE8ap2WHlJ3bs1L1ahpHAe2jQ3SMHHSOqugG1VAdUfSIntErerOerBfr3fqYjC5Y05099AfW5w8FZ5iB</latexit><latexit sha1_base64="vbGVpnOUFS2HUiRev/hXrSF4r5g=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupGREUJBC0Y3LCvYBnVrupJlOaOZBkhHK0LUbf8WNC0Xc+gXu/BszbRfaei4XDufcS3KPlwiuNCHf1sLi0vLKamGtuL6xubVt7+w2VJxKyuo0FrFseaCY4BGra64FayWSQegJ1vQG17nffGBS8Ti608OEdULoR9znFLSRuvaB64HMgtF9RlwQSQAjXMHkBLuXeeGgQrp2iZTJGHieOFNSQlPUuvaX24tpGrJIUwFKtR2S6E4GUnMq2KjopoolQAfQZ21DIwiZ6mTjU0b4yCg97MfSdKTxWP29kUGo1DD0zGQIOlCzXi7+57VT7V90Mh4lqWYRnTzkpwLrGOe54B6XjGoxNASo5OavmAYggWqTXtGE4MyePE8ap2WHlJ3bs1L1ahpHAe2jQ3SMHHSOqugG1VAdUfSIntErerOerBfr3fqYjC5Y05099AfW5w8FZ5iB</latexit><latexit sha1_base64="vbGVpnOUFS2HUiRev/hXrSF4r5g=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupGREUJBC0Y3LCvYBnVrupJlOaOZBkhHK0LUbf8WNC0Xc+gXu/BszbRfaei4XDufcS3KPlwiuNCHf1sLi0vLKamGtuL6xubVt7+w2VJxKyuo0FrFseaCY4BGra64FayWSQegJ1vQG17nffGBS8Ti608OEdULoR9znFLSRuvaB64HMgtF9RlwQSQAjXMHkBLuXeeGgQrp2iZTJGHieOFNSQlPUuvaX24tpGrJIUwFKtR2S6E4GUnMq2KjopoolQAfQZ21DIwiZ6mTjU0b4yCg97MfSdKTxWP29kUGo1DD0zGQIOlCzXi7+57VT7V90Mh4lqWYRnTzkpwLrGOe54B6XjGoxNASo5OavmAYggWqTXtGE4MyePE8ap2WHlJ3bs1L1ahpHAe2jQ3SMHHSOqugG1VAdUfSIntErerOerBfr3fqYjC5Y05099AfW5w8FZ5iB</latexit>

T(ransverse)T(raceless) gauge: For the GW travelling in z-direction  

hµ⌫ = hTT
µ⌫ =

2

664

0 0 0 0
0 h+ h⇥ 0
0 h⇥ �h+ 0
0 0 0 0

3

775

<latexit sha1_base64="ssBfSAwwOleujcfOJr68scDK2hs="></latexit><latexit sha1_base64="ssBfSAwwOleujcfOJr68scDK2hs="></latexit><latexit sha1_base64="ssBfSAwwOleujcfOJr68scDK2hs="></latexit><latexit sha1_base64="ssBfSAwwOleujcfOJr68scDK2hs="></latexit>

<— harmonic gauge



Weak GWs

!17

Consider the plane wave solution:

h̄µ⌫ = Aµ⌫eik↵x

↵

, k↵ = {!, ki}
<latexit sha1_base64="qsDTfy5GzDMaLDV2dBnkWELphI0="></latexit><latexit sha1_base64="qsDTfy5GzDMaLDV2dBnkWELphI0="></latexit><latexit sha1_base64="qsDTfy5GzDMaLDV2dBnkWELphI0="></latexit><latexit sha1_base64="qsDTfy5GzDMaLDV2dBnkWELphI0="></latexit>

4-wave vector 

Einstein equations: k↵k
↵ = �!2 + ~k.~k = 0

<latexit sha1_base64="KEkfnT6/mNMBKWh9gGVblwxA+1U=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUHTjsoK9QKeWM+lpGyZzIckIZeibuPFV3LhQRNz1bUzbEbR6IOTj/88hOb8XC660bY+t3MLi0vJKfrWwtr6xuVXc3qmrKJEMaywSkWx6oFDwEGuaa4HNWCIEnsCG519P/MYDSsWj8E4PY2wH0A95jzPQRuoUz/xO6oKIBzDy77+JXtJjNwqwD/cn9Ii6D8hSf1TObuPanWLJLtvTon/ByaBEsqp2ip9uN2JJgKFmApRqOXas2ylIzZnAUcFNFMbAfOhjy2AIAap2Ot1vRA+M0qW9SJoTajpVf06kECg1DDzTGYAeqHlvIv7ntRLdu2inPIwTjSGbPdRLBNURnYRFu1wi02JoAJjk5q+UDUAC0ybSggnBmV/5L9RPyo5ddm5PS5WrLI482SP75JA45JxUyA2pkhph5JE8k1fyZj1ZL9a79TFrzVnZzC75Vdb4C3d+oe0=</latexit><latexit sha1_base64="KEkfnT6/mNMBKWh9gGVblwxA+1U=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUHTjsoK9QKeWM+lpGyZzIckIZeibuPFV3LhQRNz1bUzbEbR6IOTj/88hOb8XC660bY+t3MLi0vJKfrWwtr6xuVXc3qmrKJEMaywSkWx6oFDwEGuaa4HNWCIEnsCG519P/MYDSsWj8E4PY2wH0A95jzPQRuoUz/xO6oKIBzDy77+JXtJjNwqwD/cn9Ii6D8hSf1TObuPanWLJLtvTon/ByaBEsqp2ip9uN2JJgKFmApRqOXas2ylIzZnAUcFNFMbAfOhjy2AIAap2Ot1vRA+M0qW9SJoTajpVf06kECg1DDzTGYAeqHlvIv7ntRLdu2inPIwTjSGbPdRLBNURnYRFu1wi02JoAJjk5q+UDUAC0ybSggnBmV/5L9RPyo5ddm5PS5WrLI482SP75JA45JxUyA2pkhph5JE8k1fyZj1ZL9a79TFrzVnZzC75Vdb4C3d+oe0=</latexit><latexit sha1_base64="KEkfnT6/mNMBKWh9gGVblwxA+1U=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUHTjsoK9QKeWM+lpGyZzIckIZeibuPFV3LhQRNz1bUzbEbR6IOTj/88hOb8XC660bY+t3MLi0vJKfrWwtr6xuVXc3qmrKJEMaywSkWx6oFDwEGuaa4HNWCIEnsCG519P/MYDSsWj8E4PY2wH0A95jzPQRuoUz/xO6oKIBzDy77+JXtJjNwqwD/cn9Ii6D8hSf1TObuPanWLJLtvTon/ByaBEsqp2ip9uN2JJgKFmApRqOXas2ylIzZnAUcFNFMbAfOhjy2AIAap2Ot1vRA+M0qW9SJoTajpVf06kECg1DDzTGYAeqHlvIv7ntRLdu2inPIwTjSGbPdRLBNURnYRFu1wi02JoAJjk5q+UDUAC0ybSggnBmV/5L9RPyo5ddm5PS5WrLI482SP75JA45JxUyA2pkhph5JE8k1fyZj1ZL9a79TFrzVnZzC75Vdb4C3d+oe0=</latexit><latexit sha1_base64="KEkfnT6/mNMBKWh9gGVblwxA+1U=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAIglhmRNSNUHTjsoK9QKeWM+lpGyZzIckIZeibuPFV3LhQRNz1bUzbEbR6IOTj/88hOb8XC660bY+t3MLi0vJKfrWwtr6xuVXc3qmrKJEMaywSkWx6oFDwEGuaa4HNWCIEnsCG519P/MYDSsWj8E4PY2wH0A95jzPQRuoUz/xO6oKIBzDy77+JXtJjNwqwD/cn9Ii6D8hSf1TObuPanWLJLtvTon/ByaBEsqp2ip9uN2JJgKFmApRqOXas2ylIzZnAUcFNFMbAfOhjy2AIAap2Ot1vRA+M0qW9SJoTajpVf06kECg1DDzTGYAeqHlvIv7ntRLdu2inPIwTjSGbPdRLBNURnYRFu1wi02JoAJjk5q+UDUAC0ybSggnBmV/5L9RPyo5ddm5PS5WrLI482SP75JA45JxUyA2pkhph5JE8k1fyZj1ZL9a79TFrzVnZzC75Vdb4C3d+oe0=</latexit>

Aµ⌫k
⌫ = 0

<latexit sha1_base64="PaQY7CLeiePlBHR181TJXzKktCs=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgm6EqhuXFewDOuOQSTNtaJIZ8hDK2IW/4saFIm79DXf+jem0C209cLmHc+4lNyfOGFXa876dhcWl5ZXV0lp5fWNza9vd2W2q1EhMGjhlqWzHSBFGBWloqhlpZ5IgHjPSigfXY7/1QKSiqbjTw4yEHPUETShG2kqRu38Z5QE3gTAjOLjPi34BvciteFWvAJwn/pRUwBT1yP0Kuik2nAiNGVKq43uZDnMkNcWMjMqBUSRDeIB6pGOpQJyoMC/uH8Ejq3RhkkpbQsNC/b2RI67UkMd2kiPdV7PeWPzP6xidnIc5FZnRRODJQ4lhUKdwHAbsUkmwZkNLEJbU3gpxH0mEtY2sbEPwZ788T5onVd+r+renldrVNI4SOACH4Bj44AzUwA2ogwbA4BE8g1fw5jw5L8678zEZXXCmO3vgD5zPH/3HlWk=</latexit><latexit sha1_base64="PaQY7CLeiePlBHR181TJXzKktCs=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgm6EqhuXFewDOuOQSTNtaJIZ8hDK2IW/4saFIm79DXf+jem0C209cLmHc+4lNyfOGFXa876dhcWl5ZXV0lp5fWNza9vd2W2q1EhMGjhlqWzHSBFGBWloqhlpZ5IgHjPSigfXY7/1QKSiqbjTw4yEHPUETShG2kqRu38Z5QE3gTAjOLjPi34BvciteFWvAJwn/pRUwBT1yP0Kuik2nAiNGVKq43uZDnMkNcWMjMqBUSRDeIB6pGOpQJyoMC/uH8Ejq3RhkkpbQsNC/b2RI67UkMd2kiPdV7PeWPzP6xidnIc5FZnRRODJQ4lhUKdwHAbsUkmwZkNLEJbU3gpxH0mEtY2sbEPwZ788T5onVd+r+renldrVNI4SOACH4Bj44AzUwA2ogwbA4BE8g1fw5jw5L8678zEZXXCmO3vgD5zPH/3HlWk=</latexit><latexit sha1_base64="PaQY7CLeiePlBHR181TJXzKktCs=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgm6EqhuXFewDOuOQSTNtaJIZ8hDK2IW/4saFIm79DXf+jem0C209cLmHc+4lNyfOGFXa876dhcWl5ZXV0lp5fWNza9vd2W2q1EhMGjhlqWzHSBFGBWloqhlpZ5IgHjPSigfXY7/1QKSiqbjTw4yEHPUETShG2kqRu38Z5QE3gTAjOLjPi34BvciteFWvAJwn/pRUwBT1yP0Kuik2nAiNGVKq43uZDnMkNcWMjMqBUSRDeIB6pGOpQJyoMC/uH8Ejq3RhkkpbQsNC/b2RI67UkMd2kiPdV7PeWPzP6xidnIc5FZnRRODJQ4lhUKdwHAbsUkmwZkNLEJbU3gpxH0mEtY2sbEPwZ788T5onVd+r+renldrVNI4SOACH4Bj44AzUwA2ogwbA4BE8g1fw5jw5L8678zEZXXCmO3vgD5zPH/3HlWk=</latexit><latexit sha1_base64="PaQY7CLeiePlBHR181TJXzKktCs=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgm6EqhuXFewDOuOQSTNtaJIZ8hDK2IW/4saFIm79DXf+jem0C209cLmHc+4lNyfOGFXa876dhcWl5ZXV0lp5fWNza9vd2W2q1EhMGjhlqWzHSBFGBWloqhlpZ5IgHjPSigfXY7/1QKSiqbjTw4yEHPUETShG2kqRu38Z5QE3gTAjOLjPi34BvciteFWvAJwn/pRUwBT1yP0Kuik2nAiNGVKq43uZDnMkNcWMjMqBUSRDeIB6pGOpQJyoMC/uH8Ejq3RhkkpbQsNC/b2RI67UkMd2kiPdV7PeWPzP6xidnIc5FZnRRODJQ4lhUKdwHAbsUkmwZkNLEJbU3gpxH0mEtY2sbEPwZ788T5onVd+r+renldrVNI4SOACH4Bj44AzUwA2ogwbA4BE8g1fw5jw5L8678zEZXXCmO3vgD5zPH/3HlWk=</latexit>

transverse & traceless A0µ = 0
<latexit sha1_base64="OHYzIjz5nCIgHAOX7qeiYZ3nC6s=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoBeh6sVjBfsB7VqyadqGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhbHgxmL87eVWVtfWN/Kbha3tnd294v5B3USJpqxGIxHpZkgME1yxmuVWsGasGZGhYI1weDv1GyOmDY/Ugx3HLJCkr3iPU2KdFFw/prgtkwm6Qhh1iiVcxjOgZeJnpAQZqp3iV7sb0UQyZakgxrR8HNsgJdpyKtik0E4Miwkdkj5rOaqIZCZIZ0dP0IlTuqgXaVfKopn6eyIl0pixDF2nJHZgFr2p+J/XSmzvMki5ihPLFJ0v6iUC2QhNE0Bdrhm1YuwIoZq7WxEdEE2odTkVXAj+4svLpH5W9nHZvz8vVW6yOPJwBMdwCj5cQAXuoAo1oPAEz/AKb97Ie/HevY95a87LZg7hD7zPH9CDkM4=</latexit><latexit sha1_base64="OHYzIjz5nCIgHAOX7qeiYZ3nC6s=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoBeh6sVjBfsB7VqyadqGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhbHgxmL87eVWVtfWN/Kbha3tnd294v5B3USJpqxGIxHpZkgME1yxmuVWsGasGZGhYI1weDv1GyOmDY/Ugx3HLJCkr3iPU2KdFFw/prgtkwm6Qhh1iiVcxjOgZeJnpAQZqp3iV7sb0UQyZakgxrR8HNsgJdpyKtik0E4Miwkdkj5rOaqIZCZIZ0dP0IlTuqgXaVfKopn6eyIl0pixDF2nJHZgFr2p+J/XSmzvMki5ihPLFJ0v6iUC2QhNE0Bdrhm1YuwIoZq7WxEdEE2odTkVXAj+4svLpH5W9nHZvz8vVW6yOPJwBMdwCj5cQAXuoAo1oPAEz/AKb97Ie/HevY95a87LZg7hD7zPH9CDkM4=</latexit><latexit sha1_base64="OHYzIjz5nCIgHAOX7qeiYZ3nC6s=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoBeh6sVjBfsB7VqyadqGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhbHgxmL87eVWVtfWN/Kbha3tnd294v5B3USJpqxGIxHpZkgME1yxmuVWsGasGZGhYI1weDv1GyOmDY/Ugx3HLJCkr3iPU2KdFFw/prgtkwm6Qhh1iiVcxjOgZeJnpAQZqp3iV7sb0UQyZakgxrR8HNsgJdpyKtik0E4Miwkdkj5rOaqIZCZIZ0dP0IlTuqgXaVfKopn6eyIl0pixDF2nJHZgFr2p+J/XSmzvMki5ihPLFJ0v6iUC2QhNE0Bdrhm1YuwIoZq7WxEdEE2odTkVXAj+4svLpH5W9nHZvz8vVW6yOPJwBMdwCj5cQAXuoAo1oPAEz/AKb97Ie/HevY95a87LZg7hD7zPH9CDkM4=</latexit><latexit sha1_base64="OHYzIjz5nCIgHAOX7qeiYZ3nC6s=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoBeh6sVjBfsB7VqyadqGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhbHgxmL87eVWVtfWN/Kbha3tnd294v5B3USJpqxGIxHpZkgME1yxmuVWsGasGZGhYI1weDv1GyOmDY/Ugx3HLJCkr3iPU2KdFFw/prgtkwm6Qhh1iiVcxjOgZeJnpAQZqp3iV7sb0UQyZakgxrR8HNsgJdpyKtik0E4Miwkdkj5rOaqIZCZIZ0dP0IlTuqgXaVfKopn6eyIl0pixDF2nJHZgFr2p+J/XSmzvMki5ihPLFJ0v6iUC2QhNE0Bdrhm1YuwIoZq7WxEdEE2odTkVXAj+4svLpH5W9nHZvz8vVW6yOPJwBMdwCj5cQAXuoAo1oPAEz/AKb97Ie/HevY95a87LZg7hD7zPH9CDkM4=</latexit>

propagates with tthe speed of light.

Aµ
µ = 0

<latexit sha1_base64="GzA73ND/k7pFl/MyKGZDozqdNFY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EaounFZwT6gjWEynbRDZyZhZiKEEH/FjQtF3Poh7vwbp2kW2nrgcg/n3MvcOUHMqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuiRGLSwRGLZD9AijAqSEdTzUg/lgTxgJFeML2Z+b1HIhWNxL1OY+JxNBY0pBhpI/l2Pbt6yIY8yXO/aPASOr7dcJpOAbhM3JI0QIm2b38NRxFOOBEaM6TUwHVi7WVIaooZyWvDRJEY4Skak4GhAnGivKw4PofHRhnBMJKmhIaF+nsjQ1yplAdmkiM9UYveTPzPGyQ6vPAyKuJEE4HnD4UJgzqCsyTgiEqCNUsNQVhScyvEEyQR1iavmgnBXfzyMumeNl2n6d6dNVrXZRxVcAiOwAlwwTlogVvQBh2AQQqewSt4s56sF+vd+piPVqxypw7+wPr8ATsklHg=</latexit><latexit sha1_base64="GzA73ND/k7pFl/MyKGZDozqdNFY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EaounFZwT6gjWEynbRDZyZhZiKEEH/FjQtF3Poh7vwbp2kW2nrgcg/n3MvcOUHMqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuiRGLSwRGLZD9AijAqSEdTzUg/lgTxgJFeML2Z+b1HIhWNxL1OY+JxNBY0pBhpI/l2Pbt6yIY8yXO/aPASOr7dcJpOAbhM3JI0QIm2b38NRxFOOBEaM6TUwHVi7WVIaooZyWvDRJEY4Skak4GhAnGivKw4PofHRhnBMJKmhIaF+nsjQ1yplAdmkiM9UYveTPzPGyQ6vPAyKuJEE4HnD4UJgzqCsyTgiEqCNUsNQVhScyvEEyQR1iavmgnBXfzyMumeNl2n6d6dNVrXZRxVcAiOwAlwwTlogVvQBh2AQQqewSt4s56sF+vd+piPVqxypw7+wPr8ATsklHg=</latexit><latexit sha1_base64="GzA73ND/k7pFl/MyKGZDozqdNFY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EaounFZwT6gjWEynbRDZyZhZiKEEH/FjQtF3Poh7vwbp2kW2nrgcg/n3MvcOUHMqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuiRGLSwRGLZD9AijAqSEdTzUg/lgTxgJFeML2Z+b1HIhWNxL1OY+JxNBY0pBhpI/l2Pbt6yIY8yXO/aPASOr7dcJpOAbhM3JI0QIm2b38NRxFOOBEaM6TUwHVi7WVIaooZyWvDRJEY4Skak4GhAnGivKw4PofHRhnBMJKmhIaF+nsjQ1yplAdmkiM9UYveTPzPGyQ6vPAyKuJEE4HnD4UJgzqCsyTgiEqCNUsNQVhScyvEEyQR1iavmgnBXfzyMumeNl2n6d6dNVrXZRxVcAiOwAlwwTlogVvQBh2AQQqewSt4s56sF+vd+piPVqxypw7+wPr8ATsklHg=</latexit><latexit sha1_base64="GzA73ND/k7pFl/MyKGZDozqdNFY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EaounFZwT6gjWEynbRDZyZhZiKEEH/FjQtF3Poh7vwbp2kW2nrgcg/n3MvcOUHMqNKO821VVlbX1jeqm7Wt7Z3dPXv/oKuiRGLSwRGLZD9AijAqSEdTzUg/lgTxgJFeML2Z+b1HIhWNxL1OY+JxNBY0pBhpI/l2Pbt6yIY8yXO/aPASOr7dcJpOAbhM3JI0QIm2b38NRxFOOBEaM6TUwHVi7WVIaooZyWvDRJEY4Skak4GhAnGivKw4PofHRhnBMJKmhIaF+nsjQ1yplAdmkiM9UYveTPzPGyQ6vPAyKuJEE4HnD4UJgzqCsyTgiEqCNUsNQVhScyvEEyQR1iavmgnBXfzyMumeNl2n6d6dNVrXZRxVcAiOwAlwwTlogVvQBh2AQQqewSt4s56sF+vd+piPVqxypw7+wPr8ATsklHg=</latexit>

Moreover:

Note that in general the linearized Einstein equations have also static (non-radiative) solution 
(Newtonian potential). To get the radiative part we can take the “TT” part of the spatial metric 

by applying the projection operator:

hTT
jk = Prjklmhlm,

<latexit sha1_base64="qhkKWIsy14tkfuu/28MxnE+ejUo=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIHmS0IuhFGHrxOGFvsNWSZukWl6QlSYVRevTiV/HiQRGvfgRvfhvTrQfdfCDhx///PCTPP4gZVdpxvq2FxaXlldXSWnl9Y3Nr297ZbakokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjK5zv/1ApKKRaOhxTDyOBoKGFCNtJN8+GN6ljUbmp/ejDF7CusyJ8czI5j4p+3bFqTqTgvPgFlABRdV9+6vXj3DCidCYIaW6rhNrL0VSU8xIVu4lisQIj9CAdA0KxIny0skiGTwySh+GkTRHaDhRf0+kiCs15oHp5EgP1ayXi/953USHF15KRZxoIvD0oTBhUEcwTwX2qSRYs7EBhCU1f4V4iCTC2mSXh+DOrjwPrdOq61Td27NK7aqIowT2wSE4Bi44BzVwA+qgCTB4BM/gFbxZT9aL9W59TFsXrGJmD/wp6/MHVv+ZhA==</latexit><latexit sha1_base64="qhkKWIsy14tkfuu/28MxnE+ejUo=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIHmS0IuhFGHrxOGFvsNWSZukWl6QlSYVRevTiV/HiQRGvfgRvfhvTrQfdfCDhx///PCTPP4gZVdpxvq2FxaXlldXSWnl9Y3Nr297ZbakokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjK5zv/1ApKKRaOhxTDyOBoKGFCNtJN8+GN6ljUbmp/ejDF7CusyJ8czI5j4p+3bFqTqTgvPgFlABRdV9+6vXj3DCidCYIaW6rhNrL0VSU8xIVu4lisQIj9CAdA0KxIny0skiGTwySh+GkTRHaDhRf0+kiCs15oHp5EgP1ayXi/953USHF15KRZxoIvD0oTBhUEcwTwX2qSRYs7EBhCU1f4V4iCTC2mSXh+DOrjwPrdOq61Td27NK7aqIowT2wSE4Bi44BzVwA+qgCTB4BM/gFbxZT9aL9W59TFsXrGJmD/wp6/MHVv+ZhA==</latexit><latexit sha1_base64="qhkKWIsy14tkfuu/28MxnE+ejUo=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIHmS0IuhFGHrxOGFvsNWSZukWl6QlSYVRevTiV/HiQRGvfgRvfhvTrQfdfCDhx///PCTPP4gZVdpxvq2FxaXlldXSWnl9Y3Nr297ZbakokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjK5zv/1ApKKRaOhxTDyOBoKGFCNtJN8+GN6ljUbmp/ejDF7CusyJ8czI5j4p+3bFqTqTgvPgFlABRdV9+6vXj3DCidCYIaW6rhNrL0VSU8xIVu4lisQIj9CAdA0KxIny0skiGTwySh+GkTRHaDhRf0+kiCs15oHp5EgP1ayXi/953USHF15KRZxoIvD0oTBhUEcwTwX2qSRYs7EBhCU1f4V4iCTC2mSXh+DOrjwPrdOq61Td27NK7aqIowT2wSE4Bi44BzVwA+qgCTB4BM/gFbxZT9aL9W59TFsXrGJmD/wp6/MHVv+ZhA==</latexit><latexit sha1_base64="qhkKWIsy14tkfuu/28MxnE+ejUo=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIHmS0IuhFGHrxOGFvsNWSZukWl6QlSYVRevTiV/HiQRGvfgRvfhvTrQfdfCDhx///PCTPP4gZVdpxvq2FxaXlldXSWnl9Y3Nr297ZbakokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjK5zv/1ApKKRaOhxTDyOBoKGFCNtJN8+GN6ljUbmp/ejDF7CusyJ8czI5j4p+3bFqTqTgvPgFlABRdV9+6vXj3DCidCYIaW6rhNrL0VSU8xIVu4lisQIj9CAdA0KxIny0skiGTwySh+GkTRHaDhRf0+kiCs15oHp5EgP1ayXi/953USHF15KRZxoIvD0oTBhUEcwTwX2qSRYs7EBhCU1f4V4iCTC2mSXh+DOrjwPrdOq61Td27NK7aqIowT2wSE4Bi44BzVwA+qgCTB4BM/gFbxZT9aL9W59TFsXrGJmD/wp6/MHVv+ZhA==</latexit>

Prjklm = PjlPmk � 1

2
PjkPlm, Pjk = �jk � njnk,

<latexit sha1_base64="8oa6ABI1f5+SsLSXy+rDzEVmP8E="></latexit><latexit sha1_base64="8oa6ABI1f5+SsLSXy+rDzEVmP8E="></latexit><latexit sha1_base64="8oa6ABI1f5+SsLSXy+rDzEVmP8E="></latexit><latexit sha1_base64="8oa6ABI1f5+SsLSXy+rDzEVmP8E="></latexit>

ni = ki/|~k|
<latexit sha1_base64="czF370oxMDWD5v00CrfYS/0EYfc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNVEBL0IRS8eK9gPaNOy2U7bpZtN2N0UShrwr3jxoIhXf4c3/43bNgdtfTDweG+GmXl+xJnSjvNt5VZW19Y38puFre2d3T17/6CmwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/eHd1K+PQCoWikc9jsALSF+wHqNEG6ljH4k2wzd42E5Yej5pjYAmw3TSsYtOyZkBLxM3I0WUodKxv1rdkMYBCE05UarpOpH2EiI1oxzSQitWEBE6JH1oGipIAMpLZuen+NQoXdwLpSmh8Uz9PZGQQKlx4JvOgOiBWvSm4n9eM9a9ay9hIoo1CDpf1Is51iGeZoG7TALVfGwIoZKZWzEdEEmoNokVTAju4svLpHZRcp2S+3BZLN9mceTRMTpBZ8hFV6iM7lEFVRFFCXpGr+jNerJerHfrY96as7KZQ/QH1ucP9pqVfQ==</latexit><latexit sha1_base64="czF370oxMDWD5v00CrfYS/0EYfc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNVEBL0IRS8eK9gPaNOy2U7bpZtN2N0UShrwr3jxoIhXf4c3/43bNgdtfTDweG+GmXl+xJnSjvNt5VZW19Y38puFre2d3T17/6CmwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/eHd1K+PQCoWikc9jsALSF+wHqNEG6ljH4k2wzd42E5Yej5pjYAmw3TSsYtOyZkBLxM3I0WUodKxv1rdkMYBCE05UarpOpH2EiI1oxzSQitWEBE6JH1oGipIAMpLZuen+NQoXdwLpSmh8Uz9PZGQQKlx4JvOgOiBWvSm4n9eM9a9ay9hIoo1CDpf1Is51iGeZoG7TALVfGwIoZKZWzEdEEmoNokVTAju4svLpHZRcp2S+3BZLN9mceTRMTpBZ8hFV6iM7lEFVRFFCXpGr+jNerJerHfrY96as7KZQ/QH1ucP9pqVfQ==</latexit><latexit sha1_base64="czF370oxMDWD5v00CrfYS/0EYfc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNVEBL0IRS8eK9gPaNOy2U7bpZtN2N0UShrwr3jxoIhXf4c3/43bNgdtfTDweG+GmXl+xJnSjvNt5VZW19Y38puFre2d3T17/6CmwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/eHd1K+PQCoWikc9jsALSF+wHqNEG6ljH4k2wzd42E5Yej5pjYAmw3TSsYtOyZkBLxM3I0WUodKxv1rdkMYBCE05UarpOpH2EiI1oxzSQitWEBE6JH1oGipIAMpLZuen+NQoXdwLpSmh8Uz9PZGQQKlx4JvOgOiBWvSm4n9eM9a9ay9hIoo1CDpf1Is51iGeZoG7TALVfGwIoZKZWzEdEEmoNokVTAju4svLpHZRcp2S+3BZLN9mceTRMTpBZ8hFV6iM7lEFVRFFCXpGr+jNerJerHfrY96as7KZQ/QH1ucP9pqVfQ==</latexit><latexit sha1_base64="czF370oxMDWD5v00CrfYS/0EYfc=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPNVEBL0IRS8eK9gPaNOy2U7bpZtN2N0UShrwr3jxoIhXf4c3/43bNgdtfTDweG+GmXl+xJnSjvNt5VZW19Y38puFre2d3T17/6CmwlhSqNKQh7LhEwWcCahqpjk0Igkk8DnU/eHd1K+PQCoWikc9jsALSF+wHqNEG6ljH4k2wzd42E5Yej5pjYAmw3TSsYtOyZkBLxM3I0WUodKxv1rdkMYBCE05UarpOpH2EiI1oxzSQitWEBE6JH1oGipIAMpLZuen+NQoXdwLpSmh8Uz9PZGQQKlx4JvOgOiBWvSm4n9eM9a9ay9hIoo1CDpf1Is51iGeZoG7TALVfGwIoZKZWzEdEEmoNokVTAju4svLpHZRcp2S+3BZLN9mceTRMTpBZ8hFV6iM7lEFVRFFCXpGr+jNerJerHfrY96as7KZQ/QH1ucP9pqVfQ==</latexit>



Weak GW, polarization

!18

We can choose polarization basis vectors arbitrary in the plane 
orthogonal to the direction of GW propagation

~k
<latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit><latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit><latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit><latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit>

~p
<latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRr XlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit><latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRr XlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit><latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRr XlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit><latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRr XlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit>

~q
<latexit sha1_base64="QGKmhsScGXVFNHkBCilbC3auJlY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR/dxvTVBpHssnM03Qj+hA8pAzaqzU6k6QZeNZr1xxq+4CZJ14OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4K3VTjQllIzrAjqWSRqj9bHHujFxYpU/CWNmShizU3xMZjbSeRoHtjKgZ6lVvLv7ndVIT3voZl0lqULLlojAVxMRk/jvpc4XMiKkllClubyVsSBVlxiZUsiF4qy+vk+ZV1XOr3uN1pXaXx1GEMziHS/DgBmrwAHVoAIMRPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6dAj8M=</latexit><latexit sha1_base64="QGKmhsScGXVFNHkBCilbC3auJlY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR/dxvTVBpHssnM03Qj+hA8pAzaqzU6k6QZeNZr1xxq+4CZJ14OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4K3VTjQllIzrAjqWSRqj9bHHujFxYpU/CWNmShizU3xMZjbSeRoHtjKgZ6lVvLv7ndVIT3voZl0lqULLlojAVxMRk/jvpc4XMiKkllClubyVsSBVlxiZUsiF4qy+vk+ZV1XOr3uN1pXaXx1GEMziHS/DgBmrwAHVoAIMRPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6dAj8M=</latexit><latexit sha1_base64="QGKmhsScGXVFNHkBCilbC3auJlY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR/dxvTVBpHssnM03Qj+hA8pAzaqzU6k6QZeNZr1xxq+4CZJ14OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4K3VTjQllIzrAjqWSRqj9bHHujFxYpU/CWNmShizU3xMZjbSeRoHtjKgZ6lVvLv7ndVIT3voZl0lqULLlojAVxMRk/jvpc4XMiKkllClubyVsSBVlxiZUsiF4qy+vk+ZV1XOr3uN1pXaXx1GEMziHS/DgBmrwAHVoAIMRPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6dAj8M=</latexit><latexit sha1_base64="QGKmhsScGXVFNHkBCilbC3auJlY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR/dxvTVBpHssnM03Qj+hA8pAzaqzU6k6QZeNZr1xxq+4CZJ14OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4K3VTjQllIzrAjqWSRqj9bHHujFxYpU/CWNmShizU3xMZjbSeRoHtjKgZ6lVvLv7ndVIT3voZl0lqULLlojAVxMRk/jvpc4XMiKkllClubyVsSBVlxiZUsiF4qy+vk+ZV1XOr3uN1pXaXx1GEMziHS/DgBmrwAHVoAIMRPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP6dAj8M=</latexit>

Introduce basis: ✏ij+ = pipj � qiqj

✏ij⇥ = piqj + pjqi
<latexit sha1_base64="6JMWbSdqrqUrvYQowZXOpkeWKwY="></latexit><latexit sha1_base64="6JMWbSdqrqUrvYQowZXOpkeWKwY="></latexit><latexit sha1_base64="6JMWbSdqrqUrvYQowZXOpkeWKwY="></latexit><latexit sha1_base64="6JMWbSdqrqUrvYQowZXOpkeWKwY="></latexit>

hij = ✏ij+h+ + ✏ij⇥h⇥
<latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit><latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit><latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit><latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit>

Two polarization

RGW
0j0k = �1

2
ḧTT
jk

<latexit sha1_base64="ebI4NZZbVQ8TliUXGWUSnYYgsuA=">AAACGXicbVDLSgMxFM34rPVVdekmWAQ3lkwRdCMUXeiySl/QF5lMpk0n8yDJCCXMb7jxV9y4UMSlrvwbM20X2nrgwuGce7n3HifmTCqEvq2l5ZXVtfXcRn5za3tnt7C335BRIgitk4hHouVgSTkLaV0xxWkrFhQHDqdNx7/O/OYDFZJFYU2NY9oN8CBkHiNYGalfQPC+p2+aaV+jEfJTCC/hab7jCUxsXU47rhspPTTuyE97ulZL8/1CEZXQBHCR2DNSBDNU+4XPjhuRJKChIhxL2bZRrLoaC8UIp2m+k0gaY+LjAW0bGuKAyq6efJbCY6O40IuEqVDBifp7QuNAynHgmM4Aq6Gc9zLxP6+dKO+iq1kYJ4qGZLrISzhUEcxigi4TlCg+NgQTwcytkAyxiUWZMLMQ7PmXF0mjXLJRyb47K1auZnHkwCE4AifABuegAm5BFdQBAY/gGbyCN+vJerHerY9p65I1mzkAf2B9/QBBkp8/</latexit><latexit sha1_base64="ebI4NZZbVQ8TliUXGWUSnYYgsuA=">AAACGXicbVDLSgMxFM34rPVVdekmWAQ3lkwRdCMUXeiySl/QF5lMpk0n8yDJCCXMb7jxV9y4UMSlrvwbM20X2nrgwuGce7n3HifmTCqEvq2l5ZXVtfXcRn5za3tnt7C335BRIgitk4hHouVgSTkLaV0xxWkrFhQHDqdNx7/O/OYDFZJFYU2NY9oN8CBkHiNYGalfQPC+p2+aaV+jEfJTCC/hab7jCUxsXU47rhspPTTuyE97ulZL8/1CEZXQBHCR2DNSBDNU+4XPjhuRJKChIhxL2bZRrLoaC8UIp2m+k0gaY+LjAW0bGuKAyq6efJbCY6O40IuEqVDBifp7QuNAynHgmM4Aq6Gc9zLxP6+dKO+iq1kYJ4qGZLrISzhUEcxigi4TlCg+NgQTwcytkAyxiUWZMLMQ7PmXF0mjXLJRyb47K1auZnHkwCE4AifABuegAm5BFdQBAY/gGbyCN+vJerHerY9p65I1mzkAf2B9/QBBkp8/</latexit><latexit sha1_base64="ebI4NZZbVQ8TliUXGWUSnYYgsuA=">AAACGXicbVDLSgMxFM34rPVVdekmWAQ3lkwRdCMUXeiySl/QF5lMpk0n8yDJCCXMb7jxV9y4UMSlrvwbM20X2nrgwuGce7n3HifmTCqEvq2l5ZXVtfXcRn5za3tnt7C335BRIgitk4hHouVgSTkLaV0xxWkrFhQHDqdNx7/O/OYDFZJFYU2NY9oN8CBkHiNYGalfQPC+p2+aaV+jEfJTCC/hab7jCUxsXU47rhspPTTuyE97ulZL8/1CEZXQBHCR2DNSBDNU+4XPjhuRJKChIhxL2bZRrLoaC8UIp2m+k0gaY+LjAW0bGuKAyq6efJbCY6O40IuEqVDBifp7QuNAynHgmM4Aq6Gc9zLxP6+dKO+iq1kYJ4qGZLrISzhUEcxigi4TlCg+NgQTwcytkAyxiUWZMLMQ7PmXF0mjXLJRyb47K1auZnHkwCE4AifABuegAm5BFdQBAY/gGbyCN+vJerHerY9p65I1mzkAf2B9/QBBkp8/</latexit><latexit sha1_base64="ebI4NZZbVQ8TliUXGWUSnYYgsuA=">AAACGXicbVDLSgMxFM34rPVVdekmWAQ3lkwRdCMUXeiySl/QF5lMpk0n8yDJCCXMb7jxV9y4UMSlrvwbM20X2nrgwuGce7n3HifmTCqEvq2l5ZXVtfXcRn5za3tnt7C335BRIgitk4hHouVgSTkLaV0xxWkrFhQHDqdNx7/O/OYDFZJFYU2NY9oN8CBkHiNYGalfQPC+p2+aaV+jEfJTCC/hab7jCUxsXU47rhspPTTuyE97ulZL8/1CEZXQBHCR2DNSBDNU+4XPjhuRJKChIhxL2bZRrLoaC8UIp2m+k0gaY+LjAW0bGuKAyq6efJbCY6O40IuEqVDBifp7QuNAynHgmM4Aq6Gc9zLxP6+dKO+iq1kYJ4qGZLrISzhUEcxigi4TlCg+NgQTwcytkAyxiUWZMLMQ7PmXF0mjXLJRyb47K1auZnHkwCE4AifABuegAm5BFdQBAY/gGbyCN+vJerHerY9p65I1mzkAf2B9/QBBkp8/</latexit>

finally, Riemann tensor for GW:



Geodesic deviation in GW

!19

Consider two observers (A, B) moving on geodesic. We use LIF  associated with the observer A, 
which is at rest. Consider GW propagating in z-direction, then the distance between A & B:  

d2⇠i

dt2
= Ri

00j⇠
j =

1

2
ḧjk
TT ⇠k

<latexit sha1_base64="e7M1VQW0G7bUV3BNgwOXJ8fK1uU="></latexit><latexit sha1_base64="e7M1VQW0G7bUV3BNgwOXJ8fK1uU="></latexit><latexit sha1_base64="e7M1VQW0G7bUV3BNgwOXJ8fK1uU="></latexit><latexit sha1_base64="e7M1VQW0G7bUV3BNgwOXJ8fK1uU="></latexit>

�⇠j = ⇠j � ⇠j0
<latexit sha1_base64="pDqJI+QtW2sK7sZ8t2jSlcU8jmo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWBIRdCMU3bisYB/QpGEymbTTTiZhZiKW0J0bf8WNC0Xc+gvu/BsnbRbaemC4h3Pu5c49fsKoVJb1bSwsLi2vrJbWyusbm1vb5s5uU8apwKSBYxaLto8kYZSThqKKkXYiCIp8Rlr+8Dr3W/dESBrzOzVKiBuhHqchxUhpyTMPnIAwhZwH2h3ASzitJ3n1rO6g7JkVq2pNAOeJXZAKKFD3zC8niHEaEa4wQ1J2bCtRboaEopiRcdlJJUkQHqIe6WjKUUSkm03uGMMjrQQwjIV+XMGJ+nsiQ5GUo8jXnRFSfTnr5eJ/XidV4YWbUZ6kinA8XRSmDKoY5qHAgAqCFRtpgrCg+q8Q95FAWOno8hDs2ZPnSfO0altV+/asUrsq4iiBfXAIjoENzkEN3IA6aAAMHsEzeAVvxpPxYrwbH9PWBaOY2QN/YHz+AJKtl88=</latexit><latexit sha1_base64="pDqJI+QtW2sK7sZ8t2jSlcU8jmo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWBIRdCMU3bisYB/QpGEymbTTTiZhZiKW0J0bf8WNC0Xc+gvu/BsnbRbaemC4h3Pu5c49fsKoVJb1bSwsLi2vrJbWyusbm1vb5s5uU8apwKSBYxaLto8kYZSThqKKkXYiCIp8Rlr+8Dr3W/dESBrzOzVKiBuhHqchxUhpyTMPnIAwhZwH2h3ASzitJ3n1rO6g7JkVq2pNAOeJXZAKKFD3zC8niHEaEa4wQ1J2bCtRboaEopiRcdlJJUkQHqIe6WjKUUSkm03uGMMjrQQwjIV+XMGJ+nsiQ5GUo8jXnRFSfTnr5eJ/XidV4YWbUZ6kinA8XRSmDKoY5qHAgAqCFRtpgrCg+q8Q95FAWOno8hDs2ZPnSfO0altV+/asUrsq4iiBfXAIjoENzkEN3IA6aAAMHsEzeAVvxpPxYrwbH9PWBaOY2QN/YHz+AJKtl88=</latexit><latexit sha1_base64="pDqJI+QtW2sK7sZ8t2jSlcU8jmo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWBIRdCMU3bisYB/QpGEymbTTTiZhZiKW0J0bf8WNC0Xc+gvu/BsnbRbaemC4h3Pu5c49fsKoVJb1bSwsLi2vrJbWyusbm1vb5s5uU8apwKSBYxaLto8kYZSThqKKkXYiCIp8Rlr+8Dr3W/dESBrzOzVKiBuhHqchxUhpyTMPnIAwhZwH2h3ASzitJ3n1rO6g7JkVq2pNAOeJXZAKKFD3zC8niHEaEa4wQ1J2bCtRboaEopiRcdlJJUkQHqIe6WjKUUSkm03uGMMjrQQwjIV+XMGJ+nsiQ5GUo8jXnRFSfTnr5eJ/XidV4YWbUZ6kinA8XRSmDKoY5qHAgAqCFRtpgrCg+q8Q95FAWOno8hDs2ZPnSfO0altV+/asUrsq4iiBfXAIjoENzkEN3IA6aAAMHsEzeAVvxpPxYrwbH9PWBaOY2QN/YHz+AJKtl88=</latexit><latexit sha1_base64="pDqJI+QtW2sK7sZ8t2jSlcU8jmo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWBIRdCMU3bisYB/QpGEymbTTTiZhZiKW0J0bf8WNC0Xc+gvu/BsnbRbaemC4h3Pu5c49fsKoVJb1bSwsLi2vrJbWyusbm1vb5s5uU8apwKSBYxaLto8kYZSThqKKkXYiCIp8Rlr+8Dr3W/dESBrzOzVKiBuhHqchxUhpyTMPnIAwhZwH2h3ASzitJ3n1rO6g7JkVq2pNAOeJXZAKKFD3zC8niHEaEa4wQ1J2bCtRboaEopiRcdlJJUkQHqIe6WjKUUSkm03uGMMjrQQwjIV+XMGJ+nsiQ5GUo8jXnRFSfTnr5eJ/XidV4YWbUZ6kinA8XRSmDKoY5qHAgAqCFRtpgrCg+q8Q95FAWOno8hDs2ZPnSfO0altV+/asUrsq4iiBfXAIjoENzkEN3IA6aAAMHsEzeAVvxpPxYrwbH9PWBaOY2QN/YHz+AJKtl88=</latexit>
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Consider isolated source with weak internal gravity.

Observer (field point)

 Assume that the observer is far away (far zone), 
we can use LIF of the observer

As before we use trace-reverse form of the metric
 We use harmonic gauge (coordinates)

⇤h̄µ⌫ = �16⇡(Tµ⌫ + tµ⌫)
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Einstein equations: 

Contains all non-linear terms 
from the r.h.s

 We start with the linear order (neglecting the red term)
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Solution in form of 
retarded potentials
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  Assume slow motion (v<<c)
  Take observer far away (far zone)
  We are interested in the radiative part of gravitational potentials => take “TT” part  

|~x� ~x

0| ⇡ R � �

GW
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  Use the conservation law Tµ⌫
,⌫ = 0
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Quadrupole formula (Landau & Lifshitz)

mass quadrupole moment 
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 Besides leading order (mass quadrupole) other moments also give contribution. There are 
two types of moments: mass-moments and current-moments
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<latexit sha1_base64="8PA6w8+4WtdHXhu6vBfHeXkm1Z4=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRJRdFl0owuhin1Am5bJZNIOnUnCzKRQQr7Ejb/ixoUigiv9G6dNFtp6YOBwzrncuceLGZXKtr+N0tLyyupaed3c2Nza3rF295oySgQmDRyxSLQ9JAmjIWkoqhhpx4Ig7jHS8kZXU781JkLSKHxQk5i4HA1CGlCMlJb61hnsBgJhJ73Pcpb6PQZv+ixLfah6TKuScmjm3m2mc+Me61sVu2rPABeJU5AKKFDvW59dP8IJJ6HCDEnZcexYuSkSimJGMrObSBIjPEID0tE0RJxIN52dl8EjrfgwiIR+oYIz9fdEiriUE+7pJEdqKOe9qfif10lUcOGmNIwTRUKcLwoSBlUEp11BnwqCFZtogrCg+q8QD5EuQulGTV2CM3/yImmeVB276tydVmqXRR1lcAAOwTFwwDmogWtQBw2AwSN4Bq/gzXgyXox34yOPloxiZh/8gfH1A6JPojI=</latexit><latexit sha1_base64="8PA6w8+4WtdHXhu6vBfHeXkm1Z4=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRJRdFl0owuhin1Am5bJZNIOnUnCzKRQQr7Ejb/ixoUigiv9G6dNFtp6YOBwzrncuceLGZXKtr+N0tLyyupaed3c2Nza3rF295oySgQmDRyxSLQ9JAmjIWkoqhhpx4Ig7jHS8kZXU781JkLSKHxQk5i4HA1CGlCMlJb61hnsBgJhJ73Pcpb6PQZv+ixLfah6TKuScmjm3m2mc+Me61sVu2rPABeJU5AKKFDvW59dP8IJJ6HCDEnZcexYuSkSimJGMrObSBIjPEID0tE0RJxIN52dl8EjrfgwiIR+oYIz9fdEiriUE+7pJEdqKOe9qfif10lUcOGmNIwTRUKcLwoSBlUEp11BnwqCFZtogrCg+q8QD5EuQulGTV2CM3/yImmeVB276tydVmqXRR1lcAAOwTFwwDmogWtQBw2AwSN4Bq/gzXgyXox34yOPloxiZh/8gfH1A6JPojI=</latexit><latexit sha1_base64="8PA6w8+4WtdHXhu6vBfHeXkm1Z4=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRJRdFl0owuhin1Am5bJZNIOnUnCzKRQQr7Ejb/ixoUigiv9G6dNFtp6YOBwzrncuceLGZXKtr+N0tLyyupaed3c2Nza3rF295oySgQmDRyxSLQ9JAmjIWkoqhhpx4Ig7jHS8kZXU781JkLSKHxQk5i4HA1CGlCMlJb61hnsBgJhJ73Pcpb6PQZv+ixLfah6TKuScmjm3m2mc+Me61sVu2rPABeJU5AKKFDvW59dP8IJJ6HCDEnZcexYuSkSimJGMrObSBIjPEID0tE0RJxIN52dl8EjrfgwiIR+oYIz9fdEiriUE+7pJEdqKOe9qfif10lUcOGmNIwTRUKcLwoSBlUEp11BnwqCFZtogrCg+q8QD5EuQulGTV2CM3/yImmeVB276tydVmqXRR1lcAAOwTFwwDmogWtQBw2AwSN4Bq/gzXgyXox34yOPloxiZh/8gfH1A6JPojI=</latexit><latexit sha1_base64="8PA6w8+4WtdHXhu6vBfHeXkm1Z4=">AAACHnicbVDLSsNAFJ3UV42vqEs3g0VwVRJRdFl0owuhin1Am5bJZNIOnUnCzKRQQr7Ejb/ixoUigiv9G6dNFtp6YOBwzrncuceLGZXKtr+N0tLyyupaed3c2Nza3rF295oySgQmDRyxSLQ9JAmjIWkoqhhpx4Ig7jHS8kZXU781JkLSKHxQk5i4HA1CGlCMlJb61hnsBgJhJ73Pcpb6PQZv+ixLfah6TKuScmjm3m2mc+Me61sVu2rPABeJU5AKKFDvW59dP8IJJ6HCDEnZcexYuSkSimJGMrObSBIjPEID0tE0RJxIN52dl8EjrfgwiIR+oYIz9fdEiriUE+7pJEdqKOe9qfif10lUcOGmNIwTRUKcLwoSBlUEp11BnwqCFZtogrCg+q8QD5EuQulGTV2CM3/yImmeVB276tydVmqXRR1lcAAOwTFwwDmogWtQBw2AwSN4Bq/gzXgyXox34yOPloxiZh/8gfH1A6JPojI=</latexit>

 Einstein equations are non-linear: grav field is its own source (the red term which we have 
neglected). Post-Newtonian expansion:

gµ⌫ = ⌘µ⌫ + "h(1)
µ⌫ + "2h(2)

µ⌫ + ...
<latexit sha1_base64="vzVgiig4dzpP41kEM64Q/wQOwnA="></latexit><latexit sha1_base64="vzVgiig4dzpP41kEM64Q/wQOwnA="></latexit><latexit sha1_base64="vzVgiig4dzpP41kEM64Q/wQOwnA="></latexit><latexit sha1_base64="vzVgiig4dzpP41kEM64Q/wQOwnA="></latexit>

" = v/c ⌧ 1
<latexit sha1_base64="ekhghb/FV/qAnencT46NaHCoF+A=">AAACAXicbVA9SwNBEJ3zM8avUxvBZjEIVvFOBG2EoI1lBPMBuSPsbfaSJXu7x+5eIITY+FdsLBSx9V/Y+W/cJFdo4oOBx3szzMyLUs608bxvZ2l5ZXVtvbBR3Nza3tl19/brWmaK0BqRXKpmhDXlTNCaYYbTZqooTiJOG1H/duI3BlRpJsWDGaY0THBXsJgRbKzUdg+DAVY01YxLga7R4IyggHPko7Zb8sreFGiR+DkpQY5q2/0KOpJkCRWGcKx1y/dSE46wMoxwOi4GmaYpJn3cpS1LBU6oDkfTD8boxCodFEtlSxg0VX9PjHCi9TCJbGeCTU/PexPxP6+VmfgqHDGRZoYKMlsUZxwZiSZxoA5TlBg+tAQTxeytiPSwwsTY0Io2BH/+5UVSPy/7Xtm/vyhVbvI4CnAEx3AKPlxCBe6gCjUg8AjP8ApvzpPz4rw7H7PWJSefOYA/cD5/AGAllYQ=</latexit><latexit sha1_base64="ekhghb/FV/qAnencT46NaHCoF+A=">AAACAXicbVA9SwNBEJ3zM8avUxvBZjEIVvFOBG2EoI1lBPMBuSPsbfaSJXu7x+5eIITY+FdsLBSx9V/Y+W/cJFdo4oOBx3szzMyLUs608bxvZ2l5ZXVtvbBR3Nza3tl19/brWmaK0BqRXKpmhDXlTNCaYYbTZqooTiJOG1H/duI3BlRpJsWDGaY0THBXsJgRbKzUdg+DAVY01YxLga7R4IyggHPko7Zb8sreFGiR+DkpQY5q2/0KOpJkCRWGcKx1y/dSE46wMoxwOi4GmaYpJn3cpS1LBU6oDkfTD8boxCodFEtlSxg0VX9PjHCi9TCJbGeCTU/PexPxP6+VmfgqHDGRZoYKMlsUZxwZiSZxoA5TlBg+tAQTxeytiPSwwsTY0Io2BH/+5UVSPy/7Xtm/vyhVbvI4CnAEx3AKPlxCBe6gCjUg8AjP8ApvzpPz4rw7H7PWJSefOYA/cD5/AGAllYQ=</latexit><latexit sha1_base64="ekhghb/FV/qAnencT46NaHCoF+A=">AAACAXicbVA9SwNBEJ3zM8avUxvBZjEIVvFOBG2EoI1lBPMBuSPsbfaSJXu7x+5eIITY+FdsLBSx9V/Y+W/cJFdo4oOBx3szzMyLUs608bxvZ2l5ZXVtvbBR3Nza3tl19/brWmaK0BqRXKpmhDXlTNCaYYbTZqooTiJOG1H/duI3BlRpJsWDGaY0THBXsJgRbKzUdg+DAVY01YxLga7R4IyggHPko7Zb8sreFGiR+DkpQY5q2/0KOpJkCRWGcKx1y/dSE46wMoxwOi4GmaYpJn3cpS1LBU6oDkfTD8boxCodFEtlSxg0VX9PjHCi9TCJbGeCTU/PexPxP6+VmfgqHDGRZoYKMlsUZxwZiSZxoA5TlBg+tAQTxeytiPSwwsTY0Io2BH/+5UVSPy/7Xtm/vyhVbvI4CnAEx3AKPlxCBe6gCjUg8AjP8ApvzpPz4rw7H7PWJSefOYA/cD5/AGAllYQ=</latexit><latexit sha1_base64="ekhghb/FV/qAnencT46NaHCoF+A=">AAACAXicbVA9SwNBEJ3zM8avUxvBZjEIVvFOBG2EoI1lBPMBuSPsbfaSJXu7x+5eIITY+FdsLBSx9V/Y+W/cJFdo4oOBx3szzMyLUs608bxvZ2l5ZXVtvbBR3Nza3tl19/brWmaK0BqRXKpmhDXlTNCaYYbTZqooTiJOG1H/duI3BlRpJsWDGaY0THBXsJgRbKzUdg+DAVY01YxLga7R4IyggHPko7Zb8sreFGiR+DkpQY5q2/0KOpJkCRWGcKx1y/dSE46wMoxwOi4GmaYpJn3cpS1LBU6oDkfTD8boxCodFEtlSxg0VX9PjHCi9TCJbGeCTU/PexPxP6+VmfgqHDGRZoYKMlsUZxwZiSZxoA5TlBg+tAQTxeytiPSwwsTY0Io2BH/+5UVSPy/7Xtm/vyhVbvI4CnAEx3AKPlxCBe6gCjUg8AjP8ApvzpPz4rw7H7PWJSefOYA/cD5/AGAllYQ=</latexit>

Solving Einstein  equations iteratively updating the equation of motion at each step


