
Post-Newtonian Λ term



Field equation holds at every n … only terms 
with m < n will act as sources at order Gn!

Iterative solution of field eqn
h↵� =

1X

n=1

Gn h↵�
n

<latexit sha1_base64="SjBp+iXFmxULpWDF/zCgg+/kbFE=">AAACJXicbVDLSsNAFJ34rPVVdelmsAgupCQq6EKh6EKXCrYKTRtuphMzdDIJMzdCCf0ZN/6KGxeKCK78FaePha8DA4dzzuXOPWEmhUHX/XCmpmdm5+ZLC+XFpeWV1craetOkuWa8wVKZ6tsQDJdC8QYKlPw20xySUPKbsHc29G/uuTYiVdfYz3g7gTslIsEArRRUjuNO4YPMYvBDjjCgJ9Q3eRIUyjJv0PGFirBPzzvK340D9TMcVKpuzR2B/iXehFTJBJdB5dXvpixPuEImwZiW52bYLkCjYJIPyn5ueAasB3e8ZamChJt2MbpyQLet0qVRqu1TSEfq94kCEmP6SWiTCWBsfntD8T+vlWN01C6EynLkio0XRbmkmNJhZbQrNGco+5YA08L+lbIYNDC0xZZtCd7vk/+S5l7N26/tXR1U66eTOkpkk2yRHeKRQ1InF+SSNAgjD+SJvJBX59F5dt6c93F0ypnMbJAfcD6/AH1jpUQ=</latexit>

Consider solution in exterior, where Tαβ = 0:

⇤h↵�
1 = 0

<latexit sha1_base64="ABLhWAQRerEuYMY14hU5hJrdxsk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmqoBuh1I3LCvYBTQw300kzdPJgZiKWUHDjr7hxoYhbf8Kdf+P0sdDWAxcO59zLvff4KWdSWda3UVhaXlldK66XNja3tnfM3b2WTDJBaJMkPBEdHyTlLKZNxRSnnVRQiHxO2/7gauy376mQLIlv1TClbgT9mAWMgNKSZx449eQBh559lzvA0xAcnyoY4UtseWbZqlgT4EViz0gZzdDwzC+nl5AsorEiHKTs2laq3ByEYoTTUcnJJE2BDKBPu5rGEFHp5pMfRvhYKz0cJEJXrPBE/T2RQyTlMPJ1ZwQqlPPeWPzP62YquHBzFqeZojGZLgoyjlWCx4HgHhOUKD7UBIhg+lZMQhBAlI6tpEOw519eJK1qxT6tVG/OyrX6LI4iOkRH6ATZ6BzV0DVqoCYi6BE9o1f0ZjwZL8a78TFtLRizmX30B8bnD1gvlq0=</latexit>

Gives us the linearized theory solution we 
worked out a few weeks ago.



Field equation holds at every n … only terms 
with m < n will act as sources at order Gn!

Iterative solution of field eqn
h↵� =

1X

n=1

Gn h↵�
n

<latexit sha1_base64="SjBp+iXFmxULpWDF/zCgg+/kbFE=">AAACJXicbVDLSsNAFJ34rPVVdelmsAgupCQq6EKh6EKXCrYKTRtuphMzdDIJMzdCCf0ZN/6KGxeKCK78FaePha8DA4dzzuXOPWEmhUHX/XCmpmdm5+ZLC+XFpeWV1craetOkuWa8wVKZ6tsQDJdC8QYKlPw20xySUPKbsHc29G/uuTYiVdfYz3g7gTslIsEArRRUjuNO4YPMYvBDjjCgJ9Q3eRIUyjJv0PGFirBPzzvK340D9TMcVKpuzR2B/iXehFTJBJdB5dXvpixPuEImwZiW52bYLkCjYJIPyn5ueAasB3e8ZamChJt2MbpyQLet0qVRqu1TSEfq94kCEmP6SWiTCWBsfntD8T+vlWN01C6EynLkio0XRbmkmNJhZbQrNGco+5YA08L+lbIYNDC0xZZtCd7vk/+S5l7N26/tXR1U66eTOkpkk2yRHeKRQ1InF+SSNAgjD+SJvJBX59F5dt6c93F0ypnMbJAfcD6/AH1jpUQ=</latexit>

Consider solution in exterior, where Tαβ = 0:
⇤h↵�

2 = N↵�(h1, h1)
<latexit sha1_base64="heaB/xFl80bruT0Py2Ghv5Fa4C4=">AAACG3icbVDLSgMxFM3UV62vUZdugkWoIGWmCroRSt24kgr2AZ063EnTTmjmQZIRy9D/cOOvuHGhiCvBhX9j+ljY1gOBwznncnOPF3MmlWX9GJml5ZXVtex6bmNza3vH3N2ryygRhNZIxCPR9EBSzkJaU0xx2owFhcDjtOH1r0Z+44EKyaLwTg1i2g6gF7IuI6C05JolpxI9Yt8t3acO8NgHx6MKhvgS38wqBd+1T3TQPnbNvFW0xsCLxJ6SPJqi6ppfTiciSUBDRThI2bKtWLVTEIoRToc5J5E0BtKHHm1pGkJAZTsd3zbER1rp4G4k9AsVHqt/J1IIpBwEnk4GoHw5743E/7xWoroX7ZSFcaJoSCaLugnHKsKjonCHCUoUH2gCRDD9V0x8EECUrjOnS7DnT14k9VLRPi2Wbs/y5cq0jiw6QIeogGx0jsroGlVRDRH0hF7QG3o3no1X48P4nEQzxnRmH83A+P4Fx3Cf+Q==</latexit>

⇤h↵�
3 = M↵�(h1, h1, h1) +N↵�(h1, h2) +N↵�(h2, h1)

<latexit sha1_base64="04wwLWYYCGznCVFQuvxYGY4QLQI=">AAACWHicbVFLSwMxGMyurY/6qnr0EixCRSm7VdCLUOrFi6JgH9Cty7dp2g3NbpYkK5alf1LwoH/Fi+lDsNqBhGHmG5JMgoQzpR3nw7JXcvnVtfWNwubW9s5ucW+/qUQqCW0QwYVsB6AoZzFtaKY5bSeSQhRw2gqGNxO/9UKlYiJ+0qOEdiMYxKzPCGgj+UXh1cUrDv3z58wDnoTgBVTDGF/ju0WlHPruGf7ZTvApvl8+UF3uVWc5v1hyKs4U+D9x56SE5njwi29eT5A0orEmHJTquE6iuxlIzQin44KXKpoAGcKAdgyNIaKqm02LGeNjo/RwX0izYo2n6u9EBpFSoygwkxHoUP31JuIyr5Pq/lU3Y3GSahqT2UH9lGMt8KRl3GOSEs1HhgCRzNwVkxAkEG3+omBKcP8++T9pVivueaX6eFGq1ed1rKNDdITKyEWXqIZu0QNqIILe0ZeVs/LWp43sNXtjNmpb88wBWoC9/w15Cq+T</latexit>

⇤h↵�
4 = L↵�(h1, h1, h1, h1)+

M↵�(h2, h1, h1) +M↵�(h1, h2, h1) +M↵�(h1, h1, h2)+

N↵�(h2, h2) +N↵�(h1, h3) +N↵�(h3, h1)
<latexit sha1_base64="mCXWNUiFeVsmqZZdPe+gZgmACaE="></latexit>



On an earlier pset, we derived the flux of 
energy carried by GWs from a circular binary:

Example result

Rewrite in terms of an observable:

F =
32G4

5

µ2M3

R5
<latexit sha1_base64="YVoMGbTEp8eiVB/SFyjfAp7PuGg=">AAACGHicbVDLSgMxFM34rPU16tJNsAiu6kwf6EYoCupGqGIf0GlLJs20ocnMkGSEMsxnuPFX3LhQxG13/o2ZtgttPXDh5Jx7yb3HDRmVyrK+jaXlldW19cxGdnNre2fX3NuvyyASmNRwwALRdJEkjPqkpqhipBkKgrjLSMMdXqV+44kISQP/UY1C0uao71OPYqS01DVPYwcjBq8TeAEdTyAcFws3nVISl5Pp0+FRp3DXKSbxQ6ecZLtmzspbE8BFYs9IDsxQ7ZpjpxfgiBNfYYakbNlWqNoxEopiRpKsE0kSIjxEfdLS1EecyHY8OSyBx1rpQS8QunwFJ+rviRhxKUfc1Z0cqYGc91LxP68VKe+8HVM/jBTx8fQjL2JQBTBNCfaoIFixkSYIC6p3hXiAdB5KZ5mGYM+fvEjqhbxdzBfuS7nK5SyODDgER+AE2OAMVMAtqIIawOAZvIJ38GG8GG/Gp/E1bV0yZjMH4A+M8Q913p7K</latexit>

µ = m1m2/M , M = m1 +m2

R = separation of masses
<latexit sha1_base64="2e5USl3u3lNNgxVY1XAPeb4gWiw="></latexit>

⌦ =

r
GM

R3
<latexit sha1_base64="A+DytZbYtMIrBsn/wd/PG/q0lEs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiStoBuh6EI3YhX7gCaWyXTSDp1M4sxEKCE7N/6KGxeKuPUX3Pk3TtsstPXAhcM593LvPV7EqFSW9W3k5uYXFpfyy4WV1bX1DXNzqyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3A28psPREga8ls1jIgboB6nPsVIaalj7jpXAekheAIdeS9U4vgC4eT8Mk1u7ipp2jGLVskaA84SOyNFkKHWMb+cbojjgHCFGZKybVuRchMkFMWMpAUnliRCeIB6pK0pRwGRbjL+I4X7WulCPxS6uIJj9fdEggIph4GnOwOk+nLaG4n/ee1Y+cduQnkUK8LxZJEfM6hCOAoFdqkgWLGhJggLqm+FuI90EkpHV9Ah2NMvz5JGuWRXSuXrw2L1NIsjD3bAHjgANjgCVXABaqAOMHgEz+AVvBlPxovxbnxMWnNGNrMN/sD4/AGGMpka</latexit>

x ⌘ (GM⌦)1/3 , ⌫ = µ/M
<latexit sha1_base64="yS0MaljVEoE6TioPcXzoSBwemiU=">AAACFXicbVDLSgNBEJz1bXxFPXoZDIKCxN0oKIggetCLqGA0kI1hdtJJhszMrvMQw5Kf8OKvePGgiFfBm3/jJOagxoKGoqqb7q4o4Uwb3//0hoZHRsfGJyYzU9Mzs3PZ+YVLHVtFoUhjHqtSRDRwJqFomOFQShQQEXG4ilqHXf/qFpRmsbww7QQqgjQkqzNKjJOq2fU7HMKNZbd49egkPBXQIGvXabCx2Ql318MbS2qhtHgPh8JunFSzOT/v94AHSdAnOdTHWTX7EdZiagVIQznRuhz4iamkRBlGOXQyodWQENoiDSg7KokAXUl7X3XwilNquB4rV9LgnvpzIiVC67aIXKcgpqn/el3xP69sTX2nkjKZWAOSfi+qW45NjLsR4RpTQA1vO0KoYu5WTJtEEWpckBkXQvD35UFyWcgHm/nC+VZu/6AfxwRaQstoFQVoG+2jY3SGioiie/SIntGL9+A9ea/e23frkNefWUS/4L1/ATmKnPg=</latexit>

Leading order form we derived becomes

F =
32

5

1

G
⌫2x5

<latexit sha1_base64="CWxVIzOKEqAA9kJVRCAw6MGsikA=">AAACFHicbZDNSsNAFIUn9a/Wv6hLN4NFEISStBbdCEVBXVawrdCkZTKdtEMnkzAzEUvIQ7jxVdy4UMStC3e+jdM2C209MPBx7r3cuceLGJXKsr6N3MLi0vJKfrWwtr6xuWVu7zRlGAtMGjhkobjzkCSMctJQVDFyFwmCAo+Rlje8GNdb90RIGvJbNYqIG6A+pz7FSGmrax4lDkYMXqbwDDq+QDiplNOkmk7ZTpOr1OFxpwwfOtWuWbRK1kRwHuwMiiBTvWt+Ob0QxwHhCjMkZdu2IuUmSCiKGUkLTixJhPAQ9UlbI0cBkW4yOSqFB9rpQT8U+nEFJ+7viQQFUo4CT3cGSA3kbG1s/ldrx8o/dRPKo1gRjqeL/JhBFcJxQrBHBcGKjTQgLKj+K8QDpONQOseCDsGePXkemuWSXSmVb46LtfMsjjzYA/vgENjgBNTANaiDBsDgETyDV/BmPBkvxrvxMW3NGdnMLvgj4/MHIiCdoA==</latexit>



Examine how this changes when we iterate in 
the post-Newtonian expansion:

Example result

F =
32

5

1

G
⌫2x5

<latexit sha1_base64="CWxVIzOKEqAA9kJVRCAw6MGsikA=">AAACFHicbZDNSsNAFIUn9a/Wv6hLN4NFEISStBbdCEVBXVawrdCkZTKdtEMnkzAzEUvIQ7jxVdy4UMStC3e+jdM2C209MPBx7r3cuceLGJXKsr6N3MLi0vJKfrWwtr6xuWVu7zRlGAtMGjhkobjzkCSMctJQVDFyFwmCAo+Rlje8GNdb90RIGvJbNYqIG6A+pz7FSGmrax4lDkYMXqbwDDq+QDiplNOkmk7ZTpOr1OFxpwwfOtWuWbRK1kRwHuwMiiBTvWt+Ob0QxwHhCjMkZdu2IuUmSCiKGUkLTixJhPAQ9UlbI0cBkW4yOSqFB9rpQT8U+nEFJ+7viQQFUo4CT3cGSA3kbG1s/ldrx8o/dRPKo1gRjqeL/JhBFcJxQrBHBcGKjTQgLKj+K8QDpONQOseCDsGePXkemuWSXSmVb46LtfMsjjzYA/vgENjgBNTANaiDBsDgETyDV/BmPBkvxrvxMW3NGdnMLvgj4/MHIiCdoA==</latexit>



Examine how this changes when we iterate in 
the post-Newtonian expansion:

Example result



Each body’s spin enters dynamics … consistent 
with idea that all forms of energy gravitate.

New physics



Example 1: 
Two non-spinning 

black holes.

Dynamics directly imprint GWs
Post-Newtonian descriptions directly “flavor” 

models are used to measure GWs today.



Example 2: 
Two rapidly spinning 

black holes.

Dynamics directly imprint GWs
Post-Newtonian descriptions directly “flavor” 

models are used to measure GWs today.


