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Angular momentum radiated
by electromagnetic versus
gravitational waves
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[Based on work with Abhay Ashtekar, Eric Poisson and Huan Yang]
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Fluxes in electromagnetism

Statement
Fluxes of E, P*, JY are described by the
radiative degrees of freedom of 4,
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Fluxes in electromagnetism

Statement

Fluxes of E, Pi,]if are described by the
radiative degrees of freedom of 4,

Practicall

radiative degrees of freedom
described by A}

(t = transverse to direction of wave propagation)
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. . 7 fx = cos@sing
Fluxes in electromagnetism f, = cos 0 cos ¢

[z =sing

E o~ [ d3v Atdt
P/ ~ [ d3V A{ A} £;(6, )

el dVA 04
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. . fx = cos@sing
Fluxes in electromagnetism f, = cos 0 cos ¢

[z =sing

E o~ [ d3V Atdt
P/ ~ [ d3V A{ A} £;(6, )

JU ~ [ d3V AL (8 AY +q(6, 9))

| “Charge aspect”
0~ [d*0q(.9)
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[0 shens vy ~ [T
Fluxes in electromagnetism

Correct statement |
Fluxes of E, P! are described by the

Stémeni\ e //1 radiative degrees of freedom of 4,
Fluxes of-E, P*, | are degerrb’ed by the

djatﬁlgdegree}czf freedonm of4,
/

—"'/
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Fluxes in electromagnetism

Correct statement |
Fluxes of E, Pt are described by the

= radiative degrees of freedom of 4,

St@ment\///
Fluxes of-E, P%, ] are deseribed by the
radiative dwaf freedc?r\n\of\zﬂu
- \ Correct statement Il
Flux of JU is described by the radiative
degrees of freedom as well as Coulombic
partsof A,
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Angular momentum radiated in EM

J9~Jd?V A; (8 A7 +4q(8,0))
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Angular momentum radiated in EM

Fine print
JU ~ a3V AL (DAL +q(0,0) /

Fharge aspect only
Important if Q % J

—
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Angular momentum radiated in EM

Fine print
JU ~ [ d3V A; (8 A} +q(6,9)) /

Fharge aspect only
Important if Q % ( J

——

Examples
1) Static/boosted charge - Jii =0
2) Oscillating dipole » JY # 0 but purely radiative

3) Example 1+2 » JU # 0 radiative + Coulombic interaction
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Spinning charged sphere
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Variable angular velocity (0 = ((t)
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Spinning charged sphere
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_ Hodg
Ome

Variable angular velocity (0 = ((t)

|

i+ —12m® +
10

m(t) = % q R? Q(t)

I s o
280
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From EM to GR

E ~ [d3Vv ALAS
P/ ~ [ d3V A{ A} £;(6, )

Replace
P
q(0,9) — M(6,9)

JU ~ [ d3V AL (8 AL + q(6, 9))
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From EM to GR

E ~ [ d3V AtAl
Pl ~ [ d3V ALA} f£;(6, 9)

Replace
AL o Rt
q(0,9) — M(6,9)

JU ~ [ d3V AL (8 AL + q(6, 9))

But no such “mass aspect” contribution in the literature...
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Angular momentum in literature

Hamiltonian/Lagrangian methods

Restrict to the radiative phase space

[Ashtekar & Steubel, Penrose, Dray & Streubel, ...]
Approaches to
angular momentum
radiated

Landau-Lifschitz approach

Restrict to periodic sources at rest
[DeWitt, Thorne, ...]
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Why Landau-Lifschitz?

d

du

Jab i _r‘]'/a,b
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Landau-Lifschitz & Bondi formalism

ds® = —UV du® — 2U dudr + vap (rdb e du)(r do® + wh du)
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Landau-Lifschitz & Bondi formalism

ds® = —UV du® — 2U dudr + vap (rdf e du)(r 48" L e du)
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Landau-Lifschitz & Bondi formalism

ds®* = —UV du® — 2U dudr + vap (rdf at B du)(r do® + wo du)

U =1+ B/r*+ O(r™3),
V=1-2M/r+ N/r2 . O(,,,—;z)’

W4 = A%Jr+ BA/r2 + O(r™?),

YaB = QaB + faB/T + %szAB/T‘z + O(r~9)
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Landau-Lifschitz & Bondi formalism

ds® = —UV du® — 2U dudr + vap (r do* + W4 du)(r do® + wh du)

U =1+ B/r* + O(r~3),

-
w4

1 —2M/r + N/'r?‘ + O('r‘_B),
AA/'r + B‘q/'r‘2 + O(fr_3)_.,

Yap = Qap + fap/r+ 1 °Qap/r* + O(r~)

Flat Space
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Landau-Lifschitz & Bondi formalism

ds® = —UV du® — 2U dudr + vap (r d0” . W du)(r do® + wo du)

U=1+B/r*+0(r°),
V =1-2M/r+ N/r*+0(r),

We =4 p B O,

Yap = Qap + fap/r+ 1 f*Qap/r* + O(r™?)

Flat Space - Mass aspect
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Landau-Lifschitz & Bondi formalism

ds® = —UV du® — 2U dudr + vap (r d0” . W du)(r do® + wo du)

U=1+B/r*+0(r°),
V=1-@r+ N/r°+0(r°),

We A r e B O,

YaB =§aB +JAB/T + %fzS"ZAB/Tz + O(r~9)

Flat Space - Mass aspect Radiative modes
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Landau-Lifschitz & Bondi formalism

ds®* = —UV du® — 2U dudr + vap (rdb I du)(r di° &L W du)

U=1+B/r*+0(r°),
V =1-2M/r+ N/r* +O(r~?),

W4 = A% /r+ BE/r* + O(r?),

YaB = §aB +JAB/T + %fzS"ZAB/Tz + O(r~9)

Flat Space ~ Mass aspect Radiative modes Angular momentum aspect
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0 s oein - JETERT
Energy and linear momentum are as expected

du

1 1
= 00 DaDpf4?
p= wafug

525
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0 s oein - JETERT
Energy and linear momentum are as expected

| 1
¢ = EM — 39 DADBfZ!B
p= szmfw

Jen
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0 s oein - JETERT
Energy and linear momentum are as expected

du

1 1
¢ = EM — 39 DADBfZ!B
P — i

327 -
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o Stop Sharing

Energy and linear momentum are as expected

dE
—_— = dQ)
du /p
-0 .
Ar T i
p= LfABJéAB
327

LHS = total energy/momentum = “Coulombic” pieces (+ radiative modes)
RHS = fluxes = purely radiative
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o Stop Sharing

Energy and linear momentum are as expected

dE

p:

1 1
= = = fp ) AB
‘ 471'. 35 AbB/]
1 GO
327TfABf

LHS = total energy/momentum = “Coulombic” pieces (+ radiative modes)

—

RHS = fluxes = purely radiative

dP* }
du-;—/fdQ

a 1 (L_L O ADB
p* = WY — 35, D@ DS

F "AB ¢
- Sza,
f 307 fABf
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Angular momentum balance law

d
_Jab . _.:]-a,b
du

J(Lb e /j(Lb 40

- (L . r | e
saoe. [ Sz[(LAb] . —Sl[a' Bb] )b].,AC (1
j 47Tr' - (3 + 1 )+((r )
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Angular momentum balance law

d
_Ja,b - _A:Tab
du

J(Lb e /j(Lf) A0

o B . I . . L
o Q[(I,Ab] - _52[(1, Bb] )b].,AC (1
j 47Tfr' o (3 + 1= ) +O(r )
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Angular momentum balance law

d

Ja,b .:Tab
du

J(J,b = /j(Lf) 40

g 1 1 | o
;ab . Q[aAb] S)[a, Bb] | *b]‘Ac: L O(. —1
] 47TT T ( I ) il

=0 after angular integration

Pirsa: 19020043 Page 32/45




© Sharing Desktop = [EESCEIENGN)

Angular momentum balance law

d

Jab A:Tab
du

J(Lb = /j(Lf) 40

1 1

el [a Ab] la b] b] pc o
= ——f2'*4 —Q*(3B™ + f1A O
: i 87 (3 feA?) +00r™)
3 |
=0 after angular integration — 87]' SZ[”B’)] ”b
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Angular momentum balance law

d

Jab A:Tab
du

J(Lb = /j(Lf) 40

1 1

el [a Ab] la b] b] pc o
= ——f2'*4 —Q*(3B™ + 1A O
: i 87 (3 feA?) +0(r™)
3 |
=0 after angular integration — 87]' SZ[” Bb] ”b
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Flux of angular momentum

‘j-ajb L /t(Lb d0

2% = ——mwsz[“sz Sie D -7 D)
@ il
[ayb] ¢B C'D
-0 QL fE Dpf
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Flux of angular momentum
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ik / i d0

1 :
tab - _167[-9[(”1 (3)0 C‘-DDfC'D fCD D fB )
d
la B .CD
_|_ au 16 () QBf Df

Only radiative terms!
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Flux of angular momentum

i / i 40

i) y
tab - _EQ[G (3fC"DDfCD fCDD fB )
9,
[ayb] ¢B C'D
o 0u16 — 008 7B D f .
_.'61.(11)
ou

Only radiative terms!
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Nevertheless, difference with standard expression

standard — ou {7

ta,b tab . 8pab - DD( | aQ JcC D)
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Nevertheless, difference with standard expression

ta, b -

ab

standard —

ou

Vea D
[ DD(

=0 after orbit
averaging

1
ST

(IQ

JcC D)
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Nevertheless, difference with standard expression

O ab 1 o Y
ta,b - qb — p — Dp (—Q[GQ% [é fCD)

standard — ou {7

=0 after angular integration
=0 after orbit
averaging
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Balance law redefined
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dQ(——Q[“ B —

d
du

Jab

ab) o

/dﬂ(__ﬂfr b](SfB DDfCD

16m

A:Tab

A D(_?fBb) 25

81.(11)
ou

)

Pi

IIIII 119020043

Page 41/45




© Sharing Desktop = [ESGCEIEGN)

Balance law redefined

d
_Jab - _.:Ta,b
du

| doEaB -y =
a NV J 81@
/dQ (—EQ Q% (3f% DpfOP — f°° Do f%) +7@%)

dJa’b/du = _Ta,b
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Conclusion

Radiative processes in electromagnetism and general relativity are similar, except for
angular momentum radiated:

* EM: radiative modes + Coulombic parts

* GR: only radiative modes
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Conclusion

Radiative processes in electromagnetism and general relativity are similar, except for
angular momentum radiated:

* EM: radiative modes + Coulombic parts

* GR: only radiative modes

00U
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Conclusion

Radiative processes in electromagnetism and general relativity are similar, except for
angular momentum radiated:

* EM: radiative modes + Coulombic parts

* GR: only radiative modes

..,. 1s 3
Re Mmystery
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