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Be,qul/le B TE€NENapanneyibHytO rpaBuTalnto
3 3KBMBANIEHTHbIX npeacTtaBaeHnA OTO ¢ pPasanyYHbiMn TUNAaMUN CBA3HOCTW!

The rotation of a vector transported along a closed
curve is given by the curvature: General Relativity:

T
} Qapw

The non-closure of parallelograms formed when two The variation of the length of a vector as it is

vectors are transported along each other is given by the  transported is given by the non-metricity:

torsion: Teleparallel Equivalent of General Relativity. Symmetric Teleparallel Equivalent of General Relativity.

Puc.: MapannensHbiii neperoc sektopa (Jose Beltran Jimenez, Lavinia Heisenberg, Tomi S.
Koivisto 2019 The Geometrical Trinity of Gravity; arXiv:1903.06830)



Bep‘eHl/le B TeﬂeﬂapaﬂﬂeﬂbHny FpaBI/ITaLl,I/HO
o OTO:
[0) o]

Mo R (W A%) 0, T (B A%) =0, Q (A2 A%b,) =0,

e Tenenapannenshbiii Jkeusanent OTO (TEGR):
I auu 'R (ha,uyA ab,u) - O: T (ha;mA ab,u) 7é 0, Q (haua A ab,u) = 0,

" CummeTpuynbiii Tenenapannenshbiii Jkeusanent OTO (STEGR):
fu 0 R(h,,A%,) =0, T(h,,A%,) =0, Q(h?,,A%,) #0,
Obuwue onpeneneHns:

JlopeHueBa cBA3HOCTbL (CMMHOBAs CBSIBHOCTb):

Aab,u, = haua,uhby + hal/rypuhbp = haVVth’

Tensop kpususHbl Pumana: R4y, = 0,A%p, — 0, A%, + A%, A%y — A%euA%L
Tensop kpydenus: T°,, =17, —T?,, = hy? (0.h%, — 0 h?, + A%c,h¢, — A%, hC))
Tenzop HemetpudHocTn: Qxu = Vaguw = O — P 8o — TP ur8up



Beﬂ'eHl/le B TE€NENapanneyibHytO rpaBuTalnto
[paBUTaLMOHHBIV NnarpaHXuaH TenenapannensHoro skeusanenta OTO (TEGR):

° h . ., o, o
L= ﬂ (Kpupr B K pyKﬂpu) ) (1)
rae uckpuenenue (contortion):
Kpr = I_Vpl/ - rypy; K kju =A kju_ A kju- (2)

°
NarpanxuaH onpegensietcs nonem Tetpag h?, (auHammyeckme nepemettbie L);
p
8uv = nabhauhby n ypasHeHus nons ans h?, 8 TEGR skeueaneHTHbl ypasHeHUAM

[ ]
nons ans g, 8 OTO. VinepumnaneHas cnuHosas cBasHoCTb A7¢, - He AUHAMUYeCKas.
Ona npegcraBnsieT uHepumanbHble 3pdeKTbl TETPaAbl U MOXET BbITh 3anMcaHa B BUAE:

A% = N (x)0,A (x) (3)

AP 4(x) - nokanbHoe npeobpaszosanue JlopeHua oT cobcTeeHHoI TeTpaabl K gaHHoi. ISC
MOXXHO 3aHyANTb, COBEpLIMB NpeobpasosaHne K cobcTeeHHoN TeTpaae. Bee TeHsopbl un
narparuat (1) npocTaHCTBEHHO- 1 JIOPEHL- KOBapuaHTHbI. Jlop. KoB. - npw

[ ] [ ]
OAHOBPEMEHHOM npeobp.: h'?), = /\abhbu mA%p,=NcA C,m/\bd + N0, \p©



VpaBHeHUst nosns
Bapbuposatue no tetpage h?, paet yopaHeHus ABMAeHUS:

5L O~ oL

sha, =~ ona, 97\ o, | =0
Ob6o3Hauas
oL .
= —hJ,", 4
S J (4)
oL _  he .
on,, ~ & 5™ ()
N NpoBoas NpsAMbli€ BblHUCNEHNA I'IOJ'Iy‘-IaEM'
* h P e ° 1 e .
St = LA Ly scﬁf’ngﬁJrEAcagscpﬁ, (6)
S, 77 = (§ Ts" — T[PU]ﬁ _ 2T0[9a52]> haﬁ ) (7)

*
Ja P - BEKTOp B NPOCTPaHCTBE BPEMEHN, HO HE JIOPEHL- KOBapMAHTEH.

[ ]
S, 77 - aHTUCMMMETPUYHBIVE TEH30P B MPOCTPAHCTBE-BPEMEHUN U JIOPEHL- KOBAPUAHTEH.



HTerpupoBaHmne ypaBHeHnii nons
VlTaK, YPaBHEHUA NOSA 3annCaHHbIE B BUAE
* [
kh J, r= O <h Sa po> . (8)
npeacTaBnA€T O4HOBPEMEHHO 3aKOHbI COXPAHEHNA, MOTOMY HTO OAMBEPreHUnA naeTt
*
0,(hJ27) = 0. (9)

WNHTerpuposatue (8) n (9) cTaHfapTHBIMU METOAAMM AAET MHTErpasibHbIE

COXPaHALWNECA BEJINHUHBI HA TMNEPNOBEPXHOCTAX X0 = const := X:

paz/):dx3 (nJ.°) :722 dsi (h55%) . (10)

DTa KOHCTPYKLMSI BO3MOXHA Bnarogapst NpoCcTpaHCTBEHHO-BPEMEHHOV KOBapUaHTHOCTM

*
ypaBHeHuii (8), xoTsi BenM4MHa J, P HEKOBApMaHTHA MO JIOPEHLEBLIM BPaLLEHNSIM.



HTerpupoBaHmne ypaBHeHnii nons
ﬂOpeHLI,—HEKOBapI/IaHTHOCTb BO3HUKAET N3-3a YAaCTHOro JJ,VI(bee[JEHLI,VIpOBaHVIﬂ

[ ] [
BE/IMYNHBI C HECBEPHYTbIM TeTpaAHbIM UHaekcoM. [epemecTus % A€ Sc B 8 nesyio
yacTb U 0b603Ha4YUB

* . 1 e c . 8
Jap = Jap+gA ap Scp 3 (11)
. 1 . . h.P e
J ap = *haﬂ— Sc pr T C,Brr - = Ea (12)
K h
MOXHO nepenucathb (8) B JlopeHu-HekoBapuaHTHoli dhopme
kh J ap =Ds (h Sa pg) ) (13)

[ ]
rae D, — npouseogHas Pnoka-Veanenko D, V, = 0, Vo— A €26 V. Tockonbky

(2‘),,2’)0 — 2.90-2.)[,)Va =0, cooTHowweHwne (13) NpMBOANT K 3aKOHY COXpaHEHWS:
D, (h J aﬂ) = 0. (14)

Ho mbl Tenepb He Moxem npouHTerpupoBaTh (13) u (14), 4TobbI NOAYUMTL Kakyto-TO
COXPaHSAIOLLYIOCS BETNYUHY.



[Mpobnemsi

1. [1BOiCTBEHHOCTb: MHTErPMPOBaTh YPABHEHUS NOAS B NPOCTPAHCTBEHHBLIX UHAEKCAX
P, wnv B nopeHuesbix P,7?

2. Py n P, He SBNSIETCS NOJHOCTBIO MHBAPUAHTHLIMU BEAUYMHAMM.

3. Henb3s noctpouTtb Takne KOBapuaHTHbIE TOKU, KOTOPbIE MOXHO Bbl0 Obl
npouHterpuposatb. Krssak [2] (Krssdk M 2018 Gravitational energy-momentum in
teleparallel gravity: A critical assessment Presentation in Salamanca, November 26,
2018),

Mbl ncnonb3yem Apyroii NogxoA: BbIBOAMM coxpaHsitowmecs 3apsagsl P(&),
noctpoexHble no Teopeme Hétep. OHM ABAAIOTCA UCTUHHBIMW WHBAPUAHTHLIMU
BE/IMHMHAMMU, HO 3aBUCST OT AOMOJHUTENBHOrO BEKTOPHOMO NOMs &, XapaKTEPU3YHOLLErO
HabatogaTensi, KOTOPoro HeobXoANMO BBECTH.
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MeTon HeTtep

PaccmaTpueasti MHBapUaHTHOCTb OTHOCUTENBHO Anddeomopdr3MOB, UHAYLMPOBAHHbBIX
MPON3BOJIbHBLIM BEKTOPHLIM NoJeM &, ANs TEOPUU B ODLLEM CJIy4ae MOXHEO BbIBECTU:

T = 05T (&), (15)
rae ja(é) - Tok Hertep; jaﬁ(g) - cynepnoTenunan Hérep. B TEGR:

o h o ° K a Z ° ° °
af _ Yo af. po — ¥ 4 PO h.o Op _h.P Oo 1
J (5) Hé So v Sa hahapﬂ K™a+ha” K™ a2 K e ( 6)

o [ ]
Mo noctpoenuto, Tok J (&) -BeKTopHas MNOTHOCTb, cyneprnoTeHuman 77 (€) -

o [ ]
aHTUCMMMETPUYHAs TEH30pHas MIOTHOCTL, U Kak J%(£), Tak u JP(£) nokansho
JIOPEeHL-MHBapnaHTHbl. Tok HéTep coxpaHsieTcsi kak B OObIYHOM, Tak N B KOBapPMaHTHOM:

00 T°(€) =Va T(€) = 0, (17)

Vo~ KoBapuaHTHas npoussogHas Jlesu-Yusutel. CoxpaHnsitowniica 3apag Hetep:

_ 3, 70(¢) — 2, 701 (¢) — im = 2, peo & 01
PO = [[@x3%O = § i@ = lim - [ dxner 0 (9)

r—oo K



MeTon HeTtep

Korga £ saBnsieTcs BpeMeHnnogobHbIM, COOTBETCTBYIOWUI COXpaHAOWUIACS 3apsj
npeacTaBasieT coboii SHEPrUIO, N3MEPEHHYIO MHOXECTBOM HabatogaTeneii Ha
NPOCTPaHCTBEHHO BECKOHEYHOCTHM, MMeoLNX nx cobcoBeHHble 4-BekTopa &:

E(&) =P(¢), &: time-like. (19)

3apsigbl HETep aBAstOTCS MCTUHHO MHBapPUAHTHLIMK BENMYMHAMU KaK MO OTHOLLEHUIO K
andceomopdnaMam, Tak U MO OTHOLLIEHUIO K JIOKabHLIM NpeobpasosaHusm SlopeHua.
Ho Tenepb Toku 3aBNCAT OT BEKTOPHOro nonst &, KOTOpoe He hMKCUPOBAHO anpuopu 1
HyxxgaeTcst B onpegeneHumn. CylecTByeT MHOXECTBO CnocoboB onpegenerns £, HO
KaKne M3 HUX UMEIOT PU3MYECKNIA CMbICA?

a) B cranpaptHoit metpuyeckoii hopmynnposke OTO - ucnonbsytorest nonst Knnnnvra
reomMeTpuu.

6) CobcTeeHHbIli BekTOp HabntopaTenst (4-ckopocTb HabstogaTens), KOTOpbIA NOKaNLHO
U3MEPESIET HEKYIO BEINHUHY.



I/lHepLU/IaJ'I bHaA CMMHOBAA CBA3HOCTb

B TEGR ISC ,2\ ¢y HE ABNAETCA ANHAMUYECKON BENNYNHOMA, ee HEBO3MOXKHO
ONpeaesnTb U3 YPaBHEHWUI MOt HU B KAKOM BUAE.

BosmoxHble npegnonoxenus o I1SC:

1) Bcerpa Homb - Torpa He byget JIopeHU-MHBapUaHTHBIX BEINYMH.

2) Hynb B HEKOTOPbIX CODCTBEHHBIX TETPaAax, KOTOPLIE HAM HY>XXHO HAWTU, NCMOJb3Ys
HEKOTOPbIE NPEATONOXKEHUSI O KOHEYHbBIX SHEPrETUYECKNX XapaKTePUCTUKax 1 T. 4.
Cnocobel Halitu ISC:

a) Perynspusauuns sHeprnm Ha 6eCKOHEHHOCTM.

6) Metop «Bbikntouenusi» rpasutaymm.



HepunanbHas cnuHoBasi CBA3HOCTb
Haw cnocob «BbIKNOUYUTLY FpaBUTaLMIO:
[ ] [ ] ° [e]
3ameTum, 4To J ¢ nponopumnoHansHo uckpuenennio K °c, =A%, — A% a B
[ ] [ ]
oTcyTcTeune rpasutauun K ?c,, J @ [OMKHbI 0bpallaThcs B Hyb.
L] [ ] o
Mpun «Beikntouernn» rpasutaumm K ¢, =A 7c,— A ?c, — 0, Takum obpasowm,
(o] [ ]
Ay =A%,
[ ]

T.o., ana onpegenenns A 2, Mbl npeanaraem:
1) pns ussectHoro pewenns OTO BbibpaTh yaobHyto TeTpagy u onpegennTb
o (o]
A acu = —hy” Vi h?,;

(o] [e] o
2) Mo A%, = —hp” V, h?, noctpouts R ?hys;

o
3) «BbIKNIOYNTLY rPaBUTALMIO, PELINB ypaBHeHne R 7,5 = 0 OTHOCUTENBHO
napameTpos BbibpaHHoro pewenus OTO;
[¢]
4) Korpa napametpel, yaosnetsopsitowme R 2,5 = 0, HalifjeHbl, Npu HalfeHHbIX
o o

3Ha4YeHMAX NapaMeTpoB NpupaBHATL A ¢, =A 9.
MeTog BbIKAOYEHUS! rPpaBUTALMMN HEOAHO3HAYEH, YTO Mbl NOAPODHO PacCMOTPUM Ha
npumepe pewenuns Leapuwmnnsaa.



[TnoTHOCTL 3Hepruu Bo BceneHHolt Ppuamana ans cBobogHOMNAAAOLETO
HabntogeHNs

CumTaem ToK J (&)
J°(&) =95 J*P(9), (20)

Tok B siBHOM Buge Hepes T
. ° . 1 o o 1 .
€)= h[oo"+ 6,0 ¢+ ShS VLT = —05(h S Th,E7)  (21)

Fme €7 = (—1,0,0,0) - cobcTeHHbIN BekTOp CBObOAHO MajatoLlero HabatogaTens



MeTpuka n TeTpaga Bo BceneHHoin Pprgmara

Bosbmem meTpuky FLRW B Buge:

1
ds® = —dt* + a%(t) <1_kr2df2 + % (d6? + sin® 9d¢2)> (22)

rae k = +1 ana npocTpaHCTBa NONOXKUTENBHON KpuBu3Hbl, kK = 0 gns naockoro
MpocTpaHcTBa U k = —1 AN NpoCTpaHCTBA OTPULLATENbHON KPUBU3HBI.
VnobHas amaroHansHas TeTpaja

h?,, = diag(1,a/x,ar,arsinf) . (23)

3aeck n ganee mbl obosHavaem Y = 1 — kr2. [1ns onpepeneHHocT Mbl Bbibpann
TOJILKO MOJIOKMUTENbHBIA 3HAK X. [TOCKOIbKY Mbl U3y4aeM TOJILKO JIOKAJIbHbIE
XapaKTepUCTUKU, Mbl TpebyeM, 4TODbI X UMEN TONbKO AENCTBUTENbHBIE 3HAYEHNS.



MHepLLI/IaﬂbHaﬂ CMMNHOBAaA CBﬂ3HOCTb BO BCEJIEHHOV CDpl/lﬂlMaHa

Y106b1 HaiiTn ISC, Hago pewnTs yp-e R bys = 0, nnn akBUBaNEeHTHOE yp-e R bcd

T.0., ANs BCEX HEPABHbLIX HYMO TOXAECTBEHHO KOMMOHEHTOB TeH30pa PumMaHa R bed
NONYYUANCH Ceaytolme ypasHeHus "BoikitoveHuns rpasutaymmn’:
. .2
0 0 i i a i k+a
RiOi:_RIIOZROOIZ_ROIOZEa Riyi=—R'j= po (24)
roe i,j = 1,2,3. To eCcTb OKa3anocb BCErO ABa YPaBHEHUS: P+k=0uni=0.
No-ckonbKy BCE pelleHusi MepPBOro YpaBHEHUS YAOBAETBOPSIOT BTOPOMY YPaBHEHUIO, TO
TONBLKO
P4+ k=0 (25)
SBASIETCS 34eCb BaXKHbIM. VIHTepecHo 0TMeTuTb, YTO Npeobpasys
"BakyymHoe"ypaBHeHne Ppuamana

) a\? k
H = Pcurv or (a> = T3> (26)

Takxe nonyyaetcs (25). BoikntoyeHne rpaBuTaLny NpUBOAUT K BaKyyMHOMY PELLEHMIO.
Mpu k = 0 ato npotpaHcTBo MuHkoeckoro a(t) = const; npu k = —1 ato byaer
peweHne MunHa a(t) = &£t; a npn k = +1 pelCTBTENbHbIX BaKyyMHbIX_PeLLeHNi-HeT,



I/IHepu,l/laanaﬂ CMNHOBasA CBA3HOCTb BO BCENEHHOM CDpl/l,ﬂlMaHa

I_Ionyqu HEHYNEBbIE KOMMNOHEHTbI MHele,maanoﬁ CMNHOBOW CBA3HOCTHN

Aoz—\/ kr, A%3=A303=+/—krsinf,

A11—A 01=V— /X A22
A1 :—A 12 =—X, A33——A 13 = —xsind,
A235 = — A%y = —cosh.
(27)

[ns Kaxpaoro ns 3HakoB KPMBM3HbI MOXHO NosioxunTb v/ —k = 0; £1; +/. Takum
0bpasoMm, KOMMOHeHTbI (27) CTAHOBSITCS KOMIIEKCHbIMI BeAnYMHamu npu k = +1



BbluncneHuna Bo BCeneHHoR Cme,u,MaHa

VnobHO NpeAcTaBuTL KOMMOHEHThI TEH30pa UCKPUBJIEHUS contortion B TeTpafHbIX
L]

nupekcax K 2pc:
K %11 =K o1 =K %22 =K 202 =K %33 =K %03 = —H + V—k/a. (28)

[
«
rlpOCTpaHCTBeHHO—BPEMeHHble KOMMNOHEHTbI TEH30POB KPY4Y€HUA T Bu N

cynepnoTeHumana § &P cooTBETCTBEHHO paBHBbI:
Tlo=—Tlu=T%0=-T%0=T3%=-T3s=-H+ V—k/a, (29)
S10= - 510 =5,0= - 5,2 =550 =538 = 2H-V-k/a). (30)



Hakowew, paccMoTpum HabntogaTens, NOKOALWErOCs OTHOCUTENBHO €0 COMYTCTBYHOLLMX
koopauHart - (t,r,0,¢) B (22). Toraa KOMMOHEHTbI €ro COBCTBEHHOrO BEKTOPa PaBHbI
£ =(~1,0,0,0). (31)

Tenepb Mbl MOXXEM PAaCCHUTATb KOMMOHEHTbI TOKa:

J (&) =nh (&; « 4 @g“) € +hls a“f’haavopﬁa. (32)

L]
C BekTopom (31) HaM HY>KHO MoOCYMTaTb TONLKO KOMMOHEHTbI TIU Ao * n ©p*. Cpean
HUX ToNbkO 00-KOMMOHEHTBLI HeHysieBble. Takum obpasom, no (?77?) nmeem

éo 0= -3k~ }(H — v/—k/a)?. Mpunumas 00-koMnoHeHTy ypasHeHuii PpuamaHa Kak B
[?], umeem ©¢° = —3k1(H? 4 k/a?). Kpome Toro, Tobko 0-KOMMOHEHTa MoCeaHero
uneHa B (32) He pasHa Hynto. YunTsieas (22), (30) n (31), nonyyaem:

$ . %h, V67 = —6H(H — v/—k/a). (33)
N HAaKOHEL, Mbl I'IOJ'lyLWIJ'II/I
7€) =(0, 0, 0, 0). (34)

PesynbtaT (34) 03Havaer, 4To cBObOAHO Majatowmii HabnogaTens ¢ COBCTBEHHBIM
BekTOpoM (31) He M3MepsieT MAOTHOCTY SHEPrUM N UMMYbLCA.



. BO BceneHHoit @puamara

Y7066 nepeiitn k kanubpoeke BaiiueHboka, HyxxHO npumenuTs JlopeHueBo BpalyeHme

X —v —kr 0 0

A2, — —+v —krsinfcosp xsinfcosy cosfcosy —sing (35)
b= 1 —V/“krsinfsing ysinfsing cosfsing  cosp
—+v/—krcosf x cosf —sinf 0

OBHOBPEMEHHO K TETPAZe W NHepLUManbHOW cnmHoBoi cesisHoCTU. OHO MOIHOCTLIO
3aHyNsieT CNUHOBYIO CBsI3HOCTL (27). A TeTpaga (23) npeobpasyercst B cobcTBEHHYO

TeTpagy



MpocTtpancTeo (anTn-) ge Cntrepa

Tenepb paccmoTpum pewenne (antu-)ae Cutrepa (A)dS c metpukoii:

1 -1
$2:<1;Aﬂ)dﬂ4(13Aﬁ> dr® + r? (d6® + sin® 0d¢?) . (36)

CBsA3aHHast € 3TOli METPUKOI AMaroHanbHas TeTpaja:

(1-1Ar2)Y? 0 0 0
—1/2
ha# — 0 (1 — %/\IQ) 0 0 . (37)
0 0 r 0
0 0 0 rsind

Boikntoyasi rpasutauymto ¢ nomowmio A = 0, nonydaem:

Al =—A%n=-1, Alss=— A33=—sin0; A%;3=— A3 =—cosd (38)



MpocTtpancTeo (anTn-) ge Cntrepa

[ ] [ ] [ ]
KomnoHeHTbl TeH30poB K @pe, T e M S 2P SKOHOMMYHO 3anuiueM B TETPagHbIX

NHAEKCaX:
1

° ° 7/\r ° °

0, _ ol _ 3 A
K "10 =K 00 (1 - 1/\r2)1/2 K "22 K “12
° 0 ° %/\r ° °
T oi=—T" 10= 120 T712=T"13

(1-3Ar)

. 2 2

Sl = _5010__;4_;(1 %Ar2)1/2,

° ° ° ° 1 1

So? = _5221:5313:_5331_74_7(

. (1-IAr)? 1
=K '33=—-K 13= p )
(39)
. 1- A2
3n=—T"21= (= 5nr)
;
(40)



MpocTtpancTeo (anTn-) ge Cntrepa

Tenepb 3anuLIeM KOMMNOHEHTLI COBCTBEHHOrO BEKTOPa CBODOAHO NafaloLLero
HabntopaTens ans (36) B camom obem Buge:

1 1/2

co_ [_C(l_%/\ﬂ)‘ —(C2—1+1AR) ,o,o} (42)

rae C — KOHCTaHTa WHTErpUPOBaHNS CUCTEMbI YPAaBHEHWI re0AE3NYECKMX, KOTOpast
MOXET ObITb MPON3BOJILHON AECTBMTENBHOW BEANYNHON. Bbluncnas KOMMNOHEHTLI TOKa

[
J “(&) v noTopsisi BCe warm kak B cnydae FLRW, nonyyaem, 4to O-komnoHeHTa Toka

(32) paBHa
70 =25 (-1 1), )

TOrAa Kak APYrne KOMMOHEHTbI HYJEBbIE, j i(€) = 0. Cpeau Bcex ceobogHo NagaroLLMX
HabntopaTeneii, onpegensiembix (42), MOXKHO BbIAENNTb OGHOTO, MOKOSILLErOCs
OTHOCNTENILHO Xabb10BCKOrO NMOTOKA, CBA3AHHOMO C MaKCUMaJSIbHO CUMMETPUYHbLIM
(A)dS-npoctpaHcTBoM. XabbnoBCKuMii MOTOK MMEET HyneByto ckopocTb B r = 0.
Momectue Habatopatensi 8 r = 0 v Bbibpas C = 1 B (42), nonyyum ans ero
cobcTeenHoro sektopa ¢ = (—1,0,0,0) HyneBoii Tok. MMepexon k kanmbposke
Baiiuenboka: nop. sp. FRLW ¢ k = 0 u «k TeTpage, u k ISC ogHoBpemeHHO.



Mass of the Schwarzschild black hole - Schwarzschild static gauge

The standard metric for the Schwarzschild black hole is
ds® = —fdt* + f1dr? + r?(d6? + sin? 0d¢?), (44)

where
f=Ffr)=1-—. (45)

r

The tetrad is not defined by the field equations, so, we can choose the most convenient

diagonal tetrad as
B, . 1,1 .
hMEd1ag(f2,f 2,r,rsm0). (46)

[} (o]
R ?pys proportional to M. Thus M — 0 gives R ?p,5 — 0. Thus we get ISC non-zero
components of which are

/.4122:_/2\212:_1? /Z\i = /.4§ = —sind, /.42 = ;\323:—c056.



Mass of the Schwarzschild black hole - Schwarzschild static gauge
Applying the Lorentz rotation

1 0 0 0
1 ya _ | O sinflcos¢ cosficos¢p —sing
(A(SC”)) P71 0 sinfsing cosfsing  coso (47)
0 cosf —sinf 0
to diagonal tetrad (46) one finds that the tetrad components become
f2 0 0 0
23 _| 0 f_%sinecosgb rcosfcos¢ —rsinfsing (48)
7o ffésinGSingb rcosfsing rsinfcos ¢
0 3 cos 0 —rsind 0

and the inertial spin connection vanish. Such a tetrad is called as a proper tetrad.

The static diagonal tetrad (46) corresponding to the Schwarzschild metric (44) =
Schwarzschild static gauge. Performing covariant Lorentz or coordinate transformations
we stay at the Schwarzschild static gauge.



Mass of the Schwarzschild black hole - Schwarzschild static gauge

The non-vanishing components of the superpotential are
S == 5o =2(r—fi),
5212 253132*.‘;2212*5331271 ((1+f)/2—f%>

r

lim hSo® =— lim hS o =—2Msino.
r—0o0 r—o0
Then, choosing £ vector to be the time-like Killing vector
éa - (_17 07 07 0)7
one finds the Noether charge to be equal to M
P() =M.

But calculating the Noether current, taking € as a freely falling observer’s velocity

£ = (imm) = (WWOO) : (49)

we obtain non-zero - this contradicts with the equivalence principle. The freely falling
observer should not feel any influence of gravity.



Free-Falling Observers and Lemaitre Gauge
After applying the coordinate transformations from the Schwarzschild static coordinates
(t,r,0,¢) to Lemaitre freely falling coordinates (7' p,0,9)

dp=dt+
fv ’ 50
dr =dt+ ¢V1-F, (50)

with f(r) is defined in (45), the Schwarzschild metric (44) transforms to

ds? = —d7? + (1 — f)dp® + r*d6? + r*sin® d¢?, (51)
where r = r(7, p) = [3(p — 7)]?/3(2M)*/3. Diagonal tetrad related to the metric (51):
c
h?, = diag (1, V1—17f,r rsin 9) : (52)

[¢]
All the components of the Riemann tensor R 5, calculated from this LC-HC are
proportional to M and hence vanish in the limit M — 0. Then the inertial spin

connection ,.4 ?pu can be taken as the M — 0 limit of this Lemaitre L-CSC, i.e.

/.41 —,.4212:—1, ,.41 ,2\3 = —sind, ,2\é ,.43 = —cos¥f.
(53)



Free-Falling Observers and Lemaitre Gauge

Applying a local Lorentz transformation /\&lch) (the same as at the Schwarzschild case)
to the diagonal tetrad we get a proper tetrad:

1 0 0
23 10 sm«9cos¢>(2r) 1/2 rcosfcos¢ —rsinfsing (54)
P71 0 sinfsing (2M4)” 1/2 rcosfsing rsinfcos¢p |
0 cos@( )1/2 —rsinf 0

Where ISC becomes zero.

Because our formalism is Lorentz invariant, for the proper tetrad and zero ISC, we
obtain again zero Noether current.

The freely falling diagonal tetrad (52) corresponding to the Lemaitre metric = Lemaitre
gauge. Performing covariant Lorentz or coordinate transformations we stay at the

D
Lemaitre gauge. h?,, with zero ISC is also Lemaitre gauge.



Free-Falling Observers and Lemaitre Gauge

[ ] L]
We then calculate the superpotential S ,*¥ =S ,*”h?, for the diagonal tetrad (52) and
the inertial spin connection (53) and find that the non-vanishing components:

[ ] L] L] [ ]
1_ 10 _ _4M 01 _ 10 _ /2/\/7 1
So¥=-500=-%% §:%=-5,0=-% r 12M]r’
[ ] [ ] °
02 _ ¢ 03 _ _ 20 _ _ 30 - _ 1 /2M_ 1 55
S =537 =—=527 =537 = —3:\/ T 1u/r (55)

L]
M
Sa2=63B=-5"=-533=10



Free-Falling Observers and Lemaitre Gauge

We can consider £ as a four-vector of a freely falling observer in the form
£* = (-1,0,0,0), (56)

Note, this vector is written in the Lemaitre coordinates and it is not a Killing vector.
With this & we obtain the vanishing Noether current

J°(€) = (0,0,0,0) (57)

that corresponds to the equivalence principle, i.e. the free-falling observer measures the
vanishing Noether energy-momentum current. Consequently we obtain the zero Noether
conserved charge

E(¢) =0, (58)

i.e. the free-falling observer measures the vanishing total mass of the black hole.
But calculating the Noether charge with Killing vector £ = (—1,0,0,0) we get

E(¢) = 2M. (59)



Comparison of Schwarzschild static and Lemaitre gauges
Now we connect all the terads in the Schwarzschild coordinates:

1 vV 2Mr 0 0

r—2Mm
C 2M r
ha# = r r—2M 0 0 (60)
0 0 r 0
0 0 0 rsiné
Ca a Bb
h w = (/\(boost)) bh n (61)
where
¥ 8 0 0
a ¥ v 00
(/\(boost)) b= 0 0 1 0 (62)
0O 0 01

where v = 1/4/1 — 32 and § is the rapidity is 8 = ¥ All four are connected
directly Lorentz transformations:



Comparison of Schwarzschild static and Lemaitre gauges

B AFSlch) ~+ A(proper)
A(boost)
ci Nsw ..D
Figure 1

Pairs of tetrads and the related inertial ISCs in the Schwarzschild static gauge:
A
a) The tetrad h is a proper tetrad with zero inertial spin connection.
B °
b) The tetrad h and the inertial spin connection A ?j,, = (/\(_slch))acau(/\(sch))cb-
C °
c) The tetrad h and A %5, = (A(AC))QCBM(A(_AIC))C,,.
)

D °
d) The tetrad h and A ?p, = (/\(AD))acau(/\(_Alo))cb-



Comparison of Schwarzschild static and Lemaitre gauges

B . A(_Sch) ve A
-1
/\(boost)
C A(_Sch) ~+ D(proper)

Figure 2

Pairs of tetrads and the related I1SCs in the Lemaitre gauge:

D
a) The tetrad h is a proper one with the vanishing inertial spin connection.

o

C .
b) The tetrad h and the inertial spin connection A 2y, = (/\(—Slch))aca (A(schy)©
B .
c) The tetrad h and the inertial spin connection A 7, = (A(pg))?c0y (/\(_DB)) b
)

A .
d) The tetrad h and the inertial spin connection A %y, = (A(pa))?c0 (/\(_DA))



Comparison of Schwarzschild static and Lemaitre gauges

Table 1.
Gauge P) | PE)
Schwarzschild static M M
Lemaitre 2M 0

Tabnnua: Noether charges in the Schwarzschild and Lemaitre gauges for different choices of
the vector field &.

Can we find a gauge giving both the correct BH mass and satisfying the equivalence
principle?



An arbitrary freely falling observer

Solving the geodesic equation in general form for a radially freely falling observer
towards the Schwarzschild black hole in the Schwarzschild coordinates, one obtains

& = (-3, Ve = £,0,0) = (—I_SW Ve (- 2M/r),0,0> . (64)

where e is some number characterizing the initial state of the in-falling observer.

e > 1 - nonzero velocity directed to the black hole at infinity r — oc.

e < 1 - zero velocity at any finite rp.

e =1 has a zero velocity at the infinity r — oo (and the expression (64) reduces to the
(?7?) considered previously.)




An arbitrary freely falling observer

Let us introduce the coordinate transformation

w/e2—1—|—¥
- d

dre = edt+ T,
T

r,

dpe = dt+ ° dr, (65)

-2 e

using which, one transforms the Schwarzschild metric (44) to the form

2M
ds® = —dr? + <e2 —1+ r) dp? + r? (d6? +sin® 0d¢?) | (66)

where r = r(7e, pe). By the transformation (65), the 4-velocity (64) goes to the form

£ = (-1,0,0,0), (67)



An arbitrary freely falling observer

The most natural choice for the tetrad corresponding to the metric (66) is to take the
simplest diagonal tetrad

1 0 0 0

E 2, 2M _

ha“: 0 e+ = 1 0 0 (68)
0 0 r 0
0 0 0 rsin(0)

To find the ISC corresponding to (68) we calculate the L-CSC for it and then
“turn-off'the gravity by M — 0. We find the non-vanishing components of the inertial
spin connection to be

w»

63 = —sinfve? — 1,

A 133 =— A 313 = —esinf, A 233 =—A §§3 = —cosf. (69)

e A ® 5 .i .ﬁ .6 o
A5 =A’p=—Vel—1, Al =-A%,=—e A=A



An arbitrary freely falling observer
In the Schwarzschild coordinates, the freely falling tetrad:

24 2M _ ¢
e Ve — 0 o0
E r
h?y = 2+2M -1 4 0 0 : (70)
0 0 ro 0
0 0 0 rsin(6)

F
We can also derive a proper tetrad that we denote h by finding a local Lorentz
transformation that transforms ISC (69) to zero. We find that this is achieved by

(Ner))’p = (/\(5ch))ac(/\(_bloost/))cb, (71)
e —Ve2—-1 0 0
—Vez -1 00

(A(boost’))ab = E'O 8 10 (72)
0 0 01

E F
h (70) and ISC (69), or h with zero ISC is generalized Lemaitre gauge, or e-gauge.



An arbitrary freely falling observer

E F B A
Relation for the new tetrads h and h with static the tetrads s and h:

—1
A Nsay B Mg, E Ngry F
hoED oy g B, (73)

Where we have introduced the boost representing the free radial fall

i= i oo

1—2M 1-—2M

(A(booste))ab: ez_‘—j?MiM_l iw 00 . (74)
\1-2 \/1-2

0 0
0 0

o =
= O



An arbitrary freely falling observer

/\—1

B . (Sch) |, A
-1
/\(booste)
E Aer) »« F(proper)
Figure 5

e-gauge presented in combinations of the tetrads and ISCs:
F
a) The tetrad h is a proper tetrad, i.e. with a zero inertial spin connection.
E °
b) The tetrad h and the ISC A %}, = (/\(,:E))acau(/\(_,_.lE))Cb.
B °
c) The tetrad h and the ISC A %, = (/\(FB))aCa,L(/\(—;B))Cb.
A .
d) The tetrad h and the ISC A %, = (/\(FA))"CG#(/\(_;A))CI,



An arbitrary freely falling observer

FEBA
Due to the Lorentz invariance, all the pairs h, h, h, h with their related inertial spin
connections listed above as a)-d) lead to the same result for the superpotential

— S0 =—2(A—142M/r), §:%=—-5.10=42 L

02_& . 03_ & 20_ _ &.30_ ,e Ae—1+M/r
=53 E oS =55 = Jrf(1_2/\///r)\/e2+2/\///r_1)’ (75)

2
5212:5313:—52212—5331:—%(Ae—1+M/r),

S 001

5

where we have introduced

2M
Ao = -V -1+ == -1, Aer=1, (76)
/ 2M 2M
Be = e( 62+T—1— 62—1>, Be=1 = T (77)



An arbitrary freely falling observer

For the arbitrary freely-falling observer with velocity (64) we find the vanishing Noether
current

7€) = (0,0,0,0) (78)

and hence naturally leads to the vanishing Noether conserved charge

P(&) =0, (79)

what is analogous to the situation in the Lemaitre case and is consistent with the
expectations based on the equivalence principle.

However, an interesting NEW result is that if we choose the vector £ as the time-like
Killing vector of the diagonal static Schwarzschild metric, £ = (—1,0,0,0) we obtain

P(E) = M. (80)



An arbitrary freely falling observer

Gauge | P(€) | P(§)
e-gauge | M 0

Tabnuua:

where £ = (—1,0,0,0) - Killing vector;

§a = (—%, \/ﬁ,0,0) = (—71726,\/,/” Ver—(1—- 2M/r),0,0> - freely falling

observer's 4-velocity.




Discussion

Quantities P, and P, used by previous authors to obtain BH mass:

e Obtained by direct integration of field equations.

e Not invariant.

e In their approach, the observer is associated with tetrad (in ours: observer - £, tetrad
- gravitational field only.)

Comparison with Noether charge:

P,: If £ is identified with the tetrad itself (diffeomorphisms generated by the tetrad):
€ = —hgt, what gives P(£(2)) = P,.

We can then understand P, as the total energy-momentum of the whole spacetime as
measured by the observer represented by the tetrad.

P.: If &# = dx*, i.e. diffeomorphisms generated by the coordinates, we have
P(ED) = P,

Meaning to the coordinates? P, - the energy-momentum of the spacetime itself?



CoxpaHsitowuecs Bennymtbl ans asuxyuweinca Y1 Lsapuwmnsaa

1. Ons metpuku LLBapuywmnnsga HeT npocTpaHcTBeHHO nogobHoro BekTopa Kunnvtra

2. Oeumxywasca Y[ beckoHeuHo yaaneHa oT HabogaTensi, KOTOPbIA HAaXOAMTCS
MJOCKOM MPOCTPaHCTBE-BPEMEHU C MeTpukoii MuHkosckoro.

3. Haw chopmannsm vHBapnaHTEH OTHOCUTENBLHO NtoDbIX NpeobpasoBaHmii.



Y/l WBapuwmnnbaa - aHanornsa ¢ MaTepueli

DTO NO3BOJISIET NPOBECTY aHANOIMIO C ABUXKYLLENCS MaTepueil B NPOCTPaHCTBE
Mutnkoeckoro. MeTpuka:

ds? = —dt® + dx* + dy?® + dz°. (81)

Foe (t,x,y,z) = (x% x') = (x*), i = 1,2, 3. Y70bbl NpeBpaTTL 370
NPOCTPaHCTBO-BPEMSA B CUCTEMY OTCYETA, Mbl AOMNOJHAEM €ro CTaTUYECKUMM
HabntopaTensiMu, KoTopble UMetoT cobcTeeHHble BekTopa £* = (—1,0,0,0). MNyctb
MaTepusi B npocTpaHcTee MuHkosckoro numeeT anddepeHLManbHO COXpaHAOLLINIACS
TeH30p sHepruun-umnynsca ©%g, 0,0% = 0. Toraa Tok J* = @0‘555 COXpaHsieTcs,
00 J% =0, a ero KOMNOHeHTLI NpefACTaBAAOT coboii nnoTHocTk sHeprumn J° = ©%,¢0
n nnoTHocTb uMnynbca J' = ©79£0, nsmepeHHble BBeAEHHLIMY Bbille HabaogaTensMU.

o
Tok J%(£) 8 TEGR 0bobujaet cambiii npocreiiwnii Tok B npoctpaHcTee MuHkoBcKkoro,

[ ]
a ero KOMroHeHTbl 7 (&) NMEIOT aHaIorMyHy0 NHTeprpeTauuto Ans Habnogarteneii ¢
cobcTBeHHBIMM BekTOpamMu £. DTa aHanorusi pewat npobaemy oTCyTCTBUS
NPOCTPaHCTBEHHO NogobHoro BekTopa Knnnuwra.



Y/l WBapuwmnnbaa - aHanornsa ¢ MaTepueli

Mpepnonaras cratnyeckoe chepuHecku-CUMMETPUYHOE pacrnpefesieHne BELLECTRA,
MMeeM TOK:

= [p(r), 0, 0, 0], (82)
rae p(r) = J2(r) = ©%(r)&® — npocto nnoTHocTs sHeprum, r2 = x? + y2 + 22 n
x =rsinfcos¢; y =rsinfsing;, z=rcosao. (83)

Mpeanonoxunm, 4To MaTepusi, pacnpegeneHHasi Ha rMNepnoBepXHOCTU X MOCTOSIHHOMO
BPEMEHM, orpaHnyeHa 0L, sBastowWeiics cepoii r = ry. Toraa mMaccy/sHepruto Takoro
Lapa MaTepun MOXXHO PacCHMTaTb Kak

E, = /// dxdydz79(r) /// dxdydzp(r) / //ZW drdfde p(r)r?sinf = M.

(84)



Y/l WBapuwmnnbaa - aHanornsa ¢ MaTepueli
Mpeanonoxmm, 4To abCoMOTHO MAEHTUYHBI LIAP N3 MAaTEPUM ABUKETCS
OTHOCUTENIbHO cucTembl {x“}, cBsizaHHoli ¢ (81), C NOCTOSIHHO CKOPOCTLIO Vv BAOJb
ocn X. CobcTBeHHbIE KOOPAMHATBLI ABUXYLLEroCst 0DbeKTa CBsi3aHbl C KOOpAMHATAMK B
(81) npeobpaszosatuem JlopeHua:

t=7(t—w);, x=7(x—vt); y=y;, zZ=z, (85)

rae v = (1-— v2)_%. Mo ananorum c cuctemoii otcueta {x}, onpegensiemoii (81),
ABVDKYLLMIACA Lap nMeeT cobcTBeHHyto (CBOK) cuctemy oTcderta {X°}.

Myctb ABMKyWwasics cdepa 3anonHeHa N ToHeUYHBIMU YacTMLAMK C MaccaMu m u
CTaTM4ecKMMU B cObCTBEHHOI cucTeme otcyeta {X}. MonHas macca Bcex vacTuy B
cucteme {x*} pasHa Ms = Nm.

Mepexogum k cucteme {x}:

1) Odemxywasica cdepa nogBepraetcs pensiTUBUCTCKOMY OKaTuto, U ee 0bbem
YMEHbLLAETCs B 7y pas.

2) B cuny scbcpekToB CneymanbHoli TeOpUn OTHOCUTENBHOCTI SHEPTUS U NMIYSIbC
KaXX[Ooii 4aCTuLbl C MacCoii M CTaHOBSATCS PAaBHBIMU YM U VM COOTBETCTBEHHO.

3) T.k. uncno vactuy N COXpaHSIETCs, KOHLEHTPALMS YacTUL, yBENNYMBAETCS B 7y pas.
1) u 3) KOMMEHCMPYIOTCS PN CYMMNPOBAHUN U WHTErPUPOBAHNMN.



Y/l WBapuwmnnbaa - aHanornsa ¢ MaTepueli

DTa norvka paboTaer u B C/iyHae HenpepbIBHOMO pacrnpefesieHnst MaTepun. Takum
obpasom, B cobcTBeHHol cucteme {X“} OBUKYLLErOCs Wapa TOK UMEET BUA!

j? = [p(?), 0, 0, 0]7 (86)

rae 72 = X2 + y2 + Z2. Mepeiigem ot cuctembl {x*} k cucteme {x®}. KomnoHeHTbI
BekTOpa (86) nocne npeobpaszosannii JlopeHua (85) cTaHoBsTCs:

T'm = [ye(r),yve(r), 0, O] (87)

B cucteme {x®} B koopguHaTax (t,x,y,z), rae 72 = y2(x — vt)? + y? + Z2.



MNocne nepexofa OT CyMMNPOBaHUSI TOYEYHbIX HaCTUL, K UHTErPUPOBAHNIO MOJYHAETCS
TOT XKe pe3ysbTaT.
MNonHasi Macca ABUXYLLErOCs LWapa MaTepuu

Em:///zdxdydz(w( —7///dxdydzp _4m/ dr' r?p(r') = Y M,

(88)
rae rpaHuya O obnactu ¥ onpeaensietca kak y2x? + y? + z? = 12, BbluncnenHas B
MomeHT t = 0 6e3 orpaHuyenmns obwroctu. Mocne npoctoro nepeonpegenequs x’ = yx
nmeem x2 + y? + z2 = r’?, v rpannua OX onpegensieTca kak obbi4HO: I = ry, NosToMy
nocnepHee nHterpuposatue B (88) TouHo nosTopsieT (84).
MonHbI MMAYNBLC ABUXKYLLErOCS Lapa MaTEPUI NOJTYHaAETCsl UHTErPUPOBaHNEM
MAOTHOCTW uMAynbca J & (F), yMHOXeHHOI Ha

P = /// dxdydz (77 1,(F) /// dx’ dydzp(r’ _47T’YV/ dr' r2p(r') = yvM.
0

(89)
(Dopmanvl3|v| MOHOCTbIO KOBAPMAHTEH, NO3TOMY 3TN npeo6pa303aHm;| TOKOB NMPUMEHNMDbI

k Y.



Heuxyuiasca vepras aoipa B TEGR
|\/|eTp|/|Ka LLlBapLI,LLIVIJ'Ib,D,a B N30TPONHbIX KOOPpANHATAX!:
ds® = —a?(r)dt? 4+ *(r)(dx® + dy? + dz?),

rae a(r) = (L— ) /(1+ ), v(r) =1+ % v x?+ y? + 22 = r2. YpobHasn
AnaroHanbHas TeTpaja:

h?y = diag [a(r), ¥*(x), ¥ (v), ¥*(r)] -

[Ons pacyeta nonHoli Macchbl HepHoii abipbl LLIBapuwunbaa yaobree bpats
cpepuyeckne koopauHaThl. [103ToMy npuMeHnM cTaHaapTHoe npeobpasoBaHune
koopguHaT (83), nocne kotoporo metpuka (90) npumet Bug:

ds? = —a?(r)dt? + ¢*(r) [dr* + r*(d6? +sin? 0d¢?)] .
Bo3sbmem cHoBa ygobHyto anaroHanbHyto TeTpagy anst (92):

h?, = diag [o(r), 2 (r), 1 (r), % (r) sin 0] .

(91)



Heuxyuiasca vepras aoipa B TEGR
“BbikntoyeHne” rpasutaumu ¢ nomolpto M — 0 B 0boux cnydasx npuBoauT K OAHON 1
Toii e Cratuceckoii Kannbpoeke LLIsapuwnnbga, B KoTopoii ¢ 4-BekTopamu
cTaTuyecknx HabnogaTeneli

¢7=[a7}(r), 0, 0, 0] (94)
Bbin nonyyen cynepnoteHuymnan Hétep
T = = 70— 21\ (r)sinG; (95)
n ToK Hérep :
J ¢ = [26"TMy/(r)sin6, 0, 0, 0]. (96)

/1 nocunTana macca Y/ (B cobbereeroin cucteme H/)

E, = lim ///dxdydz — lim ///drd@dqﬁj lim ?{ dode %t =
ro—00 ro—>oo n—0 oy

(97)
rae rpannua 0L - cpepa r = rp, u rog — 00. (97) MOXKHO MHTEPNPETUPOBATL Kak
MOJIHYIO MacCy YepHOIA Ablpbl, T.K. npu ry — oo 4-sekTop (94) acumnToTMyeckn
CTpemMuTCs K BpemenunogobHomy sektopy Kunimnra ¢ = (-1, 0, 0, 0).



Heuxyuiasca vepras aoipa B TEGR

B cobcteeHHbIx koopauHatax Y[ (£,X,y,Z) 1 B CTaTUHECKOl LLIBAPLLLNIbAOBOT
Kannbpoeke (MOCTPOEHHON Ha cobCTBeHHbIX KopguHaTax /1) Tok:

J3M =1, 0, 0, 0], (98)

KoBapuaHTHbIli hopMann3m nossonsieT npeobpasosaTb KoMnoHeHTbI Toka (98) ¢
ncronb3oBaHueM npeobpasosannii JlopeHua B cuctemy {x“}:

T m(r) = [(7), yv(r), 0, 0]. (99)

®opmanbho (99) coBnagaer ¢ TOKOM AJisi Wapa MaTepUN B MPOCTPAHCTBE
MuHkoBckoro.

WuTerpuposanne komnoHeHToB Toka Y/l noBTOpsieT MHTerpupoBaHne KOMMNOHEHTOB
Toka maTepun. EanHcteentoe otanume r’' = rp — oco. MonHble Macca n umnynsc Ans
OBVDKYLLERCA YEPHOWN AbIpbI:

Emn =M, Pl = ~yvM. (100)



Free-falling tetrads in f(T) gravity

L= S F(T). (101)

where f - arbitrary function.

Varying with respect to ISC one gets the antisymmetric part of the field equations
obtained by variation with respect to the tertad. The antisymmetric part in TEGR = 0,
but in F(T) it is not trivial. The spin connection is dynamical, and, one needs to check
the field equations.

° . o 1 .
E.p,=h (fTT Sab "0y T +fT Gab +§nab(f_ T fT)) ) (102)

o
where G,p is the Levi-Civita Einstein tensor. Antysymmetric part:

Ejap) = f Sap) “0» T=0. (103)

When fr+ = 0, the theory reduces to TEGR.
In some cases, turning off gravity, one can get the ISC satisfying the antisymmetric part.
We'll check if we can turn off gravity to obtain a good tetrad in f(T) for BH solution.



Free-falling tetrads in f(T) gravity

The spherically symmetric spacetime can be in a general case given by the metric ansatz
g = diag(—A?, B2, r?, r?sin?0) (104)

where A, B are some functions of r.
Taking the diagonal tetrad for the diagonal metric:

B
h?, = diag(A, B, r, rsinf). (105)
And then turning off gravity we get good tetrad
A a -1 \a B b
h?u = Nsen)’s h °u (106)

where (/\(_Slch))ab is same as in TEGR.



Free-falling tetrads in f(T) gravity
Free-falling tetrad for the spherically symmetric spacetime (104) by

B

¢ n b
h A(boost) b h s (107)
where _
5 35 0 0
a _ | ¥ 00
(/\(boost)) b = 0 0 1 0 (108)
0O 0 01

where 7 = 1/4/1 — 32 and §3 is the rapidity is f=+v1-A2

C D
Analogically to TEGR, turning off gravity in 4 one gets that the 'good tetrad’ is h :

¢ B
(/\(_Sch)) b h b# (A(_Sch)) b/\(boost)bc h Cu- (109)

:*DI

A D
But are h and h really good tetrads which satisfy the antisymmeric field equations?
We check these assumptions directly.



Free-falling tetrads in f(T) gravity

_ /\—1 -
B (Sch) « A(proper)

/\(boost)
— -1 _
C ! /\(Sch) <D
Figure 1

B A
Turning off gravity in the tetrad h one gets that the proper tetrad is h - This is a
correct result, obtained by many authors, that satisfies the antisymmetric part.



Free-falling tetrads in f(T) gravity
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Figure 2

C D
Turning off gravity in the tetrad h one gets that the proper tetrad is h - But

D
unfortunately A cannot be a good tetrad - We obtained that the antisymmetric part of
equations is not satisfied here.



Boisoab! 1

e C nomolubto Teopembl HeTep noctpoeHsl B yaobHoli TeH30pHOIA dhopme
COXPaHAIOLNECS TOKN 1 3apsifbl, KOBAPNAHTHbIE OTHOCTLENLHO JIOPEHLEBLIX BPALLEHNT
1 KOOPAMHATHBLIX NPEobpasoBaHuMii.

e CeobogHo nagatowuii Habntogatess Bo BceneHHol PpuamaHa n npocTaHCcTBe
(anTn-)ge CutTepa M3MepsieT HyNEBYIO NAOTHOCTL SHEPTUN.

e Macca uepHoii geipbl (3apsig Hétepa) u nnoTHOCTb sHeprum, n3mepeHHble
HabstogaTenem (Tok Hétepa), bb1n1m nonyyeHbl B CTaTMYECKONA Kanubposke
Lsapuwunbaa, kanubpoeke JlemeTpa u Bo BNepBble NOCTPOEHHON e-KannbpoBKe.
e Buik/toueHue rpaBuTaummn B obLEM ClyYae NPUBOAUT K pa3HbIM Kannbpoekam, a
CNeAoBaTENIbHO, N K Pa3HbIM 3HAYEHUSIM COXPAHSIIOLLNXCS BEJIVYIH.

e CraTnyeckas kanubpoeka LLeapuwmnbaa gaet npasunsHyo maccy U4 M
(MHBapMaHTHYIO OTHOCMTENILHO JIOKAJIbHO JIOPEHLIEBbIX BPALLEHNIT), HO MPUHLMN
SKBNBAJIGHTHOCTUN HE BbINOJHAETCA ANs cBobogHO nagatoulero Habawopatens.

e B kanubposke JlemeTpa npuHUMN 3KBUBANEHTHOCTMN BLINOHAETCA ANst cBoboaHO
nagatouwero Habnrogatens, Ho macca Y/l sasoe bonbLue.



Beisoabl 2

e Bo BnepBble NoCTpoeHHOl e-KafnbpoBKe Mbl NMoslydaem Kak npasusibHyto maccy Y/1
M (MHBapnaHTHYO OTHOCMTENBHO JIOKAJILHO JIOPEHLEBBIX BPALLEHWI), TaK 1
NpaBUALHbIA NPUHLMM SKBUBANEHTHOCTM ANsi cBODOAHO najaroliero Habntogartens.

e [NonyyeHsl Macchl u umnynse aeumxyweiics Y1 oTHocuTensHo beckoHewHO Janekmx
HabntopaTeneii

e BoikntoueHne rpaBuTaunn gnsi AEKApPTOBLIX N3OTPOMHLIX U CPEPUHECKNX N3OTPOMHbLIX
koopauHaT Y/ npueoguT K oaHolt 1 Toli e cTaTudeckoi LLBapuwimnnbaoeoti
Kanmbpoeke.

e Boikntoyenmne rpaButaumm B cBobogHo nagatoweli Tetpage B rpasutauun £(T) He
gaet ISC, ynoBneTBopstowyto ypaBHEHUSIM MO,

e CobcTeenHble TeTagbl B TEGR He Bcerga sisnsitoTcs xopowmmu B
MOANULMPOBAHHBIX TeNenapasfiesibHbIX TEOPUSIX.



Thank you for attention!



