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Abstract: Gravitomagnetism is a subtle concept. Adding Lorentz invariance to Newtonian gravity leads to magnetism, but Einsteinian
gravitomagnetism differs from Maxwell\'s electromagnetism. The differences lead to confusion when Lense-Thirring precession is wrongly ascribed
to gyroscopes, and when authors disagree about whether lunar laser ranging has measured gravitomagnetism. To clarify these issues, we analyze
electric and magnetic effectsin local Lorentz frames using the tetrad formalism.

Pirsa: 08110041 Page 1/55



Ei \QC,\“@, (wa 8“&)”3 m)




irsa: 081100



Pirsa: 081100:






S \QC\"’(W‘@Q\TSMJ

: ——
(M? ‘i g /Gw%cp ch\%?/
at - !
.:__) i')ffi&\ ﬁ"o,\\w\.\} \ ﬁ: W .a.

=)

Vo S
%







€ e e (ma BNEXTS )

(e '@'rc:)




D
Loventz  bosst U = (A Co
ﬁ\lm\.«j the wwﬁ\mq)

£= Y4




> =
Low@m‘\'l bm’S’L B:ﬁ Qe
A

AL‘M Hha o\ T =
3 W FV\R) \’ rm

l
‘t: Xu"& J \d:—v&tl \/,:’ ()) 2I=Z
















N’U\M ﬁﬁmm\«f
L L) Sepac,

/6 e ma SS chmsillf//

B

o
cra

4 Bl







B = Yu (B -UxE) R PR TX

SINEI A e e,
/c;_,,-.ﬂrm mess cameil

——

-

k’ilj(um 'L":J?"“\’]S C _
Dt I S0 N e NL K
(_'-,"n]"r‘f'\ e Tof‘l / : \ p'\ i - -
-

(}J\‘( =MV g

. 3
7
[9 { (A 1 f‘;ﬁﬁ ¢ f}‘f\i‘ I["'; ( i«.‘”
e e T ——




- _‘__) q_\)

11&(8'111C

._/,Q.\_,llrum. '34‘?\’3 S

gda 1AA b{) {i-.,t.\

'Y“(S \Q;Q)

¥ 2 F*_llr' ‘:\Ltllr|
. { [’ ll,u ‘













\Y\ \C (2) éE_M-; ) e ’l‘t}'*
AT

Veny)
AL S G Pﬂ?"“?‘.l‘f
1 | AT
"M dff A
| ' g - 1% ' |
; )<, 2 AT _‘%}\P o \° A,‘E: Lovents Mreliceq
\ --”"""L}*““ Lovente Qmw.s 4~ Gwind $Ps:-,,q;_'ﬁw

2PN nan

_i—
,/"’
L = VR 4L
. =




d\’t > v\ N P\)P} 1 P/A':: m?‘x”

\
c g
n SR AT = 'C'E"-,‘,-\P R P% A]@" Lovents ﬁ*\dim?

!m Loerte Cames - G SPMWW

< (\f TEe




MV, A (.0, g

Cﬁ'mlofm (MHJR‘ Q’&WS “t~ Owed $(M(Jﬁw

Cyj/ Spﬂ (9.\7“’\& Mo hy '& H
A




MV, N Spawhma

Ctrmlofm (Mn{% Q’QWS = Cwxd 5(’“&1':'“\1

2paahimy, ina b () ,
OV‘\’}lth\ ‘)Ug\g a’\‘ K EGA('K




s loding (oo inat€




Q...\oz\"\\«j (oo nak€  ong or Vi onormal boses:

f§ (x) = @k =
n T
kMA v V\‘E’v)’}f 1%!

'

w .
‘1




(Ln\ae\%hﬂ (oo nake  ond octhenowal boxs:

~\ f AN
G"Pl#]: eﬂ‘w\ QP\
(g Ve
l-clnméw l/\'?~f\')ffh




(2 Lodiwg (oo inake  ond orthenomal baws:

~\ A e A
eptﬂ~ eAbc\ Qﬁ

" Ve

kM&W U’\‘E’-f\’)fl.n




Q_.\ake\’\\«_c) Comdinake  ond ordthenomal bowes:

-\ 0 A- Y
@,u k)= @ ALﬂ\ QA
A |
JeAymd ov  LARY be i =il
C m

Cmu (New

'(\3 VA




A '\i»\_:) Condinake  ond o henomal baxs:

.} —
@Pu]: G‘ﬁ;w\ Q;\ e

e~ é'[;:'-'l"hd(\

M6
AT M \B i
/’2 4 nAS b'(‘\ +v 4"5[;\-&1«;‘%,;;

) ; (ﬁbvdﬂw.l? XN*’) Y: 4 (x)
DRI

RKG R\“\ﬁ.k'l'h-\ L-“m{? , PA > /\p‘g;}rl}
h\f":”\'\} (D‘t'\k‘\‘?n\




~ 4= Wy |
C"JXM M5
Unde LT, f A N
WA l DMV > ‘lé@m\) )










p A p | (\‘ : ?l'-.b A\ P (
Undor LT P o -,ﬂ\?m\lij ) it Whg=0 ) Weo

o5 0 A2 <1 \
A '
L-.fnf;j"].m (5 ij“-*\ b D A l{"']"'m- '“'.'JQI kl L” \ ( ] € {':ﬂ{‘r‘ \ {/\ (//J
Ly W Not Bt local



\i local
'\ " not ; 10 Ca



) Hu} A V) 'J.)f'nr







4

B

(Ju A

16 cA (:i”f u"‘).*ll \ Un S oy

R K( L\,-.». 2 A ij{\ : r
O

03




AP
P ?{()V‘)
















WQO\k- qf\eld \'nm‘i)r;




Weeok - feld Liiik.
AS’L.:: - (l"{'?-@]d‘{tf’z w\c‘li‘o\'{ 3 l’\'\j a\'ﬁ.;dl\)ﬁs




Weosk - g"ﬂu Vi (X
26 - (2Bt 2 WK AxiAx

oR [ovinr HBrames So éﬂ— ,_--\-} Fﬂ“"' &/Q_,(QQH‘.,,
0

of* o CDCM}I.M‘Q*-




Wﬂﬂkt- ﬂwl.d \'1w‘15r.
AsY - (W28 a4 2 wdrxdd + hi ' Ax

CWOIRE (Lot @ aina 14
J p P éh_ "\/ ‘st- \/dbc

Q_s 5 of a (omr}lh&lf--
F‘q:§">.tw ﬂ,.'.-" --..L v\‘_w Slﬂhh‘\ml ﬁb&qw

7‘ k
Ge\ech N\I- % % }\J )F( w)r\/N'_];.;. Tt




W
e_&\’.- (N:ld \'1m"\'
- (129 |d ’Ll I.
Lt 2 Wté‘X"M + lﬂ
A A
A

M
\ S
— V
! /

o
a (oc'.'w.'} lhﬂ\‘q‘-

‘35 4
@ RTPAY Jl-(
},’*W St
Vory bb&ew

2\2
'h/
M’I;_
-.—-aw
'I
- I
;"'3’ YQD Ny
)
















&‘\Q ﬂef)‘“d’ (91,{. )'"\l] ‘) O ( ’L)
\

AR
0-{'(': E,( %'{'V}(
Syl -
) L\_-—-‘ZQ_:' V'Y W

3 €(3+2-{L‘f~_.)

(5\1‘0\'5'
: ~->%vaw\m9mf)37 |




IS Ny T R ‘) o (V)

(9p vyl H=2/0s vyw

—

- C;(f) +2 IL&V) -
(\ Ol A
7/ Eamm\quu(\) r\k&‘ﬁgz‘;hs A 53 3

f-\{,u\k\aﬂ ™, R‘Q&T\\Wh




