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Fermi coordinates and a static observer in Schwarzschild spacetime
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In this paper we construct the Fermi coordinates along any arbitrary line in a simple analytical way
without use of orthogonal frames and their transport. In this manner we extend the Eddington approach to
the construction of the Fermi metric in terms of the Riemann tensor. In the second part of the present article
we show how the proposed approach works practically by applying it for deriving the Fermi coordinates for

the static observer in the Schwarzschild spacetime.
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I. INTRODUCTION

It is known that for any metric and any line exists a set of
Fermi coordinates [1] in which all Christoffel symbols are
zero at points of this line and this is the definition of Fermi
coordinates. However, the elimination of the Christoffel
symbols on a line does not fix completely the corresponding
coordinate transformations which means that there is an
infinity of the Fermi coordinates associated to a given line. To
make a concrete choice it is reasonable to search for some
additional coordinate restrictions (not violating the vanishing
of Christoffel symbols on line) appropriate from a physical
point of view. The natural physical support has been
proposed by Arthur Eddington [2] who also developed the
way for the corresponding analytical calculations. Eddington
did this for the case of the Riemann coordinates in the
neighborhood of a point in four-dimensional spacetime(by
definition in Riemann coordinates all Christoffel symbols are
zero at some point of spacetime and not along a line). His idea
was to specify the coordinate transformations so as to
represent the quadratic terms of the expansion of the metric
near such point by the components of the Riemann tensor. It
turns out that the generalization of the Eddington approach to
the case of Fermi coordinates in the neighborhood of an
arbitrary line is straightforward. Such extension is the target
of the first part of the present paper. It should be stressed that
it is done for any original metric and any given curve, no
matter what its geometric character (geodesic or not, time-
like, spacelike or null) and in a pure analytical way without
necessity to use orthogonal frames and their Fermi-Walker
transport. Such a simplified universal method has some
value, because the majority of papers in the literature have
been dedicated only to some specific type of the line and have
been essentially based on the use of transported frames (for
example, Manasse and Misner [3] did this for timelike
geodesics and Blau, Frank and Weiss [4] extended their
results for a null geodesic curve).
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In the second part of the present article we show
the proposed approach in practical action by applying it
for construction of the Fermi coordinates for the static
observer in the Schwarzschild spacetime. This result is
new since the known analogous constructions (for example,
see [5] and references therein) have been restricted to
a quasi-Fermi system defined by Synge [6] when not
all Christoffel symbols on the world line of interest
disappear.

It is worth remarking that since the work of Synge some
terminological muddle has been widely spread in the
literature. Synge introduced coordinates which he named
“Fermi coordinates” in spite of the fact that in general this
contradicts the generally accepted understanding of what
Fermi coordinates are (which disparity was noted by Synge
himself in his publication). The Synge and Fermi coor-
dinates coincide only for geodesic world lines but for
nongeodesics no Fermi coordinates can be constructed by
the Synge prescription. In general this prescription lead to
the nonzero values of Christoffel symbols I'), and I'%, at
points of a line and this is the reason to attribute to the
Synge approach the aforementioned “quasi-Fermi” appel-
lation [7].

The problem is that for a nongeodesic line the Synge
coordinate system is essentially different from the Fermi
coordinates and no article is known where the Fermi
coordinates would be constructed along the nongeodesic
line. The present paper set aside to remove this shortage of
traditional activity in this field.

II. CONSTRUCTION OF FERMI COORDINATES
IN GENERAL

It is known that for any metric g;;(x) (by symbol x we
denote the set of four coordinates x°, x!, x%, x*) in four-

dimensional spacetime [9] and any line
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X = fo(x%) (1)
exists a set of Fermi coordinates £ (that is £°, £!, 2, £3) in
which all Christoffel I" symbols are zero at pomts of this
line. For the corresponding coordinates transformation £’ =
£1(x9, x!, %%, x%) we denote the Jacobi matrix by Al:

of!
Al . 2
() =55 )
The transformation of I" symbols can be written as
T A? =7, ALAT + A7 ). (3)

From the last formula follows that fzm in Fermi coordinates
vanish on the line (1) if matrix A}'c satisfies the differential
equation:

AL, = AL 4)
where [F], means the value of any function F on the line
(1), that is
[F(O 2t o x)] = FX° 1 (x0), f2(x0), L (O)]). - (5)
It is easy to see that Eq. (4) represents the set of ordinary
differential equations with respect to the variable x°.
Indeed, in the vicinity of the line (1) the transformation
between Fermi and original coordinates can be represented

in the form of an expansion with respect to the three small
deviations x* — f%(x") from the line,

£ = X (0) + VIO - ()
+Z () = WO = P+ 03). (6)

where O(n) means collection of terms of the order n and
higher with respect to the small functional parameters
x* — £(xY). From (6) and definition (2) follows expansion
for the components of matrix A}":

dxm  dfe  (dYy d
Ay =" 5=V df0+<dx 2Za,,df>(/’ f7)
+0(2), (7)

AR =Y 4270 - f7) + 0(2). (8)

Consequently on the line the components A} are

axm dfa
m _ym , 9
gl = - v ©)
[AF], =Y} (10)

From (7) and (8) follows values of the partial derivatives
A, of matrix A}' on the line:

d (dx" _ dfe dyy df*\ df?

An ] =Ly @) (T _pgm iy

[ O’O]L dx® <dx0 “ dx0> <dxO % qx0 ) dx°
(11)
[ Oﬁ] d 0 2Z{Iﬁ dx()’ (12)

dayy dfe
m ﬁ m

[ARo] . =0 —2Z3 250 (13)
[ gﬁ]ﬂ =27y, (14)

It is convenient to use for the quantity [A]], from (9) the
special notation A™:

axm _ df

Am =S ym @
dx® “ dx0

(15)

After substituting expressions (9)—(14) into Eq. (4) we find
that this equation is equivalent to the following system:

dA™ df .
O = { bl L+ b
(04 df ‘a m
il s+ Wl v a0
dym df
B _ m
= ol s g,
+{[rw 4 i) }Ym (7)
plr dx° pole v
1 0 m 1 Y m
Zaﬂzi[ aﬁ]LA Z[Faﬁ]ﬁY}/’ (18)
axm dfe
= Ay 19
70 +Ye s (19)

Because all I" symbols of the original metric and functions
f¢ are given Egs. (16) and (17) represent the closed linear
system of the ordinary differential equations of first order
with respect to the variable x° for coefficients A™(x") and
Y™ (x°) in expansion (6). These solutions should be sub-
stituted to the right-hand side of Eq. (18) which gives
coefficients Z,5(x"). After that we need to substitute
A™(x%) and Y7'(x°) into Eq. (19) where we obtain the last
coefficients X" (x%) by quadrature.

This is the general procedure how to construct the Fermi
coordinates for any metric in the vicinity of any given
curve. There is also a possibility to specialize the Fermi
coordinates in such a way that the metric in these
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coordinates in the first two approximations will be
Minkowskian:

Gik(X) = ny + 0(2), (20)

where 7;; is the Minkowski metric tensor. This can be done
by choosing in a special way the arbitrary constants of
integration which contain the general solution of the
Egs. (16)—(17) and (19) [there are 20 such constants, ten
of which should be fixed in order to obtain the form (20)
and another ten will remain arbitrary reflecting the Poincare
symmetry of the Minkowskian spacetime].

III. METRIC IN FERMI COORDINATES

The same line (1) in Fermi coordinates £ has an equation
of similar form:

i = Fa(s0). (21)

The functions F*(x°) follow from transformation (6). This
transformation tells that on the line £° = X°(x") and
£ = X*(x"). Then

Fo(x0) = [X*(0)]e=(arex))- (22)

where arcX? is a function inverse to X°.
Because in Fermi coordinates

0 (£)
ox!

3]z = can [ } ~0,  cy—const (23)
L

the expansion for metric near the line has the form

P 82gik()2) ca a0
Gin(%) = ci T3 [afcaaxﬂL[x — F(x7)]

x [# — FP(£9)] + 0(3). (24)

1

Then to obtain this metric we need the second derivatives of
the metric tensor with respect to the space coordinates X* on
the line. However, these second derivatives depend on the
cubic terms O(3) in expansion (6) and up to now remain
completely arbitrary. To make a choice for this cubic
addend it is necessary to accept some additional coordinate
restrictions which will not violate conditions (23). We
already mentioned in the Introduction that the natural
physical arguments for such a choice have been proposed
by Eddington and here we will follow his proposal; that is
we will specify the cubic addends in coordinate trans-
formation to the Fermi coordinates so as to represent the
second derivatives in metric (24) in terms of the Riemann
tensor. Eddington showed that Riemann coordinates can be
further specified in such a way that cyclic combination
fiz,m + fink,l + I’ﬂfmqk of derivatives of I' symbols at a point
where I}, are zero also vanish. Under this condition it is a

simple matter to express second derivatives of the metric at
this point in terms of the components of the Riemann
tensor. In case of Fermi coordinates we described in the
preceding section the full four-dimensional Eddington
condition cannot be accepted because it contradicts
Egs. (16)—(19). However, it is possible to restrict the choice
of Fermi coordinates by the following reduced version of
the same condition:

OF(8) | OF, () OL,()
ox* ox* ox¥

=0, (25
L

where the upper index remains four dimensional and all
three lower indices are three dimensional. The proof of the
possibility of this restriction we placed in Appendix B.

Under the restriction [I;(%)], =0 from the general
expression for the Riemann tensor we have

[R;clm()/c)][: = |: a)el a)’cm

Let us apply this formula for the three-dimensional indices
(k,l,m) = (v,4,p), that is

ort, (%) _8%(9’6)} NG
L

{,i/ly()e)]g - |: Bz By

By simple manipulation with indices it is easy to show that
the last expression with the help of condition (25) can be
inverted:

Pul) LR 0 + R0 (29

Now from the identity [g;(%)].., =0, taking into
account the restriction [[;(%)], = 0, one can express the
second derivatives of the metric tensor on the line £ in
Fermi coordinates in the form

gu(H)] [T (8), .., OFu(%), .
o] — P g+ 2D ] o9
From this formula we have

0Goo(X) (%), .
JI00) 1 _ oy
o] =2 i) . o

0904 (%) (%), o o) .

p— 1

o] = e+ 7 o) e

m%“%M@}.<n>

L

Dap(£)]  [OT0(%) . .
{65&8&” LT o W5
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The first two of these formulas show that in order to express
all second derivatives of the metric in terms of the Riemann
tensor the relation (28) is not enough. It is necessary to find
analogous expression also for the quantity 1), (£)/0%* on
the line. To do this let us take the general four-dimensional
relation (26) for indices k =v, [ =1, m = 0 and sum it
with Eq. (27) being multiplied by the derivative
dF* (%) /dx°. In the right-hand side of this sum will appear
the quantity

ar,(%) or,(%)] dFr(£°)
[ 050 ]ﬁ{ o |, di® (33)

which is zero because for any function ‘P(x) which is
zero along line £, that is which satisfy the restriction
P[0, F1(£0), F2(£°), F3(£°)] = 0, the ordinary derivative
of its value on the line with respect to £ is also zero and due
to this evident fact we deduce

_ [alil()e)] L N [a\i'(fc)] L dF*(£9)

P[0, F1(20), F2(£0), F3(£9)]

050 i o -0 B4

Then the resulting sum gives the following equation:

[RL0(%)] . + [Rf//m(fc)]g — 0

_ [814,1;0()2)} E N [6f;,, (;’c)} L dF*(0)

35
% oxt a® (35)

where from the quantity [0 (%)/d%*] can be represented
in terms of the Riemann tensor since for the derivatives
(01}, (%)/0%"], we already have such representation, see
formula (28). The result is

[afaggg)e)] i

Now from (24) and (30)—(32) (using definition R;;;,, =
ginR};,,) we obtain the final general [10] result for the
canonical (Eddington’s terminology) metric in Fermi
coordinates:

) 2. dF*(£°)
Coloy P o _2%p o\ AF(X7)
Goo(%) = coo + | Rozuo(X) 3 0aup (%) o |,
X [£* = FA(x0)][# — F* ()] + 0(3), (37)

v ),CO
g0a<)/c) = Cog T+ %RMFO(X) - %Raﬂw(jc) dFT)/E())
x [£* = FA(x0)][# — F*(£9)] + 0(3), (38)
Gup(9) = cap + 5 Rugyp () ¢~ F()]
x [ — F*(x%)] + O(3). (39)

IV. FERMI COORDINATES FOR STATIC
OBSERVER IN SCHWARZSCHILD SPACETIME

Let us take the Schwarzschild metric in its standard form:

2 2m\ !
—ds® = —<1 —m>dt2 + (1 —m> dr
r r

+ r2(d6* + sin® Od¢?), (40)
with the following designation for coordinates:

tr,0,p =x° x', X2, x3. (41)

The world line of a static observer is

x* = x%, (42)
where x¢ = (x!,x2,x3) = (r,,0,,¢,) are arbitrary con-
stants. The transformation to Fermi coordinates X along
this line is given by the formula (6), that is

£ = X(1) + 2(0) (2~ %)
+ 2010 (x = x) (7 =) + 0(3).  (43)
In Egs. (16), (17) and (19) all terms containing df*/dx°

disappear and among those I" symbols which are present in
these equations there are only two non-zero, namely

o= (1-2), =5 (1-2) " @

* s * *

Under these conditions equations (16)—(17) and (19)
become very simple and can be integrated easily. The
solution for the functions A™(7) is A" = C'e” + Ch'e™"
and for coefficients X" (¢) and Y'(¢) we have

XM = w—l(crlnewt _ nge—a)t) + gn’ (45)

Ty

2m\ -1
ym = (1 - m) (Clrew — Ce="),  (46)

yy=an. Yy =«Cy, (47)
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where C7', ..., C¥ are arbitrary constants of integration and
m
r*

Without loss of generality we can chose constants
Cr,Cy, CF, CY in the following way:

Cr = (C9,C,CLC3) = (1,4,0,0),  (49)
Cy = (C9,C), €3, C3) = (4,-4,0,0),  (50)
Cy = (€4, €y, €4 C3) = (0,0,7,,0),  (51)
cr = (C2,CLC2, C3) = (0,0,0,r, 5in6.), (52)

where quantity 4 is defined by the relation

/12—%<1—2r—’:1>. (53)

This choice for free parameters fixes the arbitrary constants
¢ir in the metric (37)—(39) as
Coa = 0,

Coo — —1, Caﬂ == 5aﬂv (54)

that is in the first two approximations the metric is
Minkowskian in Fermi coordinates.

Now we substitute the constants (49)—(52) into expres-
sions (45)—(47) to obtain the final form for coefficients
X™(r), Y%(¢) and after that insert them together with
Schwarzschild I" symbols [['] . and [I],. into the right-
hand side of the equation (18). This gives the coefficients
Z,5(t) after which we can write the final form of trans-
formation to Fermi coordinates along the world line of static
Schwarzschild observer:

24 1
2= —|—;sinha)t—|—ﬂ(r— r,) sinhwt
- {%(r— )2+ rA0—0.)% + r.isin?0, (g — w*)2:|
x sinhwt+ O(3), (55)

24 1
f'=Cl +gcosha)t+ﬂ(r— r,)coshwt

_ {12)/13 (r—r.)?+rA(0—-0,)*+rAsin’0, (p— (p*)z}

x coshwt+ O(3), (56)
£2=C+r.0-0,)+(r-r.)(0-0,)

1
—57 sinf, cos 0, (¢ —@.)* + 0(3),  (57)

B =C+r,sind,(p—g@,)+sind,(r—r,)(p-9,)
+ r.c0s0.(0-0.)(¢ — p.) + O(3). (58)

The metric for the static Schwarzschild observer in
canonical Fermi coordinates follows from formulas (37)—
(39). The arbitrary constants c;, we already specified, see
(54). Now we need to find the functions F*(£°) and
components of the Riemann tensor Rium (%). The equation
of the Schwarzschild static world line in the Fermi coor-
dinates can be extracted from transformation (55)—(58). On
the line we have
=0 +%sinh wt, f=cl+ 2;/1cosh wt,

2 =3, 2= Cg. (59)

Then functions F*(x°) are
F1(£%) = C} +/a+ (£ = C9)%,
F? =3, F=C3, (60)

where

a:r—i;<1—2’”). (61)

m I,

The arbitrary constants C} are not important, they can be
eliminated by the shift of the origin of the Fermi coordinates.

The Riemann tensor R;,,(%) can be found by trans-
formation (55)—(58) from its known counterpart R;,(x)
for the Schwarzschild metric (40) which has the following
nonzero components:

2m

ROIO] = Rtrtr = _F ’ (62)

Ronn = R = (1 - 27’”> (63)
Rosos = Rupryp = % (1 - 2;") sin 0, (64)
Riz12 = Rygr9 = —% <1 —27m>_1’ (65)
Riz13 = Ryprp = _? (1 - 27m>—1 sin’ 0, (66)
Ra303 = R0, = 2mrsin® 0. (67)

We do not include in this list those nonzero components of
Ritim(x) which can be obtained from (62)—(67) by appli-
cation of all symmetries of the Riemann tensor. These
components transform to the components of Ry, (%) by the
usual tensor law and on the line this transformation takes
the form
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[Rpsqn]ﬁ = [Rium Q05 040 (68)

where matrix Q}'c is inverse to the Jacobian matrix A}; introduced in (2), see also (B3). For the transformation (55)—(58) these
matrices calculated on the line £ (the upper index numerates the matrix lines and the lower index corresponds to the

columns) are

2icoshwt (2A)7'sinhwt 0 0
. 2)sinhwt  (24)7' coshwr 0 0
Akl = : (69)
0 0 r, 0
0 0 0 r,sind,
(22)'coshwt —(24)7'sinhwt 0 0
0], = —2Asinh wt 2/ cosh wt 0 0 (70)
e 0 ()0
0 0 (r,sin@,)!
[
Calculations of [R,,,,], from (68) using [Q}], from (70)  —ds? = g, (£)d< dz*
and [Rigin]c = Ritim(r...0,) from (62)(67) give = Gerdt® + 2 drdu + 2§, drdv + 2§, drdw
+ G + Gy dv® + Gupdw? + 2, dudv
, 2m . m P m
[Roiol, = RO [Roxo2) = 3 [Ro303)z = 3 ~+ 24, dudw + 2§, dvdw, (74)
(71) where components of the metric tensor (up to the
quadratic terms with respect to the three small deviations
u— 1>+ a,v, w from the line) are
, m , . 2m
[Rioi2le = =l [Ri313), = =l [Ryssl, = 2 Go=—1 +ﬁ3 [2(1/! V2 r a>2 _ 2 Wz}’ (75)
ry
(72)

We see that on line £ the Riemann tensor in the Fermi
coordinates contains the same set of nonzero components
as in Schwarzschild coordinates but their values are
simpler. We again do not include in formulas (71) and
(72) those nonzero components of [R;,,], Which can be
obtained by application of the symmetries of the Riemann
tensor.

To write down the final form of the metric it is convenient
to introduce shifting Fermi coordinates z, u, v, w:

v=2-C w=8-C. (73)

Collecting all information on the constants c; (54),
functions F*(1°) (60), and components of the Riemann
tensor R, (£)] (71) and (72), we obtain from (37)—(39)
the final form of the metric for the static Schwarzschild
observer in Fermi coordinates z, u, v, w (73):

, m
Guu = 1+ 35 (07 +w?), (76)
Gy =1 +3m3 [(u -V —|—a)2 —2W2}, (77)
I
. m /2 2 2
gwwzl—l—33[(u— T—l—a) —21}}, (78)
rl

mz(v? + w?) , mr(V7t +a—u)v

P

T — ’ gr' = )
! 3Vt +a ' 3r2\/m
, mr(VT* 4+ a — u)w (79)
Gew = ,
" 3Vt 4 a
quzﬂg(\/TzﬂLa—u)v, guwz%(m—@w,
3r; 3r;
. 2m
Gow = 3}’2 ow. (80)

To understand better the relation between the Synge and
Fermi approach it would be instructive to take a timelike
nongeodesic line and construct along it two different
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coordinate systems: (1) Fermi coordinates and (2) Singe’s
quasi-Fermi coordinates (that is coordinates associated with
the observer’s proper reference frame along this line) and
work out the transformation between these two coordinate
systems. In general this is not a simple enterprise, however,
in the particular case of the static observer in Schwarzschild
spacetime considered in this section the task can be
resolved easily. In this case Fermi coordinates along the
static world line in terms of Schwarzschild coordinates we
already found [see (55)—(58)]. For simplicity let us take in
these formulas 6, = z/2 in which case the Fermi coor-
dinates 7, u, v, w (73) are

7 = psinhwt + 0(3), (81)
u = pcoshwt + 0(3), (82)
v=r,0-n/2)+ (r—r,)(0—-7/2)+0(3), (83)

w=r.(p—¢.)+(r—r)(e-e.)+0(3), (84)

where we introduced the notation

a1 P )
p= T —qgElr=r)
—r*ﬂ(e—ﬂ'/z)z - rM(ﬁ”‘%)z- (85)

The Synge’s quasi-Fermi coordinates 7, X,Y,Z along
the same world line in terms of the same Schwarzschild
coordinates have been constructed in [5] and they are [11]

T =21, (86)
24

Y=r,0-n/2)+ (r—r,)(0—-7/2)+0(3), (88)

Then from (81)—(89) follows transformation between these
two coordinate systems:

T = (% + X) sinha;—f +0(3). (90)
u= (2—65—1-)() coshﬁ—f%— 0(3), (91)
v=Y+03), w=Z+0(3). (92)

Because of spherical symmetry the angular coordinatiza-
tion in both systems coincides as it should. The trans-
formation in the radial-time sector is of Rindler-Minkowski
type as it also should be because (up to the second order
with respect to the deviation from the line) the proper frame
of a static observer in Schwarzschild metric (with Synge’s
coordinates 7T, X) is equivalent to one-dimensional accel-
erated motion in flat space (with Fermi coordinates z, u).
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APPENDIX A: STANDARD FORMULAS

We use notations of the book [12]. In any spacetime with
coordinates x' and metric tensor g; the I' symbols and
Riemann tensor are

. 1 .
D= Eglm(gmk,l + Gimk = Gktm)» (A1)
Rilm = F;.cm,l - l—‘;;l.m + Fizlr‘z;n - FilmFZl’ (A2)
Rikim = GinR- (A3)

There are four symmetry identities for the Riemann tensor:

Riklm = _Rkilmv Riklm = _Rikml’ Riklm = leik! (A4)

Rigim + Rimis + Rigmi = 0. (AS)

From definitions (A1)-(A3) follows another representation
for Ryp:

1
Rijim = 3 (Gimpt + Gxtim = Githom — Giomit)

+ 9np (Tl = T ) (A6)

APPENDIX B: ON THE REDUCED EDDINGTON
COORDINATES RESTRICTION

The transformation (6) with cubic terms is

1= X (0) + VO — £
+ Z(0) e = O = P00
W (O = )] = 1)

< [x7 = f1(x%)] + O(4). (B1)
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where coefficients W, are symmetric with respect to the
transposition of any two of the lower indices. Then we have
40 (ten for each four-dimensional index m) independent
coefficients Weg,- Now we apply the four-dimensional
partial derivative 0/0x* to the general transformation of I
symbols (3) and restrict the result to the line £ (taking into
account that all f,qlm are zero on this line). This operation
gives

o . 0 . Pxe
i AY = T JATATAT 4 ——
|:8XS ( kI“ i ) (a)ep > k1 + axkaxlaxx] r

(B2)

Let us denote the four-dimensional matrix inverse to A} by
Qi, that is

QFAL =4, (B3)
and multiply relation (B2) by (Q?;Q;Q;) ¢ with all three
lower indices three dimensional. We obtain

0., P
o b T gk o

Q(IQ[;’Q]/ (F;qu)

s Nk Nl
o Q(,Q,jQyL

(B4)
Then we repeat this relation 2 times more with cyclic
permutation of the three-dimensional indices f,y,a —

a,f,y = v,a,p and sum all three expressions. In result
we have

0 . 0 . 0 .
I T +—,Fq]
{8)(“ br=oxr g5 |,

s x4
{3Q QﬂQy@xkaxlax }
+ QSQle Aq) 9 (1—*1 A4)+ 9 (Fz Aq .
axp=y 8XS kil al sk 8 Is*hi ’

(BS)

Consequently the three-dimensional Eddington condi-
tion (25) will be satisfied if we choose the cubic addend in
transformation (B1) to satisfy the requirement:

x4
{Q”Qﬂ anxkaxl(?x }
il s Nk Nl [‘iAfI 9 Fi A‘I 9 FiAfI
3 0.0;0, 8x5( ki i)ﬂLW( sk i)+W< 1sA7) R

(B6)

The left and right sides in relation (B6) are symmetric
with respect to the transposition of any two of the indices
a, f, vy, consequently this relation represents 40 indepen-
dent equations for 40 unknown coefficients Wi, ~which

enter the third derivatives of x%. No other quantity
in (B6) contains these Wp, . It is important that terms

(0°%4/0x*0x'0x*) ;. are linear with respect to Wy, (x”) and

do not contain x° derivatives of these functions. Then the
system (B6) is the set of the linear algebraic equations with
respect to the unknowns Wiy, . Indeed, only the last term in

expansion (B1) for Fermi coordinates X contains quantities

Wip, and it is easy to show that the left-hand side of

equation (B6) has the structure

— 6Wl]

ﬂﬂD[NI‘;N?)’N;][, +o (B7)

3 .
|:Q{1Q/}an ka lax :|
where dots mean all terms which do not contain coefficients
W7, and 3 x 3 matrix (N§), is
(%4 [04 dfa

gl = |25 - 942 (B8)
Then using the matrix inverse to (Nj)., the system (B6)
can be uniquely resolved with respect to the unknown
coefficients Wu/lv This is the proof of the possibility to
specialize the Fermi coordinate in the way to achieve the
three-dimensional analog of the Eddington coordinates
condition (25).
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