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Abstract: In this paper we present our research work: (DWe divide 9 connection coefficients into two groups:
Group A involving 7 ( the linear acceleration) includes Iy, Iy, I'y, I, and I';;; Group B not involving ¥
includes I5, I3 I, and I'y;. @Recalling the relation formula: (#) , = (#) Yy’ where (#) , is the linear
acceleration in relativistic mechanics ( #) " the linear acceleration in Newtoneon mechanics and v Lorrentz factor.
@We have determined that (I9,)" = —bb™" (Iy) "= bbb (M) "=bb"" (I'y) "= -
(I3) "= —rb7sin’d. @We have determined that (I'y,) o= ( =bb ")y () x= ( =bb7°)y" (I)) &
= (bbb ")y (Iyn)e= (=) y (I'y)z=( -rb’sin’0) y’. GWe have proved that Iy, =A /(24) = -

bb™' Iyy=A/(2B) = =cbb™™ I',,=B/(2B) =bb™' I'hy= —-rB'= —rb™ I'yy= —rB 'sin’f =

—rb*sin’f. (6) We have determined that (I"},) y = 7' (I3) s = sinfeosf () x=r"" (Iy)r= coto.

(©We have analyzed Schwarzschild solution and drawn two conclusions: (a) B=(1-26M/(¢’r)) = (1 -#°/
1 2018 =10 -26
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CZ) -1 — 72
gravitational field GM/( ¢*r) <1
(GM/( 1)) = (1+GM/(c*r)) % =

formulas we can simplify the equations Obtaining the relativistic solution:

(1+6M/(cr)) *dr’ =r*de” —r’sin’0dy’

indicating that it involves Newtoneon formula of energy conservation. ( b) In the case of the weak
B = (1-26M/(r)) "= 1 + 26M/(c’r) = 1 + 26M/('r) +
therefore y =1 + GM/(c’r) = b

strong gravitational field. ( 8) Substituting the needed expressions into equations

it holds too in the case of the
and applying the relation

—drr = (1 +6GM/(Fr)) Pde -

Keywords: general relativity; field equation; gravitational theory

0 Introduction

Schwarzschild solution for Einstein field equation has
made an important contribution to development of gen—
eral relativity but we should point out Schwarzschild
solution belongs to Newtonian mechanics and it is
suitable only to the weak gravitational field but not
suitable to the strong gravitational field. In this paper

we will give sufficient basis for this conclusion.

1 Classification of connection coeffi—

clents

We divide 9 connection coefficients into two groups:
group A involving # ( the linear acceleration) see Ta—
blel; group B not involving # see Table 1 and 2.
Tablel. Group A involving ¥
Io( =A/(24) = -B/(2B)) = -TI = i/(iF)
Fo= —#/(ii) I'y=-#/(ii) I'y=-#/
(60) I's=-#/(¢¢)

Table2. Group B not involving ¥
F?zz_é/(fé) 1—%3:_6/(9090)
r 23 = —¢/( 0€0)

F?3= _GE’/
(7¢)

2 i, =iy

7p is linear acceleration in relativistic mechanics 7"
is linear acceleration in Newtoneon mechanics the re—
lation formula between #, and #" is as below ( refer—
ences 2 P38)

Fp =t N')’S (1)
where y is Lorentz factor. So that the expressions of

group A in two kinds of mechanics are different.

3 The expressions of group A in Newto—

nian mechanics

Example 1: Determine the expression of ( I'},) "

Solution: From - ¢’dr’ = - b°dr’( see line element

Exp. (4))

F=cb™". From#" +(I'},)"(#7) =0 we can get
iy __drdi -1 P
(1)Y= =39y = (=0 /

(#(cb™")) =bb7".

Following Example 1 we can obtain Table 3.

Table 3. The expressions of Group A in Newtonian me—
chanics

(Fo) " ==bb"" ()" ==cbb7 (I)"=b
b (Iy) == ()" = —rb *sin’6.

4  The expressions of group A in relativ—

istic mechanics

Example 2: Determine the expression of ( I},) ;.
Solution: From (#) , + (I'},) x( #7) =0 we can get
(I)e = = (Np/Cik) =9 (= P/ iF)
=(I) N73'

Following Example 2 we can obtain Table 4.

Table4. The expressions of group A in relativistic me—

chanics

(F5) x=(=bb")Yy () e=(-bb7%)
(1) e=(007") "

(F;Z)RZ( —rb_z) 'y3 (F;3)R=( —rb_zsin20) 'y3

5 Group A used in Schwarzschild solu—

tion

Example 3. Prove Ity =A /(2B) = -¢’b'b™°
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Proof.

Iyy=A/(2B) =(B™") /(2B) =(b7%) /(2b%)
=270 /(20°) = =bb7C

Following Example 3 we can obtain Table 5.

Table 5. Equivalence

Io=A/(24) = =bb™" Ty =A/(2B) = -
bb™
I =B/(2B) =bb™" Ty=-B " =~rb

Iy, = —rB ™ 'sin’9 = —rb *sin’0
6 The expression of Group B

The expressions of group B in two kinds of mechan-
ics have no difference. See Table 6.
Table 6. The expression of group B
(I',) g =r" (I3) ¢ = sinfeosd

(Fia) 1\. = cotf

(s =r

7  Analyzing Schwarzschild Solution

Schwarzschild solution is a very important result in
general relativity practice has proved that it is suitable
for the weak gravitational field very well.

Schwarzschild

~!is related closely with Lorentz fac—

As a part of solution B =
(1-26M/(c*r))
tor
v =(1-#2/) " =(1=26M/(c’r)) ' =B =b
It is very clear that Schwarz Schild solution involves a
Newtoneon formula of energy conservation.
72/2 =GM/r (2)

In the case of the weak gravitational field GM/( ¢*r) <
<1
b>=B=(1-26M/(c’r)) '=1+2GM/(’r) =
1+26GM/(*r)) +(GM/(*r)) > =(1+GM/(c*r))?
= ‘y2
That is

y=1+GM/(r) =b (3)
Form. (3) holds still in the case of the strong gravita—
tional field.

8 Solving Einstein field equation

Line element is expressed as below:

—Ad =d () de = () &P = d @ - sin’6d ¢
(4)
In the following we will write a(r) and b(r) as a

and b. The relation formulas between a and b are as

following:
ab =c
, , (5)
ab+ab =0
Einstein field equation can be written as below:
R;LV = aVFZ(r - aUFZu +FZ(7FZV _Ffwr;r :0 (6)

Eq. (6) can be rewritten as following:
Ry = _arr(l)o +F(l)o( rgl _F}I) _F(l)o( ['?2 +F?3) =0
Ry, =arrgl +Fgl([?)1 _F:l) _Fil(riz +FT3) =0
Ry = =0, + 9,5 + 15,15 =0
(7)

Substituting the needed expressions of Tables 4 and
6 into Eq. (7)
Ry =cbb7y =Abb 7y (b b7y -3y =26 b™"y) +2°b by’ r ™ =0
Ry=-bb"'y +bb 7'y (bb 7'y ~3yy+26b™'y) -2y’ r ™" =0
R, =(rb7y) -1=0

we obtain:

(8)
Applying y = b ( Form. 3) Eqgs. (8) can be simpli-
fied as:
b +2br7"' =0
b +2br 7" =0 (9)
(rb) -1=0.
From Eq. (9) we can get
b=1+C/r (10)
Comparing Exp. ( 10) with Form. (3) we can deter—
mine:
C=GM/S
so that
b(r) =1 +GM/(cr) (11)
using relation Form (5a) we can get

a(r) =c(1L+GM/((cr)) ™! (12)

The relativistic solution can be expressed as
cd 7= & (L+GM/(r)) 77 db -
(1+6M/(cr))*dr’ =r*d 6 -1 sin*0d ¢ (13)

Appendix A. Schwarzschild Solution
Line element can be written as below:

—d 7 =A(r)di’ =B(r) dr’ —=r*d @ -1 sin’6d ¢°
(Al)
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In the following we will write A(r) and B(r) as A

and B. Therelation formulas between A and B as fol-

lowing:
AB =¢ ( A2a)
AB+Ab =0 ( A2b)
The expressions of connection coefficients are as be—
low:
Iy, =A/(24) =%A'A*' Iy, =A/(2B) =%CZA'A
I, =B/(2B) = - ;—A'A'l I, =-m"'=-
¢ A
I'y= —rB™'sin’ = —c’rA sin°@ ( A3a)

Iy=r" I =sinfcos® I'iy=r"' I =cotf
( A3b)
Substituting the needed expressions in ( A3a) and

( A3b) into Egs. (7)

ones can obtain:

Ry = —a( LeA4) +(Le2aa) (%A’A" (-

2 2
| | P -1 -1
?AA )) —(?c AA)(r +r7) =0 ( Ada)
S e Aoy Ly 1
RII—S,(ZAA )+(2AA )(2AA ( 2A
A7) —%A'A")(r’l +r) =0 ( A4b)
R, = -09,( -rA/c%) +d,c0tf + cotfeotd =0 ( Adc)

Eqs. ( Ada) ~( A4c) can be simplified as

A 424717 =0 ( A5a)
A +2477" =0 ( ASb)
(rd) /¢ =1 =0 ( ASc)

From Eq. ( ASc) ones can get
A=(1+C/).

Analyzing the gravitational field a conclusion is giv—

en( 1 p.121)
he = =2GM/(*r) =C/r
So that
C =-26M/c
A(r) =3(1-26M/(¢°r)) ( A6a)
Applying relation Form. ( A2a) ones can get
B(r) =(1-26M/(cr)) ™! ( A6b)

Therefore Schwarzschild solution can be written as
- dAd 7 o= (1 - 26M/( ) df
(1-26M/(cr)) 'drf —=r*d @ - sin’0d ¢° (A7)
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