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Introduction

The precession of Mercury’s perihelion has been measured to 5600 arcseconds in a century. Of this figure known mechanisms can
explain at most 5557 archseconds when the error bounds of the estimated precession for each mechanisms is taken to the maximum
limit. Still 43 archseconds in a century remain unexplained and there must exist some unknown or overlooked mechanism or
mechanisms. Einstein gave a formula derived from the General Relativity Theory. This formula gives exactly 43 archseconds,
which is rather surprising as it means that all known mechanisms did reach the maximum error limits. A figure that is a bit higher
than 43 archseconds in a century would be more believable. Einstein’s formula also predicts very well the precession of the
perihelion of Venus, but it is not equally accurate in the precession speed of the Earth. There is no known reason why the formula
would be less accurate in some cases.

Einstein used in his calculation a dynamic equation derived from a geodesics of the Schwarzschild metric. The first section proves
that this approach cannot be used to calculate corrections to Newtonian gravitational theory because the same method that Einstein
used for Mercury gives a dynamic equation for a stone falling from the Pisa tower. A stone falling according to Einstein’s dynamic

equation does not accelerate at all. As the method fails to explain the old Pisa stone dropping experiment, which Newtonian gravity
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quite correctly explains for all practical purposes, it cannot be considered as valid method for calculating fine corrections
to Mercury’s orbit. Einstein’s formula must be seen as heuristic: it gives good results in some cases (there are only few planets
and moons), but lacks a sound theoretical basis.

The second section of the presented article derives an equation for the precession speed and shows with a simple model that
the equation fits well to the gravitational effect of Jupiter in the rather short time period when the precession of Mercury has
been measured. The whole precession cycle is over 23,000 years, therefore full precession cycles have never been
measured scientifically.

The third section calculates a long term gravitational effect of a planet on the precession of Mercury. The result shows that
Jupiter’s long term effect on the precession speed of Mercury is about one hundred times smaller than Jupiter’s effect on the
relative short time period when Mercury’s precession has been measured. The long term effect is about 54 archseconds in a
century and such long term effects may explain the missing 43 archseconds in a century, a value that more likely is a bit bigger
than 43.

The fourth section looks at the way Einstein’s formula for precession is derived. The section shows that the Lagrangian
is incorrectly calculated, £is not constant. This invalidates the calculation of precession speed. Then the section shows that the
curve that Einstein’s Lagrangian gives is not a rotating ellipse and that it gives an impossible relation for the impulse

momentum. In short, the geodesic Lagrangean is completely wrong and useless.

The Error in Einstein’s Calculation

In General Relativity dynamic equations of a test mass are Euler-Lagrange equations calculated from a geodesic Lagrangean

d
L=/ Gapd®x? where ¢ @ (1

= Em
and 7 is the proper time. The Lagrangian is chose to have the value L = 1 as it simplifies calculating the Euler-Lagrange equations:

oL  d oL
0zo  drdic )

In the calculation of the precession of the perihelion of Mercury Einstein derived the equation of motion from a geodesic in the
Schwarzschild metric, probably because the gravitational field must approximate the Newtonian gravitational field around the Sun.
The field that the Sun creates seems to be time-independent and spherically symmetric at least to some rather high degree of
precision. The only time-independent and spherically symmetic solution to the Einstein equations that can be considered as
approximating Newtonian gravity in some sense is the Schwarzschild metric.

The Schwarzschild metric is defined as

Adr? = A(r)dt? — B(r)dr® — r?df? — r?sin?(0)dep? 3)
where
N = Ts _ s\ 4)
A(r) = (1-2) By =(1-2)

and r, is a constant called Schwarzschild radius. This metric describes the gravitational field created by a mass at the origin. We
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will denote this mass by M.

Let us find the equation of motion for a test mass m falling straight to the mass center at the origin. This means that ¢ = 0 and

0 = 0.The Lagrangean is

L= \JA(r)E2 — B(r)i2. (5)

We get Euler-Lagrange equations only for ¢ and for ». For ¢

oL
oY ©
as the field is time-independent, while
d oL d .
——=— (24 2£)"! =0. 7
o = 3 (2AME) 207 =0 ()

Notice how nice it is that L = 1, the division with the square root is division with one.

The equation (7) implies that A(r)f= C,, a constant. As A(r)= B(r)" in (4
B(r)= = (®)
Taking the partial derivative with respect to » from (8) gives

o .. . 0 i

P =g =0 ©)
but as B(r) is only a function of r,
_ 9% p (10)
0= 87“B(T) = drB(T) = B'(r).

Thus, B(r) = C», a constant. This observation does not agree with (4), but we pretend not to know what B(7) is, let us continue. Then

A(r)= B(r)™"' = C,"is also a constant and

t=C 05t

shows that
t:CnglT—i—Cg (11)

where C3 is yet another constant. Calculating the Euler-Lagrange equation for » we get

g—f = %(A(r)t’2 — B(r)r?)(2L) ' = %(02—1152 —Coi?)27t =0 (12)

and therefore
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doL d ot d

where we used L = 1. Thus

r = Cyt 4 Cs (14)

for some constants C4 and Cs. Proper times cannot be directly observed, but we can

observe
d dr dr
—r = ——=C1C5 '¢y. (15)
at’ ~ dtdr 2
That is a linear equation, thus
d2

The stone does not accelerate while freely falling in a gravitational field.

This is not the only problem in the Schwarzschild metric and General Relativity. The Schwarzschild metric is not a valid metric at

all: writing it in local Cartesian coordinates there are cross terms dXx,dx Iz i# j.Such cross terms cannot appear in any Riemannian

metric with orthogonal coordinates and Cartesian local coordinates are orthogonal. The Schwarzschild metric does not converge to

a Minkowski metric when the local environment shrinks. This is fatal: when the local environment is made smaller, curvature of the
space decreases. The tangent space is flat and it should be a Minkowski space. It is not for the Schwarzschild metric. This is the
reason why the speed of light is not constant in the Schwarzschild metric. In the Schwarzschild metric the speed of light sent
horizontally has a speed that depends on the altitude, it would be measurable. The Einstein equations do not allow any spherically

symmetric solution that has locally constant speed of light in vacuum. For proofs of these statements see [1-5].

Deriving a Formula for the Precession Speed

An ellipse is defined by

(I}2 y2

where a and b are semi-major and semi-minor axes, @ >b > 0. The focus points are (—c¢,0) and (c,0),c > 0, and in this article
the rotation center is at(—c,0). Eccentricity is defined as €=c/a.Notice that b> =a* =¢”.Coordinates (x, y) are centered at

origin. Polar coordinates (I;, @) are centered at (—c, 0), thus

rn=v@+c2+=er+a (18)
ricos(¢) =z +c r1sin(¢) = y. (19)

Solving r; from (28) and (29)
Py = e(ry cos(6) — ¢) + a (20)
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P EE— 21
1 —ecos(¢) @D

The orbital velocity for an orbit that is in the (r,,@) plane is

i 4 9% =72 4+ r2¢? (22)
. bz :

y:_ﬁf ify>0 (23)

b1
rné="1-g if y >0 (24)

ay

Kepler’s law is that the angular momentum

L=ri¢ (25)

is constant. It does not follow from the equation of an ellpise. It follows from Euler-Lagrangian equations for a test mass m;
circulating a spherically symmetric gravitational field created by a mass m; at (—c, 0). The Lagrangean function for dynamic

equations should normally be the sum of kinetic and potential energies

L= Ey(t, ¢, ¢;) + Ep(t, gi, 4;) = E. (26)

In order to find the dynamic equations, we minimize the action integral

ta
sz[ Ldt = E(ty —11). 27)

1

It is quite fine that the Lagrangean has a constant value like the total energy E, compare to Einstein’s Lagrangean at (7). The Euler-

Lagrange equations give the dynamic equations that keep the total energy at the constant value £. As an example, on the Earth
surface the potential energy at the height s is £, = mgs and the kinetic energy is E, =(1/ 2)ms’. We get the correct equation of

motion from the Lagrangean

L=FE,+E, (28)
oL _doL
ds — dt 03 29)
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There is no sense in minimizing the integral over time of a function

EZEk(t7Q1,aql)_Ep(t’quZ) =T-V (31)

that does not have a lower bound. However, if we use radial coordinates, like (1;,¢), then the acceleration is —T, because the r,

vector points outside. Then we must write the Lagrangean as in (48), but it is only a question of the direction of r,. Thus, in (1‘1 ,0),

coordinates we write the Lagrangean as

L= %ml(ff +7176%) — Ey(t,r1, 9). 32)
Then Kepler’s law
C‘l’t‘;g:mlir?:o (33)
means that
%; = %Ep(t,m@) = 0. (34)

This is true only if m, is an insignificant test mass that does not disturb the field with its own field which is circulating on an elliptic
orbit and for sure the position of m, depends on ¢ .

That is, Kepler’s law is only approximatively true for planets orbiting the Sun. As Kepler’s law is one of the postulates of
Newtonian mechanics, it is difficult to understand why some people have thought that Newtonian mechanics should give an exact
result for such a very small effect as the precession speed of Mercury and if it does not, then there would be needed a new theory

like Einstein’s geodesic Lagrangean.

Assuming that the potential energy is of the type

1
E, = —~GMm, — 35
1

Kepler’s law holds, r12¢ = L is constant and we can solve the Euler-Lagrange equation for r,:

doc
dt or,

. 1

87‘6 = m17‘1¢2 — C:Z\l’/nl*2

or1 ri

1

— 36
= (36)

7';1=T1(;.52—GM
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By using Kepler’s law

d¢2r — do

21 d( 1\  dtdnr
~ dedt L

KL
2
1 ry

R TAL %

oL 71 37)

and inserting to (53) gives an equation that r; in (40) fulfills

2
21 1 GMl (3%)

R )
Thus, the solution is an ellipse (40) and the angular momentum L is constant. In a gravitational field created by a point mass M the

value of L is

L=VGM (39)

b
Vva
if we assume that M is at the focal point (—c, 0).

The orbital period is calculated as

T z a 2 a
2 1 1 b
T= ﬁ=2/ f®:2/gﬂx=—a/ e
0 —z ¢ —aZ aL y

—a

b2 2a 5 [ a3
= — s T = —_—
al b T Gm (40)

for L as in (55).

If the mass M is not at the focal point, then the mass used in (55) is different and the orbital period (56) is also different. We could
in principle find out where the Sun is related to the focal point by measuring the orbital period, but planets are so small compared to
the Sun that this may be impossible in practice.

The exact position of the Sun is another issue that adds an error in the classical solution. We have placed the Sun at the focal point,
but the Sun actually cannot be exactly at the focal point. We can see it by thinking of two equal masses m, and m, circulating each
other’s. By symmetry, the focal point must be at the center of mass. If m, is insignificant test mass and m, practically infinite, then
m; is at the focal point. Between these two extreme situations the placement of the focal point must move continuously depending
on the ratio of the masses. As the ratio of the mass of a planet and the Sun is not zero, the Sun cannot be exactly at the focal point.

It is also impossible that the focal point of the Sun-planet system is at the center of mass. If this were the case, then considering the
two-body system Sun-Jupiter the Sun would be circulating the focal point with the orbital period of Jupiter. This means that every
other planet that circulates the Sun would also have to circulate the same focal point and it would have to have the orbital period of
Jupiter. This is not the case, planets have quite different orbital periods. Therefore the Sun must be much close to the focal point
than it is in the coordinates where the focal point is the center of mass. The Sun must be so close to the focal point that the planets

can have different orbital periods, yet the Sun cannot be exactly at the focal point.


http://www.tsijournals.com/

www.tsijournals.com | February 2024

This means that the movements of the planets are not quite separated, there is some small influence through the movement of the

Sun. The Sun is in an orbit with some acceleration and if we choose a coordinate system (I;,#) where the Sun is at the focal point,

then the origin of the coordinate system (I;,) is accelerating and there are additional forces affecting the Sun.

The Sun, like Jupiter and Saturn, is not a solid mass, it is a gas ball and it compresses if a force is applied. In an accelerating orbit,
or a coordinate system where the Sun is fixed but the coordinate system’s origin is in accelerated orbit, there are acceleration forces.
They do not need to do any work if the mass body is solid, but a gas ball compresses and the force makes work against forces that
try to keep the mass body as spherical. The gas ball acts as a spring that is compressed by a force, it stores energy and at some other
point it releases this energy. Therefore the total energy is not as in (26). There is additionally compressed energy. A small planet is
reasonably solid and will not compress. As it mimics the movement of the Sun around the focal point but does not store energy by
compression, it will have a mismatch between potential and kinetic energy: the sum of these energies is not constant; This
mismatch is solved by precession of the orbit of the planet. This effect is outside Newtonian mechanics and requires understanding
of how the Sun compresses under an acceleration force.

We see many small effects that can cause that Newtonian mechanics cannot give a precise result for the precession speed of

Mercury. We now proceed to derive an equation for the precession speed.

Let us assume that the coordinates (1’1 , @) rotate around the focal point with angular velocity @ :

A=l +lwt

and we assume that the orbit is sufficiently close to an ellipse in (I;, ¢, ) coordinates, i.e.,
1—e?
r=q———7--.
! 1 —ecos(¢q)
We also assume the following conditions:
Al. All energy is in kinetic and potential energy, so no compression energy.

A2. The Sun is at the focal point of both planets we consider: Mercury and Jupiter.

A3. Kepler’s law holds at the perihelion at 7 and aphelion at 7

> min > max *

A4. The only effect causing precession of Mercury is that other planets change the gravitational force.

A3 means that the speed Uy max at the perihelion relates to the speed of U at the aphelion as

,min

_ T1,max )
Vpy,maz = Vepy,min (41)

T1,min
The speeds in the perihelion and aphelion in (1;, @) relate to the speeds in (T;,d,) as

V1 = V¢y,max + T1,minW
(42)

V2 = V¢y,min + T1,mazW
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Using (57) we get
2 2
r —ry .
2 2 _ '"l,max 1,min 2 2 2 2
U1 — Uy = T2 ¢1,min (era;E - erin)w
1,min
dac 9

= m%l’mm —4dacw”.

The assumption that in (r1 R ¢1) the orbit is an ellipse means that at the perihelion and aphelion where y = 0 we can calculate the

centrifugal force as

j:_ajliﬂ_a ydg'/
b2 x b2 dtx

. a1 .9
3?|y:0 = :Fbjay

The absolute value of the centrifugal force at the perihelion is

a
_ 2
Fc,l =m b7201

and at the aphelion

a
_ 2
FC72 =m beUQ

We assume that the gravitational force at the perihelion is

1
Fg71 = alelmgf
Tl,min

and at the aphelion

1

2
1,max

Fg)g = agGmlmg

where aq, as describe the change of the gravitational force because of other
planets. Thus,

2 2
2 2 a1 b (65
(% Uy meo a (a — 6)2 m a (a T 0)2

=Gm

1ai(a+e)? — az(a—c)?
2— .

a2 — 2

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(D
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From (61) and (62) comes

a—c |ag (52)
=G —=.
2 e atcy a
Equations (59) and (64) give two expressions for the left side of the equations. Inserting (65) gives after some manipulation a

second order equation for @

b b2 —
w? — 2w—1/Gmay &2 + Gmo a2 (53)
4ac a  (4dac)? a

The solution is
b a9 a1
=—G —(1—-4/2— —
¥~ Yac M2\ ( a2> (54)

The values to be inserted to (67) are: the gravitation constant G=6.6743%107" m’kg 's ™, the mass of the Sun

m’®=1.9891%10° kg, for Mercury: semi-major axis a=35.7895%10"""m, e =0.206,c =ea =1.1926%10"""m, semi-

minor axis b=+va’>—c? =5.6653*10""m

oV max =@+ C, 7, 1, =a—c. The measured precession of 5600 archseconds in a

century is @=8.6%107"757".

We can assume that ¢, , &, are small and express them as @, =1— y,. In the first order

Q2

1\/2“;@172) (55)

and the first order approximation for @ is

b
W= gV sz\/z(% —2)- (56)

Inserting numbers

w=4.9 x 10_7(’71 - 2) s7L. (57)

We notice that (70) is very much what we would expect: ¥, — ¥, should be 3.51*1 07 to give the measured value. Jupiter is about
thousand times smaller than the Sun and its orbit is about ten times larger than that of Mercury, therefore the gravitational force

from Jupiter to Mercury should be about 1/1000°100 of that of the Sun. This is just the 107 size. Let us make a very elementary
estimation of the effect of Jupiter on Mercury’s perihelion and aphelion. At the perihelion the gravitational field from Jupiter might

be roughly
1

—Gmy—
aj + T1,min

10
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and at the aphelion roughly

1

_GmJi
aj — T1,max

where a, is the semi-major axis of Jupiter, @, =77.8473 * 10"m and m,=1.898* 10° kg is the mass of Jupiter. Then

1
a1(—Gms )=—Gmgy +Gmyj——m—
T1,min T1,min ay + 1, min
my T1,mi
ap=1- 1 Tmin__ (58)
aj+ T1,min
And
my T1,mazx
g =1——L_“lmar
m2 aj — T1max
o my T1,min T1,max
1Y = - .
m2 \@J + T1,min aj — T1,max

Notice thaty, —y, < 0,so @ is negative, opposite to what we observe. We can ignore this issue because the example only

demonstrates the strength of Jupiter’s influence. We should put Jupiter and Mercury to different positions to get the direction of @

correct. Ignoring the sign, the strength is correct:

2 _ 9.2
my 2a 2¢® + 2cay 3863 %105

=2l = my (ay +c)? — a2

This gives the precession speed
71 -5 -1 -1
w=4.9%10 53.863 *107° s =9.46 s

which is not bad for such a simple approximation. Using better approximations 19th century astronomers managed to explain over
99% of the measured 5600 archseconds, mostly with the effect of the other planets.

Thus, tracking the positions of the other planets one can get quite good approximations for the measured precession speed of
Mercury. The size of the measured @ is quite on the range of effects of planets, but here comes a caveat. The time series of
Mercury’s perihelions and aphelions is relatively short. Mercury is at the perihelion 415 times in a century and precise
measurements have been made maybe for 500 years. There cannot be much more than some 2000 perihelion points in the record.
Compare this to the presumed length of the precession cycle. With 5600 archseconds in a century one full cycle takes over 23,000
years. Nobody has ever measured a single full cycle. There is no good reason to assume that Mercury ever makes a full precession
cycle. Instead, there is a reason to suspect that planet orbits only wobble and do not make full precession cycles: why else should

the orbits of all planets be now pointing to roughly the same direction.

11
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The question of what in reality is the precession speed of Mercury is not answered by experimental measurements. From
measurements we only get the precession speed at this our time. In some thousand years the precession speed can be quite different.
The planerary system has existed for billions of years. If there is a long term force, e.g., from Jupiter or other planets, that gives
Mercury some small precession speed, then this speed continues in our times because of conservation of angular momentum, while
we cannot see in our time any force that causes this precession. This may be the origin of the 43 archseconds.

Let us next calculate what is the long term effect of Jupiter on Mercury’s precession. The result may be surprising: the long term
effect is one hundred times smaller than the effect we see now. The forces that cause the effect now cancel each other’s when the
observation time is very long, but all forces do not cancel, there remains long term effects. The long term effect of Jupiter on
Mercury’s perihelionic precession is quite in the range of this missing 43 archseconds. We get roughly 54 archseconds in a century
and should remember that this 43 archseconds is the minimum unexplained precession component: the unexplained part can be
longer because in order to get this 43 archseconds every explanation has been pushed to its limits, to explain as much as possible. It

is not likely that every mechanism should explain up to its maximum limits.

Long Term Effect of a Planet on the Precession Speed of Mercury
The average gravitational field at a place (h, 0) caused by a mass body m moving on an elliptic orbit with constant angular

momentum is

1 T2 T1 1
ave ) = —G Irr/ N\ -
ol ) = G [0 (59)

where 7, is in (28), y and x in (27)

2 h h? — 2
s = (x—h)2+y2:r1\/l—x (C—; )+ 2c (60)
i 1
and the weight W is from the orbital time formula
T2 rl
T

The integral (71) can be calculated to the desired precision from a series expansion of (72). Let the numbers in (71) correspond to

the orbit of Jupiter.

The semi-major axis @ =77.8473*10" m, semi-minor axis b=77.7549%10'"m,c=3.79116%10'" m,e=0.0487. The values

=4.5969%10"m and h,=r,, —c, hy=r, . =6.982%10"mare

of h that are of interest to us are iy =—(c+7r, . ),7 . i
the perihelion and aphelion values for Mercury. We assume that the orbits of Mercury and Jupiter have the same focal point and the
Sun is at this point. The parameter x in (72) ranges from —a to a. We can insert the numbers to (72) and notice that the term under

the square root is

12
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1 3
\/1+z:1+§z+§z2+0(z3)

and that | z|is smaller than 0.18. This means that in order to get two significant numbers (error in 10~%) we need a second order

approximation in (72). This precision is sufficient for us.

Integral (71) can be calculated with the transform

/ﬁ _a7k (ez + 1)F1dz
yrk b V1—22

Where

x4+ c
a 2
cr+a

and either partially integrating or cancelling one term 1, in the denominator. In the second order approximation we need

dr a . (:L)
— = —arcsin  —
Y b a

di_ﬂz x—&—ﬁ 1\/1_712+1&rcsin aﬂ
g2 b3 ¢ a? b cx + a?

d 3 1 1
% = _;)LG <— <1 + 262> arcsin(z) + /1 — 22 (2€2Z + 2e>>

¢ dx a’® 1
- _ 2 14+ Ze2
/ay7°§ b6ﬁ< +26>

(62)

(63)

(64)

(65)

(66)

(67)

(68)

13


http://www.tsijournals.com/

www.tsijournals.com | February 2024

dx a*

/a dx
o yrt

/W:Acf ciw+<3a_A2a2> dz
yry ¢ Y

4 2
+(X1—Ba+0> Az

c2

[ Astibeic

2
—a yry

c

2 3 2
+ (Bwa - A) onl

JE=

a4

05 (1 + 362) T

c c? yr

c yr?

a a CL3

b4

a? dx a 2a> dx
yri c yry c yry

3 2
+<AZB+C) v
C &

1. 2 .
yir‘ll 05 < (1 + 362) arcsin(z) + /1 — 22 (36 + 2622 + 56322 + 363)>

(69)

(70)

(71)

(72)

(73)

14
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The second order approximation is

2
S=—(1 h)— 2 p2y= hy2Z
= (LG 5@ - e
1 3 z 3 1 73)
S22 —he e — e L2222t ) (
+r1( 4(C o C)r%+8(c )r‘f
Integrating gives
/a ridx
—a YS
a a e 1, N
=TT g gl =)

+§(C+h)2a72 %&4_12+L
2 U\ 20 B T (1 e2)?

3., o .3 g.0a° 1 1 3a?
4(ch he® + h c)b67re 1_62+2 572

3.9 22a4 3 5
+§(h — ) T 1+§€ (73)

Derivating the second order approximation of the field with respect to h gives an approximation of the force, but notice that we
have not yet divided by W, so the result is not yet force. We will drop terms with e? because the approximation has an error term of

the size 107'" and for Jupiter €* =2.3%107.

15
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T2

a?

—Z(Qch — %+ 3h?)

e My

3a%
251

a3
bfﬁﬂ'e <—

a2
)

1osa
2 2b

)

16

(74

(75)


http://www.tsijournals.com/

www.tsijournals.com | February 2024

Dropping €? terms
2 3 4
=hir (—1 + a)

Dividing with W and obtaining the force

Since

we simplify the force to

h
F=— —,
Gm1m2b3

This force comes from potential of the type 42, but that is because of the approximation that we used. The force has a fixed value at

both values of /4 that we are interested in. We find a potential that is of the correct type
1
¢ = —-Gm-—
r

and gives the same force at 4’ and #’>. We now denote the values for Jupiter by an index. Thus, in (89) b=b ,,M=m,,C=C,not

to confuse them with the values for Mercury:

Thus, at ¢, + h=— N min

—T1,min — CJ
¢1 = —GmTrl,min (76)

and at 7,

1,max

=c,+h
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T1,max — C
¢2 = _GmLTBJTLmaI (77)

Then we still have to get «; as in (70) and ¥,.

2
my (_rl,min - CJ)rl,min
mo 2[)?]

m=

2
my (r1,a$ - CJ)Tl,min
mo 2[)%

T2 =

Now we can estimate the size of the long term effect of Jupiter on the periheliotic precession of Mercury:

3 2 3 2
My — "1 min = €T min — "1,maz + CITT maz
mo 2[)‘3-

=72 ==

@a?’ (1 +3¢? — 26%)

mo b?}

3

Inserting numbers M 20.9542%10° ,Z—3= 4.127 %10 and 1+ 3e* —2e<- = 0.8575. The result is , ~ , =3.3625¥10” and
m, 4

®=4.9%10"7%1.813%107 s =16.5%10"* which is about 107 archseconds per century.

Jupiter’s year is about 12 years, so the planet is at each place in its orbit every 12th year, but in the calculation we also assume that
Mercury is at its perihelion and that this perihelion is in a particular place with Mercury’s orbit pointing to the same direction as
that of Jupiter. This assumption is not fully valid even today and when Mercury precesses more, this assumption cannot hold. Let us
take half of 107 archseconds per century as a rough estimate to account for the angle between the semi-major axes of Mercury’s
orbit and Jupiter’s orbit. Thus, the predicted precession is about 54 archseconds in a century.

This is my proposal for an unknown mechanism that can cause precession of Mercury’s perihelion. There must exist some
unknown or ignored mechanism that explains the 43 archseconds, and probably a bit more. Einstein’s explanation cannot be
correct. It is difficult to find some mechanisms that has not been considered, but there are very long time effects, all forces do not
cancel even in a very long time. The solar system has had billions of years’ time and such long time effects have been compensated
by precession because the energy budget must hold. If such a long term calculation shows that there is an energy inbalance, it must
result to something that fixes it, like to very small precession. In a relatively short observation period, like some hundred years, we
cannot see these long term mechanisms. The short term mechanisms are much stronger because forces do not cancel. Constant
potential terms that come out of the integration in (85) do not mean constant potential in anything than in the average. At each time
moment the potential that is shown as not dependent on h in (85) is a potential that has a clear gradient pointing to Jupiter. This is

why there appears these hundred times larger forces than in the average.
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A Serious Error in Einstein’s Formula for the Precession

Einstein’s calculation, or a form of it that seems to be used today for teaching students, can be found from Owen Biesel’s paper [6].

The paper derives the Schwarzschild metric, but let as start from the point where the geodesic Lagrangean appears to the

calculations
-1
c—-<1ﬁk>T2+<1ﬁg> 2 4 r2¢?.
r r

[6] says that L = —1. If this is so, then he can use this Lagrangean instead of

-1
e 0By e
r r

as the square root term (2L)™" is 27" Let us assume L = —1 and calculate like [6]. notices that

YV

Therefore the Euler-Lagrange equations for 7and ¢ give
d oL d R\ -
——=—2(1-—)T=0
droT dr ( r )

d oL d
ST = o2 =
dr 0¢ d’rrqb 0

and [6] gets Kepler’s law and the energy conservation law:

L=r2¢

E:<1—RS>T
T

are constants. Then the paper again uses the assumption that L = —1 inserting (94) to L and solving P

Writing
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. dr  d¢dr — ' = Lr’
Cdr drde o2
[6] gets (95) to the form
E?-1 "
(r)? = 72 rt+ Iz > =7+ Rer (83)

There are four points when 7' = 0, two of them being R .=a+tc and R=a — c, the aphelion and perihelion points of Mercury.

Here ¢ =ea=1.1926*10""m and not the speed of light. One root is » = 0 and the fourth root [6] denotes by &, but let us denote

it by R4 just to remind that it is meters. Thus

E*-1, Ry 5 1—E?
7z " +ﬁr - —&—RJ:T

r(Ry —r)(r— R_)(r — Ra). (84)

[6] solves E? and L? using the two roots R+ = a + c and R~ = a — c. Then the paper calculates an integral

By dr
r. /r(Ry —7)(r — R_)(r — Ry)

Ry dr
B / r/(Ry —r)(r— R_)(1 — Ryr— 1)’

A first order approximation is made

1R,
— =1+ —— + error term.
1_ B4 2 r

T
Einstein’s precession speed formula comes from the integral

I—& Bt dr
2 Jr. r2\/(Ry —r)(r — R-)

The integral gives
1 s R4

~ JR.R_ 4D

1

where

_ RR. V¥
 Ry+R_ 2a’
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Weused here R, +R_=(a+c)+(a—c)=2aand R.R =a’ —c* =b".

Inserting D we get

17mRs2a R4 a
=y 2 p" (8
[6] notices that
L? _RyR 4

_E2 Rs
- -k

and taking the constant from the polynomial (97) shows that

The final result that gives the exact 43 missing arch seconds is

oo [ Nl

Using the approximation the result is

RS N SRS S T dr 5
T 1%<ﬂ+ R+R2/R- r2\/(R+—r><r—R>>

which gives Einstein’s formula

D

R
by — - = ——— (1+41‘RS>- (87)

R, —
1=F

Thus, this formula does come from the Lagrangean, but it does not help. There is a serious error in the assumption that L = —/. Let

us assume it is so and calculate the Euler-Lagrange equation for r that [6] did not do. Thus,

oL 1 s o, 2L7 R,\?
E = 77'2 (1 — Rs) <—R5E — RS'I’ + T (1 — 7") (88)

And

doc 1 ,noo o Bs (89)
dT@f’_rz(l—RS)< 2Rt +2T<1 T))

From (103) we get
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R L?> L?R
_ s 7E2 .2y Lo s
i 2r<r_Rs)( +7i%) - S5+ = (90)
Inserting T~ from (95) to (104)
R 1 212 L?
G s 1 “ | Ry — 2L2 - 91
" QT(T—RS)( +7~< Rs+ >+r2> o1
We get another equation for T by derivating (95) with respect to 7
R,. L* RJL*,
277 = —T—2r+2r—3r—3 o
R, L? B §R5L2 92)

Fo
2r2 3 2 ot

If £L = -1, then

1 212 L?
—14+=-(Rs— 22 =
+ r ( R, + ) + r2

equals

_2r(r=Rs) ( Rs E_%RSLQ
N R, 2rz2 3 2 pt

1
r

r3

2L2 7 Ii R,L?
R, 72

We see that they are not equal. The assumption L =—1 is wrong. L is not constant and therefore the Euler-Lagrange equations for
this geodesic Lagrangean are wrong. For a correct calculation of geodesics in the Schwarzschild metric, see [7-9]. The geodesic
equations have long and difficult expressions.

Let us still investigate what is the curve that Einstein’s geometric Lagrangean gives. It is not a rotating ellipse. A rotating ellipse

has the formula

_ .2
. a(l — e%) 93)
1 —ecos(¢p — wt)
Assuming that @ is small, the orbital time when Mercury is circling the Sun is closely approximated by and L is
closely approximated by
a2
T =2m\/=— (94)
Ve

and L is closely approximated by
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L=1/—b (95)

Derivating » we get

!l € : W 2
T ——msln(d)—wt) (1—¢>T .
There are two zeros in the range 0< @< 7. They are the zeros of sin (¢ — @t) and they are

T
¢- =0 ¢+:7r+w§.

The other zeros are not possible: 7 = 0 does not happen on the orbit of the ellipse and 1— a)(¢)_1 = 0 does not happen when @ is
small.
Eliminating sin (¢ — @t) by using the following equation derived from (107)
cos(¢p — wt) = é (1 — 61(1;62)>
we get after some manipulation

2 w

r? = ﬁaﬁ —r)(r—R-) (1 - ¢)2

Where R, =a+c=c=a(l+e),R =a—c=a(l-e).Thus

"= W%r\/(m =R (1 - ;’)

Noticing that av/1 —e2 =1

"= %W(m (- k) (1 - Z) 06)

This is an equation of a rotating ellipse.

Einstein has in (96)-(97)
1— E2 R
¥ =\ VR 0 - ROy 1

Noticing that

=B _V'-5 1 [ 2R
[ R S A =
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and that R, = R_/(1—R,/D)is very close to R, << r we can approximate

n_ 1 2aR, R
r? = br\/(R+—r)(r—R)\/1— 6;)2 \/1—T4. ©7)
L vE T r (1-r (L4 1)) ¢ (98)
5" (Ry —7)(r _)( s (b2 2T>) error term

Notice that (111) is not an equation of a rotating ellipse and that the approximation (112) comparing it to (110) gives a first order

approximation

9&(“+1> (99)

L=1% (100)

need not hold exactly, it certainly is a very good approximation in the rotating coordinates (7, ¢).

We calculate as in [6] eliminating ¢ in (110) by (114)

oFs Ry Ry g
/ dp = —dr = / =
_ R_ 43 r

_ Ry dr
b/Rf rR =R (1-%)

w
@

and notice that the insertation x=(a/c)(r —a),#, = r, changes

/R+ dr _a (" de
r. m\/(Ry —1r)(r—R_) bJ_qyrf

for any & Taking a first order approximation

1 wr2\ ! 1+ wr? N .
- = —— 4+ error term
L L

we get a good approximation
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¢ dx w [* ridz
—¢p_=0b — +b— / )
¢+ d) /—a yri L —a Y

We give some more formulas:

2 2 3 2
ride ¢ 5 1 x a lc X
/ y = _B <2a + 2CCE)> 1-— E + ? (1 + 5? arcsmg

a .2 3
ridr  a 15
= — 1 -
/_a Yy bﬂ<+2€>

The second formula we do not need here, but it is nice to know. We get

¢—lp_=b (% + %abﬂ'>

and inserting L from (109)
[ a3
¢+ — (bf =47 GiMw

_ P9 —T Py —p_—m
w = = 1
a3 =T
GM 2

The result is

™

as it should be, showing that the errors in the approximations cancel nicely. In order to reject Einstein’s formula, it is enough to

compare (110) and (111). Whatever (111) is, it is not what it should be: a rotating ellipse. It gives an impossible result (113).
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