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Abstract

This essay describes orbits of particles passing near the sun, first according to Newton’s

celestial mechanics and then according to Einstein’s general theory of relativity.

Attempts to verify the latter by observing the deflection of light during total solar eclipses

are mentioned. Confirmation also comes from mea- surements of the delay in the arrival

of reflected light, as well as from the use of Very Long Baseline Interferometry

(VLBI). A comparison of explanations of these phenomena reveals contradicting

statements.
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1. Introduction

According to Newton’s celestial mechanics, a particle of positive mass that passes with

high speed close to the sun travels along a branch of a hyperbola. The faster it goes, the

smaller is the angle between the direction of the incoming path and the direction of the

outgoing path. How does this angle compare with the deflection angle by which the sun
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bends a light ray?

We consider three phenomena which might influence a light ray: Newtonian gravi- tation;

Einsteinian curvature of spacetime; refraction in the sun’s atmosphere.

The approach is both astronomical, geometric, and historical.

The most important persons in this essay are Johannes Kepler (1571–1630), Isaac Newton

(1642 old style – 1727), and Albert Einstein (1879–1955).

2. Sources

Of utmost importance for the understanding of the deflection of light rays passingclose to

the sun are two papers published by Einstein (1911, 1916a), the latter reprinted as a

book (1916b). His book (1917) was intended to be popular (“Gemeinverständlich”), but

its translation (1920) was provided with three more technical and quite useful appendices,

the third of which, entitled “The experimental confirmation of the general theory of

relativity,” is authored by Einstein at the request of the translator according to the

Translator’s Note on page ix.

A book by Julian Schwinger (1986) gives a most readable account of the devel- opment.

A book chapter by Joseph Weber (1964) offers good explanations. Shlomo Sternberg’s

book (2012) has been important here.

This study originates in my interest in astronomy and the history of science in general.

Let me mention as a background that I learnt some celestial mechanics from Gunnar

Larsson-Leander (1918–2020) and Bertil Lindblad (1895–1965) at Stockholm University

College and Saltsjöbaden Observatory during the academic year 1957–1958. I worked as

an assistant at this observatory in the northern summer of 1957.
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16. Summing up

16.1. Three phenomena

Starting with considerations in the year 1801, we have studied three possible ways

a light ray might be influenced by the sun: Newtonian gravitation,

assuming that a photon has a positive mass; curvature of spacetime in accordance with

Einstein’s general theory of relativity; refraction in the sun’s atmosphere.

16.2. Newtonian gravitational attraction

Gravitation according to Newton’s celestial mechanics can act only if the photon is assigned a

positive mass—von Soldner and Einstein did so.

Gravitation would accelerate light, whereas this has not been confirmed by mea- surements.

On the contrary, observations have confirmed with high precision that there is a delay, in

complete agreement with the general theory of relativity.

So we have two arguments against gravitation, the first being questioned (since the photon is

claimed to have mass zero), and the second, based on observations, being strong.

16.3. Variation with the distance from the sun

We have seen that deflection varies with the angular distance to the sun in the same way for

Einstein’s formula (5.3) for the deflection due to the sun’s mass and von Soldner’s formula

(4.1). Both yield deflections which are inversely proportional to the distance to the sun.

16.4. Variation with speed

Also both formulas (4.1) and (5.2) give a deflection which is inversely proportional to the

square of the speed—in the first case proportional to c−2 (allowing for imagined—or perhaps

real—different speeds of light); in von Soldner’s case proportional to v(s)−2, where v(s) is the

speed of the ideal comet when it is closest to the sun; this distance being s.

16.5. Numerical results for the deflection due to gravitation

The Newtonian gravitation results in an angle of 0′′.9 or 0′′.84 according to von Soldner

(1801); of 0′′.83 according to Einstein (1911:908); of 0′′.876 as calculated using two different
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methods in Sections 14 and 15.

The agreement is good, which is not surprising, since the calculations are based on

well-established Newtonian celestial mechanics and, in the case of Section 14, on the

geometry of hyperbolas. It also agrees well with Poor’s calculation (1927:231) using wave

fronts, yielding 0′′.83.

16.6. Refraction in the sun’s atmoshere

As to refraction, Xu’s results gives the value of 26′′, which does not agreee with reported
observations. However, for just a little larger than 1 it is insignificant. So it may
well be that no observation has been made sufficiently close to the limb as to show such a
large refraction.
16.7. A photon at rest and moving with the speed of light

Johann Georg von Soldner and Albert Einstein assert that Newtonian gravitation causes a

deflection of light rays passing close to the sun, presupposing a positive mass of the photon.

A solution might be that the photon has mass zero at rest—it is never at rest—but that it can

have a nonzero mass when moving with the speed of light—which it always does.

17. Questions

During the writing I have come across a couple of questions. Some of them I could answer in

one way or another. But some of them remain. I do hope you can help me.

17.1. An error in Einstein’s most well-known paper

The error I found in Einstein’s papers (1916a) and (1916b) was silently corrected in the

translation that appeared in 1973.

Question 17.1. Is there any publication with the correction earlier than 1973?

In Volume 6 of Einstein’s collected papers (1996:334), the deflection is given as in the

original paper from 1916, viz. formula (70a) in Subsection 5.3, thus without the correction

published in 1973.
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17.2. Newtonian attraction vs. the general theory of relativity

There are two phenomena of a rather different nature that affect light rays passing close to

the sun: the deflection of the orbit from a straight line and the delay in arrival of reflected

light.

There are two theories that apply to these situations: Newton’s theory of gravitation and

Einstein’s general theory of relativity. The first gives good results in the absence of heavy

celestial bodies and for particles with small speeds, but for particles with a high speed or

passing close to the sun, it is not accurate.

These two theories are totally different, one could say even disjoint, and should not be mixed.

The deflection of a light ray is caused by the curvature of spacetime—or so I imagined.

For light rays passing close to the sun, Einstein predicted in 1916 a deflection based, as he

wrote, on both Newtonian gravitation and the geometry of spacetime, each contributing half

of the deflection. The amount has been confirmed by measurements during several solar

eclipses, and with high precision for radio sources using Very Long Baseline Interferometry

(VLBI).

Why did he mention Newtonian gravitation here? He states the same in his popular book

(1917:87), reprinted in (Kox et al., Eds., 1996:511). Is it just to try to be under- standable in

this popular presentation? If so, it creates problems in the understanding of the curvature of

spacetime. On the other hand, observations confirm a delay in the arrival of light passing

close to the sun, in accordance with the general theory of relativity, and contradicting the

hypothesis of Newtonian attraction, which instead would speed up particles passing the sun.

Question 17.2. Newtonian attraction is said to provide an indispensable contribution to

deflection—for example by Albert Einstein himself (1917:87) and (1920, Appendix III, (b),

page 153) and by Julian Schwinger (1986:209) quoted above—but cannot be allowed in the

calculation of the delay in arrival.

Is there an explanation?
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18. Conclusion

Einstein’s general theory of relativity has been confirmed by observations during total solar

eclipses of the deflection of light rays passing close to the sun, as well as—with high

precision—by measurements of the delay in the arrival of reflected light and by using Very

Long Baseline Interferometry.

An intriguing contradiction has been discovered: For predictions of the deflection of light it

is stated that Newtonian gravitation is an indispensable component to be combined with the

general theory of relativity, but that, on the contrary, consideration of Newtonian attraction is

inadmissible when it comes to predicting the delay in the arrival of reflected light.
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