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Introduction and relevance 

The equivalence principle of Einstein is often misinterpreted. Many people think that 

acceleration of a spaceship or elevator has exactly the same effect as gravitation on 

our laws of physics, including Einstein’s Relativity. The specialists call this total 

equivalence the “strong equivalence principle”. However, only for some laws of 

physics is acceleration equivalent to gravitation. 

 

Equivalence is found in Newton’s laws: inertial mass is identical to gravitational 

mass, proven by Eötvös. However, looking at the clock and time, the influence of 

acceleration on the local (proper) time is zero or nearly zero, while we know the 

influence of gravitation on the clock and time accurately. To prove that, we are going 

to look at the physics of time, at Einstein’s theories and at a real experiment at very 

high acceleration. The authors support the “weak equivalence principle”, in which 

acceleration has no influence on the clock and time at all. It means that the “twin 

paradox” cannot be explained by the acceleration and deceleration of the fast 

travelling twin. 

 

The clock and time in physics 

Time is measured on a clock in physics. Currently we use the cesium clock as the 

measure of time. The cesium clock has proven to be sensitive to gravitation 

(according to General Relativity) and to speed (according to Special Relativity) by the 

Hafele-Keating experiment and by GPS clocks too. No acceleration of the used planes 

and satellites was necessary to correct the outcome. The cesium clocks are not 

measurably influenced by acceleration. You might still argue that the acceleration of 

these planes and satellites was relatively low and that its effect on the clocks was 

within the measurement error. Let us first see what Einstein’s Relativity tell us about 

acceleration and its influence on time. 

 

Special Relativity and acceleration 

Special relativity comes in two formulas: 1) based on the Lorentz transformation and 

2) based on the differential Minkowski formula. The Lorentz transformation is valid 

for a constant speed only, which means that any statement about acceleration is 

contrary to the applicability of the Lorentz transformation. This leaves us with the 

differential Minkowski formula. The differential Minkowski formula, see appendix, 

computes local (proper) time differences as a consequence of the time difference on 

synchronized clocks within a reference frame of for example, the earth. 

 

Special Relativity is based on Euclidean space, that is space without any measurable 

gravitation. However acceleration is certainly possible within Euclidean space. So the 

key question is, what is the effect of acceleration on the local (proper) clock and time 

in Euclidean space? According to the differential Minkowski formula: no effect at all, 

see appendix. You might still argue that the acceleration has an effect on time and that 

the Minkowski formula is not accurate enough to describe the effect. Well, let us see 

what that effect could possibly be in the theory of General Relativity. 
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General Relativity and acceleration 

The solutions to Einstein’s theory of General Relativity are local (proper) time 

differences, just like (and variations on) the differential Minkowski formula. That is 

no surprise, since Einstein used the differential Minkowski formula as the basis of 

General Relativity. The Schwarzschild Solution to Einstein’s field equations describes 

the effect of gravitation on the clocks on and around the earth accurately. This effect 

is very small, but measurable on our very accurate cesium clocks. 

For example, a cesium clock on a GPS satellite at a height of 20,200 [km] would tick 

half a nanosecond per second faster than a cesium clock at sea level. That’s why these 

GPS clocks are slowed down to be synchronized with sea level. So the key question to 

what the effect of acceleration on the local (proper) clock and time is, can be 

answered. According to the Schwarzschild Solution: the effect of acceleration on the 

time and the clock is no effect at all. You might now argue that the acceleration has an 

effect on time, but that the Schwarzschild Solution is not accurate enough to describe 

the effect. Let us have a look at a high-acceleration experiment, the Kündig 

experiment. 

 

Kündig’s experiment 

Kündig placed a radioactive source in the middle of a rotating cylinder with a radius 

of 9.3 [cm], while the receiver (the proper observer) was at its surface. The rotational 

speed was increased steadily until the speed of the receiver reached 400 [m.s–1]. This 

creates centrifugal acceleration, feeling just like gravitation of 175,200 “g”, 

acceleration that would kill any human being. When it comes to proving the “strong 

equivalence principle”, this would be the perfect experiment. Unfortunately, there is 

no General Relativity formula for acceleration, only for gravitation. 

 

To get to an answer, we look for an object that has the same 175,200 “g” at its 

surface. That would be a (hypothetical) static black hole of 4 million sun masses with 

a radius of 25 sun radii. We then know from the Schwarzschild Solution that its clock 

rate is 42% slower than on earth, see appendix. Let us also look at what Special 

Relativity predicts about the clock rate, solely based on speed. At the speed of the 

Kündig cylinder of 400 [m.s–1], the clock rate is just about one picosecond per second 

slower. 

 

You see the contrast, the “strong equivalence principle” predicts considerable slowing 

down of the clock in the order of 42%, while the “weak equivalence principle” 

predicts a very small effect of just about one picosecond per second or just 0.000 000 

000 01%, based on speed in Special Relativity only. This is what Kündig measured: a 

slowing down of the time of just about one picosecond per second, exactly in line 

with the influence of speed as described in the theory of Special Relativity. We must 

conclude that gravitation, not acceleration, influences the clock and thus time. 
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Summary 

The clock and time are influenced both by speed and gravitation, but not by 

acceleration. There is no formula in Special or in General Relativity related to 

acceleration. There is no experiment proving any effect of acceleration on the clock or 

time. In fact, the Kündig experiment proves the opposite, acceleration does not have 

any influence on the clock at all. In the appendix all computations are provided to the 

experts in Relativity. 
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Appendix 

 

Special Relativity formulas: 

 

c2.dt0
2 = c2.dt2 – dx2 – dy2 – dz2 [m0

2] differential Minkowski formula 

ds2 = dx2 + dy2 + dz2 [m2] distance within reference frame 

c2.dt0
2 = c2.dt2 – ds2 [m0

2] differential Minkowski formula 

ds = v.dt [m] distance vs. time at speed “v” 

c2.dt0
2 = c2.dt2 – v2.dt2 [m0

2] differential Minkowski formula 

1 / γ2 = (1 – v2 / c2) [ ] boost-factor “γ” 

dt0 = dt / γ [s0
 ] time dilation 

 

Boost-factor and acceleration at speed of 400 [m.s–1] 

 

γ = 1 / (1 – v2 / c2)½ [ ] boost-factor 

γ = 1 / (1 – 4002 / c2)½ [ ] boost-factor at v = 400 [m.s–1] 

γ = 1.000 000 000 000 89 [ ] boost-factor at v = 400 [m.s–1] 

dt0 = dt / γ [s0
 ] time dilation (slower by 1 

picosecond/s) 

a = v2 / g.r = 175,200 [g] centrifugal acceleration, g = 9.82 

[m.s–2] 

 

 

General Relativity formulas: 

 

c2.dt0
2 = σ2.c2.dt2 [m0

2] time-like Schwarzschild Solution 

σ
2 = (1 – Rs / r) [ ] gravitation-factor “σ” squared  

Rs = 2G.M / c2 [m] Schwarzschild radius 

a = G.M / r2 [m.s–2] gravitational acceleration 

 

Gravitation-factor and gravitation at static black hole:  

 

Rs = 1.16 x 1010 [m] Schwarzschild radius of black hole 

R = 1.74 x 1010 [m] radius of (hypothetical) static black 

hole 

σ = 0.58 [ ] gravitation-factor “σ” (r = R) 

dt0 = 0.58dt [s0
 ] time dilation relative to earth (42% 

slower) 

a = 175,200 [g] gravitational acceleration at the 

surface (r = R) 


