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ABSTRACT. The Bucherer experiment of 1908 was not experimen-
tal proof of a relativistic mass varying with speed, but proof that
electromagnetism and the Lorentz force law fail under relativistic
speed conditions. Our conclusions come from a novel re-examination
of the experiment based on three different interpretations of New-
ton’s second law as applied to the experiment and to analyze the
implications for each of:

(1) forceocdp/dt

(2) force=relativistic_massxacceleration

(3) the classical f = ma
The new interpretation now shows a constant charge-mass ratio
for all relativistic speed; both charge and mass would be speed
invariant. New relativistic force laws had to be proposed to be
consistent with the new experimental findings; the Lorentz force
law is now: F = ¢(1/1 —v2/c2(1 + v?/?)E + /1 — v1/c*v x B);
the Coulomb’s law is:F = /1 — v2/c?(1 +v2/c2)(ﬁ) (hrq;r. The
Coulomb’s law has an additional scalar factor depegdent on the
relative Ve10(2:ity between the charges; for small speed, the form is:
lv 1 | qiger
F= (1 + 2 C2 )(47'1'6())

between parallel current-carrying conductors: Fy; = QM—ORI 11>dl,to
T

5 This enables the formula for the force
,

be derived free of the concept of the magnetic field. A real possi-
bility exists for a formulation of a revolutionary Newtonian electric
theory free of magnetism and the Biot-Savart law.Also,the Bucherer
experiment could have been an experimental verification of the rel-
ativistic Lorentz force law if the predicted speeds of the electrons
had been verified through direct time-of-flight measurements.

1. INTRODUCTION

[Version 4.2.1] It is now common to find that whenever special rel-
ativity is discussed, it is accompanied by the assertion that it is one of
the best tested and verified physics theory to date. The Kaufmann(1901)[3],
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Bucherer(1908)[4], Neumann[5] and Rogers et.al(1940)[6] experi-
ments have always been represented as conclusive experimental ver-
ification of a relativistic mass varying with speed, thereby indirectly
also repudiating Newtonian mechanics and verifying special relativ-
ity. It will be shown that despite the excellent agreement the rela-
tivistic mass of special relativity has with the Bucherer experiment,
the experiment is not a verification of special relativity; instead, it is
a clear experimental repudiation of the Lorentz force law of electro-
dynamics at relativistic speeds.

2. THE BUCHERER EXPERIMENT, 1908

The purpose of this paper is not to critique the Bucherer experiment
in its details, but only its theoretical basis. Professor A.K.T. Assis
gives a simplified description of the Bucherer experiment in one of
his papers[2], but with a clear description of the theory behind the
experiment. We reproduce it here.

The Bucherer apparatus may be considered as a capacitor with
a linear dimension L much greater then the separation of of the
two oppositely charge plates with surface charge distribution of +o.
The z-axis is perpendicular to the plates from —o to +o0. Classical
electrodynamics shows that there is a uniform electric field E, =
—(0/€p)x between the capacitor plates. The axes origin is a radium
[-particle(electron) source at the center of the capacitor between the
plates. The y-axis is the path an electron would leave the capacitor
after traversing the distance L leaving the capacitor with a velocity
v,. A uniform magnetic field B, in the z-axis direction is superim-
posed on the capacitor. Only those electrons in the y-direction could
leave the capacitor when the electric deflection and the magnetic de-
flection in the z-direction are in balance. Furthermore, the initial
electrons has to have no velocity component in the z-direction else
they would collide with the capacitor plates. For electrons that leaves
the capacitor moving along the y-axis, the only forces acting on the
electrons are from the electric and magnetic deflections that act only
in the z-direction; the velocity v, is the natural electron ejection ve-
locity. The force acting on the electrons is:

Fx = —e(E; + vy x B,) (D
Equating the force with zero, we have:
vy =0/eB, (2)

The Bucherer apparatus is also a velocity selector as changing the
magnitude of the voltage across the capacitor and the magnetic field
would allow electrons of varying speed to leave the capacitors. Five
runs of the experiment were made giving data points for speed from
about 0.3c to 0.7c. After the electrons leave the capacitor it would
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only be under the deflection of the magnetic field and it would travel
in a circular path with a constant speed as in (2) until it strikes a
photographic plate at some known distance away. From the coordi-
nate of the points the electrons make on the photographic plate and
the other dimensions, the radius r of the circular path could be com-
puted. Applying the Lorentz magnetic force as the centripetal force
for circular motion, we have:

le(v x B)| = ma = mv*/r 3)

a being the centripetal acceleration and v is the constant speed equal
to the speed in (2). Combining equations (2) and (3) gives:

e/m = o /regB? 4)

The RHS of (4) could be evaluated as the terms are known physical
constants or measured variables of the experiment. The ratio e/m
for the data points was found to vary with velocity, decreasing with
velocity increase. As the electron charge was accepted to be constant,
the varying charge-mass ratio of the electron was interpreted to mean
that mass increases with velocity. The ratio e/m was found to have
a strong correlation with e/(mg/4/1 — v?/c?). This showed that the
experiment was in agreement with the Lorentz-Einstein model where
the electromagnetic mass was:

mo

V1—=v2/c?

mgo being the invariant rest mass of the electron. The textbook of
Professor Robert Resnik [1] gives a table of the data for the experi-
ment.The Bucherer experiment was viewed as evidence that inertia
mass of matter has an electromagnetic origin and that it varies with
velocity, not invariant.

)

m, =

3. INTERPRETATION OF THE BUCHERER EXPERIMENT

The result of the experiment did have profound implications. Prima
facie, it repudiated invariant mass and verified the relativistic mass
of special relativity. It was neither. The physicists then had electron
models that predicted mass increasing with speed. For whatever rea-
sons, they were unwilling to forego their models and consider alter-
native interpretations of the experiment. Some were quick to accept
the Bucherer experiment as a conclusive repudiation of the invariant
mass. None cast any suspicion on the equation (3) which was the
basis of experiments such as that of Bucherer’s. Electrons were de-
flected in a circular path and the Lorentz magnetic force of e(v x B)
was the only force acting on the electrons. It was the application of
Newton’s second law that gave rise to the equation.

We would re-examine the Bucherer experiment in a manner which
has not been considered in the past. The novelty of this treatment is
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to attempt three different interpretations of Newton’s second law to
be used in equation (3) of the Bucherer experiment and to analyze
the implications of each.

(1)

(2)

d . ..
Force « d_ztj This is an attempt to go back to the original
statement as in the Principia. Momentum would be the rela-
tivistic definition :

Force i _mv (6)

dt \ \/1—v2/c2
This interpretation of Newton’s second law as in relativistic
mechanics fails - it leads to a force that is fictitious.

A proportionality relation has meaning only when both sides
of the relation have defined values. The RHS is defined and
has dimension of [M][L][T~2]. The LHS is not defined as there
is not yet a definition for force; the definition of force as is
customary in Newtonian mechanics cannot be assumed here
as this interpretation of Newton’s second law effectually de-
fines a new mechanics. Such a relativistic mechanics of spe-
cial relativity has to come out with a definition of force if this
new mechanics is to be valid. As there is no defined unit for
relativistic force, such a relativistic mechanics may only be a
fictitious formulation. Though the relativistic mass as implied
in (6) does satisfy the mass as required in the Bucherer ex-
periment, such a force as defined in this case fails. This case
is dismissed.

Force = relativistic_mass x acceleration. Relativistic mass
may be defined as ¢(v)m where ¢(v) is a scalar function de-
pendent on velocity v, m being the invariant mass. This in-
terpretation takes the form of a definition of a force as the
relation here is an identity, not a proportionality as in the first
case. As the dimension of the RHS is [M][L][T~?], the same
dimension of force as with classical Newtonian mechanics, we
first assume that the force here is defined and has a real unit
the same as that for Newtonian mechanics. This definition
of force would be consistent with the actual Bucherer experi-
ment as it would accommodate a mass that varies with speed

if it is found to be the case in the result. If we take ¢(v) to

1 .. .
be ————, the relativistic mass would be that of special

V1—=v?/c?
relativity. As we have seen, such a mass agrees with the re-
sult of the Bucherer experiment. The case here seems to give
a formulation of relativistic mechanics that has a real unit of
force and leads to a valid mechanics which agrees with the
Bucherer experiment.
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We now use this definition of force in the work-energy the-
orem to get the formula for kinetic energy.

Y m dv Y mu
K=W=[ (— e D= [ g
v /0(\/1—U2/C2)dt ! /o V1 —v?/c? !
K =mc*(1 — /1 —v2/c?) 7

The formula (7) is not the same as the kinetic energy formula
of special relativity which is:

1

S
V1—0v2/c? )

If the definition of force in this case formulates a valid rela-
tivistic mechanics, it is not the relativistic mechanics of special
relativity. In fact, the definition of force in this case is also in-
valid as a variable mass dependent on speed could not be use
to define a consistent standard unit of force. This case too is
dismissed.

Force = mass x acceleration, mass being invariant. This is
the definition of force in classical Newtonian mechanics. It
interprets Newton’s second law as an axiom of truth defining
a force. This interpretation has been the only one since the
time of Newton and there never was any other. Here, mass
is an invariant as an axiom of Newton’s laws of motion. This
force definition is used in the circular motion force equation
(3) of the Bucherer experiment and it leads to a result which
shows a mass that is not invariant, but increases with speed
- there is a contradiction between the physics theory and the
experimental result. If the physics underlying the experiment
is correct, such a contradiction should not occur. The force
law behind the Bucherer experiment is based on an invariant
mass and yet, the result shows a mass that increases with
speed. This contradiction indicates that the physics on which
the experiment is based are not all correct - it includes physics
that are incorrect.

The physics behind the Bucherer experiment are Newton’s
force law, electromagnetism including the Lorentz force law.
One of them is invalid giving rise to the contradiction.The
classical Newton’s force law is one of the best tested laws in
physics since the time of Newton, rigorously tested for three
centuries without any instant of failure where it is applied -
it cannot be incorrect. The conclusion cannot be other than
that electromagnetism and the Lorentz force law contain fun-
damental errors in some manner. As others have noted [7],
the Lorentz law has to date not been directly tested under rel-
ativistic speeds; that it is the cause of the contradiction is very

K = mc*(
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probable. To assume that only the Lorentz force law alone is
invalid and the rest of electromagnetism is all clean and cor-
rect is illogical. As Lorentz force law itself involves both fields
E and B, its failure may well have its origin in the very for-
mulation of electromagnetism itself.

The first two cases above have to be ignored. Only the third case
need to be considered and the conclusion could only be the failure of
the Lorentz force law and the theory of electromagnetism.

The Bucherer experiment was experimental proof that
electromagnetism and the Lorentz force law fail under
relativistic speed conditions.

4. A MASS DEFINITION IS NOT TESTABLE

In the “Introduction to Special Relativity"[1], the well known author
Robert Resnick shows the Bucherer experiment as “proof’ that the
idea of an invariant mass was contradicted by experiment - mass was
verified to vary and even fits the ~-factor for the relativistic mass of
special relativity. The invariance of mass in Newtonian mechanics
is a definition - defined as an absolute “quantity of matter” in the
Principia. Even the relativistic mass of special relativity is founded

on this same mass, but as a “rest mass” my with a ~-factor added,
1

! V1=

Mo
V1—=0v%/c?
The formula (8) is just a new definition for mass (indirectly through
relativistic momentum) giving rise to a new formulation of mechanics
of special relativity.

Experiments in the scientific paradigm is meant only to verify or
test predictions of a theory, not any of its defined concepts. As an ex-
ample, the invariance of mass in Newtonian mechanics is not testable,
but the prediction that planets orbits the sun in elliptical orbits is veri-
fiable. So the claim of Professor Robert Resnick is logically untenable.
Neither the invariant Newtonian mass nor the relativistic mass of spe-
cial relativity is testable.

©))

m, =

5. A NEw COULOMB’S LAW AND LORENTZ FORCE LAw

We will examine here what forms the new Lorentz force law should
take in order that the Bucherer experiment would not lead to a con-
tradiction of a variable charge-mass ratio. We examine the form as

F = q(¢.E + ¢pv x B)
where ¢., ¢, are two scalar functions of velocity whose forms would
be determined. Following the same derivation as done earlier,the
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constant velocity in the Bucherer experiment for the circular motion
of the electron in a uniform magnetic field would be:

v = ¢.0/Pre0 B 9
For the equation of circular motion, we now have:
ledy(v x B)| = ma = mv?/r (10)

Combining equations (9) and (10), we have a new equation for the
charge-mass ratio:

e/m = (¢c/dy)o/eor B* 1n
We multiply the nominator and denominator of the RHS of (11) with

¢, o = /1 —v?/c?, we have:
e/m = (60/4})(0/peor B?) (12)
As shown in Section 2 above, o /¢eor B has a strong correlation with
e/m, for the data set of the original experiment. So, in order that the
new Lorentz force law leads to a non-contradictory constant e/m ratio
strongly correlated to e/m, the condition to be satisfied is: ¢.¢/p7 = 1
or,
¢t = B} (13)
A necessary condition for the form of the new Lorentz force law
would be:
b = W) Gy = 6" F(v) (14)
for any integer n, f(v) be any arbitrary scalar function of velocity.
There is another condition that has to be satisfied. If the new form
has the term ¢ or /1 — v2?/c?, then v <= ¢ otherwise there will be in-
determinacy from the square-root of a negative value. The magnetic
force of v x B only changes the direction of the velocity ot a mov-
ing charge, but not its speed; only the electric field would be able to
change the speed. In order that the speed of a charge particle to not
keep on increasing without limit and to exceed the speed of light ¢,
then the electric force of E on a charge must approach zero as v ap-
proaches c. This is a further restriction of the form of the new Lorentz
force law.
There are three general cases for the conditions 14:
(1) Case f = ¢: ¢, = ¢*"*1; ¢, = ¢" ! where n >= 0.
(2) Case f = 1/¢: This case is equivalent to case (1).
(3) Case f # ¢: ¢ = ¢*"1f%, ¢, = ¢"f wheren >=1
This shows that there are infinite forms the Lorentz force could take
which would have the Bucherer experiment to not lead to any con-
tradictions. The only way to determine what the actual form would
be is through experimental verification of the velocity in (9) by a di-
rect time-of-flight measurements of the ejected electron speeds. Fur-
thermore, examination of empirical observations may help to deduce
what its actual form should take. If the velocities of electrons of the
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Bucherer experiment had been verified through direct time-of-flight
measurements, then the Bucherer experiment would have been a ver-
ification of the relativistic form of the Lorentz force law.

The Bucherer experiment could have been an experiment
to verify the Lorentz force law for relativistic speed if
the predicted speeds of the electrons had been verified
through direct time-of-flight measurements.

As yet, no direct time-of-flight measurement has ever been made.
We will here only consider the case (3) above with n = 1 where
the new relativistic Lorentz force law would have the general form:

F = q(¢(0) f(0)?E + 6(v) f(v)v x B) (15)

A new Lorentz force law would need a corresponding revision of the
Coulomb’s law to take an extra factor ¢(v) = ¢(v)f(v)? which is a
scalar function dependent on v; v is now the relative velocity between
the two interacting charges. The new relativistic Coulomb’s law is :

F — 1/1(11) Q1Q2f‘.
dmrey 12

P(v) = /1 —v2/c2f(v)? f(v) being a scalar function of v whose
actual form need to be determined. With this new Coulomb’s law, the
force on a moving test charge due to an electric field for a stationary
charge configuration would be: F = ¢y (v)E. This is consistent with
the relativistic Lorentz force law as verified by the Bucherer experi-
ment.There is empirical phenomenon on which we could rely on to
determine what the probable form f(v) is to take. It is shown in the
section below that if f(v) = /1 + v2/c?, the exact well-known force
equation (17) between two long parallel current-carrying conductors
may be derived using only Coulomb forces only without any need of
magnetism. The fact that this parallel-force equation has been well
tested may be taken to mean the form f(v) = /1 + v2/c* may most
likely be correct.The new force laws that are now also applicable for
relativistic speeds are:

Coulomb’s Law:

(16)

L | gt
F= 1—1}2/02(1+v2/02)(—47r60) =

Lorentz Force Law:

F =q(/1—v2/c2(1 +v*/*)E + /1 —vt/ctv x B)

With the new Lorentz force law, there would not be any contradic-
tion of the Bucherer experiment with the underlying physics on which
the experiment is based on. The electric charge would be an invari-
ant. Mass would be speed invariant, consistent with its definition in
Newton’s Principia. The relativistic Lorentz force law would explain
why protons within particle accelerators cannot exceed the speed of
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FIGURE 1. Elements ¢1,¢2 in two horizontal parallel
conductors one above the other,distance R apart, angu-
lar offset of angle # with corresponding uniform charge
densities, electron drift velocities p;, v1, p2, vs.

light. This is due to the electric force having a necessary factor of
1 (v) which approaches zero as velocity of the protons near that of
light speed.

Contemporary physics has incorporated special relativity into elec-
tromagnetism. It shows how F = ¢E to be correct for any electrostatic
field and for any charge, whether at rest or moving at any speed, in-
cluding relativistic speed. This derivation relies on the transforma-
tion of relativistic force between inertial reference frames based on
the Lorentz transformation.[8, 5.8] Our analysis earlier has shown
special relativity to be invalidated; the relativistic force based on

d
F = a(vmv) is fictitious. Therefore, F = ¢E at best may only be

an approximation for a charge moving at small speed as with the
speed of electrons in currents in conductors.

5.1. Force Between Parallel Current-carrying Conductors. From
classical electromagnetism, two long parallel current-carrying con-
ductors will have forces acting between them; the formula for the
force acting on a small element of a conductor of length [ by the
other long conductor is:

Mo
F = _27TR([1[2Z) (17)

It will be shown here that the exact same equation (17) may be de-
rived based only on the relativistic Coulomb forces between the +¢
and —q charges within the two conductors. This is in contrast to cur-
rent electromagnetism which derives the equation through the medi-
ation of the Lorentz magnetic force F = ¢(v x B) where B is based
on the Biot-Savart law for the magnetic field.

The relativistic Coulomb’s law has a factor i(v) = /1 — v?/c?(1 +
v?/c?) and is valid for any speed v <= ¢. The drift speed of current
electrons in conductors is in the order of 10~°m/s, very much smaller
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than c¢. For currents in conductors, ¢(v) may be approximated by
2

series expansion:y/1 — v2?/c? = 1—%4“. giving ¢ (v) = 14—
c

2 2
The Coulomb’s law would then be:

q1GoT
)

F okt )

2c2

Figure (1) shows two typical elements of the same length di. The
aim is to find the force that acts on the single top element ¢; due
the the long conductor 2. Element 1 will have a +¢; charge due to
the fixed proton lattice ions; it will be balanced by an equal amount
—q, of drift electrons. It is similar for the element 2. If the classical
Coulomb’s law is used, the forces between the charges between the
two elements will exactly balance - the Coulomb forces will not give
rise to any net force between the parallel conductors. As we are now
using a relativistic Coulomb’s law with a scalar factor dependent on
the relative speed of the interacting charges - electrons have a drift
speed - the Coulomb forces between the charges will not exactly bal-
ance as before; it will give rise to a net force between the current
elements, either attractive or repulsive.

The method is straightforward. The force between the charges ¢;
and ¢, will be along the direction of . The total force on element
¢, is found by integrating the forces for the conductor 2 from —oo to
+00. From symmetry, the force between the elements need only the
transverse components as the longitudinal components will cancel
out when integrated. The forces between elements ¢; and ¢, are:

(1) f*; repulsion between +¢; and +¢,. As the lattice ions are
. . kq1go
C o A
stationary, there is no speed dependency; f™ = 2 k=
1

Amey

(2) f~; repulsion between —g; and —¢; here, there is no loss of
kfh%(l i (03)2),
72 2c2 7’

generality by assuming vy, >= v;. [~ =

V3 = Uy — V1.
(3) f*; attraction between +¢; and —g, and between —¢q; and
+— kﬂhﬂh (v )2 (1)1)2
+q2. (

2+ + )
The net attractive force f12 is ft= — ftt — f~:

2c2 2c2

/‘CQ1Q2( Uz U% (vg — 01)2)

2 = r2 ‘2¢2 ' 2e2 2c2 (18)
kqiqa , v102
fiz = 7"—2(7)
kqiv1 , qov ) kqgiv
flp = q1 1( q2 2) AQz 2 A= 101 (19)

72 c?
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The following relations apply:
q=padl; I =avp (20)
Substituting (20) into (19), we have:

dl

fi2 = Apaasva—

r

1 cosb
As —=—— have:
S TR ,we have
dlcos*0
Ji2 = APQGQU2T (21)

Refering to Figure (1), we see that [ = Rtanf giving dl = Rsec?0df =

>~ For integration over the whole length of conductor 2, we need
cos

only the transverse component of fi5, i.e multiplying (21) by cosf.
Substituting for dl:

cos0dl

R
The resultant force on a typical element dl of conductor 1 due to

the long conductor 2 is:

f127transverse - Ap2a27]2

Apaasvy /W/2 2Apaa909 q1v1
Fy = 0do = =
@ R )2 os R 27 Reyc? (p2azv2)
1
As q1v1 = Ildl, Mo = — .[2 = P202V2, WE ﬁnally have:
€oC
Fy = 2’:’}%11]2& (22)

The formula is valid for any element of length [ of the conductor
where [ is much smaller than the lengths of the parallel conductors.
For parallel currents, the force would be attractive. The formula is
also valid for anti-parallel currents where the force would be repul-
sive. This cable form f (v) is to take. It is shown in the section below
thatif f (v) =1 + v 2 /c 2, the exact well-known force equation
(17) between two long parallel current-carryingble form f (v) is to
take. It is shown in the section below thatiff (v) =1+ v 2 /c2,
the exact well-known force equation (17) between two long parallel
current-carryingn be seen in equation (18). The term (v2 — v1)? be-
comes (v2 + v1)? and would cause a change in sign in f;,. This sign
change would cause a sign change in the final equation (22).

A curious observation may be made of equation (22). It is used as
the basis to define the SI unit of Ampere for electric currents. This fact
may be taken to mean that the equation has been rigorously verified
experimentally by all the standard’s laboratories around the world to
be reliable and consistent; any inconsistency of the equation, if any,
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should by now be discovered. So far, no inconsistency of the equation
has ever been observed. As the equation (22) is also derived based
on the new relativistic Lorentz force law and the Coulomb’s law, the
implication here is that it is a verification of the new force laws for
speed much smaller than the light speed.

The fact that the formula for the forces between long
parallel conductors has been rigorously tested is a ver-
ification of the relativistic Lorentz force law and the
Coulomb’s law for speed much smaller than that of the
light speed.

What has just been demonstrated shows that the incorporation of
the motion of electric charges itself into a relativistic Coulomb’s law
may enable a formulation of a Newtonian electric theory without the
need of the concept of the magnetic field, thus making the Biot-Savart
law redundant.

6. CONCLUSIONS

The Bucherer type experiments of the early 20th Century have al-
ways been claimed to be experimental proof of relativistic mass and
the repudiation of the invariant mass of Newtonian mechanics. Our
argument has shown this to be not the case. Firstly, the concept of
mass is never experimentally testable; only the predictions of a theory
is testable. Secondly, the result of the Bucherer experiment was actu-
ally experimental proof that electromagnetism and the current form
of the Lorentz force law fail under relativistic speed conditions. A new
relativistic Coulombs’s Law and Lorentz force law are here proposed
that would be consistent with the Bucherer experiment. It is found
that the force between parallel current-carrying conductors may be
fully explained through just the Coulomb forces based on a revised
Coulomb’s law. This shows that a potential exists for a revolution-
ary formulation of an Newtonian electric theory without magnetism,
without the need of the concept of a magnetic field thus making the
Biot-Savart law redundant.Also,the Bucherer experiment could have
been an experimental verification of the relativistic Lorentz force law
if the predicted speeds of the electrons had been verified through di-
rect time-of-flight measurements.
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