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Summary. — Largely quantitative experiments by Pappas have indicated
that the momentum imparted to an electrodynamic impulse pendulum
was not balanced by an equal and opposite momentum change of field
energy as required by the special theory of relativity. The authors
repeated Pappas’ experiment using discharge currents from a capacitor
bank which contained a known amount of stored energy. It turned out
that, for momentum conservation, the magnetic-field energy required would
have been 1000 to 2000 times as large as the energy that was actually stored
in the capacitors. In the second part of the paper the pendulum experi-
ments are interpreted in terms of Ampére’s force law. It is shown that
the Ampére force exerted on the pendulum is almost exactly the same
a8 the Lorentz force, but it arises in different parts of the pendulum
conductor. Furthermore, the Ampére reaction force does not reside in
the field but in the stationary part of the circuit which supplies current
to the pendulum. Hence in the Ampére electrodynamics the momentum
is definitely conserved. The experimental and analytical findings con-
firm the work by Pappas. A new and important experimental fact
emerged from the present investigation. The momentum imparted to
the pendulum was found to be significantly smaller than the calculated
mechanical impulse given by the Lorentz and Ampére force laws. The
Ampére foree distribution offers an explanation of this observation in terms
of the elastic distortion of the pendulum strueture. The Lorentz force
distribution could not produce this distortion.

PACS. 41.10. ~ Classical electromagnetism.
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1. - Pappas’ experiment.

Ever since the elastic properties of the ether were abandoned to accomodate
the special theory of relativity, it was felt that another mechanism for ab-
sorbing reaction forces in the field (vacuum) was required. In the situations
considered in this paper, the reaction forces counteract Lorentz forces exerted
on current-carrying metallic circuits. It seems to have become the generally
accepted view (1) that the rate of change of electromagnetic momentum in
the field can support a force which accelerates or decelerates magnetic-field
energy to and from the velocity of light ¢. The energy-momentum density
is related to the Poynting vector by

®) p= {1/} EXH),

where E and H are the electric- and magnetic-field strengths at a point. The
volume integral of the rate of change of this momentum density over all space
gives the vacuum reaction force

(2) F,,,=[(dp/as do = (1/e") (@/at)Ex H) dv,

where ¢ stands for time and » for volume. When the integral is not taken over
all space, the rate of change of momentum may be smaller than indicated by
eq. (2). It is customary to make up the difference by the surface integral of
Maxwell’s stress tensor over the finite volume of the momentum integral.
In the context of the present investigation the integral of eq. (2) will always
be taken over infinite space to avoid any complication with Maxwell stresses.
Then for any instant in time the vacuum reaction force may be written as

(3) F, = (d/dt)(m,c),

where m, is the equivalent electromagnetic mass of the magnetic energy stored
in the field. Since ¢ is a constant, the vacuum force will only exist when m,
changes with time, that is when magnetic energy is radiated into the field,
or absorbed from the field by a conducting body. The amount of field energy
U, that must at any time be associated with the vacuum reaction force is

4) U,=m.,

This is the famous mass-energy relation of special relativity.

(1) W.H.K. Panorsky and M. Pa1rLips : (lassical Electricity and Magnetism (Addison-
Wesley, Reading, Mass., 1962).
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If F,,, is at all times the simultaneous reaction force to the Lorentz force
F_ when the latter accelerates a metallic conductor object of real mass m from
zero velocity to the veloeity 4, then momentum conservation is expressed by

(5) mu=fpdv=mec.

The last equation implies that Newton’s third law is obeyed and the electro-
magnetic mass m, is dynamically equivalent to real mass. The field energy
which has to be radiated or absorbed by the conductor body to comply with
eq. (B) is

(6) U, =m,c* = muc.

PApPpas (%) invented an impulse pendulum experiment to check whether this
amount of energy did actually exist in the field of infinite extent. He found
this could not be the case because the amount of field energy specified by
eq. (6) was far greater than the amount of energy available from his source.
The Pappas experiment is a variation of Ampére’s original hairpin experi-
ment (). It challenges the field-energy momentum conecept only in so far
as metallic conductors are concerned. The authors repeated Pappas’ experi-
ment with a different energy source and made quantitative measarements.
In our case the energy available for Joule heating and conversion to kinetic
and electromagnetic energy was accurately known, because it was drawn from
previously charged capacitors. We measured the mechanical momentum of
the pendulum and the magnitude and shape of the current pulse to evaluate
energy exchanges and see to what extent the pendulum swing was consistent
with the relativistic and the Ampére electrodynamics ().

Figure 1 is a simplified diagram of the experimental circuit used by PArpAs.
ABCDEF was a horizontal, rectangular, copper circuit and B and F were two
mercury cups. The portion BODE formed the impulse pendulum hanging
from the laboratory ceiling. The remainder of the circuit was fixed to the
laboratory frame and contained a battery and a switch in branch AF. When
the switeh was closed, an instantaneous current ¢ would flow around the copper
circuit and the pendulum was observed to swing in the direction # indicated
in fig. 1. This swing interrupted current flow in the mercury cups.

(?) P.T. Parras: Nuovo Cimenio B, 76, 189 (1983).

(®) P. GRANEAU: Naiure (London), 295, 311 (1982).

() A.M. Hizras and P. GRANEAU: Nature (London), 302, 271 (1983).
(®) P. GRANEAU: J. Appl. Phys., 53, 6648 (1982).

(®) P. GrRANEAU: Phys. Lett. A, 97, 253 (1983).

("} P. GraxEAvU: IEEF Trans. Mag., MAG-20, 444 (1984).

(®) F.F. CLevELaND: Philos. Mag., 21, 416 (1936).

(®) P. GRANEAU: Nuovo Cimento B, 78, 213 (1983).
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Fig. 1. — Pappas’ impulse pendulum ecircuit.

By field theory, the force responsible for producing the pendulum motion
is the magnetic component of the Lorentz force on branch CD. This force
arises, via the Biot-Savart law, from interactions of current-element pairs
governed by the Grassmann formulae

(N = (po/Am)(*[r%, ) dm X (dm X 1,)
(8) AF, = (o/4m)(#*[r5, ) dn X (dm X 1,) ,

where i-dm is a current element in branch CD and ¢-dn is a current element
anywhere else in the remainder of the circuit. Because of the inverse square
law contained in eq. (7), most of the acceleration force on the pendulum arises
from the magnetic field of current elements in the legs BC and DE, that is in
the manner indicated in fig. 1 by AF,,.

According to field theory as taught today, AF,, and similar eontributions
to the pendulum acceleration force should be counteracted by a vacuum reac-
tion force indicated by Alf’,'n in fig. 1. The latter force will ensure compliance
with Newton’s third law and linear-momentum conservation. The vacuum
reaction force would either decelerate incoming energy which is then converted
to Joule heat, or it could accelerate energy which is being radiated from the
metal element dm. The incoming energy would be transmitted from the bat-
tery through space by the Poynting vector mechanism, while the outgoing
energy radiated from dm must first reach the element somehow through the
metallic conductor. Both energy streams have to be added together to arrive
at the energy subtracted from the battery or other source. The vacuum reac-
tion force acts on the space occupied by the metal element dm. If it acted on
the metal itself, it would cancel the pendulum acceleration force.
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The rate of change of current in the pendulum experiments is insufficient
to produce a significant amount of energy reflection on dm. It will further
be assumed that no electromagnetic mass is being created in midspace, away
from the metal, which might somehow contribute to momentum conservation.
As the field energy travels with constant velocity e, all of the vacuum re-
action force AF. must then arise at the location of dm. We nevertheless
extend the integration in eq. (2) over all space to eliminate all possible Maxwell
stresses.

At some finite time ¢ after the current has been switched on, the mechanical
impulse imparted to the pendulum by the Lorentz force should be equal to
the mechanical momentum aquired by the pendulum. Furthermore, for mo-
mentum conservation, this mechanical momentum should be equal to the
field energy momentum change. Hence we may write

(9) [Frat=m [(awjanat = o [(@mjatat = mu = mye,
where
(10) F,o=3 > (AF,)

with the summation over m extending throughout the circuit branch €D and
the summation over »n covering the remainder of the circuit. Since m, % and ¢
are known, we may use eq. (9) to calculate m,, the electromagnetic mass, in
the field which must be furnished by the battery or other energy source. The
total amount of energy that must have been subtracted from the source up
to the time ¢ is specified by eq. (4). This is the minimum energy of eq. (6) re-
quired by field theory to accelerate the pendulum and cover the Joule heating
in the branch OD of the circuit.
The Pappas experiment permits a comparison to be made of

1) the Lorentz forece impulse with the mechanical momentum acquired
by the pendulum, and

2) the minimum required field energy of eq. (6) with the energy available
from the power source.

PAppAs concluded that, in the time available, his battery would have sup-
plied much less energy than was required by eq. (6) and that the Lorentz
force on the circuit branch CD was, therefore, unlikely to be the force accel-
erating the pendulum. He pointed out that his experiment favors the older
Ampére force law which explaing the pendulum motion by Newtonian repulsion
between the fixed and moving parts of the ecireunit.
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2. — MIT experiment.

Figure 2 shows the experimental set-up of the electrodynamic impulse
pendulum used by the authors. The «harpin» was made of a copper strip
0.5 in. high and 0.05 in. thick. The strip formed two 1m long sides and
one 30 ¢em short side of an open rectangle. The pendulum conductor was
mounted on a rigid frame (not shown in fig. 2) of insulating material. The
assembly weighed 0.815 kg. The pendulum was suspended from the laboratory
ceiling by four 2.56 m long cotton threads. The horizontal displacement of the
pendulum was measured with the cardboard slide C resting lightly on a flat-
table top.

Fig. 2. - Electrodynamic hairpin pendulum. A) Hairpin pendulum (dielectric frame
not shown), B) pendulum suspension on cotton threads, O) cardboard slide, D) flat
table top, E) arc gaps in air, F) current rails on dielectric frame, ) metal stand,
H) dielectric stand, S8) mechanical high-voltage switch, J) capacitor bank (8 uF,
100 kV), K) charging set (200 kV), L) Rogowski coil for pulse current measurement.

The pulse current was derived from an 8 u¥F high-voltage capacitor bank
which could withstand voltage reversals up to 4100 kV. The discharge was
initiated by dropping the mechanical switch 8. Two parallel current rails ¥,
of the same copper strip of which the pendulum was made, brought the current
to the hairpin via two, 1 mm long, arc gaps in air. The rails were mounted
on a rigid frame and two heavy stands, weighed down with lead (not shown
in fig. 2), to absorb the recoil impulse, predicted by the Ampére law, with
o minimum of deflection. The rails were carefully aligned with the horizontal
legs of the hairpin pendulum.
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To perform a momentum experiment, the eapacitor bank was charged to
a voltage between 30 and 80 kV. The switch was then dropped, causing arcing
across the short gaps between current rails and pendulum legs. The damped
oscillatory current pulse was recorded with the aid of the Rogowski coil L of
fig. 2 and an oseilloscope. The current pulse did cause the pendulum to swing
away from the current rails and move the cardboard slide through a distance s,
subsequently measured with a ruler. The duration of the current pulse was a
fraction of a millisecond. Almost all the pendulum displacement occurred
after the current had ceased to flow.

The maximum linear momentum, mu, imparted to the pendulum by the
capacitor discharge may be calculated from the pendulum length R = 2.56 m,
its mass m = 0.815 kg and the measured cardboard slide displacement s.

Fig. 3. - Pendulum parameters.

With the aid of fig. 3 it can be seen that
(11) mgh = kmu?, or wu=V2gh,

where g is the acceleration due to gravity, % the maximum horizontal velocity
that would be attained in the limit when the impulse duration tends to zero
and & is the maximum verticallift of the pendulum. The height h may be derived
from the two simultaneous equations

(12) h=R(1— cos 0},

(13) s8=Rsin0.

The solution is

(14) h = B (1—V1— (s/B)*) = s*2R.
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The approximation is accurate to three significant figures and may be used in
eq. (11) to caleulate u.

The electrodynamic impulse imparted to the pendulum by the Lorentz
force F' = 10-"ki* may be written as

(15) P, =10~k j it
0

where ¢ is the instantaneous current and % (N/A?) must be determined from
the geometry of the cireuit. A typical discharge oscillogram is reproduced
in fig. 4. It shows that the instantaneous current is of the form

(16) i = exp [—/T] L, sin wt,

T Trrs

-—
-
-2
>llll LLLE

L

-

-

4l g1

Tt

Tig. 4. — Discharge current oscillogram for 2 uF and 60 kV. y = 15 kA/V and 0.5 V/cm,
z = 0.1 msfcm.

where T is the time constant with which the oscillation decays. The full am-
plitude I, would be reached if the circuit contained negligible resistance. It is
possible to integrate eq. (16), as required by (15}, and obtain

(17) P, =10""kL{(T/4) — A/D)[I2/T)* + (20)*]}

with w = 2nf being the radian frequency. As far as the pendulum experiments
were concerned, the second term. of eq. (17) was negligible. Hence the electro-
magnetic impulse was taken to be

(18) P, =10""kI%(T/4).

The magnitudes of I, and T were measured on the pulse current records.

The electric ares bridging the 1 mm long gaps between current rails and
pendulum legs produced a small amount of molten copper which streamed
away from the gaps, in both directions, along the copper strips. The evidence
of droplet streaming became nnmistakable afterthe heaviest discharge currents.
The arc pressure must have been responsible for generating some of the pen-
dulum momentum, over and above the contribution made by the Lorentz
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force. As the are pressure must have been symmetrical between rails and
pendulum, it would not require to be balanced by a vacuum reaction force.

Approximately 100 discharge shots were carried out at various voltages
and capacitance values. A typical set of results is reproduced in table I.
This was obtained with the full 8 pF' capacitance of the bank and, therefore,
involved the largest currents and pendulum displacements. As long as the
capacitance and circuit configuration were not changed between shots, the
ringing frequency f, the eircuit inductance L, the surge impedance Z, = v'I/C,
the time constant T and the effective damping resistance R all remained con-
stant. Their magnitudes were derived from the current oscillograms. For the
series of discharge pulses to which table I refers, these parameters came to

f=15.TkHz, L=12.8pH, Z,=126Q,
T'=02Tms, R=948mQ.

The observed pendulum momenta listed in table I varied from just over
0.03 to 0.18 kg-m/s. The kinetic energies (0.5mu?) associated with these mo-
menta turn out to be less than one Joule, while the energy stored in the capac-
itors, U,, was as high as 25.6 kJ. Hence very little of the spent energy is being
converted to kinetic energy. When the Joule heat generated in the circuit
is subtracted from the originally stored energy only up to 2.5 kJ remain. This
immediately suggests that most of the field momentum change is associated
with incoming energy being stopped and converted to Joule heat,

It must take a certain amount of energy to establish the three arcs at the
switch and the two gaps E of fig. 2. This energy is sometimes called the latent
heat of are formation because it eventually appears as heat when the arc ions
recombine. The latent heat of arc formation could conceivably aecount for
several kJ, indicating that little may be available for radiation in the field.

It is instructive to evaluate the Lorentz force on the pendulum bridge
and integrate it with respect to time to obtain the impulse which should be
balanced by a change in field energy momentum. A suitable finite element
method for computing the constant % in eq. (18) has been outlined in ref. (5).
There an identical copper strip bent into a reetangular circuit of the same
dimensions as the pendulum was resolved into ten parallel filaments of square
cross-section. Bach filament was then subdivided into cubic current elements.
The computer solution gave k = 9.27 N/A2. This applied to uniform current
distribution over the strip cross-section. At the frequeney of 15.7 kHz, to
which the results of table I refer, the current distribution will have been very
nonuniform, with strong concentrations near the strip edges. If it is assumed
that all the current flows in the two edge filaments, the constant in eq. (18)
comes to %k = 11.0 N/A2 Therefore, the Lorentz force appears to increase
with frequency. A lower limit of this force is obtained by taking the 9.27 figure.
Impulse values for this lower limit are listed in table 1.
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It will be noted that the calculated electrodynamie impulses P, are greater
than the measured linear pendulum momenta. The ratio of the two quantities
is approximately 1.4. No field-theoretic explanation of this discrepancy can
be offered. In determining the field energy U, listed in table I, the measured
mu-momenta were substituted into eq. (6). Table I also containg the energies
U, stored in the capacitors. The ratio U,/U_ will be seen to vary between 1400
and 2000. The shortfall in available energy to satisfy field momentum con-
servation far outweighs all possible experimental errors. It supports the claim
by PAppAs that the Lorentz force is not balanced by an equal and opposite
reaction foree in the vacuum field.

To obtain an idea of the magnitude of the Lorentz force on the pendulum
in the direction of its swing, we recognize that it would attain the maximum
value of

(19) P, .. =927-107"T

L,max
at the peak of the first half-cycle, but for the small exponential decrement
due to damping. F_ _  1is also listed in table I. The figures make it clear that,
if the Lorentz force is indeed the motive force, the pendulum should feel a very

sharp tug at its leading edge. The arc pressure is expected to be small compared
to this sudden jerk.

3. — Momentum conservation with longitudinal Ampére forces.

Satisfactory Lorentz force explanations of certain experiments concerning
wire fragmentation (%7) and liquid metal jets (®) have not been forthcoming.
The electrodynamic impulse pendulum is an addition to this list. Whether or
not field energy momentum is a physical reality has direct technological impact
on the developments of railguns (°). In all the cases in which the Lorentz force
has been found inadequate, the original Ampeére force law correctly predicts
the relevant experimental effects. This is hardly surprising because AMPERE
deduced his law from experiments with metallic circuits and, so long as it is
applied to metallic circuits, it should be infallible.

The mutual Ampére repulsion (positive) or attraction (negative) force
AF, , between a pair of current elements ¢, dm and i,dn, separated by the
distance 7, ,, may be written as

(20) AF o n = — (to[47) imin(dm-dn/rs )(2 cos ¢ — 3 cos « cos §),

where ¢ is the angle of inclination between the elements, and « and g are the
angles which the elements make with the distance vector Tunns



42 P. GRANEAU and P. N. GRANEATU

When the two elements lie in the same straight line, point in the same
direction and carry the same current 4, eq. (20) reduces to

(21) A-Fm,n = (ﬂ0/475) 1/2(dm - dn/rvzn,n) .

This produces repulsion between each current rail and the portion of the
pendulum aligned with the rail. Itis a strong force which in the Ampére electro-
dynamics provides the major impetus of propelling the pendulum. REqua-
tion (20) adds to this a small amount for the interaction of the rails with the
pedulum bridge, and subtracts a little due to the attraction of each rail and the
pendulum leg on the other side. On account of the mechanical decoupling
by the arc gaps, the total Ampére repulsion between rails and pendulum can
be obtained by integration of eq. (20). The finite element method with ten
parallel filaments of cubic elements will yield virtually the same result. The
numerical technique gave the value of k = 9.24 N/A2 This applies to uniform
current distribution over the conductor cross-section. It is remarkably similar
to the corresponding &k = 9.27 N/A? obtained with the Lorentz-force formula.

It has been known for many years that the caleulated Liorentz and Ampére
forces on the sides of a rectangular circuit are almost identical (8). They differ,
however, with regard to how and where they act on the conductor material.
Lorentz forces are always transverse to the current stream lines and would
invariably be in conflict with Newton’s third law unless there exist balancing
vacuum reaction forces. Ampére forees produce a strong tensile component
along current stream lines and have all their reaction forces in the conductor
material. For transfer of the electronic Lorentz force to the metal ions one
has to rely on the work function at the conductor surface. This mechanism
cannot explain Ampére tension (7). Ampére forces seem to act directly on the
metal lattice. Furthermore, in the case of an unsymmetrical circuit, say a
right-angled 3:4:5 triangle, the two formulae do not agree on the force exerted
on any of the sides. Even more perplexing is the fact that the Lorentz force
on the triangular circuit as a whole then no longer comes to zero (°).

Since the Ampére force interaction of every pair of material current elements
obeys Newton’s third law, the equality of action and reaction between any
two parts of a metallic circuit follows automatically. It merely reaffirms that
the Ampére electrodynamics is a Newtonian theory which ascribes no physical
properties to empty space.

It will be appreciated that Ampére’s law claims the pendulum is being
pushed from the rear rather than being pulled from the front. Hence the
hairpin legs may buckle and bend. They are expected to store some elastic
energy which results in vibrations rather than linear mechanical momentum.
More elastic energy is likely to be stored in the current rails F of fig. 2. Hence
in the Ampére electrodynamics it seems quite normal that not all of the im-
pulse P, should be converted to momentum mu, unless the apparatus had
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been made infinitely rigid. In the initial experiments neither the pendulum
nor the rails were reinforeced with dielectric structures. This resulted in non-
reproducible pendulum swings. Although the reinforcement had a considerable
stabilizing effect, the equipment was by no means infinitely rigid. This is how
the Ampére electrodynamics explains why mu was smaller than P;.

In conclusion, it was found that Ampeére’s force law makes the electro-
dynamic impulse applied to the hairpin pendulum compatible with momentum
conservation and it allows for some of the impulse to be converted to vibrations
rather than linear momentum.

4, — Discussion.

The Lorentz force was specifically designed to account for the dynamics
of electrons and ions in vacuum. It became a cornerstone of the special theory
of relativity and with it achieved great triumphs in the field of particle accel-
eration. The Ampére formula, on the other hand, was found to be incapable
of dealing with ionic motions outside the metal lattice. Since the Lorentz
force correctly predicted the reaction forces between separate closed metallic
circuits, it was thought to incorporate the Ampére electrodynamics and the
Iatter topic virtually disappeared from modern writings on electromagnetism.

Curiously, the suceess of the Lorentz force with metallic circuits was due
to a component of it which is also contained in the Ampére law. This can be
shown as follows. The Lorentz interaction between two current elements is
given by eq. (7) and (8). It is neither a repulsion nor an attraction and, there-
fore, has to be expressed by two equations. The triple vector product of these
equations may be split into two parts:

(22) AF, = (uo/4n)(i,, 0, /7%, ) (dndm cos o, — 1, dm-dn cos &) ,
(238) AF, = (u,/47)(3,, 3, /75 )(dm dn eos &, — 1,dm dn cos &) .
Equations (22) and (23) have a common second term which stands for repulsion
or attraction. WHITTAKER (¥) and others have shown that Ampére law and

eq. (22) and (23) give the same force exerted on a current element by a separate
closed current and that this common force is

— (o] 470) b f (€08 &/ ) dm-dn .

n

(') E. WairTARER: A History of the Theories of the Aecther and Electricity, Vol, 1
(Nelson, London, 1951), p. 84.
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It proves the first term of eqs. (22) and (23) vanishes under the integration
around a closed circuit. Precisely this vanishing term is respomnsible for the
disagreement of the Lorentz force with Newton’s third law. Therefore, when
computing only the reaction forces between closed metallic circuits, the Lorentz
force theory sheds its relativistic trimmings and becomes a Newtonian theory.
This does, however, not apply to the forces generated inside an isolated eircuit,
as, for example, the impulse pendulum circuit. Then only Ampére law remains
compatible with Newton’s third law and momentum conservation.

These findings have important practical consequences. The aceeleration
force of a railgun (), for instance, can amount to many tomns. If the recoil
force resides in the rails, as required by Ampeére law, then the rails must
be designed to have the appropriate buckling strength. Should the recoil be
felt by the field, they would never be subjected to buckling. An even more
tantalizing situation arises when the total Lorentz force on an unsymmetrical
isolated circuit, due to its own current, remains finite. Would a cireuit of this
kind be able to act as a space engine, using electricity from a solar battery
and ejecting weightless electromagnetic mass from the spaceship?

@ RIASSUNTO (%)

Egperimenti ampiamente quantitativi di Pappas hanno indicato che l'impulso asse-
gnato ad un pendolo ad impulso elettrodinamico non & bilanciato da un cambio d’impulso
uguale e opposto dell’energia del campo come richiesto dalla teoria speciale della rela-
tivitd. Gli autori ahnno ripetuto I'esperimento di Pappas usando correnti di scarico
da una riserva di capacitori che contiene una quantitd nota di energia immagazzinata.
Risulta che, per la conservazione del momento, I’energia del campo magnetico richiesta
sarebbe da 1000 a 2000 volte grande come l’energia che & in realtdh immagazzinata nei
capacitori. Nella seconda parte del lavoro gli esperimenti ccl pendolo sono interpretati
sulle basi delle leggi di forza di Ampére. Si mostra che la forza di Ampére esercitata
sul pendolo & quasi esattamente uguale alla forza di Lorentz, ma essa si verifica in parti
differenti del conduttore del pendolo. Inoltre, la forza di reazione di Ampére non sta
nel campo, ma nella parte stazionaria del circuito che fornisce corrente al pendolo.
Quindi nell’elettrodinamica di Ampére l'impulso & conservato in maniera definita.
1 risultati sperimentali e dell’analisi confermano il lavoro di Pappas. Da questo studio
& emerso un nuovo ed importante fatto sperimentale. Il momento impartito al pendolo
appare essere specificativamente pid piceolo dell’impulso meccanico caleolato fornito
dalle leggi di forza di Lorentz ed Ampere. La distribuzione di forze di Ampére offre
una spiegazione di questa osservazione in termini di distorsione elastica della struttura
del pendolo. La distribuzione di forze di Lorentz potrebbe non produrre questa distor-
sione.

(*) Traduzione a cura della Redazione.
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DAeKTPOMATHHTHEIH HMIYJILCHLIE MASTHHK H COXPAHEHHE HMOYJLCA.

Pesrome (*). — KomnumuecTBensble 3xcmepuMerTsl [lammaca MOXAasBBAXOT, YTO HMIYILC,
mepefaHHbIi IEKTPOMATHATHOMY HMIYIECHOMY MafTHHKY, HE XOMICHCHPYETCH PaBHBLIM
¥ NPOTHBONOJIOKHEIM U3MEHECHHEM HMIYJIBCA HOJIA, KaK 3TO CISAYeT K3 CHeNmaIbHOMH
TE€OPHH OTHOCHTEIBHOCTH. ABTOpPBI IOBTOPUH IKkcepuMeHT Ilanmaca, memonsays paspan
faTapen KOHAEHCATOPOB, KOTOPAs CONEPKHAT A3BECTHOE KOIMIECTBO 3aMaceHHON SHepIrHH.
OxaseBacTcs, YTO I COXpAHEHHs MMIyJIsca TpeOyeMas SHeprss MACHUTHOIO IOJET
moipkHa B 1000-2000 pa3 OpeBOCXOAMTE SHEPruio, GbakTHIeCKH 3amaceHHYIO B KOHICHCA-
Topax. Bo BTOpOi#l 4aCTH CTaThH 3KCICPEMEATHl ¢ MAajgTHHKOM HHTEPIPETHPYIOTCH B
TEPMHHAX 3aKOHA A7 CIWIBI AMmepa. Iloxassmaercs, 410 crma AMiepa, AelicTByIomas
Ha MafATHHK, OKa3LIBACTCA TOYHO TakOH Xe, kak cuna JIopeHIa, HO BO3HMKAET B PasHBIX
9acTAX MPOBOXAMKA MaATHHKA. Kpome Toro, cuma peakiMu Ammepa HpHHAIIEKAT HE
HOMIO, & CTaUMOHAPHOM YacTH KOHTYPA, KOTODPHIi IOABOOAT TOX K MasaTHHMKY. Cremo-
BATENBHO, JJIEKTPOIMHAMMYCCKHE AMUOYJIEC AMIepa COXpaHACTCH. DKCHepMMEHTATILHbIE
U TEOPETHYECKHE Pe3yNbTaThl HOATBepkHatoT padory Ilarmmaca. M3 mposedeHHBX Hccie-
JIOBaHMI TOJIy9€H HOBBIA WM BaXXHBIA JKCICPHMEHTANIBHEEI pe3ynsTar. OGHAPYXeHO, UTO
HMIYNLC, HEPEMaHHbI MasATHHKY, OKAa3bIBACTCS 3HAYATENHHO MEHBINE, Ye€M BRIUCC/ICHHbIH
MEXaHHYECKHI MMITYJILC, Oupeae/iseMbli 3axonamm s et Amuepa u Jloperna. Pacope-
JENeHAE CHILI AMTepa OpennaracT oObACHEHREe 3TOr0 (akTa ¢ HOMOMBIO YOpyro# ne-
dopMaumu CTPYKRTYpHI MasiTEMKa. Pachpeneienne cuibi JIOpeRnma He MOXKET co3maBaTh
Takoi nedopmanum.

(*) IHepesedeno pedaxyueii.



