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We reformulate the Rutherford scattering of alpha particle for a head on collision, taking into account the rest
mass variation of the particle, as implied by the energy conservation law. Our relativistic reformulation (which
includes the energy conservation) constitutes a new example for the breakdown of the Lorentz invariance. Brie�y
speaking, even at rest or during the whole scattering process, the distance between the alpha particle and the gold
nucleus is not invariant but depends on the frame of the observer attached to either object. According to our
relativistic reformulation, we also provide a new set of Lorentz transformations.
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1. Introduction

Suppose we have an alpha particle of charge ze (where
z is 2, and e is the fundamental charge), and of rest
mass m0∞, at in�nity. It moves with an instantaneous
velocity v0 at a distance r0 from the gold nucleus of
charge Ze, at the given time, as measured by an observer
attached to the alpha particle. As a �rst approach, we
suppose that the alpha particle heads right on Ze, just
like one could have observed, as in the Rutherford's nu-
cleus discovery experiment [1]. Below, we will reformu-
late the head on collision, taking into account the rest
mass variation of the alpha, throughout, as implied by
the mass and energy equivalence of the special theory of
relativity (STR). Thus, we �rst express the rest energy of
alpha at the given distance from the gold nucleus, and the
total relativistic energy of it, given that it is in motion,
except at the moment it is stopped by the gold nucleus.
Then we deal with the quest of how the internal dynamics
of alpha and its size is a�ected through the process.

2. Rest and total relativistic energies of alpha

According to our approach the rest energy of the alpha
particle is

m0(r0)c2 = m0∞c
2

(
1 +

Zze2

r0m0∞c2

)
. (1)

In the above formula the observer is attached to al-
pha particle and measures the distance between alpha
and gold nucleus as r0. In our approach for an observer
which is located on the gold nucleus the distance between
gold nucleus and alpha particle is measured as r which is
di�erent from r0.
Now the total relativistic energy of alpha particle is

written by applying Lorentz mass increase to Eq. (1)

mγc
2 =

m0∞c
2
(

1 + Zze2

r0m0∞c2

)
√

1 − v20
c2

=
m0∞c

2√
1 − v200

c2

= const,

(2)

where v00 is the initial velocity of the alpha particle, far
away from the gold nucleus.
Since the system is closed, the total energy is constant;

this means that at the distance R0, too (the alpha parti-
cle is stopped), Eq. (2) remains constant

mγc
2 = m0∞c

2

(
1 +

Zze2

R0m0∞c2

)
= const. (3)

Let us for simplicity pose

χ(r0) =

(
1 +

Zze2

r0m0∞c2

)
, and γ(v0) =

√
1 − v20

c2
.

(4)

In the head on collision the alpha particle is stopped
by gold nucleus at R0 and then �red back, after which
Eq. (3) still remains valid. Via Eq. (3) one can write the
equation of motion.

2.1. Equation of motion

Thus, by di�erentiating Eq. (3) one can get

Zze2

r20

√
1 − v20

c2
= m0∞

(
1 +

Zze2

rm0∞c2

) dv0
dt0√

1 − v20
c2

. (5)

Using Eq. (2), we have

Zze2

r20

√
1 − v20

c2
= mγ

dv0
dt0

. (6)

In our approach, unlike the classical approach, the
measured distances depend on observers [2, 3] attached to
the gold nucleus, or the alpha particle. In such a frame-
work, for the outside observer the measured distance is

(618)
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written as

r =
r0

1 + Zze2

r0m0∞c2

. (7)

The velocities in both frames are the same, thus pe-
riods of time change as much as the distances are al-
tered [4]. With the help of Eq. (7), Eq. (6) becomes

Zze2

r2
(

1 + Zze2

r0m0∞c2

)√1 − v20
c2

= mγ
dv

dt
(

1 + Zze2

r0m0∞c2

) .
(8)

Using Eq. (2), the equation of motion in the outside
observer's reference frame will be

Zze2

r2
1(

1 + Zze2

R0m0∞c2

) = mγ
dv

dt
. (9)

It is easy to see that equation of motions depends on
the frame of observer. Equation (6) is the equation of
motion written in the frame of alpha particle and Eq. (9)
is equation of motion written in the frame of outside ob-
server.

2.2. Di�erences in Lagrangians

Since the equation of motion varies according to ob-
server's frame, a natural quest arises on, what happens to
Lagrangian? The de�nition of Lagrangian is L = K−U ,
here K is kinetic energy of alpha particle and U is the
electrostatic potential energy. Since the total energy
E = K + U , the Lagrangian turns into L = E − 2U .
Since the U term depends on the observer, the di�erence
in Lagrangians is just the di�erence in U :

∆U =
Zze2

r

(√
1 − v20

c2
−
√

1 − v200
c2

)
. (10)

So it is zero at in�nity, but not so, at closer ranges. This
answers a possible question with regards to how the clas-
sical Lagrangian, and accordingly the action principle are
to be modi�ed to cope with our approach.
In any case, we wanted to show that the classically be-

lieved Lorentz symmetry, is broken in our approach, even
at rest; indeed, when the alpha is stopped by the gold nu-
cleus, the distance measured by the observer attached to
the alpha, from this to the gold nucleus, is di�erent from
the same distance measured by the observer attached to
the gold nucleus.
Therefore, the equations of motion written by the two

observers with regards to the same head on collision, will
turn out to be di�erent. The corresponding Lagrangians
and action principles, too, then, must be di�erent.

2.3. Modi�ed Lorentz transformations

In this section we propose a new set of the Lorentz
transformations which also depends on the interaction.
This means that the Lorentz transformations should also
have interaction terms. By using parameters which were
de�ned in Eq. (4) the di�erential form of new Lorentz
transformations is

dx′ = γχ(dx− vdt), (11)

dy′ = dy = 0, (12)

dz′ = dz = 0, (13)

dt′ = γχ

(
dt− v

vdx

c2

)
. (14)

From above transformations one can get

x′ = γχ

(
x−

∫ t

0

vdt

)
Rχ0, (15)

y′ = y, (16)

z′ = z, (17)

t′ = γχ

(
t−
∫ t

0

vdx

c2

)
. (18)

The inverse transformations can also be written easily.

3. Conclusion

We have thus reformulated the Rutherford scattering
of alpha particles, as a �rst approach, for a head on col-
lision, yet taking into account the rest mass variation of
the alpha throughout, as implied by the mass and en-
ergy equivalence of the special theory of relativity. Our
approach predicts the same impact parameter as the clas-
sical one, though when seen from the alpha particle. Yet
our impact parameter when seen by the distant observer
(or the same, from the gold nucleus, unaltered by the
repelled alpha), di�ers from the classical one.
The relative di�erence between R and R0 is

R−R0

R0
= − Zze2

R0m0∞c2
= −1

2
m0∞v

2
0 = −1

2

(v0
c

)2
≈ 2 × 10−3.

The original velocity v0 of alpha in the Rutherford ex-
periment is about 2 × 107 m/s.
The framework we draw, anyway constitutes an exam-

ple for the breakdown of the �Lorentz invariance�. Finally
we have provided a modi�ed set of Lorentz transforma-
tions, involving not only the motion but also the inter-
action between particles of concern.
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