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Challenge to the absoluteness of the conservation
of momentum or angular momentum
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and Technology, Shanghai, 200237, China)

Abstract: Conservation of momentum and angular momentum have long been regarded as the two basic laws in physics. However, an exam-
ple that does not conform to the two laws is given; that shows that none of momentum and angular momentum is an absolute conserved quanti-
ty. We found that under certain conditions, the action-reaction pair acting between two bodies touching each other changes the momentum of
one body and the angular momentum of the other one. That means that the total momentum of the system is changed without any external
force, and the total angular momentum of the system is also changed without any external moment. Furthermore, we found that if the momen-
tum and the angular momentum of a system are not conserved, the two kinds of non-conservation must occur at the same time; therefore, we
predict that an unknown and more general conserved quantity of the system is still conserved in this case. We anticipate our study to be a

starting point for reexamining the classical physics from a new viewpoint. Additionally, we anticipate our assay to also be a starting point for

searching a new propulsion mode besides rocket recoil mode for an isolated system such as spacecraft.
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0 Introduction

Conservation of momentum and angular momentum
have long been regarded as the two basic laws in physics
and applied to various fields from celestial mechanics to
microscopic particle physics, and these two laws have not
been contradicted by any known particular experiment for

31 But the author found a living ex-

hundreds of years
ample that does not conform to the two laws. The possi-
bility may exist that new observation will require these two
basic laws to be revised. It is very important for the study
on the mechanism of propulsion of mechanical system in a
special environment, so the theoretical and experimental
study based on the example is necessary. This finding
will lead to a great interest in physics community and en-

gineering domain.
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I  An important feature which has not

been paid attention to

Suppose a rigid body has a circular motion in a rigid
circular ring, as shown in Fig. 1. The mass of the body
is m; a rod is fixed horizontally on the body, and the
midpoint of the rod is at the center of mass of the body.
Two idle pulleys are placed at each end of the rod respec-
tively, and the pulleys keep contact with the inner wall of
the ring during the circular motion. The kinematic char-
acteristic of such a kind of the circular motion is that the
revolution and rotation of the body are synchronous and in
the same direction.

Suppose the distance between the center of mass of
the body and the center of the revolution is r, the hori-

zontal rod is 2/ long, and the inner radius of the circular
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Fig.1 a rigid body revolves in a rigid circular ring
(1: body of mass m;2: idle pulley;3: horizontal

rod;4: circular ring)

ring is R, the body has an initial tangential velocity at
one point in time, and then subjected to a tangential re-
sistance F at its mass center, so it has an anti-clockwise
decelerated circular motion. Define F,,, F,, as radius
forces applied respectively by the inner wall of the ring at
point A and point B. Note that two contact points between
the pulleys and the ring, and the tangential friction can

be ignored. The corresponding physical model is shown in

Fig. 2.

Fig.2  Physical model

During the decelerated circular motion the body has
a tangential acceleration in opposite direction of the tan-
gential velocity, that is to say, there is an angular accel-
eration of the revolution, 8 =a,/r, to reduce the revolu-
tionary angular velocity, so there must be an angular ac-
celeration, whose magnitude is also 8 = a,/r, to reduce
the rotary angular velocity so that the rotation with respect
to the center of mass of the body can keep pace with the
revolution.

Define the rotational inertia of the body is I, ac-

c?
cording to the rotational analog of Newton's 2™ law for a
rigid body, we can write

F ylsing — F lsinp =13 (1)
Thus

IR IR
FnB =FnA + ZTB:F’LA + (2)
l

R -
If substituting 8 from equation (3)

a, :F/-+F”Acosgo—FnBcosqo (3)

r mr

we can get
RI RI

Fp,=F,+———F =F  + . F,
nB nA l(er +]() S nA l[m(RZ _ZZ) +[c:| S

(4)

From the equation (2) or (4), the radial force ap-

plied at the rear idle pulley is greater. Further analysis
shows that if the body has an accelerated circular motion,
the radial force applied at the front idle pulley will be grea-
ter, and only when the body is in uniform circular motion
are the radial forces applied at the two idle pulleys equal.
Because the midpoint of the rod is at the center of
mass of the body, the “equivalent mass” at point A and
at point B are equal, and the tangential velocity of the
body and the radius of the circle at the two contact points
are also the same, so the required centripetal forces are
equal. It means that when the body has a non-uniform
circular motion, the redial force applied at one idle pulley
will includes not only required centripetal force but also
an extra force. This is an important feature which has not

been paid attention to.

2 Analysis of momentum and angular

momentum

From the analysis mentioned above, during the de-
celerated circular motion of the body, the two redial
forces applied respectively at the two contact points are
not equal, and F ,is greater than F ,. Let F , =F , +

F pandF , =F, ,, thus, F g and F,, coalesce to form

nA
the required centripetal force for the revolution of the
body, it worth noting that F , includes an extra radial
force F p,, because the angular acceleration of the rota-
tion must not be zero. In fact, the extra radial force forms
a moment with respect to the center of mass of the body,
so that the body can have an angular acceleration to keep
the angular velocity of the rotation is synchronous with
that of the variable revolution with respect to the center of

the ring. Suppose the reaction of the extra radial force

F . is F' ,, , when the force F g, on the pulley exerted by
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the inner wall of the ring changes the angular momentum
of the body in a certain time interval, the force F’ , on
the inner wall of the ring exerted by the pulley acts in the
same time interval, according to the impulse-momentum
theorem, the ring’s momentum is changed.

Now, an important phenomenon that has never been
noticed occurs, the action-reaction pair acting between
the two bodies touching each other change the momentum
of one body and the angular momentum of the other one.

Obviously, because only one body obtains an incre-
ment of momentum, the total momentum of the system
consisting of two bodies is changed without any external
force; and there is no internal moment being equal in
magnitude and opposite in direction to the moment which
changes the angular momentum of the other body, so the
sum of the internal moment is non-zero, and the total an-
gular momentum of the system is changed without any ex-
ternal moment.

Therefore, none of the laws of conservation of mo-
mentum and of angular momentum is an absolute law,
both are relative ones; none of momentum and angular
momentum is an absolute conserved quantity, both are
relative ones.

It is worth noting that the increment of the momentum
and of the angular momentum are both derived from the
effects of a pair of internal forces in a same time interval,
so the momentum and the angular momentum of a system
must be not conserved at the same time, it can be de-
scribed as the simultaneity of the non-conservation ( SNC)
of momentum and of angular momentum. Owing to the SNC,
we predict that an unknown and more general conserved
quantity of the system is still conserved in this case.

The symmetry properties of a physical system are in-
timately related to the conservation laws characterizing
that system, the spatial translational symmetry corre-
sponds to the conservation of momentum, and the spatial
rotational symmetry to the conservation of angular momen-

) due to none of the momentum and angular mo-

tum
mentum is an absolute conserved quantity. It may be rea-
sonable to combine the space translational symmetry and
space rotational symmetry to form an symmetry of spatial
displacement, and the general symmetry will correspond
to a conserved quantity which can more appropriately

measure mechanical motion.

The discovery that both of the momentum and the
angular momentum of a system may not be conserved col-
lapses some classical ideas in physics, and it is signifi-

cant in theory.

3 Experiment

The phenomenon of momentum non-conservation can
be verified by a simple experiment as follow.

A movable unit shown as Fig. 3 is put in a circular
container, the two idle pulleys of the unit lean against the
inner wall of the container. A motor that can be con-
trolled by remote control is fixed vertically in the center of
the container; a bar is installed horizontally on the rotator

of the motor as shown in Fig. 4.

Fig.3 Movable unit
(1: column;2; horizontal rod;3: idle pulley;
4. metal block;5: balls)

Fig.4 Experimental device

(1: movable unit;2: motor;3: revolving

bar;4: circular container)

When the motor is remote controlled to start, the re-
volving bar pushes the column of the movable unit to
drive the unit moving in a circle in the circular container,
and the constraint coming from the inner wall of the circu-
lar container makes the rotation around the mass center of
the moving unit must be synchronous with the revolution
around the center of the container. When the motor is
stopped by the remote control, the unit will continue to
move depending on the inertia, then the tangential fric-
tion between the balls of the movable unit and the bottom

plate of the container will slow the revolution down, so
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there must be a moment with respect to the center of mass
of the unit to slow the rotation down, according to the
foregoing analysis, the rear idle pulley of the movable u-
nit and the inner wall of the container will be subjected to
an extra force.

The experimental device as shown in Fig. 4 is placed
on a foam plate floating on still water, when the motor is
started and then stopped, it can be observed clearly that
the experimental device will move on the water when the
unit slows down and stops in the container, and the direc-
tion of the movement is always the radial direction at the
contact point between the rear idle pulley and the inner
wall of the container. It means that the momentum of the
experimental device is changed without any external
force. It cannot be seen clearly if the angular momentum
of the experimental device is conserved or not in the ex-
periment, but according to the previous theoretical analy-
sis, the momentum and the angular momentum of the ex-

perimental device are not conserved at the same time.

4  Further discussions

The research of this paper is of practical signifi-
cance, for example, it has long been noted that when a
vehicle decelerates on a curve road the rear of the vehicle
often sideslips outwards, the greater the deceleration, the
greater the sideslip, it will be easy to lead to a traffic ac-
cident. In fact, the travel of a vehicle on a curve road
can be regarded as a revolution around the instantaneous
center of curvature of the road and a rotation around the
centroid of the vehicle. The precondition of the running
track can be kept on a curve road is the angular velocity
of the revolution equals that of the rotation, the decelera-
tion of the vehicle means the former decreases, so the lat-
ter must be decreased synchronously, so, there must be
an extra force applies on the rear wheels to form an extra
moment with respect to the centroid of the vehicle. If the
friction between the rear wheels and the ground is not great
enough to provide such a moment, the rear of the vehicle
will sideslip outwards. The research results can explain
convincingly this phenomenon. As an interesting experi-
ment, there is a toy car moves circularly in a circular con-
tainer placed on a foam plate floating on still water, when
the car is remotely controlled to slow down rapidly, it can

be seen that the floating plate moves directionally on wa-

ter. It means that when the revolution of the toy car de-
creases , the rear of the car is subjected to an exira force to
form a moment to slow down its rotation, while the reaction
of the extra force changes the momentum of the system.
Therefore, the system moves directionally.

For the propulsion of an isolated system, the law of
conservation of momentum entirely excludes all ways ex-
cept rocket recoil mode, while our research gives a possi-
bility of finding new methods of propulsion for an isolated
system such as a space vehicle. Considering the work
hours of a space vehicle is expected to be as long as pos-
sible, while the transportation of fuel from the ground to
the space is expensive, the propulsion operated on solar
cells will be very attractive, the results of this study will

inspire great enthusiasm in engineering domain.

5 Conclusions

(1) Suppose a noncircular rigid body keeps contact
with the inner wall of the ring at two contact points being
symmetrical with respect to the mass center of the body,
when the bodies has a uniform circular motion in the
ring, the two redial forces applied respectively at the two
contact points are equal, but if the circular motion is non-
uniform, the two redial forces will not be equal, it means
the body is acted on by an extra radial force at one con-
tact point.

(2) Because the “equivalent mass” at two contact
points are equal, and the velocity and the radius of the
revolution of the body at the two contact points are also the
same, so the required centripetal forces at two contact
points are equal, leading to the extra radial force forms a
moment with respect to the center of mass of the body so
that the body can has an angular acceleration to keep the
angular velocity of the rotation is synchronous with that of
the variable revolution with respect to the center of the ring.
Meanwhile, the reaction of the extra radial force acting on
the inner wall of the ring changes the momentum of the ring.

(3) In the living example given by the paper, the
action-reaction pair acting between the two bodies touch-
ing each other change the momentum of one body and the
angular momentum of the other one, it means that the to-
tal momentum of the system is changed without any exter-
nal force, and the total angular momentum of the system

is changed without any external moment.
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(4)If the momentum and the angular momentum of
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