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Abstract

We investigate some laws of motion and suggest that, there is no
need to define pseudo-forces. We put forward the hypothesis that, force
is independent of the frame of reference. Work done with a force is seen
in an absolute way, as the scalar product of the force and the absolute
displacement.
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1 Introduction

Analysis of motions of earthly and celestial bodies has a long history. Sir Isaac
Newton propounded three laws (see, for instance, [1]) of motion which are now
fundamental in classical physics of motion. The laws may be recalled as:

i. A mass particle at rest continues to be at rest, or if it is in motion it
continues to move with uniform velocity, if no force acts on it;

ii. The rate of change of momentum of a mass particle is proportional to
the force on it;

iii. To every force there is an equal and opposite reaction force.
The laws have been subject to elaborate discussions, as evident in [2 -

4] and other deliberations. In spite of some reservations, Newtonian laws of
mechanics find application in many areas as engineering, etc.

The preceding laws are assumed to be valid for inertial reference frames
(RF). For non-inertial reference frames (e.g., a reference frame fixed on an
accelerating train, or on a body rotating with uniform speed in a circle in a
plane) often we visualize pseudo-forces to explain some motions and related
phenomena. Such a force is called, for instance, in a circular motion of a body,
as the centrifugal force. We perceive that, the idea of pseudo-forces is not
necessary and should be omitted for a more logical view.

Acceleration of a mass particle (called sometimes only as a particle after-
wards) is independent of reference frames, if we consider only inertial reference
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frames. This would depend on the reference frame, if non-inertial reference
frames are also considered. Consequently, if we apply Newtonian laws, force
on a mass particle would change from one reference frame to another. How-
ever, Newtonian laws are seen to be correct only for inertial reference frames.
We hypothesize that, a force is independent of any reference frame - inertial
or non-inertial.

The work done with a force is defined with the displacement with respect
to the absolute reference frame. With such a definition, as we discuss, some
common expressions for energy, e.g., the potential energy in the earth’s gravi-
tational field, are some approximations but not exact.

We elaborate our analysis in the next a few sections. As far as we are
aware, we present in this article some views, which are unavailable in the
relevant literature.

2 Fundamental Assumptions

For the sake completeness of the present discussion, we would note the funda-
mental assumptions which are implied in classical mechanics.

i. The space is three dimensional, static and irrespective of the mass par-
ticles.

ii. There is an absolute, static spatial frame of reference, i.e., a reference
frame for which the origin is fixed at a point in the space and the three coor-
dinate axes are fixed.

iii. A mass particle is an indivisible entity, which has a small, but non-zero,
mass, and small spatial dimensions.

iv. Mass of a particle is independent of the spatial reference frame.
v. Time is measured independent of the spatial reference frames.
Our subsequent analysis is based on these assumptions.

3 About Pseudo-Forces

In our view, the idea of pseudo-forces, which are imagined for non-inertial
reference frames for some purposes, is not much of a physical explanation.
With respect to (w.r.t.) such an RF, a particle may have a displacement,
velocity and acceleration only due to relative shift of the RF. There is no force
involved. For example, let us consider a ball (particle) on the floor of a train
compartment. When the motions are steady, the train moves, along with the
ball, with a uniform velocity. Let us consider that, the floor of the compartment
is frictionless. Now, as the train starts to accelerate, the ball continues to move
with the earlier velocity. Therefore it recedes. An acceleration in the opposite
direction is noted, w.r.t. the RF attached on a point of the train. Clearly, this
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is only due to the shift of the RF. As the ball hits the wall of the compartment,
a force is exerted on it and it starts moving with the same acceleration as the
train. It does not bounce off the wall, since the wall pushes it. The force
that acts on the ball is a force, w.r.t. the train RF as well. The engine would
have to generate some extra force once the ball hits the wall. The ball is at
rest, w.r.t. the train RF. This is not contradictory, since, we presume that
Newton’s laws are not correct for a non-inertial RF. As for another example,
for a particle in uniform circular motion, often we think of a centrifugal force
in an RF attached with the particle. W.r.t. such an RF, the particle is at rest;
we balance the centripetal force with the centrifugal force. But, such balancing
is not required, when we do not need Newton’s laws to hold for a non-inertial
RF.

There is an acceleration which arises in a non-inertial RF, unless a parti-
cle accelerates in the same way as that RF. This may be termed as pseudo-
acceleration. It does not result from any force, but is measured only due to
the acceleration of the non-inertial RF. This acceleration may be considered
along with the acceleration, generated with a force.

In this manner, we see that, there is no need to define pseudo-forces. On
the other hand, a view allowing the existence of such a force does not describe
physical processes correctly.

4 Constancy of a Force

We propose the hypothesis that:

i. A force is independent of the reference frame, inertial or non-inertial.

We see force as a physical effect on a particle; whereas an RF is an abstrac-
tion. This supports our hypothesis. Further, to illustrate, consider a particle
on the platform of a station. The particle is at rest w.r.t. an RF attached to a
point on the platform. There is no force acting on it w.r.t. this RF. W.r.t. an
RF attached to an accelerating train too, it should be considered that, there is
no force on it. A force would create an “effect,” an “imprint” on the particle.
Since there is no such thing on the particle, force is zero also w.r.t. the train
RF. The discussions in the preceding section also support the hypothesis.

A force would have an absolute direction and magnitude. The representa-
tion of the direction may change from RF to RF. Acceleration generated by a
force for a mass particle is also constant in magnitude, not dependent on the
RF.
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5 Work Done with a Force

We define the work done with a force as, �F · �d, where �F is the force and �d is the
displacement generated with it. Both vectors are measured w.r.t. the absolute
RF.Thus, energy imparted to a particle/ process becomes independent of the
RF.

Consider a particle, of mass m, and which is at rest w.r.t. to a RF, which
is moving with uniform velocity, w.r.t. the absolute reference frame. The
coordinate axes are parallel with that of the absolute reference frame. A
force �F acts on the particle to yield a displacement �d, as measured w.r.t.
the earlier (moving) RF. The displacement is in the direction of the force. The
acceleration of the particle is F/m.Then the force acts for time

√
2s(m/F ) and

velocity of the particle becomes
√

2s(F/m). Change of its kinetic energy (KE),
1
2
m(2s(F/m)) = Fs. W.r.t. the absolute RF, initial velocity of the particle is

�v1 and final velocity is �v1+�v2, where magnitude v2 =
√

2s(F/m).Displacement

of the particle is (�s +
√

2s(m/F )�v1). Let the angle between �v2 (i.e., �s also)
and �v1 be θ. Now,

1

2
m(|�v1 + �v2)|)2 − 1

2
m(|�v1|)2

= mv1v2 cos θ + Fs

= mv1

√
2s(F/m) cos θ + Fs

= �F · (�s +
√

2s(m/F )�v1) (1)

This shows that, change of kinetic energy w.r.t. the absolute RF correctly
gives the work done, as defined here, by the force. This, as we see, should be
the change in energy, rather than Fs, for the particle. But, for the local RF
also, this holds that change in KE is the scalar product of force & displacement.

Movement of a Particle Vertically towards the Earth: For a RF as the
earth, it may not be possible to find out the velocity w.r.t. the absolute RF.
The velocity also changes with time. However, the following analysis may be
done.

Consider a particle drops by a height h vertically (radially) towards the
earth, along the axis of rotation. The force on the particle is the gravitational
pull, and other forces which cause the earth and the particle to move in the
same manner. Such other forces on the particle may be considered negligi-
ble. Vertical descent is always along the direction of the gravitational force.
The particle has a displacement, w.r.t. the absolute RF, due to rotation and
translation of the earth. Work done due to the rotation is zero as there is no
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displacement due to it. Work done for translation is also zero, since the force is
orthogonal to the displacement. Let velocity of the earth, w.r.t. the absolute
RF, be �V initially and remains almost constant as the time interval considered
is small. Velocity of the particle w.r.t. the earth at the last moment be �v.
Then (g: gravitational acceleration of the particle),

mgh ≈ 1

2
m(|�V + �v)|)2 − 1

2
m(|�V |)2.

Considering that, �V and �v are orthogonal, mgh ≈ 1
2
mv2.

If the descent is not along the axis of rotation, the above velocities may
not be orthogonal, which needs to be taken into account.

Movement of a Particle on the Surface of the Earth: For a particle
on the earth, other forces, except which are applied by earthly agents and the
gravitational pull of the earth, again, may be considered as negligible. There
is no work for the gravitational pull for the displacement on the earth surface,
since the displacement is perpendicular. There is no work for gravitational pull
due to rotation, for the same reason. We may imagine a RF with origin at the
initial position of the particle, and axes parallel to those of the absolute RF,
and moving with the earth’s velocity. If the time interval considered is small,
rotation of the earth may be neglected, and we may use (1) for the absolute
RF, identifying total force and absolute displacement. In such a case, for the
local RF also, as is seen before, change in KE equals the scalar product of
force & displacement.

6 Concluding Remarks

We have considered some situations related to motions of particles. We have
expressed the view that, the idea of pseudo-forces is inappropriate considering
the physical mechanisms. A hypothesis that, a force is independent of any
reference frame, is proposed. Work done with a force is seen only with respect
to the absolute reference frame. With such a definition, some commonly known
relationships for energy terms are seen to hold approximately.

We believe that, our views would lead to better standing of some processes,
particularly which are usually seen in engineering applications. Further dis-
cussions on the topics will be of high value, since classical mechanics laws and
techniques have substantial applications in such areas.
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