
Physical Problem Solving

Inertial Frames

The concept of an inertial frame is absolutely key to understanding how to make sense of
Newtonian mechanics. In particular, when you write down the equation:∑

ext

~Fext = m~acm (1)

you need to specify the frame of reference with respect to which ~acm is measured relative to. This
allows for the distinction between real forces and fictitious ones. The real question here is how to
specify these special frames? The answer that Newton gives is that true accelerations are defined
with respect to certain privileged frames of reference that we now call inertial frames, and these
inertial frames are defined by – or, in turn, define – Absolute Space and Time.

The bucket experiment was Newton’s attempt to prove the existence of such frames. In this
experiment, you define inertial frames to be those frames where the water is still. True accelerations
occur when the water creeps up the sides of the bucket. The physical phenomenon of the water
creeping up the sides of the bucket is taken to indicate an acceleration of the water with respect to
an inertial frame.

However, the existence of such privileged inertial frames is only a necessary, but not a sufficient,
condition for the existence of Absolute Space and Time. In fact, there is much more structure in
Newton’s Absolute Space and Time than is implied by the existence of inertial frames. This is
effectively Leibniz’s argument against these concepts, and he event points out what this extra
structure is: it is the specification of the origin and orientation of the Absolute Space and Time
coordinate system. We will discuss this in more detail in the next couple of lectures.

Mach added two important ingredients to this discussion:

1. He points out that the privileged inertial frames need only be approximate. If one accepts
this, then one is immediately open to the possibility that the existence of these frames can be
derived – rather than postulated – from the existence of the very special mass distributions in
the Universe; namely, the fixed stars. These fixed stars are massive enough, numerous enough
and sufficiently fixed to plausibly act as approximate rest frame for solar-system physics. This
idea is really the foundational principle behind General Relativity.

2. He highlights the importance played by the role of Time. Because the inertial frames define
preferred velocities, and not positions, they cannot be defined without first specifying a
notion of duration, i.e., the amount of time that has passed between two instance, however
infinitesimal. For Mach, this notion of duration must also come from the relations between
things. Indeed, it must be derived from the changes of these relations.

Unfortunately, Mach did not write down a concrete theory to implement these ideas. We will see
how it is possible to do just that in the coming lectures.
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