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12.2: Translational acceleration of a reference frame
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Figure 12.2.1: Inertial reference frame (unprimed), and translational accelerating frame (primed).

Consider an inertial system (& fiz, Y iz, 2fiz ) Which is fixed in space, and a non-inertial system (Z7nov; Ymovs Zmov) that is moving
in a direction relative to the fixed frame such as to maintain constant orientations of the axes relative to the fixed frame, as
illustrated in Figure 12.2.1 The fixed frame is designated to be the unprimed frame and, to avoid confusion the subscript fiz is
attached to the fixed coordinates taken with respect to the fixed coordinate frame. Similarly, the translating reference frame, which
is undergoing translational acceleration, has the subscript mov attached to the coordinates taken with respect to the translating
frame of reference. Newton’s Laws of motion are obeyed only in the inertial (unprimed) reference frame. The respective position
vectors are related by

Ttic = Rpiz + oy (12.2.1)

where r;, is the vector relative to the fixed frame, r/,,, is the vector relative to the translationally accelerating frame and R;, is
the vector from the origin of the fixed frame to the origin of the accelerating frame. Differentiating Equation 12.2.1 gives the
velocity vector relation

Viiz = V iz T Vinov (12.2.2)
_ drg, ’ _ drho _ dRy, L. . R

where vy;, = 2 Vmov = ~ g and Vy;, = - Similarly the acceleration vector relation is

Afig :Afiz +a;nov (1223)

d2rﬁz d*c! .. dzRﬁx
where ay;, = 7 o = drtz and Ay, = "
In the fixed frame, Newton’s laws give that
Ffi:v =mayi; (1224)

The force in the fixed frame can be separated into two terms, the acceleration of the accelerating frame of reference A z;; plus the
acceleration with respect to the accelerating frame aj,,, .

Ffiz = mA pip +mag,o, (12.2.5)
Relative to the accelerating reference frame the acceleration is given by
Mamey :Ffiw 7mAfia: (1226)

The accelerating frame of reference can exploit Newton’s Laws of motion using an effective translational force
F,., =F fiw —MA i, . The additional —mA i, term is called an inertial force; it can be altered by choosing a different non-
inertial frame of reference, that is, it is dependent on the frame of reference in which the observer is situated.
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