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are types of problems for which these equations would be extremely complex, and it
becomes easier to treat the motion of the system in a noninertial frame of reference.

To describe, for example, the motion of a particle on or near the surface of
Earth, it is tempting to do so by choosing a coordinate system fixed with respect
to Earth. We know, however, that Earth undergoes a complicated motion, com-
pounded of many different rotations (and hence accelerations) with respect to
an inertial reference frame identified with the “fixed” stars. Earth’s coordinate
system is, therefore, a noninertial frame of reference; and, although the solutions
to many problems can be obtained to the desired degree of accuracy by ignoring
this distinction, many impoﬂant effects result from the noninertial nature of the

Earth coordinate system.
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These coordinate transformations are called the Galilean Coordinate
Transformations. They enable the observer in frame § to predict the position vector in
frame S’, based only on the position vector in frame S and the relative position of the
origins of the two frames.
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When two reference frames are moving with a constant velocity relative to each other as
above, the reference frames are called relatively inertial reference frames.

First law

Law 1: Every body continues in its state of rest, or of uniform motion in a right
line, unless it is compelled to change that state by forces impressed upon it.

object at rest in frame S, then there is also no net force impressed on the object in

l In relatively inertial reference frames, if there is no net force impressed on an
frame S’ .



Second law
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Figure 9.1 A pendulum is suspended from the roof of a railroad
car that is accelerating with constant acceleration A. In the non-
inertial frame of the car, the acceleration manifests itself through
the inertial force —mA, which, in turn, is equivalent to the re-
placement of g by the effective g4 = g — A.
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(b) Let’s choose two reference frames; frame B is centered at particle b, and frame A 1is
centered at the center of the circle in Figure 11.5. Then the relative position vector
between the origins of the two frames 1s given by
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— o = _ .n.l,r_ -~
r,=r, R=/r-Ir.
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r=-smnfi+coso j

r’=sinf i+cos0 j.

Q:} F,o=1# —1#=1(sinfi+cosj)—I(-sin@i+cos@ j)=2/sinfi.
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Example 11.3 Recoil in Different Frames

A person of mass m, is standing on a cart of mass m, . Assume that the cart is free to

move on its wheels without friction. The person throws a ball of mass m, at an angle of

0 with respect to the horizontal as measured by the person in the cart. The ball is thrown
with a speed v, with respect to the cart (Figure 11.6). (a) What is the final velocity of the

ball as seen by an observer fixed to the ground? (b) What is the final velocity of the cart
as seen by an observer fixed to the ground? (c) With respect to the horizontal, what angle
the fixed observer see the ball leave the cart?
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The ball is thrown with a speed v, and at an angle @ with respect to the horizontal as

measured by the person in the cart. Therefore the person in the cart throws the ball with
velocity

V', = Vo €088 i +v,8in@ j. (11.4.15).

Because the cart is moving in the negative x -direction with speed v, . just as the ball

leaves the person’s hand, the x-component of the velocity of the ball as measured by an
observer on the ground is given by

= v, cos0 — v (11.4.16)

v_x_'f]ba]] f,cart

The ball appears to have a smaller x -component of the velocity according to the observer
on the ground. The velocity of the ball as measured by an observer on the ground is

Vo =(vpcos0—v, )ity sing]. (11.4.17)



The final momentum of the ball according to an observer on the ground is
B = | (v,c080—v, )i+ sinf]]. (11.4.18)
The momentum flow diagram is shown in (Figure 11.7).
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Figure 11.7 Momentum flow diagram for recoil
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c¢) The angle ¢ at which the ball is thrown as seen by the observer on the ground is given
by

() sin @
S T )T, cos0
e m+m,)/ (m +m,+m,) |v. cos
f,ball 7 x 1 2 1 2 3 0 (11-423)
[ m1+m,+m,}
=tan | tan@ - = |.
m, +m,

For arbitrary values for the masses, the above expression will not reduce to a simplified
form. However, we can see that tan¢ > tan@ for arbitrary masses, and that in the limit

m,<<m,+m,, ¢ —6 and in the unrealistic limit m, >>m +m,, ¢ ->x/2. Can you
explain this last odd prediction?
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A wheel of radius R is rolling with a uniform linear velocity v, along a straight line path, as shown in
Fig. Ex. 11.1. What are the position, velocity, and acceleration of a particle fixed to the rim of the wheel
according to (a) a reference frame fixed with the wheel, and (b) a stationary observer on the ground?




To the moving observer, the position, velocity, and acceleration of point P are

r' = Rj’ (i)

r'=v = Roi =y’ (iii)

P o=a = — 0% = _ % (iv)
R
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