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The results derived in the previous section can now be applied to describe motion in a coordi-
nate system that 1s fixed on Earth and hence moving with the rotating Earth; that is, we describe
motion in a noninertial coordinate system. The angular velocity w of Earth with a radius vector
relative to the sun is 277 radians per day. This value of angular velocity, when corrected to give
the angular velocity with respect to fixed stars, 1s

27 366.5

“ 7 24 X 3600 s 365.5

1. Itis the spinning motion of Earth that causes the equatorial bulge; that is, Earth 1s flattened
at the North and South Poles, resulting in an equatorial radius of =21 km (=13 miles)
greater than the polar radius.

2, Itis the Coriolis force on moving masses that produces a counterclockwise circulation of
winds in the Northern Hemisphere. It affects the course of the trade winds and the Gulf
Stream, ]

3. It is necessary to take into account the Coriolis force to accurately compute the trajecto-
ries of long-range projectiles and missiles.

4. The motion of the Foucault pendulum is the result of the Coriolis force.

= 7.292 X 107 rad/s (11.41)




earth equatorial bulge
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The motion of Earth with respect to an inertial reference frame is dominated by
Earth’s rotation about its own axis. The effects of the other motions (e.g., the
revolution about the Sun and the motion of the solar system with respect to the
local galaxy) are small by comparison.
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In general, the value of g, changes with latitude A and may be calculated as shown next.
Referring to Fig. 11.6(b), the magnitude of the centrifugal acceleration of any point mass m is

pw? = (r cos Nw* (11.47)

where p 1s the distance of the mass m from the axis and A is the latitude of the place at P on
Earth. The magnitude of the centrifugal force 1s

m,m:u2 = (mr cos A)w* (11.48)
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The centrifugal
force is responsible for the oblateness of Earth. Earth is not really a solid sphe-
roid; it is more like a strongly viscous liquid with a solid crust. Because of
Earth’s rotation, Earth has deformed so that its equatorial radius is 21.4 km
greater than its polar radius, and the acceleration of gravity is 0.052 m/s?
greater at the poles than at the equator. The surface of calm ocean water is per-
pendicular to g, not g, and on the average, the plane of Earth’s surface is also
perpendicular to g.

But first, let’s return to the effective g of Equation 10.33. The period of a
pendulum determines the magnitude of g, and the direction of a plumb bob in
equilibrium determines the direction of g. The value of w?R is 0.034 m/s?, and
this is a significant enough amount (0.35%) of the magnitude of g to be consid-
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