
19. (a) The forces acting on an object being weighed are the downward force of gravity and the upward
force of the spring balance. Let Fg be the magnitude of the force of Earth’s gravity and let W be
the magnitude of the force exerted by the spring balance. The reading on the balance gives the
value of W . The object is traveling around a circle of radius R and so has a centripetal acceleration.
Newton’s second law becomes Fg − W = mV 2/R, where V is the speed of the object as measured
in an inertial frame and m is the mass of the object. Now V = Rω ± v, where ω is the angular
velocity of Earth as it rotates and v is the speed of the ship relative to Earth. We note that the
first term gives the speed of a point fixed to the rotating Earth. The plus sign is used if the ship
is traveling in the same direction as the portion of Earth under it (west to east) and the negative
sign is used if the ship is traveling in the opposite direction (east to west).
Newton’s second law is now Fg − W = m(Rω ± v)2/R. When we expand the parentheses we may
neglect the term v2 since v is much smaller than Rω. Thus, Fg − W = m(R2ω2 ± 2Rωv)/R and
W = Fg −mRω2 ∓ 2mωv. When v = 0 the scale reading is W0 = Fg −mRω2, so W = W0 ∓ 2mωv.
We replace m with W0/g to obtain W = W0(1 ∓ 2ωv/g).

(b) The upper sign (−) is used if the ship is sailing eastward and the lower sign (+) is used if the ship
is sailing westward.
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