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The acceleration vector points toward the center of the circle. But the
velocity vector always points in the direction of mation, which is tangential to
the circle. Thus the velocity and acceleration vectors are perpendicular to each

’ CAUTION other at every point in the path for uniform circular motion (Fig. 5-3). This is

The divection of motion (v) and ~ another example that illustrates the error in thinking that acceleration and
the acceleration (8) are notin - velocity are always in the same direction. For an object [alling vertically, 4 and ¥
the same direction; insiead, 2 Ly are indeed parallel. But in circular motion, a and v are perpendicular, not

parallel (nor were they parallel in projectile motion, Section 3-5).

; /
FIGURE 5-3 For uniform [
circular motion. a is always |
perpendicular to v, \ !

Circular motion is often described in terms of the frequency f, the number
of revolutions per second. The period T ol an object revolving in a circle is the
time required for one complete revolution. Period and frequency are related by

1 .

T 7 (5-2)

For example, if an object revolves at a frequency of 3 rev/s, then each revolution

takes 1s. For an object revolving in a circle (of circumference 27r) at constant
speed v, we can wrile

Period and frequency

_ 2mr

it = —-

T

since in one revolution the object travels one circumference.

Acceleration of a revolving ball. A 150-g ball at the end
of a string is revolving uniformly in a horizontal circle of radius 0.600 m, as in
Fig. 5—1 or 5-3. The ball makes 2.00 revolutions in a second. What is its centripetal
acceleration?

APPROACH The centripetal acceleration is a, = v°/r. We are given r, and
we can find the speed of the ball, », from the given radius and frequency.
SOLUTION If the ball makes two complete revolutions per second, then the
ball travels in a complete circle in a time interval equal to 0.500s, which is its
period T. The distance traveled in this time is the circumference of the circle,
27rr, where ris the radius of the circle. Therefore, the ball has speed

~ 2@r  2(3.14)(0.600 m)
T (0500s)
The centripetal acceleration’ is

_P_OSAm/s)
R T 0600my M

v = 7.54 m/s.

EXERCISE A If the string is doubled in length to 1.20m but all else stays the same, by
what factor will the centripetal acceleration change?

'Differences in the final digit can depend on whether you keep all digits in your calculator for v
{(which gives ap = 94.7m/s’),orif youuse v = 7.54m/s in which case you get ap = 94.8 m/s’. Both
results are valid since our assumed accuracy is about £ 0.1 m/s (see Section 1-4).
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