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Example 3.1 Angular displacement and angular velocity

Problem: b
A juggler throws a bowling pin as shown in Figure 3.2. - (/D

(a) What is the angular velocity of the pin? %v ’> @ -
(b) What will the angular displacement of the pin % ;57°
be at a time of 0.9 s? - ==
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Key concept:
If an object is travelling in a circle at constant speed, its instantaneous acceleration
is always pointed exactly toward the centre of the circle.

centripetfal acceleration. ) oSy $AI))
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Example 3.2 Angular velocity and centripetal force

eI\ 22 ¢l ogall

4)82:.1“ P PR-N-Y WK
eLS w <« M/U‘g\;g
A 508 — (}J\s

Problem: A 45 kg child is riding the rollercoaster at an amusement park. A portion of the track is made up of two
semicircular sections as shown in Figure 3.4, one with a radius of 10 m and the other with a radius of 16 m. The

rollercoaster travels along this section of track at a constant speed of 7ms™'.

(a) In what direction is the child accelerating at point A?
(b) Inwhat direction is the child accelerating at point B?
(c¢) If the child was o

bathroom scales, what would they read (in kg) at point A?

(d) If the child was on bathroom scales, what would they read (in kg) at point B?
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3.1 (a) Convert the following values from radians to degrees: (i) §
(i) Z (iii) Z (iv) 0.1 (v) 3

(b) Convert the following values from degrees to radians: (i) 1°
(ii) 45° (iii) 60° (iv) 180° (v) 360° Answer: (a) (i) 30° (ii) 45° (iii)

90° (iv) 5.7° (v) 135°
(b) (i) 15y or 0.018 radians (i) § or 0.79 radians (iii) 5 or 1.05 radi-
ans (iv) r or 3.14 radians (v) 27 or 6.28 radians.
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3.2 In a particular rear-end car collision the driver’s head rotates
45° backward before being stopped by the headrest. What is the
average angular velocity of the driver’s head if the duration of the
collision was 0.1 s? Answer: wg4y = 7.9 radians s71
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3.3 When an athlete throws a javelin her forearm snaps through
an angle of approximately 7 radians in 0.20 s. The athlete’s hand

moves with approximately constant speed, the length of her fore- 5=.-“f " N

arm is 45 cm, and the combined mass of her forearm and javelinis - .

2.0 kg. Assuming that the system is well approximated by a mass ‘,"

of 2.0 kglocated 45 cm from the pivot, what force do the ligaments w )

holding the forearm to the elbow need to exert? Answer: F =220N * (éé
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3.4 (a) A 3800 kg car travels round an unbanked corner (i.e. a hor-
izontal road) at the recommended speed of 65 km h™!. The radius
of curvature is 80 m. What is the force that the road exerts on the
car to keep it in motion around the corner?

(b) What force would the road need to exert if the car was trav-
elling at 100 km h~ 12 Answer: (a) F=16x103N (b) F=37x103 N
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3.5)A car is traveling around a circular race track at 180 km h 1. If
a single lap of the track is 2.4 Km long, what is the angular velocity
of the car (in rad s 1)? Answer: 0.13 rad s 1

3.6 If the car in problem 3.5 weighs 2500 kg, what is the
centripetal force acting on the car as it travels around the track?
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3.7 An adventurous ant finds herself at the end of a fan blade when
it is switched on. It is a high speed fan with blades measuring
0.20 m long. If she has a mass of 0.20 g and can hold on to the
fan blade with a maximum force of 0.0124 N. What is the maxi-
mum number of revolutions per minute the fan can run at before
she will be flung off? Answer: 154 rpm
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3.8 An 8.0 m radius merry-go-round completes one revolution ev-

ery 7.0 s. V: Zﬁz

(a) What is the angular velocity of the merry-go-round? g

(b) With what speed are children moving when they ride on the
merry-go-round?

(c) What is the centripetal acceleration these children feel when
riding on the merry-go-round?

A<l

(d) What is the average acceleration of each child over the
course of half a revolution of the merry-go-round?

(e) What is the average acceleration of each child over the
course of a full revolution turn of the merry-go-round?

Answer: (a) 0.90rads™! (b) 7.2ms™ ! (¢)6.5ms™2 (d) 4.1 ms~2 (e)
0ms 2 — o DD
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