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Centripetal Acceleration & Centripetal Forces
 This is circular motion.
 When an object moves in a circular motion at a
 constant speed, it has uniform circular motion.
 The magnitude of the velocity remains constant
 BUT the direction of the velocity is changing.
 A change in velocity indicates that there is
 acceleration.
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Therefore, an object experiencing uniform circular
 motion is continuously accelerating.
 t
 vac ∆
 ∆=
 t
 vvac ∆
 −= 12
 Add vectors “tip to tail”.
 How do you subtract?
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∆v and acceleration are in the same direction �
 toward the center of the circle. This acceleration
 is centripetal acceleration.
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Centripetal: center seeking
 r
 v
 t
 va c
 2
 =∆∆=
 It is difficult to measure the speed of an object.
 It is easier to measure the time to make one
 revolution. This is the period, T.
 T
 rv
 π2=
 According to Newton’s Law of Motion, the
 acceleration must be caused by a net force acting
 on the object in the direction of the acceleration.
 This is called the centripetal force.
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A centripetal force can be supplied by any type of
 force.
 • Gravity provides Fc that keeps the moon in a
 circular path around the Earth.
 • Friction provides Fc that causes a car to move
 in a circular path on a road.
 • Tension in a string tied to a ball that is moving
 in a circular motion provides Fc.
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A misconception:
 An object moving in a circle has an outward
 force acting on it.
 ⇒ centrifugal force.
 Ex. Swinging a ball on the end of a string.
 To keep the ball moving in a circle, the person pulls
 inwardly on the ball.
 It is the ball that exerts an equal and opposite
 force on the hand. NOT a centrifugal force
 (center-fleeing) on the ball.
 If the string is let If there were a
 go, the ball flies centrifugal force,
 off tangentially. the ball would fly
 outward.
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Ex. 1 A car with a mass of 2135 kg is rounding a
 curve on a level road. If the radius of curvature of
 the road is 52 m and µ = 0.70 between the tires
 and the road, what is the maximum speed at which
 the car can make the curve without skidding off
 the road?
 Ex. 2 A 150. g ball at the end of a string is
 swinging in a horizontal circle of radius 0.60 m.
 The ball makes 2.00 revolutions in a second. What
 is its centripetal acceleration?
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Ex 3. A jet plane traveling 500. m/s pulls out of a
 dive by moving in an arc of radius 4.00 km. What is
 the plane’s acceleration is g’s?
 Ex. 4 What is the maximum speed with which a
 1000. kg car can round a turn of radius 85 m on a
 flat road if µ = 0.60 between the tires and the
 road? Is this result independent of the mass of
 the car?
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Ex. 5 A coin is placed 13.0 cm from the axis of a
 rotating turntable of variable speed. When the
 speed of the turntable is slowly increased, the coin
 remains fixed on the turntable until a rate of 42
 rpm is reached at which point, the coin slides off.
 What is the coefficient of static friction between
 the coin and the turntable?
 Ex. 6 At what minimum speed must a roller
 coaster be traveling when upside down at the top
 of a circle if the passengers are not to fall out?
 The radius of curvature is 8.0 m.
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Ex. 7 A 0.35 kg ball, attached to the end of a
 horizontal cord, is rotated in a circle of radius 1.3
 m on a frictionless horizontal surface. If the cord
 will break when the tension in it exceeds 30. N,
 what is the maximum speed that the ball can have?
 Ex. 8 A ball on the end of a string is cleverly
 revolved at a uniform rate in a vertical circle of
 radius 85.0 cm. If its speed is 3.25 m/s and its
 mass is 0.335 kg, calculate the tension in the
 string when the ball is
 a) at the top of its path
 b) at the bottom of its path
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Ex. 9 A 1000. kg car round a curve on a flat road
 of radius 50. m at 50. km/h (14 m/s). Will the car
 make the turn if
 a) the pavement is dry and the coefficient of
 static friction is 0.60?
 b) the pavement is icy and µs = 0.20?
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Banked Curves
 They reduce the chance of skidding because the
 normal force on the road will have a component
 toward the center of the circle thus reducing the
 need for friction.
 For banked curves, ac is horizontal and not parallel
 to the sloping road because the acceleration is
 horizontal and not parallel to the slope.
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Ex. 1 Canadian Indy 500 racing car driver Paul
 Tracy averaged 378.11 km/h (105 m/s) in time
 trials. The ends of the 3.0 km oval track at MIS
 are banked at 18.0o and the radius of curvature is
 382 m.
 a) at what speed can the cars round the curves
 without needing to rely on friction to
 provide a center seeking force?
 b) Did Tracy rely on friction for some of his
 required centripetal force?
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