Chapter 7
Rotational Motion & Law of Gravity

7.1 Measuring rotational motion

· rotational motion – when an object spins

· axis of rotation – line about which the rotation occurs

· circular motion – point on an object that rotates about a single axis

· r – radius

·  – angle

· s – arc length

· Angles can be measured in radians (rad).

· 360 degrees = 2 rad = 1 revolution

· Use decimal with rad as unit.

· Angular displacement describes how much an object has rotated

·  = s/r

· angular displacement  (in rad) = change in arc length / distance from axis

· clockwise = -

· counterclockwise = +
Sample Problem # 1

· While riding on a carousel that is rotating clockwise, a child travels through an arc length of 11.5 m.  If the child’s angular displacement is 165o, what is the radius of the carousel?

· Angular speed describes the rate of rotation.

·  – omega – angular speed
· avg =  /  t

· average angular speed = angular displacement / time interval

· units for angular speed – radians per second (rad/s) & sometimes revolutions per unit of time

Sample Problem # 2

· A child at an ice cream parlor spins on a stool.  The child turns counterclockwise with an average angular speed of 4.0 rad/s.  In what time interval will the child’s feet have an angular displacement of 8.0  rad?

· Angular acceleration occurs when angular speed changes.

·  – alpha – angular acceleration

· units of rad/s2
· avg =  / t

· average angular acceleration = change in angular speed / time interval

Sample Problem # 3

· A car’s tire rotates at an initial angular speed of 21.5 rad/s. The driver accelerates, & after 3.5 s the tire’s angular speed is 28.0 rad/s. What is the tire’s average angular acceleration during the 3.5 s time interval?

· All points on a rotating rigid object have the same angular acceleration & angular speed.

· Each linear quantity has a corresponding rotational quantity.

· Use the kinematic equations for constant angular acceleration.

Sample Problem # 4

· The wheel on an upside-down bicycle moves through 11.0 rad in 2.0 s.  What is the wheel’s angular acceleration if its initial angular speed is 2.0 rad/s?

7.2 Tangential & centripetal acceleration

· Objects in circular motion have a tangential speed.

· a.k.a. instantaneous linear speed

· speed along a line drawn tangent to its circular path

· Two objects at different radii will have different tangential speeds.

· A kid close to the middle of a merry-go-round has a smaller tangential speed than a kid on the edge.

· vt = r 
Sample Problem # 5

· The radius of a CD in a computer is 0.0600 m.  If a microbe riding on the disc’s rim has a tangential speed of 1.88 m/s, what is the disc’s angular speed?

· tangential acceleration – linear acceleration tangent to the circular path

· So, you can change your tangential speed by moving closer or farther away from the middle! (as well as increasing/decreasing angular speed)

· at = r 
Sample Problem # 6

· A spinning ride at a carnival has an angular acceleration of 0.50 rad/s2.  How far from the center is a rider who has a tangential acceleration of 3.3 m/s2?

· Acceleration depends on a change in velocity.

· 1. change in magnitude of velocity

· 2. change in direction

· Centripetal acceleration due to its change in direction = centripetal acceleration.

· means center-seeking

· ac = vt2 / r

· centripetal acceleration = (tangential speed)2 / distance from axis

· ac = r 2

· centripetal acceleration = distance from axis x (angular speed)2

· direction of acceleration = center

Sample Problem # 7

· A test car moves at a constant speed around a circular track.  If the car is 48.2 m from the track’s center and has a centripetal acceleration of 8.05 m/s2, what is its tangential speed?

· Tangential & centripetal acceleration are perpendicular.  They are not the same.

· When both accelerations exist:

· the tangential acceleration is tangent to the circular

· the centripetal acceleration points toward the center of the circular path

· The total acceleration is found by using Pythagorean Thereom & using trig.

7.3 - Causes of Circular Motion

· Remember the ball on a string?  It is the force of the string that keeps the ball in a circular path.

· The net force is directed toward the center of the circular path.

· Fc = (m vt 2 ) / r

· force that maintains circular motion = (mass x tangential speed 2) / distance to axis

· Fc = m r 

· force that maintains circular motion = mass x distance to axis x angular speed 2

· units for force = Newtons!

Sample Problem # 7

· A pilot is flying a small plane at 30.0 m/s in a circular path with a radius of 100.0 m.  If a force of 635 N is needed to maintain the pilot’s circular motion, what is the pilot’s mass?

· If the force necessary for circular motion disappears, the object will fly off in a line tangent to the circle.

· Inertia is often misinterpreted as a force.  There is no such thing as centrifugal force.

· car turning a corner

· Gravitational force is a field force that always exists between two masses, regardless of how much mass or what separates them.

· Gravitational force depends on distance.

Newton’s Universal Law of Gravitation

·  Fg = (G m1 m2 ) / r2
· G is the constant of universal gravitation.

· G = 6.673 x 10-11 Nm2 / kg2

· example of inverse square law

· Gravitational force is localized to the center of a spherical mass.

· Mass of earth = 


5.98 x 1024 kg

Sample Problem # 8

· Find the distance between a 0.300 kg billiard ball and a 0.400 kg billiard ball if the magnitude of the gravitational force is 
     8.92 x 10-11 N.

