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Chapter 7 – Rotational Motion and the Law of Gravity

Section 7-1 – Measuring Rotational Quantities

When an object spins, it is said to undergo Rotational Motion.  

· The Axis of Rotation is the line about which the rotation occurs.

· A point on an object that rotates about a single axis undergoes circular motion around the axis.

· Circular motion is described in terms of the angle through which the point on an object moves.  

Angles Can Be Measured in Radians.

· In science, angles are often measured in radians (rad) rather than in degrees.  

· Almost all of the questions used in this chapter and the next require that angles be measured in radian.

· When the arc length of the radius, r, the angle ( swept by r is equal to 1 rad.

· Usually, any angle ( measured in radians is defined by the formula:  (  =  s/r
· The radian is a pure number, with NO dimensions so the abbreviation rad is substituted in the place of other units.

· When a wheel moves through an angle of 3600 (one revolution of the wheel), the  arc length s is equal to the circumference of the circle.

(  =  s =   2(r   =  2( rad 
     
  r        r 
Thus, 3600 equals 2( rad, or one complete revolution.
Any angle in degrees can be converted to an angle in radians by multiplying the angle measured in degrees by 2(/3600.  The conversion relationship can be simplified by: 


( (rad)  =    (   _ ( (deg) 

                        1800 
Angular Displacement Describes How Much an Object Has Rotated.

Just as an angle in radians is defined by the ratio of the arc length to the radius, the angular displacement traveled by an object on the rotating disc equals the change in the arc length, (s, divided by the distance of the object from the axis of rotation.


In this textbook, when a rotating object is viewed from above, the arc length, s, is considered positive when the point rotates counterclockwise and negative when it rotates clockwise. 

Sample Problem 7A, pg 246:  While riding on a carousel that is rotating clockwise, a child travels through an arc length of 11.5 m.  If the carousel has a diameter of 8.00 m, through what angular displacement does the child travel?  Convert this angular displacement to degrees.

Given:  r = 8.00 m/2 = 4.00 m
(s = - 11.5 m      (( = ? rad
   (( = ?0  

(( =  ( s  =  





   =   


 

          r 

( (deg)  =   1800 ( (rad)  =   




   =   


 

                   (
Angular Speed Describes Rate of Rotation. 

Angular Speed is the rate at which a body rotates about an axis, usually expressed in radians per second.

The Average Angular Speed, (avg, (( is the Greek letter omega), of a rotating rigid object is the ratio of the angular displacement, ((, to the time interval, (t, it takes the object to undergo that displacement.  


Angular Speed is given in units of radians per second (rad/s).  Sometimes angular speeds are given in revolutions per unit time.

Sample Problem 7B, pg. 249:  A child at an ice cream parlor spins on a stool.  If the child turns counterclockwise through 10.0 ( rad during a 10.0 s interval, what is the average angular speed of the child’s feet? 

Given:    (( = 10.0 ( rad  
(t = 10.0 s

(avg = ? 

(avg  =    ((  _  =  





   =   


 

              (t  

Angular Acceleration occurs when Angular Speed Chamges.

The Angular Acceleration, (avg  (( is the Greek letter alpha), of an object is the time rate of change of angular speed, expressed in radians per second per second.


Sample Problem 7C, pg. 249:  A car’s tire rotates at an initial angular speed 

of 21.5 rad/s.  The driver accelerates, and 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? 

Given:    (1 = 21.5 rad/s
(2 = 28.0 rad/s
(t = 3.5 s
(avg = ? 

(avg =   (2 - (1   =  





   =   



 

              (t

All Points on a Rotating Rigid Object Have the Same Angular Acceleration and Angular Speed.  


( Every portion of the object must have the same angular speed and the same 

angular acceleration.  

Comparing Angular and Linear Quantities.



The quantity ( in these equations represents the instantaneous angular speed of the rotating object rather than the average angular speed.

Sample Problem 7D, pg. 251:  The wheel on an upside-down bicycle rotates with a constant angular acceleration of 3.5 rad/s2.  If the initial angular speed of the wheel is 2.0 rad/s, through what angular displacement does the wheel rotate in 2.0 s? 

Given:    (i  =  2.0 rad/s
(  =  3.5 rad/s2
(t = 2.0 s
( = ? 

((  =  (i(t  +  ½ (((t)2  = 





   =   


 

Section 7-2  --  Tangential and Centripetal Acceleration

Relationships Between Angular and Linear Quantities

The motion of a point on a rotating object is most easily described in terms of an angle from a fixed reference line.

Objects in Circular Motion have a Tangential Speed.

Tangential Speed is the instantaneous linear speed of an object directed along the tangent to the object’s circular path.


( Recall that the Tangent to a Circle is the line that touches the circle at one

 and only one point. 


Note that ( is the instantaneous angular speed, rather than the average angular speed, because the time interval is so short.  This equation is valid only when ( is measured in radians per unit of time.

Sample Problem 7E, pg. 254:  If the radius of a CD in a computer is 0.0600 m and the disc turns at a constant angular speed of 31.4 rad/s, what is the tangential speed of a microbe riding on the disc’s rim? 

Given:    r = 0.0600 m
( = 31.4 rad/s
vt = ?  

vt  =  r(  =  




   =   


  

Tangential Acceleration is Tangent to the Circular Path.

Tangential Acceleration is the instantaneous linear acceleration of an object directed along the tangent to the object’s circular path.


Sample Problem 7F, pg. 256:  A spinning ride at a carnival has an angular acceleration of 0.50 rad/s2.  Find the tangential acceleration of a rider who 

sits 6.5 m from the center.

Given:    ( = 0.50 rad/s2
r = 6.5 m
at = ?

at  =  r(  =  





   =   


 

Centripetal Acceleration is acceleration directed toward the center of a circular path.


ac  =    vt 2 _
     

r    


Sample Problem 7G, pg. 258:  A test car moves at a constant speed of 19.7 m/s around a circular track.  If the distance from the car to the center of the track 

is 48.2 m, what is the centripetal acceleration of the car?   

Given:    vt = 19.7 m/s
r = 48.2 m
ac = ? 

ac =    vt 2 _   =  



   =   


 

           r  

Tangential and Centripetal Accelerations are Perpendicular.

The tangential component of acceleration is due to changing speed; the centripetal component of acceleration is due to changing direction.

Find the Total Acceleration Using the Pythagorean Theorem.



   ______________


atotal  =  (  at 2  +  ac 2  

The direction of the total acceleration depends on the magnitude of each component of acceleration and can be found using the inverse of the tangent function.



( =  tan-1  ac _ 




     at 
Angular Displacement





	((  =   (s


                     r





  Angular Displacement (in rad) =     change in arc length  _


					     distance from axis





Angular Speed  


			(avg = ((/(t





	average angular speed =    angular displacement  


                                                          time interval 





Angular Acceleration





		(avg =    (2  - (1   =   (( _


                                  t2 – t1         (t


 


   Average Angular Acceleration  =     Change in Angular Speed _


 						Time Interval 





	Rotational and Linear Kinematic Equations


											 


Rotational Motion with Constant		Linear Motion with Constant


	Angular Acceleration			Acceleration


											 


 


(f = (i  + ((t					vf  =  vi  +  a(t 





((  =  (i(t  +  ½ (((t)2 			(x  =  vi(t  +  ½ a((t)2  





(f 2  =  (i 2  +  2(((()				vf 2  =  vi 2  +  2a((x) 





Tangential Speed


			vt  =  r( 





	Tangential Speed =  Distance from Axis times Angular Speed





Tangential Acceleration





				at  =  r(





Tangential Acceleration = Distance from Axis x Angular Acceleration





Centripetal Acceleration 





			ac  =    vt 2 _


     				r    


	Centripetal Acceleration  =    (tangential speed)2  


  					  distance from axis  





Centripetal Acceleration = Distance from axis x  (angular speed)2  











