
Chapter 10 
Rotation 
In this chapter we will study the rotational motion of rigid bodies 
about a fixed axis:  

-Angular displacement                                                                             
-Average and instantaneous angular velocity  (symbol: ω )                                        
-Average and instantaneous angular acceleration  (symbol: α ) 

-Kinetic energy of rotation.   



The angle θ(t)  is the 
angular position of the axis 
of rotation at any time t. θ 
is related to the arc length s 
traveled by a point at a 
distance r from the axis 
Note: The angle θ is measured 
in radians. s r 
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Sample 1: 
The angular position of a point on a rotating wheel is given by  

θ = 2.0 + 4.0 t2 + 2.0 t3,  
where θ is in radians and t is in seconds. At t = 0, what are (a) the 
point’s angular position and (b) its angular velocity? (c) What is its 
angular velocity at t = 4.0 s? (d) Calculate its angular acceleration at t 
= 2.0 s. (e) Is its angular acceleration constant? 

solution (a) 

= 8. t + 6 t2 

At t =0,   
θ = 2.0 + 4.0 t2 + 2.0 t3  = 2.0 + 4.0 (0)2 + 2.0 (0)3 

θ = 2.0 rad 

= 8. (0)+ 6 (0)2  =  0 

solution (b) 

ω =0 



solution (c) 

= 8. t + 6 t2 = 8. (4)+ 6 (4)2    

ω = 128 rad/s 



solution (d) 

= 8.0 + 12 t 

α= 8. + 12× (2)  =  0 α = 32 rad/s2 at t =2 s 

answer (e) α = 8.0 + 12 t α contains t, thus α  is not constant 

ω = 8. t + 6 t2 



Sample 2 



α = + 0.35 rad /s2 

ω 0 = - 4.6 rad /s 



Description: The wheel is initially rotating in the negative 
 (clockwise) direction with angular velocity ω0 = - 4.6 rad/s, but its  
angular acceleration a is positive. This initial opposition of the signs 
 of angular velocity and angular acceleration means that the wheel  
slows in its rotation in the negative direction, stops, and then 
 reverses to rotate in the positive direction. After the reference line  
comes back through its initial orientation of θ = 0, the wheel turns  
an additional 5.0 rev by time t = 32 s. 

(b) Describe the grindstone’s rotation between t= 0 and t = 32 s. 



(c) At what time t does the grindstone momentarily stop? 

ω =  ω0 + α t 



A flywheel with a diameter of 1.20 m is rotating at an angular speed of 200 rev/
min. 

(a) What is the angular speed of the flywheel in radians per second?  

(b) What is the linear speed of a point on the rim of the flywheel?  

(c) What constant angular acceleration (in revolutions per minute- squared) will 
increase the wheel’s angular speed to 1000 rev/min in 60.0 s? 

 (d) How many revolutions does the wheel make during that 60.0 s?    

Sample 3 

ω0 = 200 ⎯⎯⎯⎯  ×  ⎯⎯⎯⎯⎯  × ⎯⎯⎯⎯ 
2  π rad 

rev 
min 
60 s 

rev 

min 

ω0 = 20.944 rad/ s 



v = ω r  

v = 20.944  (s-1) ×(1.2 m /2)   

v = 12.57 m/s   



A flywheel with a diameter of 1.20 m is rotating at an angular speed of 200 rev/
min. 

(a) What is the angular speed of the flywheel in radians per second?  

(b) What is the linear speed of a point on the rim of the flywheel?  

(c) What constant angular acceleration (in revolutions per minute- squared) will 
increase the wheel’s angular speed to 1000 rev/min in 60.0 s? 

 (d) How many revolutions does the wheel make during that 60.0 s?    

Sample 

ω0 = 20.944 rad/ s 

v = 12.57 m/s   
ω =  ω0 + α t 



ω0 = 20.944 rad/ s 

v = 12.57 m/s   

ω =  ω0 + α t 
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ω −ω 0
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A flywheel with a diameter of 1.20 m is rotating at an angular speed of 200 rev/
min. 

(a) What is the angular speed of the flywheel in radians per second?  

(b) What is the linear speed of a point on the rim of the flywheel?  

(c) What constant angular acceleration (in revolutions per minute- squared) will 
increase the wheel’s angular speed to 1000 rev/min in 60.0 s? 

 (d) How many revolutions does the wheel make during that 60.0 s?    

Sample 4 

ω0 = 20.944 rad/ s 

v = 12.57 m/s   
α = 800 rev/min2 

θ -θ0 = ω0 t + ½ α  t 2 

θ -θ0 = 200 rev /min ×1.0 min + 0.5×800 rev /min2 ×(1.0 min)2 

θ -θ0 = 600 rev   



Sample 5 

R 



R 

v = ω r  ω = v / r 

v = 290000 ⎯⎯⎯ ×  ⎯⎯⎯⎯⎯  × ⎯⎯⎯⎯ 
1000 m 

km 

hr 
60×60 s 

km 

hr 
v = 8055.556  m/s 

ω =( 8055.556 m/s)  /  (3 220 000 m) 

ω = 0.002502 rad/s 

solution of (a) 



R 

ar  =  v2 /r ar  =  (8055.556  m/s)2 /3220000 m 

ar  =  20.1528 m/s2 

at = α r  v is constant  ω is constant  α =0 

at = 0 

The radial (centripetal) acceleration = 

The tangential  (orbital) acceleration = 

solution of (b) 

solution of (c) 


