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Angular Kinetics Learning Objectives

• Understand the concept of moment of 
inertia and its influence on sport and 
exercise

• Understand how the human body's 
moment of inertia may be manipulated

• Understand the concepts of angular 
momentum and angular impulse, and 
the relationship between the two 
concepts

Resistance to Acceleration

• Resistance to linear acceleration 
(linear inertia): Mass

• Resistance to angular 
acceleration (angular inertia): 
Moment of Inertia

What directly influences moment of 
inertia (I)? 

I = mk2; I depends on the amount of  
mass and the location of the mass, 
relative to the axis of rotation

Determining Moment of Inertia
Moment of inertia (I) is the sum of the products of  
all the mass elements and the squared distances 
between each mass elements and axis of rotation:
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Human Body Moment of Inertia
• Body segments have different axes of rotation and 

moments of inertia for each plane of motion

• The human body, as a whole and rotating free of 
external support, also has a moment of inertia that  is 
relative to one of 3 cardinal axes

Applications:
Baseball: Why would someone choke up 
on a bat, use an aluminum bat, or cork a 
wooden bat? Is there a legal alternative?

Golf: moment of inertia, about the long 
axis of the club 

Applications:
Tuck vs. Layout for a diver or gymnast

A runner's leg during swing phase

tuck
layout

hip
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Angular Momentum
Momentum:

• Linear motion: L = mv
• Angular motion: H = I wwww or H = (mk 2) wwww

• Factors that affect angular momentum:
– mass of the object (m)
– location of mass relative to axis (k)
– angular velocity of the object ( wwww)

Units for angular momentum: kg ××××m2

s

Conservation of 
Angular Momentum
Similar to linear momentum, angular 
momentum is conserved in the absence of 
external torque

However, I and wwww can change!                                          
So, although H may remain                                               
constant, I and wwww may change. 

(remember: H = I wwww)

Conservation of 
Angular Momentum
A 60 kg diver is in a layout position with radius o f 
gyration of 0.5 m as he leaves the board with an 
angular velocity of 4 rad/s. What is the diver’s 
angular velocity when he assumes a tuck position, 
reducing his/her radius of gyration to 0.25 m?

k = 0.5 m

k = 0.25 m

Conservation of 
Angular Momentum
First, find H when diver leaves the board:

H = mk2wwww

H = (60 kg)(0.5 m) 2(4 rad/s) = 60 kg ××××m2/s

H is constant, so now find wwww when k is           
reduced to 0.25 m:

60 kg ××××m2/s = (60 kg)(0.25 m) 2 wwww

wwww = 16 rad/s

Practice 1
A figure skater is spinning 
about the long axis         
(� = 20 rad/s). He then 
abducts his arms and 
doubles his radius of 
gyration (k) from 0.3 m to 
0.6 m. If his angular 
momentum (H) is 
conserved, what is his 
new angular velocity, 
about the long axis? 
Answer: 5 rad/s

Although total body angular momentum (H) is 
constant while the body is freely suspended in 
the air, you can:

• Transfer angular velocity from one part of the 
body to another

• Change the total body axis of                                  
rotation

Transfer of Angular Momentum
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Transfer of Angular Momentum
Early in the dive, H 
is concentrated in 
upper body, while 
later in the dive H is 
concentrated in the 
lower body

HTOTAL (constant)

HLOWER (changes)

HUPPER (changes)

Change in Angular Momentum

• How does a person change H? Hint: How does 
a person change L?

• Force and torque

– Linear Impulse = force ´́́́ time = F � t
– Angular Impulse = torque ´́́́ time = T � t

• Impulse-momentum relationship

– Linear: Ft = DDDDM F � t = (mv) 2 – (mv) 1

– Angular: Tt = DDDDH T � t = (I wwww)2 – (I wwww)1

Practice Problem 2
During a throw, the average net torque that is 
exerted on a discus (m = 2 kg; k = 0.12 m) is    
100 Nm. If the discus is not spinning at the start                                                   
of the throwing action and                                                            
the throwing action lasts                                                             
for 0.20 s, how fast is the                                                           
discus spinning when it is                                   
released? 

Answer: 694.4 rad /s, or                                                        
110 revolutions per second

Practice 3
Sarah’s twist angular momentum 
changes from 0 to 50 kg·m2/s in 0.25 s, 
as she initiates a twisting jump on the 
ice. During this 0.25 s, her moment of 
inertia about her twisting  axis is 2.2 
kg·m2. 

Question 1: How large is the torque that 
produces this change in angular 
momentum?

Question 2: How fast is Sarah’s twist 
angular velocity at the end of the 0.25 s?

Answers: 200 Nm, and 22.73 rad/s

Japanese figure skater Miki Ando is the 
only female skater to have landed a 

quadruple jump (a salchow) in 
competition. She first completed the 

jump at the 2002 ISU Junior Grand Prix 
Final in the Netherlands at age 15.

Summary
• Angular inertia (I) depends on (1) mass and (2) 

the location of the mass, relative to the axis of 
rotation

• Angular momentum: H = I � �

• In the absence of external torques,                                     
angular momentum (H) is conserved

• Angular impulse (torque applied                                   
over time) is required to change                         
angular momentum (H)

More Practice

Answer: each gymnast has approximately 70 units of 
angular momentum.



4

A 7.27 kg shot makes seven 
complete revolutions during its 2.5 
second flight. If its radius of 
gyration is 2.54 cm, what is its 
angular momentum?

Answer: 0.0825 kg·m2/s

More Practice


