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Rotation and Translation

of Rigid Body


Motion of a thrown object




Translational Motion of the 

Center of Mass


G
total •	 Total momentum p G total = m Vcm 

•	 External force and acceleration of center 
of mass 

GG dp 
G total	 G

total =	 total dVcm total AFext	 = m = m cm dt	 dt 



Rotation and Translation

of Rigid Body


•	 Torque produces angular acceleration about 
center of mass 

totalτ = I α
cm	 cm cm 

•	 I is the moment of inertial about the center
cm 
of mass 

• αcm is the angular acceleration about center of 
mass 



Fixed Axis Rotation


•	 CD is rotating about
axis passing through
the center of the disc 
and is perpendicular
to the plane of the
disc. 

•	 For straight line 
motion, bicycle wheel
rotates about fixed 
direction and center 
of mass is translating 



PRS Question

Consider the uniformly rotating object shown

below. If the object's angular velocity is a

vector (in other words, it points in a certain

direction in space) is there a particular

direction we should associate with the angular

velocity? 


1. yes, ± θ̂ direction (tangential 

2. yes, ± direction (radial)r̂
3. yes, ± ẑ direction (perpendicular to plane) 

4. yes, some other direction 

5. no, the choice is really arbitrary 



Fixed Axis Rotation: Angular 

Velocity and Angular 


Acceleration


Angle variable θ 

d θ
Angular velocity ω ≡ 

dt 
2d θAngular acceleration α ≡ 2dt 

Mass element ∆mi

Radius of orbit r ⊥ ,i 



PRS Question


A ladybug sits at the outer edge of a merry-go-
round, and a gentleman bug sits halfway
between her and the axis of rotation. The 
merry-go-round makes a complete revolution
once each second. The gentleman bug's
angular speed is 

1. half the ladybug's. 
2. the same as the ladybug's. 

3. twice the ladybug's. 
4. impossible to determine 



PRS Question


A ladybug sits at the outer edge of a merry-go-
round that is turning and slowing down. The
tangential component of the ladybug's
(Cartesian) acceleration is 

1. in the direction of the velocity. 
2. is opposite the direction of the velocity. 

3. is perpendicular to the plane of the merry-go

round. 
4. is towards the center of the merry-go round. 

5. zero 



Fixed Axis Rotation: Tangential 

Velocity and Tangential 


Acceleration

• Individual mass elements ∆ mi

• Tangential velocity vtan, i = r⊥ ,iω 

• Tangential acceleration atan,i = r⊥ ,iα 

2 • Radial Acceleration vtan, i = r⊥ ,iω 2= , arad i r⊥ ,i 



Class Problem


A turntable is a uniform disc of mass 1.2 kg and a radius 

−11.3×10 m . The turntable is spinning initially at a

constant rate of (33 rpm). The motor is turned off and
the turntable slows to a stop in 8.0 s. Assume that the
angular acceleration is constant. 

a) What is the initial angular velocity of the turntable? 


b) What is the angular acceleration of the turntable?




Newton’s Second Law 

•	 Tangential force on 

mass element 
produces torque 

•	 Newton’s Second Ftan, i = ∆m a  tan, iLaw	 i 

iFtan, i = ∆m r  ⊥,iα 

GG 
•	 Torque τG S i  = rS i  ×Fi, , 



Torque 

Torque about is S: 


GG G
τS i  = rS i ×F , , i 

•	 Counterclockwise  

•	 perpendicular to the 

plane 

( )  α , ⊥,i	 iτ S i  = r Ftan,  i = ∆  m  r  ⊥,i 
2 



Moment of Inertia


• Total torque is the sum over all mass elements 
i N i N  i N= = = 

totalτ S =τ S ,1 +τ S ,2 + ... =∑τ , ( 2 
⊥ ,i iS  i  =∑ r Ftan, i =∑∆ m  r  ⊥ ,i ) α 

i= 1 i= 1 i= 1 
• Moment of Inertia about S: i N= 

( )2IS =∑∆ m  r  ⊥ ,ii 
i= 1 

• Continuous Body IS = dm r⊥( )2∫ 
body 

• Mass Element: dm = λ dl
one dim’l: 

two dim’l: dm =σ dA


2• Unit:  [kg − m ] 
total• Summary: τ S = ISα 



Parallel Axis Theorem


•	 rigid body of mass m. 

•	 axis one through center of 

mass of the body. 
•	 parallel axis through point S in 

body. 
• d perpendicular distance
s,cm 

between two parallel axes. 


2IS = Icm  + mdS ,cm  



Class Problem: Moment of 

Inertia of a Rod


Consider a thin uniform rod of length L and 
mass m. In this problem, you will calculate 
the moment of inertia about two different 
axes that pass perpendicular to the rod. 
One passes through the center of mass of 
the rod and the second passes through an 
endpoint of the rod. 



Strategy: Moment of Inertia


Step 1: Identify the axis of rotation 

Step 2: Choose a coordinate system 

Step 3: Identify the infinitesimal mass element dm. 

Step 4: Identify the radius, r⊥ , of the circular orbit of the 
infinitesimal mass element dm. 

Step 5: Set up the limits for the integral over the body in terms of 
the physical dimensions of the rigid body. 

Step 6: Explicitly calculate the integrals. 



Class Problem


A turntable is a uniform disc of mass 1.2 
kg and a radius 1.3×10 −1m. The moment of 

−1 2
inertia of the disc is 1.0 ×10 kg − m . The 
turntable is spinning at an initial constant
frequency of f0 = 33 cycles/min . The motor 
is turned off and the turntable slows to a 
stop in 8.0 s due to frictional torque.
Assume that the angular acceleration is
constant. What is the magnitude of the
frictional torque acting on the disc? 


