
ME 274: Basic Mechanics II
Lecture 5: Planar kinematics: rigid bodies



Homework changes due to snow cancelations:
HW 2.B, 2.C, 2.D due on Friday
HW 2.A canceled

HW 1.I and 1.J still due tonight

Announcements



What are rigid bodies?

Any object for which the distance between any two points on the object remains fixed regardless of the 
motion of the object
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Point kinematics→ we treat the object as a particle 
Rigid body kinematics →we care about the position, geometry, and orientation of the object

If we know the motion of one point and the rotation of the body, we can determine 
the motion of every point on the body

Distance fixed, 
orientation changes
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• Position of point B with respect to point A found using relative position 
expression

Using the polar description of 𝑟஻/஺:

• Fixed points → |𝑟஻/஺|= 𝑟 =  𝑐𝑜𝑛𝑠𝑡., 𝑟̇஻/஺ = 0

• Changing 𝜃→ 𝑟஻/஺ ≠ 𝑐𝑜𝑛𝑠𝑡.

Take time derivatives for velocity and acceleration:

Kinematic Equations for Planar Rigid Body Motion

FB/A = TB-FA
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Deriving the Rigid Body Velocity Equation
We can derive a description agnostic expression by writing in terms of vector operations

𝑣⃗஻/஺ = 𝑟̇𝑒̂௥ + 𝑟𝜃̇𝑒̂ఏ = 𝑣⃗஻ − 𝑣⃗஺  ← specific to polar coordinates
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Deriving the Rigid Body Acceleration Equation
We can derive a description agnostic expression by writing in terms of vector operations

𝑎⃗஻/஺ = (𝑟̈ − 𝑟𝜃̇ଶ)𝑒̂௥ + 𝑟𝜃̈ + 2𝑟̇𝜃̇ 𝑒̂ఏ = 𝑎⃗஻ − 𝑎⃗஺  ← specific to polar coordinates

To find the 
velocity/acceleration 

of point B
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Angular Velocity and Acceleration

Angular velocity: 𝜔 = 𝜔𝑘෠ = 𝜃̇𝑘෠

Angular acceleration: 𝛼⃗ = 𝛼𝑘෠ = 𝜃̈k෠

Describe the motion of the BODY and is the same for 
any set of points – i.e. a rigid body will only have one 

angular velocity and acceleration

+𝑘෠

+𝜔, 𝛼

The direction 𝑘෠ denotes the axis the body 
rotates around. The sign denotes the 

direction (ex. Clockwise, ccw)
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