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Where's the Pair?
Only two of the shapes below are exactly the same - can you find
the matching pair?
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Announcements & Key Concepts (re Today)

Ø Uniform circular motion

Some relevant underlying concepts of the day…

à Online HW #3 posted and due Monday (9/23)

à Written HW #1 posted and due 9/25 (in class at start of lecture) 

Ø Equilibrium à Forces



Ex



Ex.

Knight

A classic example: “Maria” riding a Ferris wheel

George Washington Gale Ferris Jr.



Uniform Circular Motion

Knight (2013)

https://en.wikipedia.org/wiki/Hard_disk_drive

à Circular motion arises 
everywhere (though, what about this 
“uniform” business?)



Circular Motion: Change our coordinate system a bit... à Polar Coordinates

Knight (2013)

arc length

Just like a sign convention for 1-D motion, when 
moving we need to make a similar choice here:
• CCW > 0
• CW < 0

“Polar coordinates”



Consider watching what is going on 
on a carousel when standing off it 
versus riding it 

à Probably an easier problem in polar 
coordinates (rather than Catesian)



Ex. (REVISTED)

Knight

Ø Much easier when using component notation!
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à Recasting problems in a different framework can make them much easier!



Circular Motion: Velocity

Knight (2013)

tangential velocity

angular velocity



Uniform Circular Motion: Acceleration

Ø Ok, we got the direction between 
a and v down. But functionally 
how are they related?

Knight

Wolfson

• v is the tangential velocity
• a is the radial (or centripetal) acceleration

Resnick & Halliday (1966)



Wolfson

• v is the tangential velocity
• a is the radial (or centripetal) acceleration

Circular Motion: Acceleration

Knight (2013)

Handful of approaches to 
“derive” this relationship…



Resnick & Halliday (1966)

Circular Motion: Acceleration (alternative derivation I)

Two alternative 
derivations (re 
Kesten & Tauck)



Circular Motion: Acceleration (alternative derivation I)

Resnick & Halliday (1966)



Resnick & Halliday (1966)

Circular Motion: Acceleration (alternative derivation II)

Note: Switch to a different coordinate 
system (Cartesian à circular)



Circular Motion: Acceleration (alternative derivation II)

Resnick & Halliday (1966)

Note: Use of unit vectors here, though 
from a radial frame of reference!



Resnick & Halliday (1966)

Circular Motion: Acceleration (alternative derivation II)



Circular Motion: Acceleration

Knight (2013)



Resnick & Halliday (1966)

Summary (re 2-D velocity and acceleration)

Ø Different angles between a and v result in different types of motion



Wolfson

Ø There are a LOT of deep/important concepts introduced in this chapter

Ø The most fundamental comes right off the bat (pun!): change
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Ex



Ex.

Shaskol’Skaya & El’Tsin (1963)



Ex. (SOL)

Shaskol’Skaya & El’Tsin (1963)

Note: A key concept here is the 
notion of the “uniformly” (the 
translational motion was 
specified to be at “constant 
speed”). We’ll come back to this 
shortly....

à So the answer is the same as 
if the hoop was not rolling along 
the surface (i.e., there was no 
“translational” component to 
the motion)


