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This large cheese had a piece cut out. Can
you locate the missing Portion?



Announcements & Key Concepts (re Today)

Ø Rotational kinetic energy

Some relevant underlying concepts of the day…

Ø Moment of inertia

à Midterm exams are (STILL) being graded

Ø Center of mass (again...)

à Online HW #6: Posted and due Wednesday (10/30)
Note: There are two 
sections (one re energy, 
the other re momentum)

à No tutorial tomorrow Tuesday (10/29)



Finding the center of mass (CM)

Ø Left-hand term is the vector indicating the center of 
mass relative to your chosen coordinate system 

Hughes-Hallet et al  (2004)
Wolfson

Easy case (discrete)

Wolfson notation

Kesten & Tauck
notation



Finding the center of mass (CM)



Finding the center of mass

Hughes-Hallet et al  (2004)

Harder case (1-D continuous mass distribution)

Interdisciplinary connection: 
Riemann sums and integrals!



Finding the center of mass

Hughes-Hallet et al  (2004)

Harder case (1-D continuous mass distribution)

Wolfson notation



Wolfson





Finding the center of mass

Hughes-Hallet et al  (2004)

Harder-er case (2ff-D continuous mass distribution)

Note: If the density is not constant, finding the CM may require double/triple integrals and 
multivariable calculus (i.e., beyond the scope of 1st year PHYS 1420!)

Note: A basic/important/universal consideration 
arises here, that these problems can be broken up 
into a series of independent calculations



Ex.

Hughes-Hallet et al  (2004)

§ Need to determine the density d [kg/m2]

§ Be careful w/ the units (e.g., [Ax] = m, meaning it is a length and not an area!) 



Wolfson



Ex. (SOL)

Hughes-Hallet et al  (2004)



Ex.

Neuhauser (2004)



Ex. (SOL)

Neuhauser (2004)



Ex.

Hughes-Hallet et al  (2004)

Kesten & Tauck ch.7 problem



Ex. (SOL)

Hughes-Hallet et al  (2004)



I. Newton (1643 -1727)

Resnick & Halliday (1966)

https://en.wikipedia.org/wiki/Newton's_law_of_universal_gravitation#Vector_form

Stepping back a moment...

à The weight of 
Newton’s contribution 
should now be a bit 
more apparent...



à In some regards, integral 
calculus is a bit beyond PHYS 
1420, but in others it is not...



Motion of the Center of Mass

Kesten & Tauck



Kesten & Tauck

Motion of the Center of Mass

Note: If the net force on a 
system is zero, than the CM 
does not move, leading to a 
redistribution of the 
"particles" inside so to 
maintain conservation of 
(linear) momentum



Wolfson

Note that there a 
few few salient 
steps here:
• Determine the CM
• Realize the CM does 

not change
• Figure out how 

Jumbo’s position 
changes relative to 
the CM and the 
railcar



Kesten & Tauck

Motion of the Center of Mass
Be careful: What K&T state here, as it is 
incorrect. The boat doesn't approximately 
move, but move it does (as it must given 
the stated conservation law!)



Ex.

Bonus: What breed of dog is Snoopy?

Resnick & Halliday (1966)



Motion of the Center of Mass

Resnick & Halliday (1966)

Ø From our definition of center of mass:

Ø Differentiating w/ respect to t:
(assuming mass stays const.)

Ø Differentiating again w/ respect to t:



Motion of the Center of Mass

Resnick & Halliday (1966)

Ø Included amongst these forces are internal ones, in that from Newton’s 3rd Law, 
they will occur in (equal but opposite) pairs and thereby cancel

à So only external forces 
effectively contribute





Additional examples for study...... (some w/ solutions, some w/o)



Ex.

Resnick & Halliday (1966)



Ex. (SOL)

Resnick & Halliday (1966)



Ex.

Hughes-Hallet et al  (2004)



Ex.

Resnick & Halliday (1966)



Ex.

Resnick & Halliday (1966)


