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Announcements & Key Concepts (re Today)

Ø Momentum

Some relevant underlying concepts of the day…

Ø Conservation of momentum

à Online HW #6: Posted and due next Wednesday (10/30)

Ø (Inelastic) Collisions

à Midterm exams are being graded

Ø Energy review à Notion of "conservation" and "reference"

à No tutorial next Tuesday (10/29)

Note: There are two 
sections (one re energy, 
the other re momentum)



Wolfson

Note that there are plenty of 
interdisciplinary connections here!
§ integrals (re work)
§ potential energy of chemical 

bonds
§ potential energy of a folded 

protein
§ notion of “lowest energy state”
§ countless additional threads....

Review (re Energy)



Ex.

Shaskol’Skaya & El’Tsin (1963)



Shaskol’Skaya & El’Tsin (1963)

7/8 H à Key to approaching this problem is to consider 
through the lens of energy.... (PHYS and BPHS majors will 
see this in detail come 2nd year classical mechanics, PHYS 2010)

Ex. (SOL)



Energy: Positive? Negative?

Ø Sometimes it seems that expressions for energy are negative (!?!)

Wolfson

Ø Clearly the change in things (i.e., D) matters....

Ø Energy is never negative (well, at least normal convention dictates such). But convention-
wise, a “negative energy” (or better put, a “negative change in energy”) can be 
useful

Ø The lynchpin here is that things are relative to something...

Some useful connection points back to energy to 
highlight as we head towards momentum...



Ex.

Wolfson

Some useful connection points back to energy to 
highlight as we head towards momentum...



Ex. (SOL)

Wolfson



Ex. Energy & A Point of reference

So what is v for the bug?

What if the man was walking up the stairs?

What about the fact that Earth is moving!?!

à Clearly there has to be 
some sort of meaningful 
reference...

Some useful connection points back to energy to 
highlight as we head towards momentum...



Aside

Ø Another one of Einstein’s 
Annus Mirabilis papers 
from 1905!



à In short, the speed of light (c) sets the ultimate benchmark

Aside





Knight

In a nutshell: In most cases, 
on one hand we are 
fundamentally concerned 
with change. But on the 
other, we deal with what 
does not change

à “conservation” laws



Momentum

• Momentum is a property of an object, and is equal to 
the product of the objects mass and velocity.

"⃗ = $%⃗

• Momentum is a vector.
• Momentum points in the same direction as the 

velocity vector.
• Momentum has units of &'!

" or equivalently ().
• We call this type of momentum Linear Momentum to 

distinguish it from Angular momentum which we will 
see later on in the course.

M. George



Momentum (Changes in)

M. George

• Since momentum depends on velocity, the change in 
momentum usually involves a change in velocity 
(rather than mass). 
• This change in velocity requires an acceleration.
• This acceleration requires a force.
• The longer the time that force is acting on an object, 

the greater the change in velocity, and hence the 
greater the change in momentum. In general:

Δ#⃗ = %
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if the force is constant, then 
Δ#⃗ = &⃗Δt



Momentum & Newtons' 2nd Law I. Newton 

Resnick & Halliday (1966)

Note: 
Momentum is a vector!

So for “classical” cases, the 
following two are equivalent 
(when mass is const.):

à So what about “relativity”?



Aside: Special Relativity

Wolfson

Ø For things moving “very” fast:

Not valid

Valid

Mass changes w/ speed!

à In short, the speed of light (c) sets the ultimate benchmark



(Linear) Momentum of a “System” of Particles

Resnick & Halliday (1966)

Recall:

à Generalizing this leads back to the (most general form of) Newton’s 2nd:



(Linear) Momentum of a “System” of Particles

Resnick & Halliday (1966)



System?

Ø Note that many of our “definitions” thus far included the notion of a “system”

à But what is a system!?!



Conservation of (Linear) Momentum

Knight

à A very general/fundamental principle 
is at hand here...



Conservation of (Linear) Momentum

Ø This “law” is stated in different way, but all nail down the same notion

Wolfson

Resnick & Halliday

Knight



Conservation of Momentum

M. George

When the net force acting on an object (or a system of 
objects) is zero, the total linear momentum is 

conserved. 

• This is another fundamental law of physics (just like 
the law of conservation of energy)

• If you have a group of objects (like billiard balls on a 
pool table), the initial momentum imparted to the 
cue ball by the shooter is distributed to one or more 
other balls.
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Conservation of Momentum

M. George
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• note that this is a vector equation. We can break up this 
equation into its components

!
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+20 = !
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+21

• Therefore, for collision problems, as long as we can 
identify the objects in the system, we get one equation for 
each dimension.





Collisions



Collisions

• Elastic: objects collide and bounce sharply off one 
another with no permanent deformation. 
• momentum is conserved
• mechanical energy is conserved (kinetic+potential)

• Inelastic: objects collide and bounce off each other 
but there is some permanent deformation of the 
object.
• momentum is conserved
• mechanical energy is not conserved (lost to deformation 

and heat.)
• Completely Inelastic: objects collide an stick together, 

and travel along a common path after the collision. 
• momentum is conserved
• mechanical energy is not conserved (lost to deformation 

and heat.)

M. George



Knight

Interdisciplinary connection (re chemistry) 

Ø Interactions between objects....



Interdisciplinary connection (re chemistry) 

Ø .... helps lead towards the ideal gas law

Knight



Interdisciplinary connection (re chemistry) 

Knight


