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Four sisters left a slice of pizza in the kitchen and went to watch a

movie in the other room. Two hours later they went back into the
kitchen - and the slice was gonel
Katy said "Holly ate it!"
Holly said'Amy ate it!"
Amy said "Holly's lying!"
Poppy said "Well, it wasn't me!"
If just ONE of the sisters'statements is true - who ate the pizza?



Announcements & Key Concepts (re Today)

Ø Conservation of energy

Some relevant underlying concepts of the day…

Ø Interdisciplinary connections

à Online HW #5: Posted and due next Monday (10/14)

à Midterm exam coming up on Monday 10/21

Ø Connection point to momentum…

à No class next week (10/14-10/18): READING WEEK



Conservation of Energy

Ø Perhaps one of the most important concepts in all of science....

Physics: Context for, well, just about everything

Chemistry: Foundation of the “laws of thermodynamics”

Biology: Much of evolution is geared 
around minimizing wasted energy

Engineering: Efficiency (of energy 
conversion) as a fundamental design 
principle 

Note: Such is consistent w/ our foundation 
at the heart of mechanics, that change is a 
key consideration

e.g., E = mc2

“Energy can neither be created nor destroyed; 
rather, it transforms from one form to another”



Interdisciplinary Connection (Biology)

Weiss (Cellular Biophysics, 1996)

à Mechanisms tied to membrane transport are well-
approached through the lens of energy Nernst-Plank Equation

NOTE: This is beyond the scope of PHYS 1420!



http://www.feynmanlectures.caltech.edu/I_04.html



Knight (2013)

Kinetic vs Potential Energy

à Remember, ignoring air resistance 
and whatnot, the ball’s total energy 
remains constant



Knight (2013)

Kinetic vs Potential Energy

à If energy remains constant, then:

Note: We’ll derive these later...

Wait a second, isn’t there a degree of 
ambiguity here?

ANS: No. Because a constant offset 
doesn’t affect what change in energy 
would arise if the rock moved

Or more generally:



Ex.

Knight (2013)



Ex. (SOL)

Knight (2013)

c > b = d > a



Ex.

Knight (2013)



Ex. (SOL)

Knight (2013)

All the same



Ex.

Knight (2013)



Ex. (SOL)

Knight (2013)

b

http://wonders.physics.wisc.edu/bowling-ball-pendulum.htm



“Deriving” Kinetic Energy

Resnick & Halliday (1966)

http://theory.uwinnipeg.ca/physics/work/node3.html

Ø “Force is a vector, work and energy are scalars. Thus, it is often easier to 

solve problems using energy considerations instead of using Newton's laws 

(i.e. it is easier to work with scalars than vectors).”

Ø “The work-energy theorem states that the work done by all forces acting on 

a particle equals the change in the particle's kinetic energy.”

Ø Here we will simply define work and kinetic energy, and derive the 

relationship between them via Newton’s 2nd Law: 

Consider a constant force 

F acting on an object.

à What work is done by 

this force moving the 

object a distance x?

Here vo is the velocity at t=0 and v is the velocity at t. Then:



“Deriving” Kinetic Energy

Resnick & Halliday (1966)

Kinetic energy

à The work done by the force acting on the object is equal to the 
change in kinetic energy of the object  

So, what if the force is not constant? 

We end up w/ the same answer!

Work-energy theorem



Conservation of Momentum

Ø Tied to conservation of energy is notion that momentum is conserved

Ø Unlike energy, momentum is a vector Kinetic energy

Knight (2013)

Note: We’ll deal more w/ momentum soon 

(e.g. rocket-themed tangents)



Aside: Molecular Underpinnings of Momentum (e.g., collisions)

Knight (2013)



Pulling it together....

“Warmth” represents (in part) 
a means to do work... 

... though we are also 
tempered by the First Law of 
Thermodynamics



Additional Problems
(some w/ solutions, some w/o)



Ex.

Hughes-Hallet et al (2005)



Ex. (SOL)

Hughes-Hallet et al (2005)



Ex.
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Ex. (SOL)

Hughes-Hallet et al (2005)



Ex.
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Ex. (SOL)

Hughes-Hallet et al (2005)



Ex.

Knight (2013)

Ø How does one measure the speed of a bullet?



Ex. (SOL)

Knight (2013)

à Relatively easy problem 
through the lens of 
conservation of momentum 
and energy



Hughes-Hallet et al (2005)



Hughes-Hallet et al (2005)



Ex.

Hughes-Hallet et al (2005)



Ex. (SOL)

Hughes-Hallet et al (2005)



Ex.
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Resnick & Halliday (1966)
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Ex. (SOL)

Resnick & Halliday (1966)


