
 

 

Mr. Hansel 

AP Physics (3rd period) 

Week 1 
 

Instructions:  If you are receiving this packet, I am assuming you don’t have access to the Internet.  Read through the 

notes.  We already did the first half of these notes in class, so I am focusing content on the slide titled “Part 2 Starts 

Here!” and afterward.  After you have read through the notes, answer the following questions by marking the indicated 

answers in the packet.  If able, try to get within WiFi range at either the school or McDonald’s and either do the Google 

Form real quick or submit pictures of the answers to my e-mail address.  (We want to reduce transmission vectors of the 

virus as much as possible.)  If that is not feasible, turn in this packet at the designated turn-in time to the school.  At 

present, that time is 7-9 AM Monday morning, but that is subject to change as the plan develops. 



1. Email address *

2. 12 points

Check all that apply.

A car speeding up

A car braking due to friction

A car travelling with cruise control locked at a specific speed

A car lifted into the air by a crane

A car set on a massive spring scale to measure it's weight

A driving a constant speed on a level highway elevated 6 m above the ground

3. 6 points

Mark only one oval.

Energy of motion

Stored energy

Heat energy

Work, Energy, and Power questions
First objective: Finish the notes we were already on.  Notes begin from slide that says "Part 2 
Starts Here!"  This is a building unit, so all the stuff before it is fair game, but will not be the 
focus.  This is to help you pick out the important concepts as you read the notes.
* Required

In which of these examples has the car had work done to it or by it? (multi-
correct; either positive or negative work counts) *

Which of the following phrases most accurately describes ALL forms of
potential energy? *



4. 6 points

Mark only one oval.

A 5 kg textbook at a height of 1 m above the ground

A 4 kg textbook at a height of 2 m above the ground

A 2 kg textbook at a height of 3 m above the ground

5. 6 points

Mark only one oval.

Elastic

Massive

Powerful

Energetic

6. 6 points

Mark only one oval.

25 N/m

100 N/m

2500 N/m

10,000 N/m

Which of the following would have the MOST gravitational potential energy
with respect to the ground? *

Which of the following best describes any object that returns to its original
shape when suddenly stretched or compressed? *

What would be the spring constant of a spring that takes 500 N of force to
stretch or compress 5 cm? (Watch units) *



7. 6 points

Mark only one oval.

.005 J

0.5 J

50 J

100 J

8. 6 points

Mark only one oval.

Initial Mechanical Energy = Final Mechanical Energy

Initial Kinetic Energy = Final Kinetic Energy

Initial Potential Energy = Final Potential Energy

The total energy a system starts with is always zero

9. 6 points

Mark only one oval.

The potential energy of an object due to gravity before a change has occured

The potential energy of an object due to gravity after a change has occurred

The universal energy of an object due to gravity before a change has occurred

The universal energy of an object due to gravity after a change has occurred

What would the spring potential energy of a toy dart behind a spring with
stiffness 100 N/m if it is compressed 1 cm? (Watch units) *

Mathematically and in the absence of friction, the law of conservation of
energy states: *

The letter U with a subscript g and f means ___. *



10. 6 points

Mark only one oval.

Kinetic energy increases, potential energy increases

Kinetic energy increases, potential energy decreases

Kinetic energy decreases, potential energy increases

Kinetic energy decreases, potential energy decreases

11. 6 points

Mark only one oval.

Kinetic energy is converted into potential energy

Potential energy is converted into kinetic energy

Kinetic energy is converted into heat due to friction

Heat due to friction is converted into kinetic energy

12. 6 points

Mark only one oval.

None of it!

1.33 J

500 J

3,500 J

3,000,000 J

As a bicycle rider lets gravity pull them down a slope on the far side of a hill.
Which of the following most accurately describes the change in energy of
the bicycle rider as they descend? *

Which of the following best describes why a book sliding across a flat table
will come to a stop? *

If a block starts with 2000 J of kinetic energy as it slides up a ramp from the
bottom, then how much energy is lost due to non-conservative forces if it
ends up with 1500 J of potential energy and no kinetic energy? *



13. 6 points

Mark only one oval.

The final kinetic energy

The final potential energy

The sum of the final kinetic energy and final potential energy

Zero

A fixed numeric value depending on the numbers in the equation

14. 10 points

Mark only one oval.

40 J

60 J

300 J

600 J

15. 6 points

Mark only one oval.

is how quickly work is done.

is the amount of light generated by the work.

is work when only considering kinetic energy.

is how much work has been done after considering the effects of friction.

If there is no friction in a problem, the change in mechanical energy for a
system must always equal ___. *

Given that a 20 N (weight) object is sliding across a relatively smooth
surface with a coefficient of kinetic friction of 0.2, if it starts with a speed
of 10 m/s, how much work is done for the first 15 meters it slides? *

The primary difference between work and mechanical power is that
mechanical power ___. *



16. 6 points

Mark only one oval.

.4 m/s

.417 m/s

2.4 m/s

2.5 m/s

This content is neither created nor endorsed by Google.

A winch placed on a pickup truck might have, on average, about 6
horsepower. A horsepower is a legitimate unit for power equal to
approximately 745 watts used to measure most motors and engines in the
USA. If I use such a winch to pull an object that is resisting with a 1788 N of
frictional force, then with what speed is the winch reeling in the cable? *

 Forms

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms


1. Email address *

2. 12 points

Check all that apply.

A car speeding up

A car braking due to friction

A car travelling with cruise control locked at a specific speed

A car lifted into the air by a crane

A car set on a massive spring scale to measure it's weight

A driving a constant speed on a level highway elevated 6 m above the ground

3. 6 points

Mark only one oval.

Energy of motion

Stored energy

Heat energy

Work, Energy, and Power questions
First objective: Finish the notes we were already on.  Notes begin from slide that says "Part 2 
Starts Here!"  This is a building unit, so all the stuff before it is fair game, but will not be the 
focus.  This is to help you pick out the important concepts as you read the notes.
* Required

In which of these examples has the car had work done to it or by it? (multi-
correct; either positive or negative work counts) *

Which of the following phrases most accurately describes ALL forms of
potential energy? *



4. 6 points

Mark only one oval.

A 2 kg textbook at a height of 1 m above the ground

A 2 kg textbook at a height of 2 m above the ground

A 2 kg textbook at a height of 3 m above the ground

5. 6 points

Mark only one oval.

Elastic

Massive

Powerful

Energetic

6. 6 points

Mark only one oval.

Elastic potential energy

Force

Work

Spring constant

Which of the following would have the MOST gravitational potential energy
with respect to the ground? *

Which of the following best describes any object that returns to its original
shape when suddenly stretched or compressed? *

Which of these is measured in N/m? *



7. 6 points

Mark only one oval.

Spring constant

Distance stretched or compressed

Velocity

Height above the ground

8. 6 points

Mark only one oval.

Initial Mechanical Energy = Final Mechanical Energy

Initial Kinetic Energy = Final Kinetic Energy

Initial Potential Energy = Final Potential Energy

The total energy a system starts with is always zero

9. 6 points

Mark only one oval.

The potential energy of an object due to gravity before a change has occured

The potential energy of an object due to gravity after a change has occurred

The potential energy of an object due to a spring before a change has occurred

The potential energy of an object due to a spring after a change has occurred

The factor that determines spring potential energy the most, because it is
squared, is ___. *

Mathematically and in the absence of friction, the law of conservation of
energy states: *

The letters PE with a subscript g and f means ___. *



10. 6 points

Mark only one oval.

Kinetic energy increases, potential energy increases

Kinetic energy increases, potential energy decreases

Kinetic energy decreases, potential energy increases

Kinetic energy decreases, potential energy decreases

11. 6 points

Mark only one oval.

Kinetic energy is converted into potential energy

Potential energy is converted into kinetic energy

Kinetic energy is converted into heat due to friction

Heat due to friction is converted into kinetic energy

12. 6 points

Mark only one oval.

The sum of the final kinetic energy and final potential energy

The sum of the final mechanical energy and work due to friction

Solely the work due to friction

Friction does not add or subtract energy from objects

As a bicycle rider lets gravity pull them down a slope on the far side of a hill.
Which of the following most accurately describes the change in energy of
the bicycle rider as they descend? *

Which of the following best describes why a book sliding across a flat table
will come to a stop? *

When considering friction, the energy a system starts with has to equal: *



13. 6 points

Mark only one oval.

The final kinetic energy

The final potential energy

Zero

A fixed numeric value depending on the numbers in the equation

14. 10 points

Check all that apply.

Mass

Velocity

Coefficient of kinetic friction

Gravity

Normal force

The distance the object slides across a surface

15. 6 points

Mark only one oval.

is how quickly work is done.

is the amount of light generated by the work.

is work when only considering kinetic energy.

is how much work has been done after considering the effects of friction.

If there is no friction in a problem, the change in mechanical energy for a
system must always equal ___. (This is a tricky one, pay attention to the
phrase "change in".) *

The formula to find the work done by friction in a problem is always the
product of which three quantities? *

The primary difference between work and mechanical power is that
mechanical power ___. *



16. 6 points

Mark only one oval.

The distance the object actually moves

The tangential velocity on the rim of the winch

The angular velocity the winch rotates at

The length of the cable being used

This content is neither created nor endorsed by Google.

A winch placed on a pickup truck might have on average about 6
horsepower, a legitimate unit for power. In order to prove the power of the
winch, I would need to multiply the force it takes to pull an object by ___. *

 Forms

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms


 Energy in our world is constantly being 
transferred from one form to another.  For 
example, the chemical energy in the food you 
eat is turned into energy of motion to move 
your body.  What are two other examples of 
energy being changed from one form to 
another?





 Work, energy and power are all related.

 We normally think of work as something that 
takes physical or mental effort.  In physics, 
this is not necessarily the case.

 Energy is constantly changing form and never 
goes away

 And power is not just related to electricity



 Work is done on an object when a force is acting 
on an object that is displaced a distance

 The general equation is:

Work = Force·Displacement·cosine of the angle 
between them

W = Fdcosθ



 Only the net force parallel to the motion 
matters (with or against)

 If force is perpendicular to the motion, zero 
work is done because cos(90º) = 0

 A lifting force on an object at constant speed 
forward does not do work on the object*

He’s lifting up, but 
the buckets do not 
move up or down so 
no work is done up 
or down if he walks 
at a steady pace 
forward

*except for the friction generated



 W = Fdcos(θ)



 W = Fdcos(θ)



 The sign ( + or - ) matters and is usually 
handled by the cos(θ) part of the equation

 Positive – F and d are same direction

 Negative – F and d are opposite directions



 A student holding books at arm’s length or 
moving them with constant velocity is not
doing work on the books with this definition, 
no matter how tired their arms get or how far 
they walk

 Yes, they are applying effort, but no work is 
being done



 Remember W = Fd, so take 
the units and look at it to get 
newtons·meters ( or N·m )

 That can be abbreviated as a 
new unit for work/energy 
called a joule ( or J )

 Named for James Prescott 
Joule who studied the nature 
of heat and mechanical work 
which led to the discovery of 
conservation of energy



 The law that was discovered because of 
Joule’s scientific efforts reads:

Energy can be neither created nor destroyed; it 
can only change form.





 Energy is a scalar value meaning it only has a 
magnitude (number)

 An object either has energy or does not 
(relative to a point), it has no direction

 Energy, much like work is measured in joules 
( J ), energy is usually not expressed in N·m



 Energy of an object in motion:

KE = ½·m·v2

 Is relative because we ignore the fact we’re 
hurtling on a rock through space, we define 
“zero velocity” as “only” moving that fast



 The net work done on an object by a net 
force is equal to the change in kinetic energy 
of the object

 In other words:

Wnet = ΔKE

 Remember, Δ means “change in” so

ΔKE= ½·m·vf
2 – ½·m·vi

2



 As an object is worked upon (positive work), 
it gets faster

 As an object works upon whatever is holding 
it back (negative work), it gets slower



 For this year, I’m trying to separate this 
massive unit into two parts.  

 The above slides were all about work, kinetic 
energy, and the relationship between them.

 The slides below are about kinetic energy, 
potential energy, thermal energy, and the 
relationship between them.



 If you want to find out how much work you
did to an object, you need to ask yourself the 
following:
◦ 1) Did you speed the object up or slow it down?
◦ 2) Did you raise or lower the object any height?
◦ 3) Did you push against some resistive force like 

friction or a spring?

 If you answered yes to any of those, you did 
work.  However, many cases it is likely your 
work was cancelled out resulting in no net
work.  Let’s look at cases 2 and 3.



 Potential energy is stored energy 
depending on an object’s location 
and has a variety of forms 
depending on what is causing the 
possibility of movement

 For example, think about the 
balanced Starbuck’s coffee shown in 
the picture.  As long as the coffee 
remains balanced, it is not moving 
and has no kinetic energy.  If the
dog moves, it will fall to the floor 
and gain kinetic energy as it falls.  
Where does the energy come from?



 Gravity is one thing that gives objects the 
potential to move

PEg = Ug = m·g·h

 Is relative because if you think about it, what 
is zero height? A tabletop? The ground? A 
hole in the ground?

 If I say a ball on the ground is at zero height, 
I can still dig a hole next to it and kick it in.  
This would mean it’s now at a negative 
height!



 Found in elastic objects (objects that return 
to their original shape), like springs or rubber 
bands.  From now on, when I use elastic, I’m 
typically just talking about springs as they are 
the most predictable in their motion.



 Is determined by a spring constant (k) which is 
how “stiff” and strong the elastic thing is

 Spring constants are measured in N/m to show 
the amount of force it takes to stretch or 
compress a spring a certain distance (x)

 Equation:

F = kx or     

F = -kx

depending on who’s 

teaching it (the spring always

pushes/pulls against the 

direction of motion)



 Energy an object has due to an 
elastic object (usually a spring)
being stretched or compressed 
x distance:

PEspring = Us = ½·k·x2

 Is still relative, because the 
object may or may not be 
completely behind a loaded 
spring.



 For simplicity in high school, teachers teach 
kinetic energy as KE and potential energy as 
PE and tack on appropriate subscripts

 In college, teachers teach kinetic energy as 
just K and potential energy as U with 
appropriate subscripts

 I don’t know why the U is a thing, but they 
probably wanted to just use one letter to 
make writing it all out easier and simpler



 Energy cannot be created or destroyed, so 
however much mechanical energy (useful energy) 
you start with is how much you end up with in an 
isolated system

Initial mechanical energy (Ei) = 

final mechanical energy (Ef)

ΣKEi + ΣPEi = ΣKEf + ΣPEf

 You can have more than one kind of potential 
energy is why it’s a summation (Σ).  Also, just an 
E by itself means total energy, unlike PE or KE.



 To sum it all up an easier way using only 
energies discussed in high school physics:

Ei = Ef

KEi + PEg,i + PEs,i = KEf + PEg,f+ PEs,f

 Where i stands for initial and f stands for final
on each term.

 Note:  There are many more types of energy, 
we just focus on these 3 for now.



 In short, as you put energy/work into a 
system, it either goes faster or stores that 
energy like we started this section.

 Energy that is stored can be released later as 
kinetic energy as it moves to a new location

High potential
Low kinetic

Low potential
High kinetic

Low potential
High kinetic



 Friction is one of the few times mechanical 
energy (E) is not conserved

 Total energy is still conserved though as 
mechanical energy is turned into heat

 Friction is usually how heat is made leading 
to one of very few examples of a non-
conservative force (again, referencing that
only useful energy is not conserved, NOT 
total energy)



 So how do we tackle friction? Stick it on the 
final side of the conservation of energy as
energy lost by the system to the environment.

Ei = Ef + Wn.c.

ΣKi + ΣUi = ΣKf + ΣUf + Wn.c.

(I used full university Physics notation this time 
around.)



 That’s the way I teach it, but honestly most 
people write it like this even though it’s less 
convenient for problem solving.  Mostly 
college professors from what I’ve seen.  The 
core concept is that mechanical energy is 
fully conserved in the absence of friction.

ME = Wn.c.

K + U = Wn.c.



 Recall that friction done by a moving object is 
a coefficient of kinetic friction times the 
normal force and that work is a force times a 
distance.  This yields the equation:

Wn.c.= FNd

 KEi + PEg,i + PEs,i = KEf + PEg,f+ PEs,f + FNd



 And that leaves power. Mechanical power is 
the rate at which work is done.  So everything 
we talked about work, apply that to power, 
but now we time it.

 SI unit is the watt (W) which is one joule / 
second

 The unit is named for James Watt who helped 
develop the first steam engine



 The equations for mechanical power are:

P = W / t      or P = F·v

 Typially, we would use the first one for what
we’ve done. The second equation is mainly if 
you have a motor or something that reels 
something in at a constant velocity (think a 
winch on a truck).  It applies a force and will 
have a certain tangential velocity on the rim 
of rotation.
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