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Welcome to PhysicsQuest: 
Spectra’s  

 
 

 
 
 
 

Your Mission 
You are about to go on an adventure 
learning about different types of energy 
as Spectra and her gang try to complete 
the challenges thrown at them by Fetch 
magazine. Will their team win tickets to 
see the Free Radicals? Will they lose to 
Tiffany Maxwell and her Princess Patrol? 
Will they even survive? 
 
 
History of the  
PhysicsQuest Program 
As part of the World Year of Physics 
2005 celebration, the American 
Physical Society produced 
PhysicsQuest: The Search for Albert 
Einstein’s Hidden Treasure.  
Designed as a resource for middle 
school science classrooms and clubs, 
the quest was received 
enthusiastically by nearly 10,000 
classes during the course of 2005.  
 
Feedback indicated that this activity 
met a need within the middle school 
science community for fun and 
accessible physics material, so the 
American Physical Society (APS) has 
decided to continue this program. 
 
This year, APS is pleased to present 
this thirteenth kit, PhysicsQuest: 
Spectra’s Energetic Escape. 
 
In the past, each PhysicsQuest kit has 
followed a mystery-based storyline 
and has required students to correctly 

complete four activities in order to 
solve the mystery and be eligible for a 
prize drawing.  For the sixth year in a 
row, students will be following laser 
superhero Spectra.   
 
Past years have seen the downfall of 
the evil Miss Alignment, the 
unfortunate demise of General 
Relativity, the evil antics of Maxwell’s 
Demon, a descent into the competitive 
madness of Henri Toueaux, the 
unfortunate adventures of the 
Quantum Mechanic, and a second 
round of Miss Alignments antics.   
 
In this edition of PhysicsQuest, Fetch 
magazine, with questionable Editor in 
Chief Nolan R. Gibbs, will do a profile of 
Tesla Junior High.  Or at least that’s 
what the students and Dr. Daniel 
originally thought. Instead, he puts 
them through a grueling competition to 
win tickets to see the newest boy band, 
The Free Radicals. As one might expect 
by this point, things go horribly wrong. 
Spectra and her gang must stop N.R.G. 
from accidentally killing off the 
students he’s profiling! Students will 
learn about pendulums, friction, 
potential, and kinetic energy as they 
follow the team’s adventures in this 
year’s PhysicsQuest. 
 
 
 

http://www.teachersource.com/
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About the American 
Physical Society (APS) 
APS is the professional society for 
physicists in the United States.  APS 
works to advance and disseminate 
the knowledge of physics through its 
journals, meetings, public affairs 
efforts, and educational programs.  
Information about APS and its 
services can be found at 
www.aps.org. 
 
APS also runs PhysicsCentral 
(www.physicscentral.com), a 
website aimed at communicating 
the excitement and importance of 
physics to the general public. 
 
At www.physicscentral.com, you 
can find out about APS educational 
programs, current physics research, 
people in physics, and more. 
 
 
About PhysicsQuest 
PhysicsQuest is a set of four activities 
designed to engage students in 
scientific inquiry.  This year’s activities 
are linked together via a storyline and 
comic book that follows Spectra, a laser 
super hero, and her swim team’s coach 
with his unusual and destructive 
coaching methods.  Spectra's super 
power is her ability to turn into a laser 
beam.  Her powers are all real things 
that a laser beam does, so in addition 

to learning via the four activities 
students will also learn through the 
comic book. 
 
PhysicsQuest is designed with 
flexibility in mind—it can be done in 
one continuous session or split up 
over a number of weeks.  The 
activities can be conducted in the 
classroom or as an extra credit or 
science club activity.  The challenges 
can be completed in any order, but 
to get the correct final result, all of 
the challenges must be completed 
correctly. 
 
If you would like to join up with other 
teachers and classes, there is now a 
Facebook group, PhysicsQuest.  It’s a 
great way to talk with other Physics- 
Quest groups or learn helpful tips and 
tricks. 
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The PhysicsQuest Materials 
The PhysicsQuest kit includes this 
manual and most of the hardware  
your students need to complete the 
activities.  There is also a website, 
www.physicscentral.com/ 
physicsquest, and a PhysicsQuest 
Facebook group.  Information  
regarding the PhysicsQuest will be 
posted in both of these locations. 
 
 
Comic Book 
Each activity is preceded by several 
comic book pages that follow the 
adventures of Spectra.  The comic is 
also available online.  Many of the 
PhysicsQuest experiments are part of 
the comic book plot; you are 
encouraged to discuss these with 
your class.  
 
 
The Teacher Guide 
The Teacher Guide for each activity 
includes: 
 
Key Question 
This question highlights the goal of 
the activity. 
 
Key Terms 
This section lists terms related to 
the activity that the students will 
encounter in the Student Guide. 
 
 

 

Materials List 
For more information on these 
items and where they can be 
purchased, please visit the 
PhysicsQuest website. 
 
If your kit is missing any of these 
materials, contact Educational 
Innovations,  203-229-0730 or 
www.TeacherSource.com. 
 
 
Included in this kit: 
PhysicsQuest manual/comic book 
4xPipe cleaners 
Rubber bands 
Fun dough 
4xNuts 
Rough and fine sandpaper 
Yo Yo string 
Bouncy Ball 
Wire 
Straw 
Binder clips 
Hand copter  
 
Not included in this kit: 
Scissors 
Lots of tape 
Paper 
Permanent marker 
Meter stick 
Large piece of paper 
Chairs 
Books 
 

http://www.teachersource.com/
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Before the Activity… 
Students should be familiar with 
these concepts and skills before 
tackling the activity. 
 
After the Activity… 
By participating in the activity, 
students are practicing the skills 
and studying the concepts listed 
in this section. 
 
The Science Behind… 
This section includes the science 
behind the activity.  The Student 
Guide does not include most of this 
information; it is up to you to decide 
what to discuss with your students. 
 
Safety 
This section highlights potential 
hazards and safety precautions. 
 
Materials 
This section lists the materials needed 
for the activity.  Materials not provided 
in the kit will be marked with a *. 
 
Suggested Resources 
This section lists the books, websites, 
and other resources used to create 
this activity and recommended 
resources for more information on 
the topics covered. 
 
 
The Student Guide 
Each activity has a Student Guide 
that you will need to copy and 
hand out to all of your students. 
 

The Student Guide includes: 
 
Key Question 
This question highlights the goal of the 
activity. 
 
Materials 
This section lists the materials students 
will need for the activity. 
 
Getting Started 
This section includes discussion 
questions designed to get students 
thinking about the key question, why 
it’s important, and how they might find 
an answer. 
 
The Experiment 
This section leads students step-by-
step through the set-up and data 
collection process. 
 
Analyzing Your Results 
This section leads students through 
data analysis and provides questions 
for them to answer based on their 
results. 
 
 
PhysicsQuest Website  
and Facebook Group 
The PhysicsQuest website, 
www.physicscentral.com/physicsquest, 
has periodic updates on the program.  
Join the PhysicsQuest Facebook group 
to connect with other groups doing the 
PhysicsQuest program. 
 

http://www.teachersource.com/
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PhysicsQuest Logistics 
Materials 
The PhysicsQuest kit comes with only 
one set of materials.  This means that if 
your students are working in four small 
groups (recommended), all groups 
should work simultaneously on 
different activities and then rotate 
activities, unless you provide additional 
materials. 
 
The Materials List on the PhysicsQuest 
website includes specific descriptions 
of the materials and where they can be 
purchased.  All materials can be 
reused. 
 
 

 
 
 
Time Required 
The time required to complete the 
PhysicsQuest activities will depend on 
your students and their lab experience.  
Most groups will be able to complete 
one activity in about 45 minutes. 
 

Small Groups 
Working effectively in a group is one of 
the most important parts of scientific 
inquiry.  If working in small groups is 
challenging for your students, you 
might consider adopting a group work 
model such as the one presented here. 
 
 
Group Work Model 
Give each student one of the following 
roles.  You may want to have them 
rotate roles for each activity so they 
can try many different jobs. 
 
Lab Director 
Coordinates the group and keeps 
students on task. 
 
Chief Experimenter 
Sets up the equipment and makes sure 
the procedures are carried out 
correctly. 
 
Measurement Officer 
Monitors data collection and 
determines the values for each 
measurement. 
 
Report Writer 
Records the results and makes sure all 
of the questions in the Student Guide 
are answered. 
 
Equipment Manager 
Collects all equipment needed for the 
experiment.  Makes sure equipment is 
returned at the end of the class period 
and that the lab space is clean before 
group members leave. 
 

 

Safety 
While following the precautions in 
this guide can help teachers foster 
inquiry in a safe way, no manual 
could ever predict all of the 
problems that might occur.  Good 
supervision and common sense are 
always needed.  Activity-specific 
safety notices are included in the 
Teacher Guide when appropriate. 

http://www.teachersource.com/
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Using PhysicsQuest in the 
Classroom 
This section suggests ways to use 
PhysicsQuest in the classroom.  Since 
logistics and goals vary across schools, 
please read through the suggestions 
and then decide how best to use 
PhysicsQuest.  Feel free to be creative! 
 
PhysicsQuest as a stand-alone activity 
PhysicsQuest is designed to be self-
contained—it can be easily done as a 
special project during the day(s) 
following a test, immediately 
preceding/following a break, or other 
such times.  PhysicsQuest also works 
well as a science club activity or as an 
extra credit opportunity. 
 

PhysicsQuest as a fully integrated part 
of regular curriculum 
The topics covered in PhysicsQuest are 
covered in many physical science 
classes, so you might have students do 
the PhysicsQuest activities during those 
corresponding units. 
 
PhysicsQuest as an all-school activity 
Some schools set up PhysicsQuest 
activity stations around the school gym 
for one afternoon.  Small groups of 
students work through the stations at 
assigned times. 
 
PhysicsQuest as a mentoring activity 
Some teachers have used PhysicsQuest 
as an opportunity for older students to 
mentor younger students.  In this case, 
8th or 9th grade classes first complete 
the activities themselves, and then go 
into 6th or 7th grade classrooms and 
help students carry out the activities. 
 
 

 
 
 
 
 
 
 

 
 

APS PhysicsQuest Publication Staff 
Coordinated, Researched, and Written by Rebecca Thompson, Ph.D. 

Teacher Manual graphics by James Roche 
Comic Art by Roel Torres 

 
 

American Physical Society (www.aps.org) 
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They are about 
to find out that 
today is their 
lucky day.

In fact, they love it so much 
they made a video about why 
their sch�l should be 
featured in a special i�ue 
that wi� profile one lucky 
mi�le sch�l. 

Students like pi�a 
at Pi�a Pi, so�er 
games, avoiding 
homework, and 
most of a� reading 
Fetch magazine. 

Tesla Junior 
High is the average 
American mi�le 
sch�l. 



You 
guys!!! 
You 

guys!!! 

Wow, I gue� 
that video of The 
General dancing 

to The Fr� 
Radicals’ hit, “This 

Time it’s Real” 
worked. 

A selfie 
from that made 

our holiday card 
this year. 

I 
wonder 

what this 
is going to 

be like. 

it s�ms you 
a� have won 
some sort of 

contest-- 

Thanks 
for working 

together everyone! 
We rea�y made Fetch 

haen, I didn’t think that 
was po�ible. I know this wi� 
be the highlight of many of 

your lives, so let's 
not screw it up. 

Go team! 

Dr. Daniel 
did not s�m 

thri�ed. 

The 
Editor and 

Chief, Nolan R. 
Gi�s, is coming 

tomo�ow to 
talk to us. 

They 
picked Tesla 

for the sch�l 
profile. 

Fetch 
just came 

out and we’re 
go�a be 

in it! 

Life 
with us 
is never 
boring. 

Somehow 
I think this 

wi� turn into 
an adven-

ture. 

Mr. Gi�s 
has informed 
me we have no 
choice but to 

participate. 

I can’t 
exactly 

say “congrat-
ulations.” 

--and wi� be turning 
my sch�l upside 

down for 
a w�k. 

Decide 
tonight if 
you are 
strong 

enough to 
compete. 

Peace 
out. 

We’re 
not just 

going to profile 
the sch�l, we’re 

going to film 
"Tesla Junior 

High: when you 
stop being nice 

and start 
ge�ing 
real.” 

Two 
teams of four 

wi� be locked in 
the sch�l for 

24 hours, thrown 
CRAZY cha�enges, 
and have a chance 
to win backstage 

pa�es 
to The Fr� 
Radicals. 

Thought 
so! 

You 
are ready 

for a fun ride 
on the Fetch 

expre�? 

Hey, everyone! 
I’m so excited to 
be here at Tesla 
Junior High! 

W�h�! 
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ACTIVITY 1:  GO NUTS! 

Introduction 

Pendulums are everywhere—from yo-yos to grandfather clocks, to pirate ships at 
amusement parks.  They are a fundamental part of physics and understanding their 
motion is a key part of understanding potential and kinetic energy.  Standard 
pendulum experiments look at how the period of a pendulum’s swing changes 
depending on the amplitude, mass, and length of string.  This experiment takes the 
next step and looks at what happens when several pendulums are all hanging from 
the same pivot point, in this case a rubber band.  Now students aren’t just looking 
at the energy in a pendulum’s swing, but how that energy is transferred from one 
pendulum to another. 
 
 
 

Key Question 

How does the length of a pendulum  
affect its swing and transfer of energy? 
 
 
 

Key Terms 

Period:  The time it takes for something to 
complete a full cycle.  In the case of a 
pendulum, this is the time it takes for the 
pendulum to get back to where it started. 
 
Frequency:  The number of periods in a set amount of time.  In this activity, 
this is the number of full swings per minute. 
 
Potential Energy:  Energy of position.  The higher off the ground something 
is, the more potential energy it has. 
 
Kinetic Energy:  Energy of motion.  The faster something is going, the more 
kinetic energy it has. 
 
  

Materials 

4 pipe cleaners 
4 nuts 
4 small rubber bands (tan) 
 

*    2 chairs 
*    ruler 
*    scissors 
 

*    not included in the 
PhysicsQuest kit 
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Before the activity,  
students should know… 

 The “period” of a pendulum’s  
swing is from the starting point  
back to the same point. 

 

 A pendulum’s period is based  
on the length of the string and  
not the mass or amplitude. 

After the activity,  
students should be able to… 

 Discuss how energy can be 
transferred from one pendulum  
to another. 

 

 State what needs to be the same 
about pendulums for energy  
transfer to occur. 

 
 

The Science behind  
Coupled Pendulums 

Welcome to PhysicsQuest!  This kit 
will focus mainly on energy and how 
it changes from one form to other 
forms.  Two of the most often 
discussed forms of energy are 
potential and kinetic energy.  We’ll 
also explore heat energy and 
friction.  This activity will use 
pendulums to talk about potential 
energy, kinetic energy, and how it 
can be transformed and transferred. 
 
Pendulums are everywhere—from 
swing sets to grandfather clocks (do 
kids still know what these are?).  The 
rate at which a pendulum swings is 
very regular and depends on the length 
of the string on which it’s swinging.  
This makes it ideal for clocks as well  
as teaching some physics.  A single 
pendulum swinging is a great example 
of changing potential energy to kinetic 
energy and back again. 
 
The two main types of energy involved 
in understanding a pendulum are 
potential energy and kinetic energy. 

 
Potential energy is often a confusing 
way to saying that something has 
energy just because of where it is.  
When a pendulum bob (in this 
experiment, it’s a nut) is pulled back, 
it has potential energy because it is 
some distance above its equilibrium 
point.  The higher it is, the more 
potential energy it has.  When it is let 
go, it starts swinging and gains kinetic 
energy—the energy of motion.  The 
faster something moves, the more 
kinetic energy it has.  A pendulum is 
moving at its fastest when it’s at the 
bottom of its swing.  The potential 
energy is decreased because the 
pendulum bob is no longer as high as 
it was when it started.  
 
As I’m sure you have heard before, 
energy can neither be created nor 
destroyed.  The trick is keeping track 
of it.  The higher the bob starts, the 
faster the pendulum will eventually 
swing.  However, I’m sure everyone 
has seen the videos of someone 
starting a bowling ball pendulum 
right at their nose and letting it 
swing right back up to their nose. 
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They don’t end up in the hospital 
because some of the energy is lost as 
heat because of friction at the point the 
string connects to the ceiling.  In this 
activity, we won’t worry about heat 
energy lost and we’ll explore friction 
later on. 
 
A pendulum's period is the time it 
takes to get from one point back to 
that same point.  If you start a 
pendulum from a certain height, the 
period is how long it takes to get back 
to where you started it.  (Fig. 1) 
 

 
 

 
 

The frequency is the number of times 
a pendulum makes a full swing back 
to the point it started in a set amount 
of time.  In this activity we’ll look at 
the number of swings per minute.   
 
A pendulum’s period depends on the 
length of the string but not on the 
bob’s weight.  It also depends on the 
strength of gravity, but since this 
activity won’t be done on the moon, 

 
 
 
 
 

we don’t have to think too much 
about that. 
 
If you want to make a pendulum 
swing higher (or keep going since it 
will be slowed down with friction), you 
have to push it.  But this only works if 
you push it at exactly the right time.  
Think of trying to push someone on a 
swing.  You have to push them at the 
right time to get them to move faster.  
You push the person once a swing, or 
once a period. 
 
Pendulums with different lengths need 
to be pushed at different times since 
they have different natural periods.  
We intuitively know when to push 
someone on a swing.  We also know 
that if we push at the wrong time, the 
swing will stop.  You might also know 
that you get into a rhythm so that no 
matter how high the person on the 
swing goes, he or she will need to be 
pushed at the same time.  
 
In this activity, instead of a human 
doing the pushing, it will be another 
pendulum.  In a coupled pendulum 
system, two pendulums will be 
attached to the same pivot string, in 
this case a yo-yo string.  First, two 
pendulums with the same length will 
be attached to the string.  One will be 
pulled back, giving it potential energy.  
The second pendulum doesn’t have 
any energy at all since it stays in the 
equilibrium position.  

Figure 1 
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As the first pendulum swings, its 
potential energy will be turned to 
kinetic, but just like the bowling ball 
some of it will be lost in pulling on 
the string.  As it swings, friction—the 
same force that is slowing it down—
tugs on the string in the direction 
the pendulum is moving.   
 
This string movement tugs on the 
other pendulum.  If the tugs come at 
the right time, the second pendulum 
will start moving, just like someone 
pushing a person on a swing.  The 
“right time” depends on the length 
of the pendulum.  If the two 
pendulums are the same length, the 
tugs will come at just the right time 
and cause the second pendulum to 
swing.  When it starts swinging, it 
gains energy.  Since energy is 
neither created nor destroyed, the 
first pendulum loses energy as the 
second gains it.  Eventually, the 
second pendulum gets most of the 
energy and starts swinging a bunch.  
But then, the same process repeats 
itself and the first pendulum starts 
swinging again.  This keeps going 
until all the energy is lost to friction.  
 
When two pendulums of different 
lengths are attached to the yo-yo 
string, the first pendulum doesn’t tug 
at the second pendulum at the right 
time.  This is like you pushing someone 
on a swing incorrectly.  Because of 
that, the second pendulum will never 
start swinging.  The time it takes for 
the energy to transfer back and forth 

 
 
 
 
 

between the two pendulums 
depends on the pendulum's length.  
A good way to think of this is that if 
the period is longer, it is tugging on 
the string less frequently, and the 
energy won’t be transferred as fast.  
The faster the swing, the more 
quickly the energy is transferred.  
 
This is a fairly quick and fun 
experiment.  It’s easy to do only 
qualitatively and get the general 
physics across.  There are also plenty 
of ways to make it more quantitative 
if that’s what will work best in your 
classroom.  I have always liked this 
experiment because even though the 
physics makes sense, it’s still 
surprising to see it in action.  
 
 
 
 
 

Suggested Resources 

Exploratorium Science Snacks: 
www.exploratorium.edu/snacks/ 
coupled-resonant-pendulums 
 
Phet Simulation: 
https://phet.colorado.edu/en/ 
simulation/pendulum-lab 
 
Excellent video of an undergrad  
physics student explaining a  
coupled pendulum: 
www.youtube.com/watch?v= 
PLBzFriHu4E 
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ACTIVITY 1:  GO NUTS! 

Introduction 

From clocks to dog’s ears, pendulums are 
everywhere.  By now you may know some  
of the rules of pendulums.  If you’ve done past 
PhysicsQuest activities, you probably know that 
how long it takes for one swing is based on how 
long the string is, not how much the swinging  
mass weighs.  But what happens when you put 
two, three, or even four of these things together?  
How will they swing?  What will happen to the 
energy?  How will one affect the others?  This 
activity will answer all these questions.  

 

Key Question 

How does the length of a pendulum 
affect its swing and transfer of energy? 
 
 

Getting Started 

1. Name several types of pendulums. 

 

 

 

 

 

 

2. What is meant by a pendulum’s 
“period?” 

 

 

 

 

 

 

3. What might the period depend on? 

 

 

 

 

 

 

4. What do you think would happen 
if two pendulums shared a pivot, 
much like two swings on the same 
swing set? 

 

 

 

 

 

 

5. What is meant by “kinetic energy?” 

 

 

 

 

 

 

Materials 

4 pipe cleaners 
4 nuts 
4 small rubber bands (tan) 
 

*    2 chairs 
*    ruler 
*    scissors 
 

*    not included in the 
PhysicsQuest kit 
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6. What is meant by “potential energy?” 

 

 

 

 

 

 

7. What are some ways you might 
transfer energy from one 
pendulum to another? 

 

 

 

 

 

 
 
 

Setting Up the Experiment 

Your pendulum lengths should be 6” 
from the yo-yo string to the top of the 
nut (for the long pendulums), and 
2.25” to the top of the nut (for the 
short ones). 

1. Tie each end of the yo-yo string 
to the arms of the two chairs.  

2. Place the chairs as far apart as 
you can without breaking the 
yo-yo string.  

 

 
 
 
 

3. Take the four nuts and wrap one end 
of the pipe cleaner through and 
around the nut to make a pendulum. 

4. Attach two of the nut pendulums to 
the yo-yo string about 4”-6” apart so 
that the nuts hang about 6” below 
the yo-yo string.  (Fig. 1) 

 
 
 
 

Collecting Data 

Qualitative: 

1. Swing one of the two pendulums.  
What happens to both pendulums? 

2. Watch for a bit longer.  Now what 
is happening? 

3. Remove one of the longer 
pendulums and replace it with 
a shorter one.  Swing the 
longer pendulum.  What 
happens to the shorter one?  

4. Swing the shorter one.  What 
happens to the longer one?  

 

Figure 1 
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Quantitative: 

1. Start again with only the long 
pendulum tied to the yo-yo string.  
Pull it back a bit and let it swing. 

2. Measure how many swings this 
pendulum takes in one minute.  
This is the frequency. 

3. The period is the time it takes for 
one swing.  To find the period, 
divide 60 seconds by the number 
of swings in a minute.  This is the 
time for one swing.  Record both 
in the chart below. 

4. Repeat steps 1-3 with the shorter 
pendulum after removing the 
longer pendulum. 

5. Attach two longer pendulums and 
repeat 1-3, swinging just one of 
the two.  What happens to the 
second pendulum? 

6. Set a stopwatch for two minutes.  
Record how many times one 
pendulum goes from still to 
swinging at its maximum during 
those two minutes.  Record this in 
the last column of the chart. 

 
 
 
 
 

7. Repeat steps 5 and 6 with the 
two shorter pendulums. 

8. Attach one long and one short 
pendulum.  Swing the long 
pendulum.  What happens to the 
short one?  Swing the short one.  
What happens to the long one? 

 

 

 

 

 

 

9. Attach all four pendulums as shown 
on the previous page.  Swing one of 
the smaller pendulums.  What 
happens to all four? 

 

 

 

 

 

 

10. Swing one of the larger pendulums.  
What happens to all four? 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
Frequency  
(swings per  
60 seconds) 

Period  
(seconds  

per swing) 

Period of  
Energy  

Transfer 

Long Pendulum   XXXXX 

Long Coupled Pendulum    

Short Pendulums   XXXXX 

Short Coupled Pendulum    
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Analyzing Your Results 

1. How did the period of the long 
pendulum compare to the period 
of the short pendulum?   

 

 

 

 

 

 

 

 
 

2. How was the period of energy 
transfer different for the shorter 
pendulum than the longer one?  

 

 

 

 

 

 

 

 
 

3. How did the period of energy 
transfer compare to the period 
of the swing?  

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 

4. When you swung the long 
pendulum with the shorter 
pendulum attached to the yo-yo 
string, what happened to the 
shorter pendulum?  What 
happened to the long one when 
the short one was swung?  

 

 

 

 

 

 

 

 
 

5. Think back to what the period 
depends on.  Hopefully you 
theorized that a pendulum's 
length determines the period.  
What can you say about coupled 
pendulums of different lengths?  

 

 

 

 

 

 

 

 
 

6. Can two pendulums of different 
lengths transfer energy?  

 

 

 

 

 

 

 

 
 



it's clear 
Dr. Daniel isn’t 
very ha�y, but 

after having 
a carousel on her 
r�f a few months 

ago I can’t 
blame her. 

You a� 
are in, right? 
I’m already 

training. 

Te� him 
I’m out, I n�d 
a break. Let the 

adventure ha�en 
to someone else 

this time. 

I am 
so excited! 
I know I am 
going to get 
picked, I am 
great at this 

stu�! 

Um, 
I thought 

he hated that 
band? 

He does 
like wi ing. 

Besides, if he gets 
picked as a team 
captain, we can 

a� be on 
a team and 
go to the 

show. 

Dude, 
check out 
my push- 

ups! 

You don’t even 
know what the 
cha�enges are. 

Lucy, 
you have 
GOT to do 
this with 

me! You’re 
key.

Kas 
is bu�ing 

me, t�. What-
ever, just say 
I’m in. We both 
know I’� get 
dra�ed into 

anyway. 
I 

knew 
you’d 
cave. 

Lucy’s in. I’ll design the 
t-shirts, at least we can 
look good while saving 
the world. 



Energy! 
There are di�erent 
types, kinetic and 

potential! Pendulums 
have both. So 

do these ba�s. 
Watch this. 

O�f! $1 please.

drat. 

Told you he’d 
hit himself 
in the face. 

Pay up! 

As they fa� they’� gain 
kinetic energy and then 

bounce back to have 
potential energy. 

I’� 
get there. 

I’� pick you 
first if I end 
up captain, 

‘kay? 

Ok. 

I rea�y 
hope we don’t 
get picked, but 

given our history, 
I doubt we’� 

be that 
lucky.

You put 
your name 

in this 
morning, 

right? 

The 
bi�er ba� 

wi� slam into 
the sma�er one 

on its way up and 
give it more 

energy. 

These ba�s both 
have the same 

amount of 
potential 
energy. 

Nah, I’� get 
to it, wouldn’t 
want to ruin 
my slacker 

image. Aw 
man. You 
put your 
name in 
right? 

Don’t 
me� up! 

I want on 
a team! 

I gue� 
we'� have 

to wait and 
s�.

Yes 
I did. 



if you’re going to 
turn my sch�l upside 
down at least don’t 

take t� much 
time. 

Gordy! 
Get up here! 
You are now 

on team, 
um, Air 

Guitars! 

I’m picking 
Lucinda Hene for 

the Prince� Patrol. 
You are now part of 
the Prince� Patrol. 
Tiaras wi� be i�ued 

tomo ow.

{Gasp!} Wha… 
Um, No, 
I don’t 
want 
to. 

I don’t 
think you 

have a choice. 
You have to go 

up there.

I, uh, 
Ti�any, why 
did you do 

this? 

What? Like I was 
going to let you 
losers take the 

superhero. 

Fine, 
just do

it. 

Where’s 
your sch�l 
spirit, Da�y! 
And our first 
team captain 

is Kas… 
um… 

I can’t 
pronounce this 
but I’m gue�ing 

there’s only one of 
you. Get up here. 
Second captain 

is…. Ti�any 
Maxwe�! 

You 
started this, 
Ti�any, you 

might as we� 
finish it! 

W�-
h�!! 

I am 
going to that 

concert. 

We a� know 
her team’s 
go�a win, 
and I want 

to win. 
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ACTIVITY 2:  FRICTION FUN 

Introduction 

Friction is that unseen force that mostly seems to make life more difficult.  It 
always slows things down or makes them stop.  Friction makes things overheat, 
causes wear and tear, and always needs to be accounted for when talking about 
energy.  We overcome friction with heat sinks, WD-40, ball bearings, and wax.  
It’s often a way to explain why something doesn’t work as you think it should.  
However, friction is a lot more than that and is rarely directly measured.   
 
In this activity we are going to quantify this annoying force.  I’m sure you have an 
intuitive sense that something that weighs more experiences more friction when 
sliding and that rougher surfaces cause more friction.  The experiment will try to 
quantify how these two factors—weight and surface material—affect friction.  
 
 
 

Key Question 

How does weight and surface roughness 
affect the force of friction felt by an 
object? 
 
 
 

Key Terms 

Friction:  The resistance to motion of one 
object moving against another.  Rougher 
surfaces moving against each other have 
more friction. 
 
Force:  Something that changes the motion of an object.  Pushing or pulling is 
a force; so is friction. 
 
Coefficient of Friction:  A number that tells how strong frictional force will be 
for a particular weight.  Different surfaces have different coefficients of friction.  
Ice has a lower coefficient of friction than sandpaper. 
 
  

Materials 

Rough grain sandpaper 
Fine grain sandpaper 
4 nuts 
Fun dough 
Rubber bands 
 

*    ruler 
*    tape 
 

*    not included in the 
PhysicsQuest kit 
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Before the activity,  
students should know… 

 How forces act on an object. 
 

 If something is moving at  
a constant rate, there are  
equal forces. 

After the activity,  
students should be able to… 

 Discuss the difference between static 
friction and friction of movement. 

 

 Discuss how friction depends on 
both weight and the surface over 
which something is moving. 

 

The Science behind Friction 

Friction is my least favorite force.  
Sure, it has its uses, but in general it 
just works against whatever I’m trying 
to do.  The best use of it I can think of 
is those amusement park rides that 
spin really fast and then have the floor 
drop out.  It’s friction that holds you 
against the side and stops you from 
falling down with the floor.  Even 
though I’m not a fan of friction, it’s a 
force we all encounter every day and 
it is important to understand.  
 
As two surfaces move against each 
other, they lose some energy to 
friction.  Friction is a force that resists 
movement.  The classic example is 
rubbing your hands together and 
feeling them get hot.  Friction is turning 
some of the energy from rubbing your 
hands into the heat energy you feel.  
Any time two surfaces are moving 
when smooshed against each other, 
there will be some friction. 
 
For any combination of surface and 
object there is a maximum amount of 
force that friction can apply.  To get 
an object to move on that surface, 
the force you are applying has to be 

 
 
greater than the maximum amount 
of force friction can exert.  The 
maximum amount of frictional force 
depends on how heavy the mass is 
and how rough the surface is.   
 
Think about a 100-pound box sliding 
on carpet versus a 10-pound box on 
ice.  You have to push harder on the 
heavy box on carpet because the 
maximum frictional force in that 
system is high.  It wouldn’t take near 
as much to overcome the maximum 
friction of a box on ice.  (Fig. 1) 
 
 
 
 
 
 

 

 
 

It’s possible to measure this maximum 
frictional force for a specific mass and 
surface by figuring out how much 
force is required to just barely start 
the object moving.  That’s the point at 
which the maximum frictional force is  
 

Figure 1 
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overcome and the object starts 
sliding at a constant rate.  If you can 
find a way to figure out how much 
force is applied at that point, then 
you also know how much force 
friction can exert.  By comparing how 
that max force changes with surfaces 
and weights, you get a good idea of 
how those two things change 
frictional force. 
 
For any surface there is a number, 
call the coefficient of friction, that 
says how much frictional force is 
exerted for any given weight.  If you 
know this number and you know the 
weight of something, you can find 
the maximum force of friction.  The 
rougher the surface, the higher this 
number will be. 
 
In this activity, students will measure 
how much force it takes to move 
different weights—in this case, 
nuts—on two different surfaces.  It’s 
hard to find something that will fit in 
a PhysicsQuest kit that can directly 
measure force.  Instead, the students 
will be using rubber bands and 
looking at how far they stretch 
before the mass of nuts moves. 
 
I don’t want to go too far on a tangent 
about how rubber bands work and the 
potential energy involved, so I’ll sum 
up how they are used to measure 
relative forces.  When a rubber band 
is stretched, it has potential energy.  
That stretch also exerts a force on 
whatever it is attached to.  The more 
the rubber band is stretched, the  

 
 
 
 
 

more energy it has and the more 
force it is exerting on anything it is 
attached to.  If the object isn’t 
moving, it means it is exerting the 
same force as the rubber band—
only in the opposite direction.  
 
In the case of rubber bands and 
nuts, if the rubber band is being 
stretch and the nuts aren’t moving, 
it means that friction is exerting the 
same amount of force as the rubber 
band in the opposite direction.  
When the rubber band is stretched 
to the point that the nuts begin to 
move, it is applying exactly the same 
amount of force as the maximum 
amount of frictional force.  By 
measuring the length of the rubber 
band right at the moment of 
movement for different systems, 
you can see how the maximum 
amount of frictional force changes 
from one system to the other.  This 
certainly isn’t the most precise way 
to do it, but it is a great way to 
introduce students to the different 
things that affect friction. 
 

Suggested Resources 

Explanation of friction: 
www.livescience.com/37161- 
what-is-friction.html 
 

Another explanation of friction: 
www.bbc.co.uk/guides/zxqrdxs 
 

For a different activity that shows 
the same concepts: 
www.perkinselearning.org/ 
accessible-science/activities/friction-
different-surfaces-lab 
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ACTIVITY 2:  FRICTION FUN 

Introduction 

If you rub your hands together really fast, they 
hurt and get hot.  You’ve most likely been told a 
million times that this is because of friction.  
Some of the energy your muscles are generating 
to rub your hands together is being changed into 
heat energy by friction.  If you push your hands 
together harder, they get hotter.  What do you 
think would happen if you could make your 
hands rougher?  Is there a way to measure the 
force of friction?  This activity will use some fun 
dough, nuts, rubber bands, and sandpaper to 
find out.  
 
 

Key Question 

What affects the force of friction? 
 
 

Getting Started 

1. What happens when two things rub 
up against each other? 

 

 

 

 

 

 

2. What is friction? 

 

 

 

 

 

 

3. What do you think causes friction? 

 

 

 

 

 

 

4. What things might affect friction? 

 

 

 

 

 

 

5. What would be harder: pushing a 
box across a shiny wood floor or 
pushing a box across carpet?  Why? 

 

 

 

 

 

 

Materials 

Rough grain sandpaper 
Fine grain sandpaper 
4 nuts 
Fun dough 
Rubber bands 
 

*    ruler 
*    tape 
 

*    not included in the 
PhysicsQuest kit 



Spectra 10:  “Spectra’s Energetic Escape”   

STUDENT GUIDE 
 
 
 
 
 

6. What would be harder: pushing a 
light box or a heavy box?  Why? 

 

 

 

 

 

 
 

Setting Up the Experiment 

1. Take the rubber bands and hook 
loop one through the other to 
attach them together. 

2. Take one end of the rubber bands 
and loop it through one nut to 
attach the rubber bands to the nut. 

3. Surround the nut with fun dough, 
making sure the rubber band is 
sticking out.  (Fig. 1) 

4. Tape the two strips of sandpaper 
next to each other on a table or 
desk. 

5. Set down a ruler along the sand-
paper strips. 

  

 
 
 
 
 

Collecting Data 

Qualitative: 

1. Place the dough/nut combo on one 
end of the fine grain sandpaper strip. 

2. Gently and steadily pull the rubber 
band until the dough/nut combo 
begins to move.  Did the rubber band 
stretch before the dough and nut 
started to move? 

3. Now do the same thing with the 
coarse grain sandpaper.  Did the 
rubber band stretch more or less 
than with the fine grain sandpaper? 

4. Unwrap the nut from the fun dough 
and attach the rubber band around 
all four nuts.  Rewrap the four nuts in 
fun dough.  

5. Repeat steps 1-3 with four nuts.  
What changed? 

 

Figure 1 
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Quantitative: 

You are now going to do something 
very similar to the qualitative 
experiments on the previous page, only 
this time you will measure how much 
the rubber band stretches before the 
dough blob moves. 

1. Start with one nut and the fine 
grain strip of sandpaper. 

2. Very slowly stretch the rubber 
band until the blob starts 
moving.  Record the distance 
the rubber band stretched 
before the blob moved.  Repeat 
this four more times and take 
the average.  Record that 
number in the table below.  

3. Repeat step 2 for two nuts, three 
nuts, and four nuts, with five tries 
each.  For each try, keep track of 
the distance the rubber band 
stretched before the blob moved.  
Record the average in the table.  

4. Repeat steps 2 and 3 with the 
coarse grain sandpaper, recording 
the numbers in the table.  Make 
sure to use units! 

 
 
 
 
 

Analyzing Your Results 

1. Which combination of sandpaper 
and nuts needed the most rubber 
band stretch to make the blob 
move?  Which required the least? 

 

 

 

 

 

 

 

2. When the rubber band was pulled, it 
exerted a force on the blob.  What 
force was pulling back on the blob? 

 

 

 

 

 

 

 

3. How does the force of friction 
compare for each combination? 

 

 

 

 

 

 

 

4. What different things does friction 
depend on?  If you wanted to 
decrease the force of friction, what 
two things might you change? 

 

 

 

 

 

 

 
 

 Fine grain Coarse grain 

One nut   

Two nuts   

Three nuts   

Four nuts   
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5. Graph the rubber band stretch versus the number of nuts (stretch on the Y axis, 
number of nuts on the X axis) for both the fine grain and coarse grain sandpaper.  
Hint: use different colored pencils for each type of sandpaper.  What does the 
graph look like?  

 

          

          

          

          

          

          

          

          

          

          

 
 

6. Surfaces have something called a “coefficient of friction” which tells you how 
strong friction is.  This coefficient is the force you measured by the amount of 
rubber band stretch divided by the weight—in this case the number of nuts.  
Can you find the coefficient of friction for both the fine grain and coarse grain 
sandpaper?  Which one is bigger? 

 

 

 

 

 

 

 

7. Do you think ice has a high or low coefficient of friction?  What about grip tape?  
Another name for grip tape is friction tape.  Can you think of why it might be 
called that? 

 

 

 

 

 

 

 
 

RUBBER BAND STRETCH (CM) VS NUMBER OF NUTS 
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BING! 

How 
could she 
do that! 
After a� 

we did for 
her! 

You’d think 
she’d have go�en 

nicer. I can’t 
believe this. 

I gue� 
people 

don’t rea�y 
change.

At least the rest 
of you got to be 

together. I know it 
sucks, but it's not 

like I’m going to help 
Ti�any. You a� can 

win without 
me. 

Oh 
yeah, 
I kp 
for-

ge�ing. 
C�l! 

And Gordy, you’re a genius, 
and Ruby can craft her way 

out of anything. You got this. 
I’m just sad I won’t be able 

to go to the concert 
with you. 

So�y, Luce, but we 
have to talk strategy. 

I know you won’t 
help Ti�any-- 

Ugh, it’s 
Ti�any. 

BING! 

My r�m. 
Now. We’re 
pla�ing. 

Bring 
LaCroix, 
I’m out. 

I’m 
so�y. 

I can’t stay. 
have fun. 

Later, 
babe. 

{sigh.}

You 
have 

sound 
powers, 
remem-

ber? 

We’� 
catch up 
tomo�-

ow. 

--but 
you might 
say some-
thing a�i-
denta�y. 



Why 
is this so 

early? 

Two 
hours to be 
a Viking! 

if you 
know the sch
l 

as we	 as you say 
you do, won’t be 

a problem. 

You first 
cha	enge is 
to find your 

“su�ly” 
r
m. 

And 
your time 
starts….

NOW! 

oar’s 
fair in 

love and 
war! 

Prince� 
Patrol, Air 

Guitars, shake 
hands, 

because… 

Your 
next 

cha	enge 
is waiting at 

the end 
of this 

one. 

I’m goa give you a clue 
and you have 2 hours ’til 
you have to compete and 

I’m not even going to 
te	 you where. 

Of course 
you are! You 

got that General 
to dance in 

Go-Go b
ts, you 
a	 can do 
anything. 

Here’s 
how it's 
goa 
work.

Hey 
hey 
hey! 

Everyone 
ready? We’re 
going to have 
some fun and 
film it a	. You 
up for a li�le 

cha	enge? 



A�a, 
have you 

had a chance 
to read the clue 
yet? We should 
probably get 

started. 

Open 
it, Katy.

Actua�y 
my name is 

A�a.

Whatever, 
open it. 

They rea�y gave 
us a lot to work 

with. I wonder 
what we have 

to do. 

Wow, 
tons of 

fabric and 
b�ks. I can 
work with 

this. 

Row, row, row, yourselves

gently down the stream

Wearily, wearily, wearily, wearily

Don’t run out of steam

Go, go, go real fast

Don’t become a meme

Barely, barely, barely, barely

Beat out the other team

We� obviously we n�d to build 
a boat. The only water in the 
sch�l is the swi�ing p�l 

so we probably have to 
cro  that. 

I have 
no idea. 

I’m not a 
sailor. 

You have those 
super powers. 

Use them! 

First o�, how 
is a laser going 
to help us build 

a boat.

Why 
not? 

it never 
ends we� 

when people 
learn about 

a secret 
identity. 

Nerd, 
of course 

I don’t. if you 
won’t help, let’s figure 

something else out. 

Lasergirl, 
what’s your 

plan? 

What, 
like it's 
hard? 

Why are 
you asking 

me? you’re the 
captain, Captain! 

I can 
swim, but 

clearly that’s 
not what 
we n�d 
to do. 

The 
sch�l 

thought you 
were joking. 
No one can 

know! 

Second, 
S���!!! 

Don’t 
you read 
comics? 



it l�ks like we have to 
build a boat and race 

the other team in 
the p�l. 

Wow, 
there’s a lot 
of stu� here. 
We could make 

an amazing 
boat. 

I 
thought 
I was 

captain! 

You 
are, but 

I figured you 
were just going 

to ask me 
what to do 

anyway.

You 
know 

me we�. 
Ca�y 

on. 

We’� 
break into 

teams. Kas and 
De�ie, you build 
the lightest boat 
you can. We only 

n�d to ca�y 
Ruby. 

The 
swi�ing 

prince�es are 
stronger than 

me. We n�d to win 
with brains, not 
brawn. We can 

do this. 

We 
n�d a boat, 
a sailor, and 
some way to 
power the 

boat.

Pu�les 
are easiest 
when we 

break them 
down. 

But 
you’re 

stronger, 
you’d row 

acro� 
faster. 



if 
only we 

had a hyper 
powered 

fan. 

The 
boat 
nds 
kinetic 
energy 
from 
some-
where. 

Wha…

I pay 
a�ention some-

times. Particularly 
when the General hits 

himself in the face 
with a te�is ba�. 

I wish we could just 
make a sail and 
blow the boat 

acro�. 

That’s 
not a te ible 

idea. We can make 
a wind machine 
with what we 

have here. 

Kas, 
can you 

make a sail 
out of the 

window 
shade? 

I’m 
on it! 

Ruby, 
can you 

help De�ie 
make the 

boat? 

How 
do we 

get 
potential 
energy to 
transfer 

to the 
boat? 

isn’t 
this just 
an energy 
problem? 

Wind 
would 

work a lot 
be�er. 

There 
doesn’t sm 
to be a lot of 

stu� in here that 
would make a 

g�d oar. 

Kas, 
where’s 

that 
bowling 

ba�? 

I’� get 
started on 

the wind 
machine. 

Light, 
fast, and 
you-size. 



Mic 
check’s 
g�d, 
bo�. 

We’re 
ro�ing.

Alright, 
hold tight 
ti� you get 

the ok. 

Party 
on, dudes! Air 

Guitars rule! We 
ready to spin, 

Gordy? 

I hope 
this thing 

holds together. 
I do not like 

chlorine. 
I 

sti� don’t 
understand 

why you had two 
hand mi�ors in 
your backpack. 

I don’t even 
have one! 

I’� 
just be 
hay 

when it's 
over. 

You 
doing ok? 

What did you guys 
put together? 

it l�ks 
complicated.

Gordy 
did it. I think 

it wi� be great. 
I was rea�y 
impre�ed. 

G�d 
luck. 
I hope 
you 
win. 

You 
figured 
it out 

and are 
ready to 

rock. 

That’s 
obvious. 

I bet 
you’re hay 
I have them 

now, 
though. 

I n�d 
a way to 
check the 

back of my 
hair. 

The 
boat could 

use some paint, 
but we worked 
with what we 

had. 

3… 
2… 1… 
ROW! 

On my 
count. 

Air 
Guitars, 

I have no idea 
what you did, 

but I hope, for 
your sake, it 

works. 

No 
ma�er 

what, you 
and your boat 

have to get 
acro�. 

We�
 done, 
teams! 

First 
one to 

the other 
side wins, but 

your clue 
is over 
there. 



Spectra 10:  “Spectra’s Energetic Escape”   

TEACHER’S GUIDE 
 
 
 
 
 

ACTIVITY 3:  STRAW ROCKETS 

Introduction 

In the first activity we looked at potential energy changing into kinetic energy 
and back again through a pendulum.  The real goal of that activity, though, was 
to talk about how energy was transferred from one pendulum to the other.  This 
activity explores the idea of potential and kinetic energy in more depth.  It’s 
based on a fun demo (that can go horribly wrong if you’re General Relativity) but 
adds in some straws to make sure kids can take some actual data.  Have fun 
“blasting off” with these bouncy ball straw rockets! 
 
 
 

Key Question 

How does the bounce height of a ball 
change with the height from which it is 
dropped? 
 
 
 

Key Terms 

Kinetic Energy:  Kinetic energy is energy  
of motion.  It depends on an object’s mass 
and velocity. 
 
Potential Energy:  Potential energy is 
energy of position.  It depends on the 
height above ground, the pull of gravity, and the mass. 
 
Energy Conservation:  In a closed system—meaning one where nothing is being 
added or subtracted—energy is conserved.  This means all the energy that the 
system started with, it will end with. 
 
  

Materials 

Bouncy Ball 
Straw 
Wire 
 

*    meter stick 
*    scissors 
*    large sheet of paper 
*    pen or pencil 
*    tape 
 

*    not included in the 
PhysicsQuest kit 
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Before the activity,  
students should know… 

 Energy comes in different 
forms. 

 

 Energy is never created  
nor destroyed. 

After the activity,  
students should be able to… 

 Describe what’s happening to the energy 
in a bouncy ball and straw system. 

 

 Determine how initial potential energy 
affects kinetic energy and the potential 
energy of a system. 

 

The Science behind Bouncy Rockets 

As I explained earlier, this activity looks 
at the interplay between kinetic and 
potential energy.  However, it puts in a 
bit of a twist by looking at a system 
with two parts: a bouncy ball and a 
straw that will pop off when dropped.  
Both have potential energy at the start.  
That potential is transferred to kinetic 
energy as they drop and then back to 
potential energy on the rebound.  The 
fact that the system has two parts 
leads to some interesting dynamics.  
 
When the ball and straw system is held 
above the ground, it has potential 
energy.  Potential energy depends on 
the height above the ground, the pull 
of gravity, and the mass of the object.  
Though both the straw and the ball are 
at the same height above the ground 
and feel the same pull of gravity, their 
potential energy is different.  As they 
start falling, that potential energy is 
transferred into kinetic energy.  
 
Both the straw and the ball fall at 
the same rate because they are both 
being pulled by gravity in the same 
way.  The ball shields the straw from 

the air resistance that would 
otherwise slow it down.  Kinetic 
energy depends on the mass and the 
square of the velocity.  Since the 
mass stays the same and energy 
doesn’t go away, as the ball and 
straw fall, they speed up and gain 
exactly as much kinetic energy as 
they lost in potential energy.  When 
they hit the ground they are going at 
their maximum possible speed.  The 
higher the height from which they 
dropped, the faster they will be 
going at the end of their fall.  
 
There are some interesting physics 
going on when the ball hits.  It's not 
important to the activity but 
interesting nonetheless, so I’ll talk 
about it briefly.  When the bouncy 
ball hits the ground, it squishes a 
little bit.  The rubber acts like a 
bunch of tiny little springs.  When 
it’s compressed, the rubber stores 
the energy as potential energy in a 
spring.  Just like when you 
compress a spring and then let it 
go, that potential energy is turned 
back into kinetic. 
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When they hit the ground, the straw 
and ball are going at the same speed 
but they aren’t in contact.  The ball 
hits the ground and bounces.  As it 
bounces, it hits the straw which is still 
sort of on its way down.  At this point, 
some of the kinetic energy from the 
bouncy ball is transferred to the straw 
during the collision. 
 
The straw has significantly less mass 
than the bouncy ball.  Since kinetic 
energy depends on mass and 
velocity, and since the straw’s mass is 
lower, the straw gains a whole lot of 
velocity and shoots into the air.  As it 
goes, its kinetic energy is slowly 
changed back into potential energy.  
Since it has the potential energy it 
started with when it was first 
dropped and the kinetic energy that 
was added to it from the ball, it has 
even more energy than when it 
started.  This means it will end up 
going higher than the initial position 
from which it was dropped.  (Fig. 1) 

 

  
 

 
 
 
 
 

In the first activity, I talked a bit about 
how some energy is lost to friction in 
the form of heat.  In this activity, 
students will be asked to discuss what 
types of energy are involved in this 
system.  They will probably say that 
when the ball hits the ground, some 
energy is lost to heat.  There are few 
other places that energy is lost in the 
system.  There is a large amount of air 
resistance, so some energy is lost to 
that.  Without air resistance the straw 
would fly much higher.   
 
Energy is also lost to sound when the 
ball bounces.  That bouncing noise you 
hear takes energy to create.  Students 
will be asked to talk about all the 
energy in the system and where it 
goes so it is important not to forget 
these “hidden” losses of energy. 
 
 
 

Suggested Resources 

A different explanation of what’s 
happening as well as another look 
at straw rockets:  
www.TeacherSource.com/downloads/ 
lesson_pdf/RKT-625.pdf 
 

Great article on the double ball bounce 
and what it can be used for: 
https://io9.gizmodo.com/using-balls-
to-simulate-a-supernova-456130240  
 

Another explanation of how this same 
principle is used to help spaceships: 
http://sciphile.org/lessons/stacked-
ball-drop-lessons-conservation- 
energy-and-momentum 

Figure 1 
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ACTIVITY 3:  STRAW ROCKETS 

Introduction 

Bouncy balls are awesome.  If you drop them, 
they come most of the way back.  If you throw 
them down really hard, they can bounce all the 
way up to the ceiling.  They can do this because 
of the fact that energy is conserved.  That means 
the amount on energy in a system will stay the 
same—it just might come in different forms.  
This activity is going to involve bouncy balls and 
shooting straws to demonstrate different types 
of energy. 
 
 

Key Question 

How does the bounce height of a ball 
change with the height from which it 
is dropped? 
 
 

Getting Started 

1. How many different types of 
energy can you name? 

 

 

 

 

 

 

2. What are some examples of when 
you see these types of energy? 

 

 

 

 

 

 

3. Can you talk about when you’ve 
seen one type of energy change into 
other? 

 

 

 

 

 

 

4. What is “potential energy?”   

 

 

 

 

 

 

5. What is “kinetic energy?” 

 

 

 

 

 

 

Materials 

Bouncy Ball 
Straw 
Wire 
 

*    meter stick 
*    scissors 
*    large sheet of paper 
*    pen or pencil 
*    tape 
 

*    not included in the 
PhysicsQuest kit 
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6. When you hold a bouncy ball up 
before dropping it, what kind of 
energy does it have?  What about 
if you throw it down really hard?  
Is there a difference? 

 

 

 

 

 

 

7. Why might a bouncy ball not go as 
high after you drop it if energy is 
supposed to be conserved? 

 

 

 

 

 

 
 

Setting Up the Experiment 

1. Jam the wire in the bouncy ball so 
that it’s sticking straight up.  This 
seems like it should be really hard 
to do but I promise, it is not. 

2. Place the straw over the wire (like 
a sleeve) and cut the straw so it is 
a bit shorter than the wire sticking 
out of the ball. 

3. There should be enough of the 
wire above the straw that you 
can hold onto the wire without 
touching the straw. 

4. Tape a giant piece of paper to 
the bottom of the wall.  (Fig. 1). 

 
 
 
 
 

Collecting Data 

Qualitative: 

1. Place the straw over the wire.  Then 
hold the bouncy ball by the tip of the 
wire, without touching the straw, a 
few feet above the ground. 

2. Drop the ball, making sure that it hits 
the ground with the straw at the top 
and as perpendicular to the floor as 
possible.  Don’t slam the ball down—
just let it drop out of your hand.   
Make sure the floor is hard (wood, 
tile, stone, etc.), not carpeted. 

3. What happened? 

4. Now drop the ball in the same way, 
only from a lower height. 

5. What happened? 

6. Drop the ball from a higher height 
than you did initially. 

7. How do the height of the drop 
and the height of the rebounding 
rocket compare? 

  

 
 
 

Figure 1 
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Quantitative: 

1. Hold a meter stick next to the piece 
of paper taped on the wall.  Make 
sure the floor is hard (wood, tile, 
stone, etc.), not carpeted.  

2. Hold the ball/straw combo just 
as you did in the qualitative 
experiment.  Start with the 
combo 15 cm above the floor.  

3. Drop the ball and have another 
team member make a mark at 
the highest point of the straw’s 
trajectory as it flies upward.  

4. Repeat five more times and 
average the five trials.  Be 
aware that some of your tests 
might not work, but that’s okay. 

5. Increase the height to 20 cm 
and repeat steps 1-4.  

6. Continue in 5 cm increments 
until you can no longer reach 
the top of the straw’s trajectory 
to measure it.  

 
 
 
 

Analyzing Your Results 

1. Qualitatively, how did the height 
of the straw’s flight compare to 
the height at which it started? 

 

 

 

 

 

 

 
 
 
 
 

2. What type of energy do the ball 
and straw have right before they 
drop?  What about when they hit 
the ground?  When they rebound?  
At the top of the straw’s trajectory? 

 

 

 

 

 

 

3. On the next page, graph the 
height the straw reached (in cm) 
versus the height from which it 
was dropped (in cm). 

 

4. What does the graph look like?  
How high do you think the straw 
might go if the ball was dropped 
from 5 m? 

 

 

 

 

 

 

5. Why do you think the straw could go 
as high as it did?  Why do you think 
it could go higher than it started? 

 

 

 

 

 

 

6. What happened to the ball?  Did it 
go higher than its starting point? 
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7. What do you think might make the straw go higher? 

 

 

 

 

 
 
 
 
 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

 



Row 
faster! 

No wonder 
I always beat 

you in the p	l. 
Faster! 

I’m 
doing the 
best I can. 

You aren’t helping. 
if you don’t pay 

a�ention to what 
you’re doing, 
you’re going 

to…

OUCH! 

Get 
o� me 

you, you’re 
going 
to…

A�H! 
You pu�ed 

me in!!! 

How did 
you manage 

to screw this up? 
We just had 

to row! 
You 

hit me 
first. 

And if 
you hadn’t 
gra�ed me 
I could have 

won. 

Just get 
acro�. You’ve 

made it clear you 
know how 
to swim.

I can’t 
wait ti� this 

is over. 



Hold 
on, Ruby, 
here we

go! 

it’s 
working. 

WH���!
it works! 

Wind 
it up again! 

Hu�y, they’re 
gaining. 

Here we 
go! I don’t 

want to win by 
default, I want 
to rea�y win. 
Ready, set, 

drop! 

You 
made 

it and you 
aren’t even 

wet. We� 
done. 

You’d be�er 
not screw the 
next one up, 

t�. 

G�d 
job, guys! 

You 
rocked 

it! 

Go 
phys-
ics!! 

The potential 
of the brick gives 

the prope�er kinetic 
energy, and Ruby the 

lead, through 
wind. 

Gordy, 
you are a 

genius! 

as 
long as 

this works 
we’� 
win! 

Ti�any 
just pushed 
Lucy in the 

water. 

Oh, 
wait, no 
n�d to 
rush. 

One 
more drop 

should 
do it. 

Congratulations, 
team Air 
Guitars! 

…THE NEXT 
CHA�ENGE! 

We 
l�k 

forward 
to s�ing 

what you’� 
do in… 

I’ve 
never 

s�n any-
thing like 

that. 



The pendulums n�d 
a sma� fix. One should 
be hanging down and 

one held up. 

To move 
on to di�er, 

and more 
importantly 

the last 
cha�enge-- 

OH! 
it’s like 

that old show, 
Super Me�y 
Triple Bet. I 

loved that 
show! 

Lucy, 
you’d 
be er 

pu� out 
some super-
hero stu 

and win 
this. 

You 
ready, Ruby? 
Want to just 

stick together? 
We can make it 
l�k close and 

make sure 
you win. 

Nah, 
Tiany 

would ki� us 
a�. Let’s just do 

our best? it 
l�ks fun 

anyway. 

Ok, 
but I 

hope you 
win. We�, 

I wouldn’t be 
sad if you won 

and avoided 
the wrath of 

Tiany. 

And you 
A� have a 

chance to get 
me�y! 

Air Guitars 
are in the lead 

but Prince� Patrol 
has a chance to 

catch up. 

The first 
team to grab 
a� the flags 
and break the 
finish line tape 

wins. 

The 
first one 
should 
be held 

up. 
The 

second 
one in the 

row should be 
hanging down, 

not held 
up. 

I am 
so so�y 

that wasn’t clear 
in the outline and 

I just caught 
it now. 

--you n�d 
to get through 

the obstacle 
course. 

There 
is slime 
in that 

p�l. No 
way. 

I’d win
 if I were 

ru�ing, but 
I don’t get 

me�y. 



The 
second 

pendulum 
wi� start 
moving 

any 
minute. 

Oh no! 

Ruby!! 
Are you 

ok?

U�f. 
I knew 
be�er. 

Oh g�d, 
Ruby’s catching up. 

Ti�any rea�y wi� ki� 
me if I don’t pu� 

o� the win. 

At least 
the General 

taught us about 
bouncing ba�s 

and energy. 

A���!!!! 
Almost 
there! 

W�H�! 
Done! One step 

closer to fr�dom 
and one le� angry 

Ti�any! Thanks, 
physics! 

That 
was a 

memorable 
le�on for 

sure. 

Coupled 
pendulums 

are 
nuts. 

it's 
a 

trick. 



The first two 
were just 

warmup, this is 
the big one 
and I want 

it a	 on 
video. 

Yeah, bo�, 
we’re ready to 
ro	. They won’t 

know what 
hit them. 

 I’m having some problems 
with camera 1, but it wi	 

be up and ru�ing 
s�n. They haven’t 
s�n the cameras 

so we’re in 
the clear. 

Ok, the 
first hour wi	 
be kinda boring. 
Run grad di�er 
and then the fun 

wi	 start. 

I think we have 
to try and get 
out of here. it's 
like an escape 

r�m. 

This is 
a	 you, nerds. 

Lucy, A�a, Steve, 
get to it. I have 

some Toy Blast 
to catch 

up on. 

Fine. 
Alright, guys, 
what have we 

got here? 

This is 
clearly a 

series, but I 
don’t 

remember 
which one. 

Oh! it's the Fibona�i 
series! I learned about 

it on that math show, 
Circle 2. 

We’re 
mi�ing 13 
and 55. 5+8 
is 13 and 
21+34=55. Let’s 

write that 
down and 
figure out 

what it 
means. 

1+1=2, 
2+1=3. 

You a� one 
number to the 

previous number 
to get the next 

number. 

The d�rs just 
locked. I hope 
everyone got 
to the bath-

r�m. 
I’m 

gue�ing 
the first team 

out gets 
tickets. 

The 
monsters, 

fake d�rs, 
cr�py ce	 
phones, and 
main power 

switch 
ready to 

go? 

Let's 
scare the 
bej�zus 
out of 
them. 

We’re 
g�d to go, 

right? 



A clock s�ms 
like a be�er 
beat. Start 
lking. 

Lks 
like this 
clock is 
the key. 

Lks like 
it's going to 

be a long 
night. 

We 
have a few 

hours to figure 
out what we 
n�d to DO at 

midnight. 

They’re 
doing 

great. This 
is going 
to turn 

out 
we�. 

Ugh, 
I know 

there’s some-
thing miing 

from the back-
ground in this 
one but I can’t 

remember 
what. 

She’s 
miing her 

famous pearl 
ea�ing, that’s 
easy. There’s a 
clock miing 

here. 

Gue we 
n�d to figure 

out how to 
escape. 

Since 
the teams 

are tied the 
first one out 

wi� get 
tickets I 
gue. 

We 
n�d to 

figure out 
what things 
are clues 
and what 

aren’t. 

H�. 
These paintings 

don’t lk right. 
it's got to be 

a clue. 

is there 
a clock 

somewhere? 
Or maybe 
a pearl 

ea�ing? 

I f�l 
like I’ve 

heard that 
song. 

Lks 
like what-

ever we have
to do is at 

5 minutes to 
midnight. 

What’s 
miing from 
The Scream? 
A man! That’s 
it. The man is 

at 12:00. 

H�m. 
There’s 
a pearl 
at :55. 

Time 
to start 
hunting. 

Doug, 
cue up 

the spky 
noises. Let's 

set the 
md. 

They’� 
do exactly 

what they n�d 
to do and we’� 

be waiting to 
scare the 

heck out of 
them. 



We’re ready 
to ro�. 

Yep. The 
combo is 666 
and we have 5 

minutes to 
spare. 

This 
s�ms 
me�ed 

up. 

Quit
being 

nervous. 
We’re fine. 

I’m not afraid 
of the dark, 

are you? 

No, but 
this is ge ing 
cr�py. I think 

I saw a shadow 
in the ha� 

and I suenly 
have no ce� 
reception. 

At 
least 
we 

figure 
this 
out. 

A�ording to our 
calculations we’� 

open the safe with the 
666 code and find 4 ce� 

phones, each with a 
number and its phone 

number wri en 
on it. 

Guys, there’s 
chanting in the w�ds, 

moving shadows and the 
combo is 666. is anyone 
else ge ing nervous? 

This doesn’t s�m 
right. 

Nah, it 
wi� be fine. 

They wouldn’t 
hurt us. Let's 

do this 
thing. 

At 
exactly 

midnight phone 
1 wi� ca� 2, 2 wi� 

ca� 3, 3 wi� 
ca� 4 and 4 

wi� ca� 
one. 

I don’t 
s� how 
this wi� 
work.

We don’t 
rea�y have 

another 
options. 

Hope-
fu�y they’� 

at least give us 
a bathr�m 

break. 

if it 
doesn’t work, 
we’� try again

 or wait ti� 
morning. 

11:50 p.m.: after several acrostics, coding, 
paintings, feats of strength, and lots of soda, our 
heroes have learned that at midnight they have a 
shot at escaping. if they mi	 their chance they are 
stuck ’til morning. Worse yet, no Fr� Radicals. 

Ruby, you found 
the safe? 
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ACTIVITY 4:  PINWHEEL POWER 

Introduction 

Like most of what you’ve played with so far, this experiment looks at transferring 
energy from one type of energy to another.  In this case, we will turn potential 
energy into kinetic energy and then into a different type of kinetic energy.  
Students will use a “handcopter” as a pinwheel to push a tiny piece of paper.  
The pinwheel will be turned by a weight on a string.  It’s a neat little experiment 
using common materials in different ways with a lot of changing from potential 
to kinetic energy. 
 
 

Key Question 

How does the initial potential energy of  
a weight affect the final potential energy 
of a piece of paper? 
 
 

Key Terms 

Inverse Relationship:  When one quantity 
decreases as the other increases, it’s an 
inverse relationship. 
 
Air Resistance:  When air runs into an 
object, it slows it down.  The object’s 
energy is lost to the air molecules via 
transfer of kinetic energy and friction. 
 
  

Materials 

Handcopter 
Yo-yo string 
4 nuts 
Binder clips 
 

*    ruler 
*    scissors 
*    tape 
*    several books 
 

*    not included in the 
PhysicsQuest kit 
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Before the activity,  
students should know… 

 Potential energy is energy of position. 
 

 Kinetic energy is energy of motion. 

 

 Energy can be transformed from one 
type to another, but is never created  
nor destroyed. 

After the activity, students 
should be able to… 

 Discuss how energy can be 
changed from potential to 
kinetic and back again in a 
very complicated system. 

 
 

The Science behind Pinwheel Energy 

As far as physics concepts go, there 
isn’t a great deal of new physics in 
this activity.  If you haven’t had a 
chance to do the other activities, it 
would be worth skimming through 
the teacher’s sections to review the 
basics of energy.  I won’t spend time 
rehashing that here.  
 
This activity is neat and instructive 
because of the way potential energy 
is transformed into kinetic.  In most 
cases, when we talk about potential 
energy changing to kinetic energy, 
we’re talking about the thing that 
started with potential energy losing 
potential and gaining kinetic.  In this 
activity the potential energy of the 
weight will be changed to kinetic 
energy of its motion but also kinetic 
energy of the pinwheel’s motion.   
 
This is a lot like a water wheel 
where the kinetic energy of water 
is changed to the kinetic energy of 
a wheel and is then used for other 
useful work.  

This activity starts with a weight 
tied to the pinwheel by a string.  As 
the weight is let go, the unwinding 
string turns the pinwheel, giving it 
kinetic energy.  The kinetic energy 
of the pinwheel gives the air 
molecules kinetic energy and then 
are blown forward, creating a 
breeze.  The breeze moves a tiny 
piece of paper, giving it kinetic 
energy as well.   
 
Eventually the paper stops moving 
due to air resistance.  At that 
point, the energy has been lost to 
the friction of the air molecules 
rubbing against the piece of paper.  
It’s a straightforward, interesting 
and fun system.  
 
There are a few pitfalls students 
might run into when doing this 
experiment.  Both come from the 
fact they are being asked to 
measure the distance from the 
top of the shaft of the pinwheel 
to the weight.   
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The longer this distance, the LESS 
potential energy the system is 
starting with.  Potential energy 
depends on the height about the 
floor.  When the string is longer at 
the beginning, the lower the weight, 
and the less potential energy.   
 
This means that in the graph, the 
shorter the distance, the farther the 
paper will move across the book.  
This will give a graph with a negative 
slope—an inverse relationship—
which will be different from what’s 
expected by your students.  
 
If you think this will be confusing for 
your students, it is easy to change the 
directions so that they are measuring 
the starting height above the floor.   
 
The instructions are written the way 
they are for two reasons.  First, it is 
much easier to measure a string than 
the height above the floor.  Second, it 
will make your students think very hard 
about what they are measuring and 
what it means.  It will be the opposite 
of what they might expect and they will 
have to reason through why.  Again, it’s 
an easy fix if you want to do it in the 
more straightforward way.  
 

 
 
 
 
 

Suggested Resources 

Information about water wheels 
and energy transfer: 
https://wonderopolis.org/wonder/ 
what-is-a-waterwheel 
 
Physics of ceiling fans.  In this activity, 
a weight is used instead of an electric 
current: 
www.butterflyfields.com/resources/ 
how-does-a-ceiling-fan-work/  
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ACTIVITY 4:  PINWHEEL POWER 

Introduction 

So far, you’ve seen potential energy change to 
kinetic energy and back again in a few 
different systems.  Mostly you’ve been 
dropping things and watching what happens:  
either they swing like in a pendulum, or they 
bounce like with the bouncy ball.  In this 
activity you’ll take it a step further and 
potential energy will change to kinetic and 
then add kinetic energy to yet something else. 
 
 

Key Question 

How does the initial potential energy 
of a weight affect the final potential 
energy of a piece of paper? 
 
 

Getting Started 

1. What happens when you are 
standing in front of a fan?  What 
are the types of energy involved? 

 

 

 

 

 

 

2. When a weight drops, what type 
of energy is involved? 

 

 

 

 

 

 

 
 
 
 

 
 
3. In a water wheel, what types of 

energy are involved? 

 

 

 

 

 

 

4. What are different ways you might 
figure out to turn a pinwheel or a 
fan blade? 

 

 

 

 

 

 

Materials 

Handcopter 
Yo-yo string 
4 nuts 
Binder clips 
 

*    ruler 
*    scissors 
*    tape 
*    several books 
 

*    not included in the 
PhysicsQuest kit 
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Setting Up the Experiment 

1. Tie the nuts to one end of the 
yo-yo string. 

2. Tape the other end of the yo-yo 
string to the middle of the shaft 
on the handcopter. 

3. Put two books on their ends on 
two tables with a space between 
the tables.  

4. Tape a binder clip to the spine 
of each book. 

5. Lay the handcopter on its side 
across the books so that the 
string and nuts hang down 
between the tables and books 
and the shaft of the copter is 
through the binder clips.   
(Fig. 1). 

6. Stack books until the stack is 
slightly lower than the copter 
blade.  When the copter blade 
turns, it should blow across the 
top of the stack of books.  

7. Wind up the yo-yo string and let 
it drop.  The copter blade should  

 
 
 
 
 
 
 
 

spin and blow across the top of 
the stack of books.  The blade or 
shaft might stick or wobble 
funny and you might have to 
hold it lightly.  Adjust things until 
you are able to make the blade 
turn by dropping the weight. 

8. Take a piece of tissue paper and 
fold it into a tiny “v” so it will 
stand on the top of the books. 

9. Wind the weight up and drop it.  
The blade should gently blow the 
piece of paper.  

 

Collecting Data 

Qualitative: 

1. Wind the weight all the way to the 
top of the shaft and drop it.  How 
far did the piece of paper move? 

2. Bring the piece of paper back 
to its starting point.  Wind the 
weight up so it’s about halfway 
to the top and let it drop.  How 
far did the paper move?  How 
did that compare to the initial 
paper movement? 

3. Now wind the weight up only a 
small amount and move the 
paper back to its starting point.  
Drop the weight.  How far did 
the paper move?  How did that 
compare to the first two times? 

 

 

Figure 1 
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Quantitative: 

1. Move the piece of paper back 
to the starting point and mark 
where it starts. 

2. Wind the weight all the way 
up to the top of the shaft. 

3. Drop the weight and watch 
the paper move. 

4. Record how far it moved.  
Do this four more times 
and take the average. 

5. Below, make a chart with 
string length in one column 
and paper movement distance 
in the other.  Record the 
average in the chart. 

6. Wind the weight up so there 
is 5 cm of string between the 
shaft and the weight. 

 

 
 
 
 
 

7. Repeat steps 1-5 at the new 
distance and then again for 5 
cm intervals until the string is 
at its full length.  Record how 
far the paper moves each time. 

 

Analyzing Your Results 

1. On the next page, make a graph of 
length of string when the weight 
started (in cm) vs the distance the 
paper moved (in cm).  What does 
your graph look like? 

 

 

 

 

 

 

2. How does the potential energy with 
a longer starting string compare to 
the potential energy of a shorter 
starting string?  Remember, 
potential energy depends on the 
height of the weight off the ground, 
not the length of the string. 

 

 

 

 

 

 

3. How does the distance the paper 
moved compare to the length of the 
string?  The height off the ground? 

 

 

 

 

 

 
 

 

String  
Length 

(in cm) 

Paper Movement 
Distance 
(in cm) 

  

  

  

  

  

  

  

  

  

  
 



 

Spectra 10:  “Spectra’s Energetic Escape”   

STUDENT GUIDE STUDENT GUIDE 
 
 
 
 
 

4. What can you say about the potential and kinetic energy of each piece of the 
system from start to finish? 

 

 

 

 

 

5. Where did the energy go when the paper stopped? 

 

 

 

 

 
 
 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

 



Ugh, 
I k�p 

te�ing you 
guys the 

noise in the 
w�ds 
is just 
wind. 

Um, 
Ms. Maxwe�, 

there’s something 
MOVING out there. 
And it sounds like 
chanting. I don’t 

like this. 

This is 
not c�l. 

I don’t want 
to be in 
a cult. 

Aording to 
our results we are 
su�osed to go to 
a cr�py sounding 
website at exactly 
midnight, with no 
m�n out, and 
chanting in the 

w�ds. 

You a� are impo�ible. 
I have tried “Bl�dy 

Mary” at every 
sl�pover ever 

with no 
results. 

Get it 
together 
and quit 

being babies. 
Where’s the 
computer? 

A 
concert 

isn’t 
worth 
this. 

This is 
basica�y 
a red flag 
factory. 

What 
are they 
going 

to do to 
us?





No, You 
rea�y 

shouldn’t 
have. 

You 
shouldn’t 
have done 

that!

NO!!!!!!!! Play a game of 
questions. Answer 
co�ectly and you 

wi� leave now, 
answer wrong 

and you won’t be 
leaving at a�. 

Hey, 
dude, 

how do 
we get 
out of 
here? 

Then 
who is 

it? 

it's not 
me. iT'S NOT 

ME!! 

Hey, 
Ruby, 

gue� you 
didn’t dial 
right on 

time. 

He�o? 

You have 
reached…

3, 2, 1, 
dial! 

You have 
reached…

You have 
reached…



3…
2…1… 
Go! 

A��! 
NOT OK! 

That’s 
us. THAT’S 

US! WHAT is 
this? 

NO 
NO 

NO! 
He’s here! 
He’s behind 

us! 

Pant, 
Gasp, 
Huff…

LET ME 
OUT LET ME 
OUT LET ME 

OUT! 

Oh no, 
we have to 

get help! what
is this me�? 
what’s even 
haening? 

Stand 
back. 

I can do 
this.

I… 
can’t… 

breathe… 
asthma…

can’t… 
breathe…

I 
wouldn’t 
do this if 
I didn’t 
have to. 

Please 
don’t te� 
anyone, 

’k? 

Steve, 
A�a, you’re 
about to s� 
something 

weird.

3…
2…1… 
Go! 

A��! 
NOT OK! 

That’s 
us. THAT’S 

US! WHAT is 
this? 

NO 
NO 

NO! 
He’s here! 
He’s behind 

us! 

Pant, 
Gasp, 
Huff…

LET ME 
OUT LET ME 
OUT LET ME 

OUT! 

Oh no, 
we have to 

get help! what
is this me�? 
what’s even 
haening? 

Stand 
back. 

I can do 
this.

I… 
can’t… 

breathe… 
asthma…

can’t… 
breathe…

I 
wouldn’t 
do this if 
I didn’t 
have to. 

Please 
don’t te� 
anyone, 

’k? 

Steve, 
A�a, you’re 
about to s� 
something 

weird.



Wasn’t 
going to be 

a part of this, 
I said. 

This is 
working out 

perfectly. 

Um, bo�, 
you might 

want to turn 
around. 

Lucy, is that you? 
This is ho�ible, 
I didn’t know 

the sch�l was 
haunted. 

Are you 
ok? I broke 

us out of our 
r�m, lets get 

you out of 
here t�.

I’m so�y 
you had to save 

the day again, but 
not so�y you 
did. Let’s go. 

Wow. 
I have got 
to get a pic 
of this. No 
one wi  
believe 

me. 

Don’t 
video, RUN! 
Also, don’t 
post that, 

I don’t want 
everyone to 

know.

Engaging 
laser mode. 

Ugh. 

Yet here 
we are, 

without a 
costume. 

Wasn’t 
going to be 

a laser, 
I said. 

Wouldn’t 
want to 
be them, 
though. 

This 
is going 
to make 
amazing 
f�tage. 

We  
done, 
team. 



I 
thought 

I heard some-
one in here! 

Who are 
you? 

Fine, go for it. 
Nowadays anyone can 

doctor some video 
and no one wi� 

believe you. 

I just 
ha�ened to 

grab the 
tapes.

And I 
just ha�ened 
to record this 
whole conver-

sation. 

Oh, and we’� 
take 8 backstage 

pa�es to the 
concert, 

please. You 
owe us. 

Maybe 
start a 
sma� 
fire. 

This is 
much be�er 

than I’d 
pla�ed. 

Nolan 
R. Gi�s and 

your secret is 
about to go 

viral. 

I was 
just going 
to scare 

you a 
li�le. 

it's 
not worth 

hurting 
people over 

that. 

A� 
for what? 
Ratings for 
your lousy 
magazine? 

The 
others are 

going to have 
nightmares for 

years. 

Ti�any 
wi� have 
to go the 
hospital. 

You try 
to drown us, 

cover us in slime, 
and scare my 
friends half 

to death.  

There’s 
nothing 

you can do 
about it. 

From 
several 

angles no 
le�. 

But 
what are 

you going to 
do about 

it? 

You. 
Do. Not. 

Hurt. 
Kids. You’re 

done in this 
busine�. 

We’re 
going to 
show the 

world what 
you did to 

us. 

including 
the blow 
torches. 

S�ms 
you 

recorded 
your set 

up. 

From 
the A.V. 
r�m. 

Nolan R. Gi�s? 
N.R.G.? Energy? 
Heh heh. Your 
name’s a dad 

joke. 



What did 
they do to 
them? This is 
hilarious! 

Told 
you this 
would be 

g�d. 
HA! 

Ti
any 
fa�ing in the 
p�l is my 
favorite. 

Why did they 
have to do 

video? 

Gue� 
he kept his 
promise. 

His 
reputation 
wi� never 
recover.

Did 
you s� 
him fa� 

down the 
stairs while 

taking 
a selfie? 
Cla�ic. 

Whatever, 
at least one 

of my smarter 
moments fina�y 
got captured 

on film. 

Love 
your 
shirt. 

And 
a great party. 

Huh, I gue� most 
of our adventures 

end in a party. 
Whatever, let’s 

dance! 

At 
least this 
one ended 
in m�ting 
the Fr� 
Radicals. 

This 
might 

have ended 
in a disaster 
of a night, 
but what’s 

new. 

OMG, 
there 
he is. 

Haha-
haha! 

They 
can’t 
sme� 

it. 

But why 
did he have to 

post that slime 
video?

at 
least 

he didn’t 
post the 

screaming 
video. 

it 
could be 
worse.
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