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STORYLINE 4

Teacher Background
As revealed in the Anchoring Phenomenon image of the quantum corral, 
sometimes a particle can behave like a wave. Scientists use this dual model to 
explain the properties and behavior of electromagnetic waves, such as light. 
Waves play an integral role in the information technologies we rely on to record, 
transmit, and store information. For example, video chatting on mobile devices 
involves recording and transmitting information as energy in the form of waves. 
As the caller speaks, she produces mechanical compression waves in the form 
of sound. These waves are picked up by the device’s microphone and converted 
into electrical signals. Electromagnetic waves in the form of light are picked up 
by the device’s camera and also converted into electrical signals. These signals 
are transmitted by the device in the form of radio waves. The radio waves are 
transmitted across a network to the receiver. 

Student Readiness
Students should come to this storyline with an understanding of forces, motion, 
speed, and energy as has already been presented in this Physics course. 
Students should have a basic knowledge from middle grades of how the 
wavelength, frequency, amplitude, and energy of a wave are related, and how 
waves move through materials and can be used to transmit information.

Ask “How are the wavelength and frequency of a wave related?”  
(The shorter the wavelength, the higher the frequency. The longer the 
wavelength, the lower the frequency.)

Ask “How is the energy of a wave related to its amplitude? If a wave’s 
amplitude is doubled, then how does its energy change?”(The energy of a wave 
is proportional to the square of its amplitude. If you double a wave’s amplitude, 
then it has four times the energy.)

Ask “How are sound waves different than electromagnetic waves?”(Sound 
waves require matter to be transmitted. Electromagnetic waves can travel 
through space, so they do not need a medium.)

Ask “How are analog and digital signals different?” (Analog signals represent 
continuous values over time, while digital signals are discrete samples over time. 
Digital signals are a more reliable way to encode and transmit information.)

Points of Integration
Integrating Other Domains There are many opportunities to integrate other 
domains throughout this Storyline.  

Life Science As you discuss electromagnetic waves in Investigation 12, remind 
students that all life on Earth requires energy to survive. For most living things, 
that energy comes from sunlight, which travels to Earth as electromagnetic 
waves. [CCC-5] Plants use the energy in sunlight during the process of 
photosynthesis to produce their own food. [LS1.C] Some organisms obtain 
energy by eating plants or other organisms that eat plants. [LS2.B] So all life on 
Earth depends on electromagnetic waves to survive.

Engineering Design Investigation 11 incorporates seismology, the study of 
seismic waves produced by earthquakes. Take a moment with students to 
discuss tsunamis, which are large wave disturbances caused by earthquakes 
under the ocean. [ESS2.A] These waves can cause devastating destruction when 
they reach land. [CCC-5] In addition, electromagnetic waves play an important 
role in astronomy and the study of our universe.

RELATED PHENOMENA
In addition to quantum corrals, consider using 
other phenomena as anchoring events for 
Storyline 4.
Imaging Inside the Body Search for an 
ultrasound image, of a kidney with kidney 
stones. Students can explain how waves are 
employed to provide information about what’s 
happening inside the body.
Animals That See Beyond Visible Light 
Explain to students that many living things are 
able to sense electromagnetic waves other than 
visible light. For example, rattlesnakes are able 
to “see” infrared waves in addition to visible 
light. Some species of jumping spiders are able 
to see ultraviolet light. Have students explain 
how one of these animals is capable of sensing 
ulatraviolet or infrared light, as well as how the 
animal uses this ability. 
Remnants of the Big Bang Show students an 
image of the cosmic microwave background. 
This electromagnetic radiation, also known 
as the CMB, is a remnant of the Big Bang. 
Astronomers think it is the oldest light visible  
in the universe. Have students explain what  
the CMB is, how astronomers detect and study 
it, and what it reveals about the formation of 
the universe.

Waves and Electromagnetic Radiation

4 Storyline 4 Waves and Electromagnetic Radiation
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      erosion?

GO ONLINE to Engage with real-world phenomena
by watching a phenomenon video, analyzing a set of 
data, and completing a modeling worksheet.



O
N

LI
N

EINVESTIGATIVE

6

 PBL Experience Worksheet

Experience Handbook, pp. 196–197

 eTEXT

Inquiry Launch  

Anchoring Phenomenon Video Have students watch the video and ask them 
to share their questions about it. Also use the following prompts.

Ask “What features about the phenomenon did you notice?” (TK) 

Ask “What questions do you have about this phenomenon?” (TK)

Shake a spring toy up and down to show waves that look like the ones in 
the picture.

Ask ”How is the shaking of the spring similar to the phenomenon?” (Students 
should note the similar shape of the waves.)

Anchoring Phenomenon Discussion Use the class discussion about the 
Anchoring Phenomenon Video to prompt students to record claims about what 
they observed. Students will come back to these claims later on, at the end of 
each investigation. 

Ask “How does this phenomenon resemble other things that you have 
observed?” (Some students may see connections to waves in the ocean or 
another body of water.)

Ultraviolet Radiation    
Driving Question How can you determine the efficacy of sunscreens in 
preventing skin damage from UV radiation?

The problem-based learning activity for this Storyline integrates knowledge of 
wave properties, the dual nature of light, and how electromagnetic radiation 
interacts with matter. Students will conduct research about UV radiation and 
sunscreens. They will design and conduct an investigation using UV beads to 
determine how well a sunscreen’s sun protection factor (SPF) corresponds to 
protection from UV radiation.   

Advance Preparation Students will be testing different sunscreens. Provide 
students with three chemical sunscreens of different SPFs and three mineral 
sunscreens of different SPFs. Each group will need the following materials: six 
samples of sunscreen, seven plastic sandwich bags, three cups of UV beads, 
a marker, and a timer or stopwatch. If working outdoors is not possible, each 
group will also need a UV lamp.

Problem-Based Learning Experience  

 Anchoring Phenomenon Video Title TK

 Additional teacher support for this activity is provided online.

ANCHORING PHENOMENON

ENCOUNTER

How do waves transfer energy?
Explain to students that waves are a common phenomenon in nature from wave 
disturbances on the atomic level to surface waves that travel on the ocean and 
the visible light that allows us to negotiate and understand our surroundings.

The quantum corrals in the Experience Handbook are a ring of iron atoms on a 
copper surface, captured by a scanning tunneling microscope (STM). The iron 
atoms interact with the copper electrons to produce standing waves. Point 
out to students that the “peaks” in the image are created by the individual 
iron atoms. This connects to the dual nature of electromagnetic waves, which 
sometimes act like waves and sometimes act like discrete particles of energy. 

ANCHORING PHENOMENON DEMONSTRATION

5
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revisit your Investigative Phenomenon CER with the new 
information you have learned about Properties of Waves.

 INVESTIGATIVE 
PHENOMENON

Revisit 

 

18 SEP Use Mathematics At the beach, you time the wave crests hitting the
shore and determine there is 20 seconds between crests. Determine the 
frequency of the wave. Would you expect this frequency to change if you 
made your measurement further out from the shore?

19 SEP Analyze and Interpret Data After determining the frequency, you
then use a handheld sonar system to determine the ocean depth at 10 m 
increments from the shore. The data is shown in the table. Complete the 
table and construct a graph of the wave speed as a function of the depth. 

 20 SEP Develop a Model Construct both a distance
and time graph of the ocean wave. Assume a 
reasonable value for the wave amplitude. 
Also, draw a picture of what you think 
the wave crests would look like as they 
come towards the shore.

EXPERIENCE 
ASSESSMENT
Go online for a quiz to 
evaluate what you learned 
about Properties of Waves.

Distance (m) Depth (m) Speed (m/s) Wavelength (m)

10 1.4

20 2.8

30 4.2

40 5.6
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These questions will help you apply what you learned in this experience to the 
Investigative Phenomenon.
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It’s the science of doing! 
Students best learn science when they do science.  
Experience Physics is a modern program that puts the focus  
on the student experience. Learning is based on hands-on  
investigation of real, compelling phenomena.

This new program implements a learning model that:
• Organizes learning around phenomena, giving  

students an authentic, real-world experience.

• Includes a variety of hands-on and digital activities  
designed to reach every learner.

• Partners with Flinn Scientific to deliver high-quality  
inquiry labs, engineering workbenches, and  
performance assessments.

• Allows instructors to personalize their course by  
selecting from our activities or embedding their own.

A Phenomenal Experience 
Phenomena organization maximizes student engagement.

Launch the Phenomenon 
Phenomenon Video sets a clear  
storyline for studying the core concept.

Phenomenon Demonstrations  
Provide students with a hands-on experience.

Revisit the Phenomenon 
Students revisit the phenomenon repeatedly  
as more knowledge is uncovered to broaden  
their understanding. 

Alternative Phenomenon  
Looking for more ideas? The Teacher Guide 
offers alternative suggestions for Anchoring, 
Investigative, and Everyday Phenomena.

New!

 ©2022

Professional Learning resources available.  
See page 47.*NGSS is a registered trademark of Achieve. Neither Achieve nor the lead states and partners that developed  

the Next Generation Science Standards were involved in the production of this product, and do not endorse it.
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NAME        DATE        CLASS  
 

ENGINEERING WORKBENCH 

 Plastic from Biowaste  
After lunch, your school cafeteria’s trash may be full of plastic bottles, plastic forks, and 
other plastic packaging. You are concerned about all this plastic, as you know it takes 
thousands of years for traditional petroleum-based plastics to breakdown. You know 
that they are polluting the oceans and land. At the same time, plastics are convenient 
and useful. What if you could engineer a plastic that is derived from plants? Can you 
imagine a plastic made from banana or orange peels? You will develop a polymer 
made from plant materials that is also biodegradable. 
 

Focus on Engineering Practices 

SEP 1  Defining Problem 
SEP 3 Planning and Carrying Out Investigations 
SEP 6  Designing Solutions 
 

Materials Per Group 
● Organic starch(potato peels, corn, 

banana peels, orange peels) 
● Water 
● Acid (vinegar) 
● Oil (vegetable, glycerol) 
● Beaker 
● Stirring rod 
● Hotplate 

● Oven-safe plate 
● Spatula or plastic knife 
● Oven (optional) 
● Blender (optional)  
● Mesh strainer (optional) 
● Weights (optional) 
● Heat resistants gloves 
● Goggles 

 

Safety     

Wear safety goggles and heat resistant gloves while carrying out your investigation. 
Alert your teacher if you break a glass object. At the end of the lab, wash your hands 
thoroughly with soap and warm water. 
 
 
 

Copyright © 2020 Flinn Scientific, Inc. All Rights Reserved. 
Flinn Scientific  and its affiliates are not responsible for any modifications made by end users to the content posted in its original format. 
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ENGINEERING PERFORMANCE TASK 

Electricity and Wind Energy  
How much electricity can you harness from the wind alone? In this lab, you will design 
and build a miniature wind turbine to see how much electricity it can produce. It will be 
up to you and your partner(s) to determine which of the provided materials to use and 
how to put them together to produce the greatest amount of power. The voltage and 
amperage of the spinning rotor will be measured with a multimeter to determine the 
amount of generated power.  
 

Focus on Science Practices 

SEP 4  Analyzing and Interpreting Data 
SEP 6  Constructing Explanations and Designing Solutions 
 

Materials Per Group 
● Bamboo skewers 
● Blade material (choose one) 

○ Cardboard sheet 
○ Foam sheet 
○ Manila folder 
○ Polystyrene sheet 

● Calculator 
 

● Cork 
● Glue or tape 
● Ruler 
● Sandpaper 
● Scissors 
● Timer 

 

Safety     

Exercise caution when handling sharp bamboo skewers. Sandpaper may be used to 
smooth rough edges. Wear eye protection as rotor components may separate during 
testing. Never touch any bare wires in an electric circuit with a current. Please follow 
all laboratory safety guidelines. 
 
 
 
 
 

Copyright © 2020 Flinn Scientific, Inc. All Rights Reserved. 
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ANALYZING DATA  

Greenhouse Gas Emissions  
and Climate Change 

Greenhouse gases like carbon dioxide and methane gas are naturally found in the 
atmosphere. Human activities, such as burning fossil fuels or raising livestock release 
greenhouse gases into the atmosphere. Oceans absorbs dissolved carbon dioxide 
which reacts with the water to form carbonic acid. Figure 1 shows the trend in global 
anthropogenic greenhouse gas emissions from 1990 to 2016. Figure 2  shows 
atmospheric carbon dioxide levels (CO 2) and the ocean composition including the CO 2 
and pH levels of the water near the NOAA Mauna Loa Observatory in the North Pacific 
during the same time.  

Figure 1 

 

Copyright © Savvas Learning Company LLC. All Rights Reserved. 
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Inquiry Labs
• Explore concepts with an inquiry lab in  

every learning experience. 

• Differentiate instruction with four versions  
of every lab: Open-Ended, Guided, Shortened,  
and Advanced.

• Customize the labs on the Savvas Realize™  
platform to fit your unique classroom needs.

Engineering Workbench 
Students design, test, and evaluate solutions that  
mimic the real-world activities of engineers. Activities  
are connected to related careers on the Using Physics 
Today Hook & Inspire site accessible through Realize.

Videos 
Engaging Overview and Summary Videos  
introduce the lab and connect to phenomena. 

   Data Set Activities 
   Students develop mathematical fluency using  
   data sets that connect physics concepts to  
   real-world issues.

   Lab Kits 
   Simplify lab setup and solution preparation with  
   readily accessible kits aligned to Flinn Scientific labs,  
   activities, and assessments.

• Give all students access to phenomena in compelling 
Virtual Labs. 

• Improve visual and media literacy while watching 
BoClips videos.  

• PhET™ simulations engage students in an intuitive,  
game-like environment. Accompanying worksheets 
connect the simulations to the content. 

• Modeling Activities provide opportunities for students 
to model, describe, and predict the behavior of a range 
of different phenomena. 

• Promote collaboration and engage students in science 
discourse with Peer Review and Discussion rubrics.

• Students improve science literacy skills with Analyzing 
Data and Writing About Science activities.

• Write, defend, and revisit arguments in Claim-Evidence 
Reasoning exercises that accompany the Investigative 
Phenomena.

• Hook & Inspire Using Physics Today demonstrates  
the realworld application of physics careers. 

PhET™ is a registered trademark owned by The Regents of the University of Colorado

Flinn Scientific: 
Our Partner in Inquiry 
Experience Physics is the science of doing. An exclusive 
partnership with Flinn Scientific embeds engaging 
Flinn Scientic Labs, Engineering Workbenches, and 
activities throughout the program.

Performance-based Assessments 
Students demonstrate NGSS mastery by applying  
their understanding to a new situation at the end of 
every Investigation.

Hands-on Explorations

Shop online at Savvas.com Shop online at Savvas.com

http://Savvas.com
http://Savvas.com


PRELIMINARY PAGES - Student Handbook
FOR REVIEW PURPOSES ONLY

Offers a phenomena-driven 
approach and model framework 

for teaching the CA NGSS.

Coming Soon!

speed of a wave

v = λ/T or v = f λ

v = speed of the wave
λ = wavelength

T = period
f = frequency

1 Wave Properties   201
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Properties of Waves
There are two ways to graphically represent a wave: the entire wave at one 
moment in time (distance graph), or one section of the wave as it moves 
through time (time graph). These two types of representations reveal the 
distance and time properties of the wave. 

The wave speed, v, is a combination of distance and time properties and 
represents the speed with which the wave propagates:

2 SEP Use Mathematics Use mathematics to show that v = f λ for the
speed of a wave and that it results in the correct SI units for speed.

Distance Graphs show a “snapshot” of the 
wave at one instant in time. The amplitude, 
A, is the maximum distance a particle moves 
from its starting point. The wavelength, λ, 
is the distance between successive similar 
points, such as crests, of a wave.

Wave Speed is how far the wave moves in a 
unit of time. One distance-cycle of the wave 
is the wavelength. One time-cycle of the 
wave is the period. The ratio of wavelength 
to period is the wave speed.

Frequency is often given in units of Hertz or Hz, which is equal to 1/s. 
Looking at the graphs, what units could you use for A, λ, and T?

Time Graphs show the up-down motion of 
one part of the medium. The period, T, is the 
time it takes for a particle to move through 
one full cycle of oscillation. The frequency, f, 
is the inverse of the period: f =  1   

T .

28

19

9

EXPERIENCE 1
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Waves on a Rope When the end of a rope is oscillated up and down, the energy transmitted 
through the rope is visible in the form of up-down motion throughout. However, the end of 
the rope never leaves the athlete’s hand. Only energy is transported through the rope.

Mechanical Waves
A mechanical wave is any wave that results from the oscillation of matter. 
Mechanical waves transport energy from one point to another without 
transporting the matter from point to point. The type of matter through  
which the wave’s energy propagates is called the medium. 

Wave Properties

1 SEP Develop a Model Move a pencil up and down in a line on a
sheet of paper. Have a classmate slowly pull the paper in a direction 
perpendicular to your up-down motion. Sketch the resulting shape.

STANDARDS 
Your science standards here.

HANDS-ON LAB Go online to do a hands-on activity to investigate
and model transverse and longitudinal waves using a spring toy and a wave 
motion rope.
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13 A speaker creates a tone at a frequency of 500 Hz. The speaker cone has
a maximum displacement of 0.7 cm when turned on. The speed of sound 
in air is 343 m/s. Construct mathematical and graphical representations of 
the resulting wave. Use sketches to define the problem. List the known and 
unknown variables and then plan and execute the solution. Finally, evaluate 
your solution.

 NEED A HINT? Go online to your eText Sample Problem for stepped out support.

14 A speaker creates a tone at a frequency of 660 Hz. The speaker cone has a
maximum displacement of 0.3 cm when turned on. The speed of sound in air 
is 343 m/s. Construct mathematical and graphical representations of the 
resulting wave.

15  A speaker creates a tone at a frequency of 330 Hz. The speaker cone has
a maximum displacement of 1 cm when turned on. The speed of sound in 
air is 343 m/s. Construct mathematical and graphical representations of the 
resulting wave.

16 One end of a rope is shaken with a frequency of 0.2 Hz to create a wave.
The rope is displaced with a maximum distance of 0.1 m away from its 
starting point. The speed of the wave through the rope is 10 m/s. Construct 
mathematical and graphical representations of the resulting wave.

17 You are testing a sonar machine underwater by sending out sound waves to
measure distances. Using the graphical representations shown of the wave, 
find the amplitude, frequency, wavelength, and speed of the wave, and write 
a mathematical representation of the wave.

19
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SAMPLE PROBLEM

Constructing Models from Properties
A speaker creates a tone at a frequency of 440 Hz. The speaker cone has a maximum 
displacement of 0.5 cm when turned on. The speed of sound in air is 343 m/s.  
Construct mathematical and graphical representations of the resulting wave.

3. PLAN AND EXECUTE Use mathematical relationships, the picture,
and your definitions to plan and execute a solution.

2. DEFINE THE PROBLEM List everything you know and define values in terms of variables.

To construct graphical representations, you need 
to find A, T, and λ. To construct mathematical 
representations, we need A, f, and λ.

4. EVALUATE Reflect on your answer.
All of the units are appropriate for the given quantities.

f = 440 1/s λ = ?
A = 0.5 cm T = ?
v = 343 m/s

Determine the wavelength from the frequency 
and wave speed. 

Determine the period from the frequency. 

394 

1. DRAW A PICTURE Draw a picture of the scenario.

y (x) = A sin (     x)    y (t) = A sin(2πft)

f =    ➞ T =1 1
T f = = 2.27x103 s = 2.27 ms1

440 1/s

v = λf ➞ λ = = 0.78 m
f

343 m/s
440 1/s

= v

GO ONLINE for more math support.
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 VIDEO Go online for a math tutorial video.

 PRACTICE PROBLEMS Go online for more math practice.

2π
λ

18
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Visit pd.savvas.com to see all PL offerings!

Ask about our Program Activation Services! 
Our activation services provide you with an orientation to the program components  
and design, in order to prepare you for the first day in the classroom.

Experience Physics Professional Learning

Experience Physics ©2022: Implementation Essentials
Experience Physics Implementation Essentials is designed to  
support educators in implementing the program with fidelity.  
Participants dig into the components, instructional design, and  
structure of the program. Participants will practice applying 
specific features and design elements (including instructional 
philosophy, lesson structure, and content) to classroom practice 
through hands-on activities and observation of a demonstrated 
lesson. Participants will receive a prescriptive, week-by-week  
implementation training plan to use following the workshop  
that can be customized to their needs.

ISBN: 0000125051

Experience Physics ©2022: Job-Embedded Services
Job-Embedded Services for Experience Physics provide different 
levels of coaching to focus on the effective implementation of  
the program. These on-site, shoulder-to-shoulder services 
provide teachers and leaders with varying levels of support,  
both in and out of the classroom to increase levels of 
understanding and strengthen instruction with the program.  
Focus areas are customized based on individual need and  
typically support instruction through the use of product tools  
and resources. By way of practical application, teachers can 
reinforce what they have learned in prior curriculum program 
professional development.

Participant size will vary depending on the type of  
support provided.

ISBN: 0000125050

Description 13 Digit ISBN Price Description 13 Digit ISBN Price 

Experience Physics ©2022

Student Resources
Student Edition (print) + Savvas Realize™ Digital Courseware 
   6-year student license 9781418345877 129.97
   1-year student license  9781418345860 109.97
Student Handbook (print only)  9781418333966 99.47

Teacher Resources
Teacher Guide (print) 9781418333973 187.47
 
 
Prices and availability are effective 10/01/20 and are subject to change without notice

Digital Courseware on Savvas Realize
Realize Digital Standalone 
   6-year student license 9781418345891 99.97
   1-year student license  9781418345884 29.97

Student Experience Handbook 
Experience Physics follows the 5E model. The first  
time students interact with their Student Experience  
Handbook is during the Explain section. 

Only after students have interacted with phenomena  
and explored through hands-on science activities  
do they complete the readings and math practice  
in the Student Experience Handbook. This allows  
the content to present a real-world application to  
students, while providing necessary information for  
them to continue with the more in-depth Elaborate  
activities and Evaluations.

More Math Practice 
Students interact with math problems, math related 
science, and engineering practices to become more 
proficient with math and physics concepts.   
• Physics and Math Skills Workbook includes four  

pages of review and practice problems for every 
learning experience. 

• Students explore math through the Desmos  
calculator as they work thorough physics problems. 

• Stepped-out examples break down sample  
problems for clarity and process guidance. 

• Problem Banks on the Savvas Realize™ platform  
provide students with additional problems to  
build mathematical fluency. 

• Analyzing Data Activities provide opportunities  
for students to apply mathematical concepts in  
real-world contexts. 

• Lab analysis puts science and engineering skills into 
practice using collected data and mathematical models.

• Math Tutorial Videos reinforce mathematical  
processes, making them perfect for remediation  
and differentiating instruction.   

Storyline Level 
 • Problem-Based  

Learning Experience 
 • End-of-Year tests 

 

Investigation  
Level Assessment 
 • Performance-Based 

Assessments  
 • Engineering Workbench
 • 3-Dimensional 

Assessments 
   • Revisit the Anchoring 

Phenomenon 

Experience  
Level Assessment 
 • Interactive online quizzes   
 • Assess-on-the-Spot 
 • Revisit Investigative 

Phenomenon  
  • Practice Problem Bank 

Pre-Testing 
 • Math readiness test

Students Demonstrate Understanding  
Multiple modes of assessment make it easier for students to demonstrate understanding of the NGSS. 
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