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234 Investigation 11 Waves
214 Investigation 11 Waves

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

 
INVESTIGATIVEPHENOMENON

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.

GO ONLINEfor a quiz to evaluate what you learned about Properties of Waves.

These questions will help you apply what you learned in this experience to the 

Investigative Phenomenon.
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NAME 
  DATE   CLASS 

CLAIM-EVIDENCE-REASONING 

Title of System/Event Being Discussed

Background information paragraph 1 about the system or event to be modeled 

Background information paragraph 2 (optional) 

Build Your Argument Through Claim, Evidence, and Reasoning

1. SEP Ask Questions  Write a question about the phenomenon or event that you 

would like to discuss with your classmates. (Your teacher may also provide you 

with one.)

This answer area allows two lines of text. This line of text is just to show style 

and should not appear in documents. 

2. SEP Construct Written Arguments  Use the Claim-Evidence-Reasoning 

framework to build a scientific argument about the phenomenon. After stating 

your claim, support it with evidence and scientific reasoning.

Make a Claim Your claim should be a response

to the stated question. Place only what you

intend to argue. If appropriate, use relevant

vocabulary you have learned in this course.

Cite Evidence/Data Provide at least 2

observations or data points that can be used to

justify your claim. Avoid “I” statements. If

possible and appropriate, use multiple sources.

Use Reasoning  If applicable, state the

definition of the term used in the claim in your

own words. Then summarize the data and state

how that aligns with the definition and verifies

the claim. If there is a known relevant scientific

principle that explains the phenomenon, state

that and use it to explain what causes your claim

to be true.
Be as detailed as possible.
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A Phenomenal Experience
Phenomena organization maximizes student engagement.

Student Sensemaking
Making sense of phenomena is an ongoing process that 
requires multiple investigations and experiences throughout 
the programStudents gather information and develop 
arguments over time. 

Everyday Phenomena
Students relate Anchoring and Investigative experiences to 
Everyday Phenomena. From Flinn Scientific inquiry lab activities 
to Engineering Workbenches, PhET simulations, math modeling 
and more, students are motivated to figure out why and how 
a phenomenon happens. Ongoing exposure to Everyday 
Phenomena encourages students to apply the science and 
engineering practices in every lesson.

Students track their understanding in 
a Claims-Evidence Reasoning or a 
Modelling Activity as they learn more 
about the phenomenon. 

Revisit the Phenomena repeatedly 
to broaden understanding as more 
knowledge is uncovered. 

ANCHORING PHENOMENON STORYLINE

ANCHORING PHENOMENON STORYLINE

INVESTIGATIVE 
PHENOMENON

INVESTIGATION

INVESTIGATIVE 
PHENOMENON

INVESTIGATION

2-4 Investigations per Storyline - Organized around Investigative Phenomena

5 Storylines - Organized around Anchoring Phenomena

3-4 Experiences per Investigation - Experience Everyday Phenomena

INVESTIGATIVE 
PHENOMENON

INVESTIGATION

EVERYDAY 
PHENOMENON

EXPERIENCE

EVERYDAY 
PHENOMENON

EXPERIENCE

EVERYDAY 
PHENOMENON

EXPERIENCE

EVERYDAY 
PHENOMENON

EXPERIENCE

Experiences and Investigations build understanding of Anchoring Phenomenon

RELATED PHENOMENA
Want more ideas? The Teacher 
Guide offers alternative suggestions 
for Anchoring, Investigative, and 
Everyday Phenomena.
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 GO ONLINE to revisit your Investigative 

Phenomenon CER with the new information you 

have learned about Properties of Waves.

 
INVESTIGATIVEPHENOMENON

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.

GO ONLINEfor a quiz to evaluate what you learned about 
Properties of Waves.

These questions will help you apply what you learned in this experience to the 

Investigative Phenomenon.
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your claim, support it with evidence and scientific reasoning.
Make a Claim Your claim should be a responseto the stated question. Place only what youintend to argue. If appropriate, use relevantvocabulary you have learned in this course.
Cite Evidence/Data Provide at least 2observations or data points that can be used tojustify your claim. Avoid “I” statements. Ifpossible and appropriate, use multiple sources.

Use Reasoning If applicable, state thedefinition of the term used in the claim in yourown words. Then summarize the data and statehow that aligns with the definition and verifiesthe claim. If there is a known relevant scientificprinciple that explains the phenomenon, statethat and use it to explain what causes your claimto be true.
Be as detailed as possible.
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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 
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your claim, support it with evidence and scientific reasoning.

Make a Claim
Your claim should be a response

to the stated question. Place only what you

intend to argue. If appropriate, use relevant

vocabulary you have learned in this course.

Cite Evidenc
e/Data Provide at least 2

observations or data points that can be used to

justify your claim. Avoid “I” statements. If

possible and appropriate, use multiple sources.

Use Reason
ing If applicable, state the

definition of the term used in the claim in your

own words. Then summarize the data and state

how that aligns with the definition and verifies

the claim. If there is a known relevant scientific

principle that explains the phenomenon, state

that and use it to explain what causes your claim

to be true.

Be as detailed as possible.
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Phenomenal  

experiences drive student inquiry.
Exploration begins with phenomena—showing students that physics is relevant to their 
lives. Experience Physics®  uses phenomena to engage students in scientific inquiry 
through its organizational structure and real-world storylines.

Phenomena Organization
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 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. 
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Investigative Phenomenon.



Distance (m) Depth (m) Speed (m/s) Wavelength (m)10
1.4

20
2.8

30
4.2

40
5.6

your claim, support it with evidence and scientific reasoning.

Make a Claim Your claim should be a response

to the stated question. Place only what you

intend to argue. If appropriate, use relevant

vocabulary you have learned in this course.

Cite Evidence/Data Provide at least 2

observations or data points that can be used to

justify your claim. Avoid “I” statements. If

possible and appropriate, use multiple sources.

Use Reasoning If applicable, state the

definition of the term used in the claim in your

own words. Then summarize the data and state

how that aligns with the definition and verifies

the claim. If there is a known relevant scientific

principle that explains the phenomenon, state

that and use it to explain what causes your claim

to be true.
Be as detailed as possible.
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Phenomena Launch
Exploration begins with a 
phenomenon video or class 
demonstration that introduces  
and unifies the physics concepts. 

Student Sensemaking
Students gather information, 
develop arguments over time,  
and document their understanding 
using a Claim-Evidence-Reasoning  
model. 

Everyday Phenomena  
Engage students in a personal and 
relatable way. From Flinn Scientific 
inquiry labs to virtual simulations, 
students are motivated to figure 
out why and how a phenomenon 
happens.

Related Phenomena  
in the Teacher Guide offer 
alternative suggestions for  
every phenomenon.
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NAME 

 DATE 
 CLASS

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 

Sa y 

 

i
l ic, I l

r

l i i l r

t
t.

NAME 
   DATE    CLASS 

How much electricity can you harness from the wind alo

ENGINEERING PERFORMANCE TASK 

Electricity and Wind Energ
ne? 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 

Copyright © 2020 Flinn Scientific, Inc. All Rights Reserved.
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NAME 

 DATE  
      CLASS  

INQUIRY LAB – GUIDED 

Measuring the Energy  

Densities of Organic Fuels  
ine th





Our partner in Inquiry
Experience Physics is the science of doing. An 

exclusive partnership with Flinn Scientific embeds 

engaging inquiry Labs, Engineering Workbenches 

and demonstrations and Performance Tasks directly 

into the program. 

Inquiry Labs
• Explore concepts with an inquiry lab in every learning

experience.

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

• Customize every inquiry lab on Realize to fit your unique
classroom needs.

Differentiate your lessons with four versions 
of every inquiry lab: including Open-Ended, 
Guided, Shortened, and Advanced. 

worksheet link TK

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 site. 

Performance Task Students demonstrate NGSS 
mastery by applying their understanding to a new 
situation at the end of every Investigation through 
a Performance-Based assessment. 

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 with 
readily accessible kits aligned 
to Flinn Scientific labs, activities 
and assessments.

NAME 

 DATE 
 CLASS 

INTRODUCTION TO ENERGY INQUIRY LABS – ADVANCED 

Measuring the Energy  

Densities of Organic Fuels

How much energy is released when an object burns? One way to determine the amount 

of energy released when an object burns is to measure the heat flow from it to its 

surroundings. If heat flows from the object to its surroundings then the temperature of 

the surroundings will increase. This activity will introduce the concept of calorimetry and 

investigate the caloric content of organic fuels.  

 

Focus on Science Practices 

SEP 3  Planning and Carrying Out Investigations 

SEP 4  Analyzing and Interpreting Data 

SEP 5  Using Mathematics and Computational Thinking 

 

Materials Per Group 

● Aluminum foil, 3 in. x 3 in. square, 2 

● Balance (0.01-g precision)  

● Butane safety lighter 

● Charcoal, small lump 

● Graduated cylinder, 50-mL 

● Metal ring with clamp 

● Soda can, empty and clean 

● Stirring rod, glass  

● Support stand 

● Thermometer  

● Water, distilled or tap, 50 mL 

● Wood splint 

Safety      

Wear safety goggles when performing this or any lab that uses chemicals, heat or

glassware. Allow charcoal sample to cool before touching or discarding it. Use a glass 

stirring rod to stir the liquid; never stir with a thermometer. This lab should be performed 

in a well-ventilated room. Wash hands thoroughly with soap and water before leaving 

the laboratory.  

Copyright © 2019 Flinn Scientific, Inc. All Rights Reserved.
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XVIII Professional Development      XIX

Flinn Scientific  
takes inquiry to a higher level.
Experience Physics is the science of doing! An exclusive partnership with Flinn 
Scientific®, the leading classroom lab solution provider, gives students access 
to its labs and activities directly in Experience Physics. 

Hands-on Labs 
Every learning experience in Experience 
Physics includes a hands-on inquiry lab. 
To save you time, each lab is available in 
four versions and includes video support 
to meet your diverse 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.

Lab Kits 
Simplify set-up with time-saving kits 

from Flinn Scientific. Foster greater 
inquiry learning by having readily  

accessible lab materials.

• Open-Ended
• Guided
• Shortened
• Advanced

4 
VERSIONS OF EVERY LAB

Flinn Scientific® is a registered trademark of Flinn Scientific, Inc.
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NAME  

      DATE  
      CLASS  
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ANALYZING DATA 

Refraction—Snell’s Law   

As light travels from one medium into another, refraction often occurs. Refraction is the 

bending of a wave that occurs when it enters a new substance as shown in Figure 1. 

This bending occurs because the speed of light changes when it passes from one 

substance to another, due to a difference in the densities of the two substances. In 

1621, Dutch astronomer and mathematician Willebrord Snellius (1580–1626) came up 

with a quantitative law of refraction, which is known today as Snell’s law. In this activity 

you will analyze data on the transmission of light from air into water to derive Snell’s 

law. 

Figure 1 

 

 

 

NAME  

      DATE  
      CLASS  
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Figure 1 

 
4. Place the white PVC tube inside of the clear plastic tube. 5. Fill a large graduated cylinder with 200 mL of water. 6. Make sure the end of the clear plastic tube is completely sealed by pouring a 
small amount of water into the tube and watching for any leaks. Petroleum jelly 

may be put around the edge of the stopper if leaking does occur. 7. Pour the rest of the water from the graduated cylinder into the sealed plastic 
tube. The water should be near the top of the tube but not overflowing. 

Performance Tasks 
Students demonstrate standards 
mastery by applying their understanding 
to a new situation in a Performance-
Based Assessment at the end of every 
Investigation.

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



6

Virtual Explorations  
support the understanding of phenomena.
Savvas Realize™ is an award-winning platform that has transformed learning into an active and 
engaging experience for millions of students. Realize is a Thin Common Cartridge (TCC) certified 
provider, so content runs on all compliant LMS platforms. Access all your digital content, virtual 
labs, simulations, assessments, and student data in ONE location.

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

Virtual Labs give all students access to 
compelling phenomena and advanced  
scientific equipment.

Boclips® Videos present physics concepts  
in an easy-to-understand way.

Digital Interactivities simulate real-world  
problem-solving to increase student interest.

Look for faster integration and enhanced data-
fidelity through LTI-Advantage (LTI-A).

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

Desmos™ is a trademark of Desmos, Inc.
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The best w
ay to learn science - is

 to do science. That’s w
hy this 

modern program puts th
e focus on your classro

om experience. 

This n
ew program implements a

 learning model th
at:

•  Organizes le
arning around phenomena for an authentic,  

real-world experience.

•  Includes a variety of hands-on and digital activities designed to 

give you many different ways to
 learn about physics.

•  Partners w
ith Flinn Scientific to deliver high-quality inquiry labs, 

engineering workbench activities, a
nd performance assessm

ents.

How can phenomena give you an authentic real world experience? 

Take a look at th
e cover im

age. W
hat do you think is h

appening 

here? How often do you think about th
e behavior of fluids? Probably 

not very often. But you encounter fluid dynamics every day - fr
om 

water flowing out of a faucet to
 the flow of air o

ver a moving 

vehicle. 

On the cover you can see the red and blue liquids colliding. W
hat 

other observations can you make? Why might fluids act lik
e this? 

Visit 
savvas.co

m/experiencephysics
 to share your id

eas about th
e 

cover im
age phenomenon.

Flinn Scientific
, the leading supplier of lab equipment, chemicals, a

nd safety solutions, p
artners w

ith 

Experience Physics to
 provide an exciting hands-on experience. Look for Flinn labs, e

ngineering 

design challenges, p
erformance-based assessm

ents, v
ideos, and lab kits. 

Savvas.com

FPO

Physics and Math Skills W
orkbook includes four pages of 

review and practice problems for every learning experience. 

Stepped-out examples break down sample problems for 

clarity and process guidance.

Problem Banks in the Student Experience Handbook and 

on Realize provide students with additional problems to build 

mathematical fluency.

Analysing Data Activities include opportunities for students 

to apply mathematical concepts in real-world contexts.

Lab analysis puts science and engineering skills in
to practice 

using collected data and mathematical models.

Math Tutorial Videos reinforce mathematical processes 

making them ideal for remediation.

Math Practice

Students interact with math problems, and math-related 

science and engineering practices to become more 

proficient with math and physics concepts.

EXPERIENCE 1

Wave Properties

A mechanical wave is an oscillation of matter that is either up-and-down (transverse) 

or back-and-forth (longitudinal). The speed a wave travels through a medium 

depends on the stiffness and density of the medium.

S waves are transverse waves, 

in which the particles move 

perpendicular to the direction 

the wave is traveling.

P waves are longitudinal waves, 

in which the particles move 

along the same direction the 

wave is traveling.

Use Models In the art above label the wavelength of the S wave  

and the P wave on the second and third diagrams.

speed of a wave

v = f λ

 where v is wave speed, ƒ is frequency, and λ is wavelength

Wavelength is the distance between 

successive similar points.

wavelength

Amplitude is the maximum distance a 

particle moves from its starting point.

198 Investigation 11 Waves and Electromagnetic Radiation

Wave Properties 199

Mathematical Practices:  

Model with Mathematics

Mathematical equations can be used to model phenomena that occur in nature. 

For example, scientists and engineers use equations to model seismic waves, 

ocean waves, and sound waves.

A sine equation can be used to show the displacement, y, of a particle due to a 

passing wave with amplitude A and frequency f.

y (t) = A sin(2πft)

You can change the parameters A and f  in the equation to model any observed 

data in a time graph. 
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Suppose an S wave generated by an earthquake causes a GPS beacon  

to vary in elevation. You can use mathematics to model the data

The amplitude of 

the wave is 5 cm.

A
m

p
lit

ud
e

Time

A
m

p
lit

ud
e

Time

Doubling the Amplitude
Doubling the Frequency
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Doubling the Amplitude
Doubling the FrequencyA controls the height of  

the wave in the graph

ƒ controls the number of complete oscillations 

that occur within a given period in the graph

y (t) = 5 sin (4πt)

The period, T, of 

the wave is 0.5 s

Since 1/T = f, the 

frequency is 2 Hz.

2π ft = 2π 2t = 4π t

= double frequency 

= orginal frequency 

= double amplitude 

= original amplitude 

amplitude

p9
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Explore then Explain

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 way the content 

is relevant to students, w
hile providing necessary 

information for them to continue with the more in-depth 

Elaborate activities and Evaluations.

The Student Experience Handbook 

is one of the tools stu
dents use to 

make sense of the phenomenon.

Desmos caption, to come. Caption once we 

have new image...Differentiate your lessons 

with four versions...

Virtual Explorations  
support the understanding of phenomena.

Desmos™ Graphing Calculator on the Savvas 
Realize™ digital platform supports students in 
problem solving and mathematics.

Math Tutorial Videos reinforce mathematical 
processes making them ideal for remediation.

3D Assessment 
•   Performance Based-Assessments measure 

students’ mastery of the science and 
engineering practices.

•   Problem-Based Learning projects 
require students to obtain and evaluate 
information about a related phenomenon 
and communicate their findings in a  
written report.

•   Revisit the Phenomenon multiple  
times to help students make sense  
of the topic.

•   Online Quizzes that are customizable and 
interactive conclude every Experience.

•   Assess-on-the-Spot ideas in the 
Teacher Guide provide quick formative 
assessments.

•   For a summative assessment of the 
Investigation, assign customizable 
3-Dimensional Assessments in Realize.

•   End-of-Year Tests work well for a 
summative final exam.

Math Support
•   Physics and Math Skills Workbook 

includes four pages of review and practice 
problems for every learning Experience.

•   Stepped-Out Examples break down 
sample problems for clarity and  
process guidance.

•   Problem Banks provide students with 
additional problems to build mathematical 
fluency.

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

•   Math Readiness Test allows instructors to 
gauge student understanding before taking 
the course.

Shift between classroom and 
remote-learning curriculum 
with the click of a button.



PLANNERINVESTIGATION 11

INVESTIGATIVE PHENOMENON

Waves
In this investigation, students explore the properties of mechanical waves. They construct models 
of wave properties to support claims about the relationships among wave frequency, wavelength, 
and speed in various media. Students explore the interactions of waves with one another and with 
objects in their environment. They describe the interactions between light and matter that result in 
phenomena observable at a macroscopic level.

Explaining Phenomena To fully understand the phenomenon of how waves change the coastline, 
students must understand the properties and behaviors of waves. As students explore the energy 
transmitted by waves and how waves interact with objects, they can construct an explanation of 
the processes of waves changing the coastline.

How do waves 
change the 
coastline?

EXPERIENCE 1 EXPERIENCE 2

Wave Properties
3 days

Students identify and describe the properties of 
transverse and longitudinal waves, including amplitude, 
wavelength, frequency, and wave speed. They 
construct models from wave properties.

Waves Behavior and Energy
4 days

Students explore the interactions of waves with one 
another and with objects in their environment. They 
calculate the Doppler effect of a moving source 
of sound waves and investigate constructive and 
destructive interference.

CONNECTION 
TO THE 

INVESTIGATIVE 
PHENOMENON

Students determine the frequency of a wave using time 
intervals of wave crests and complete a graph of wave 
speed as a function of depth. 

Students investigate the transfer of energy in devices 
designed to harvest energy from ocean waves.

ENGAGE Teacher’s Guide Everyday Phenomenon, Making 
Waves, p. 4

Teacher’s Guide Everyday Phenomenon, Guitar 
String, p. 10

EXPLORE   Inquiry Lab Mechanical Waves

  PhET Simulation Properties of Waves 

  Inquiry Lab Interference of Sound Waves

  PhET Simulation Wave Behavior and energy 

EXPLAIN Student Handbook, pp. 6–18

  Claim-Evidence-Reasoning Wave Speed

   Explain Video Graphs of Waves 

   Math Tutorial Video 

Student Handbook, pp. 19–32

  Modeling Interference

   Explain Video Harnessing Wave Energy from the 
Ocean 

   Math Tutorial Video 

ELABORATE    Discussion Rubric Wave Speed

   Writing About Science Skill in Properties of 
Waves 

  Peer Review Rubric Evaluate Interference

   Writing About Science Skills in Wave Behavior 
and Energy 

EVALUATE    Quiz Wave Properties

Student Handbook Revisit Investigative 
Phenomenon

   Quiz Wave Properties

Student Handbook Revisit Investigative 
Phenomenon

* Pacing includes both Student Handbook coverage and core instructional activities.

6 Investigation 11 Waves
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PLANNERSTORYLINE 4

Waves and Electromagnetic 
Radiation

Explaining Phenomena To fully understand the phenomenon of wave-particle duality, 
students must understand how light can sometimes exhibit the properties of a wave but 
at other times can exhibit the properties of a particle. Here. students can explore how a 
particle such as an electron sometimes acts like a wave. As students explore the behavior 
of waves, they can construct an explanation of wave-particle duality.

How do waves 
transfer energy?

INVESTIGATION 11 INVESTIGATION 12

OVERVIEW Waves
11 days

Students explore the properties and behavior 
of waves.

Electromagnetic Radiation
11 days

Students investigate the dual nature of 
electromagnetic radiation and how it  
interacts with matter.

INVESTIGATIVE 
PHENOMENON

How do waves change the coastline? 
  Investigative Phenomenon Video

How does this lens remove the glare?
  Investigative Phenomenon Video

CONNECTION TO 
THE ANCHORING 

PHENOMENON

The electrons in the quantum corral can transmit 
energy as waves even though they are usually 
considered particles.

Light can act as both a particle and a wave, just as 
the electrons in the quantum corral can act as either 
a wave or a particle.

EXPERIENCES* 1 Wave Properties

2 Wave Behavior and Energy

3 Wave Optics

1 Electromagnetic Waves and Their Properties

2 Particle-Wave Duality

3 Electromagnetic Radiation and Matter

INVESTIGATION 
EVALUATION

  Investigation Test Waves

  Virtual Lab Performance-Based Assessment

  Engineering Workbench

  Science Performance-Based Assessment 

  Investigation Test Electromagnetic Radiation 

  Virtual Lab Performance-Based Assessment

  Engineering Workbench

  Science Performance-Based Assessment 

NEXT GENERATION 
SCIENCE STANDARDS

PS3-3, PS4-1, PS4-3, PS4-5 PS4-3, PS4-4

* Pacing includes both Experience Handbook coverage and core instructional activities.

In Storyline 4, students explore waves and electromagnetic radiation, as well 
as technological applications of transmitting and capturing information and 
energy. In Investigation 11, students experiment with waves. In Investigation 12, 
students explore electromagnetic radiation. In Investigation 13, students design 
instrumentation to transmit information.

ANCHORING PHENOMENON

4 Storyline 4 Waves and Electromagnetic Radiation
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STORYLINE 4

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 is 
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.

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, which have 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 is, the higher the frequency will be. 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 
must travel through 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 almost 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] Engineers work on improved ways to predict and 
protect against earthquakes and tsunamis.

Waves and Electromagnetic Radiation
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Realize Integrates  
with your Learning  

Management System

The Experience Physics Teacher Guide isn’t 
a traditional teacher edition. We put the 
focus on teacher resources, with teacher 
background, learning objectives, lab and 
activity modifications, point-of-use formative 
assessments, professional learning, and more.  

The flexible structure makes it easy to adapt 
your physics program for any classroom 
situation, no matter the level of your students 
or the location of your classroom.

•   “Got More Time?” activities make  
it easy to enhance your instruction. 

•  Related Phenomena give you options  
when you want to make a substitution. 

•  Detailed Planners use the 5E model  
for an inquiry-based approach. 

•  Activities includes a wide variety of  
hands-on labs and virtual simulations. 

Experience It for Yourself 
Request samples and online demos  
at Savvas.com/ExperiencePhysics

A phenomenal  
and flexible  
teaching experience

Savvas.com
800-848-9500
Copyright © 2021 Savvas Learning Company LLC. All Rights Reserved.  
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SAM: 9781418348526     ADV: 9781418348533

Join the Conversation 
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