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The student is expected to: TEKS 

7A examine and describe oscillatory motion 
and wave propagation in various types of 
media 
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What do you think?   

•   Imagine a mass moving back and 
forth on a spring as shown. At 
which positions (A, B, or C) are 
each of the following quantities 
the greatest and the least? 
•   Force acting on the block 
•   Velocity of the block 
•   Acceleration of the block 
•   Kinetic energy 
•   Potential energy 
•   Mechanical energy 
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Hooke Õs Law 

•   Felastic  is the force restoring the spring to the equilibrium 
position. 
–   A minus sign is needed because force (F) and displacement (x) 

are in opposite directions. 
–   k is the spring constant in N/m. 
–   k measures the strength of the spring. 
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Click below to watch the Visual Concept. 
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Spring Constant 
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Classroom Practice Problem 

•   A slingshot consists of two rubber bands that 
approximate a spring. The equivalent spring 
constant for the two rubber bands combined is 
1.25 !  103 N/m.  How much force is exerted on a 
ball bearing in the leather cup if the rubber bands 
are stretched a distance of 2.50 cm? 
–   Answer: 31.2 N 
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Simple Harmonic Motion 

•   Simple harmonic motion results from systems 
that obey Hooke’s law.  
–   SHM is a back and forth motion that obeys certain 

rules for velocity and acceleration based on F = -kx. 
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Simple Harmonic Motion 
•   Where is the force maximum? 

–   a and c 
•   Where is the force zero?  

–   b 
•   Where is the acceleration 

maximum? 
–   a and c 

•   Where is the acceleration 
zero?  
–   b 

•   Where is the velocity 
maximum? 
–   b 

•   Where is the velocity zero? 
–   a and c  
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Click below to watch the Visual Concept. 
 
 
 
 
 

 

Visual Concept 

 

Simple Harmonic Motion (SHM) 
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Click below to watch the Visual Concept. 
 
 
 
 
 

 

Visual Concept 

 

Force and Energy in Simple Harmonic 
Motion 
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The Simple Pendulum 

•   The pendulum shown has 
a restoring force Fg,x.  
–   A component of the 

force of gravity 
–   At small angles, Fg,x is 

proportional to the 
displacement (! ), so 
the pendulum obeys 
Hooke’s law. 

–   Simple harmonic 
motion occurs. 
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The Simple Pendulum 

•   Find the restoring force at 
3.00°, 9.00°, 27.0°, and 
81.0° if Fg = 10.0 N. 
–   Answers: 0.523 N, 1.56 N,  

4.54 N, 9.88 N  

•   Are the forces proportional 
to the displacements? 
–   Answer: only for small angles 

(in this case, it is very close 
for 3.00° and 9.00°, and 
relatively close for 27.0°) 
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Click below to watch the Visual Concept. 
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Restoring Force and Simple Pendulums 
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Now what do you think?   

•   Imagine a mass moving back and 
forth on a spring as shown. At 
which positions (A, B, or C) are 
each of the following quantities 
the greatest and the least? 
•   Force acting on the block 
•   Velocity of the block 
•   Acceleration of the block 
•   Kinetic energy 
•   Potential energy 
•   Mechanical energy 
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The student is expected to: TEKS 

7A examine and describe oscillatory motion 
and wave propagation in various types of 
media 
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What do you think?   

•   The grandfather clock in the hallway operates 
with a pendulum. It is a beautiful clock, but it is 
running a little slow. You need to make an 
adjustment.  
•   List anything you could change to correct the problem. 

•   How would you change it? 
•   Which of the possible changes listed would you use to 

correct the problem? Why? 



Vibrations and Waves 

 

Section 2 

© Houghton Mifflin Harcourt Publishing Company 

Measuring Simple Harmonic Motion 

•   Amplitude (A) is the maximum displacement from 
equilibrium. 
–   SI unit: meters (m) or radians (rad) 

•   Period (T) is the time for one complete cycle. 
–   SI unit: seconds (s) 

•   Frequency (f) is the number of cycles in a unit of 
time. 
–   SI unit: cycles per second (cycles/s) or s-1 or Hertz (Hz) 

•   Relationship between period and frequency: 
1 1

       f T
T f

= =
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Click below to watch the Visual Concept. 
 
 
 
 
 

 

Visual Concept 

 

Measures of Simple Harmonic Motion 
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Period of a Simple Pendulum 

•   Simple pendulums 
–   small angles (<15°) 

•   The period (T) depends only on the 
length (L) and the value for ag. 

•   Mass does not affect the period. 
–   All masses accelerate at the same rate.  



Vibrations and Waves 

 

Section 2 

© Houghton Mifflin Harcourt Publishing Company 

Period of a Mass-Spring System 

•   Greater spring constants  shorter periods 
–   Stiffer springs provide greater force (Felastic = -kx) and therefore 

greater accelerations. 
•   Greater masses  longer periods 

–   Large masses accelerate more slowly. 
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Classroom Practice Problems 

•   What is the period of a 3.98-m-long pendulum? 
What is the period and frequency of a 99.4-cm-
long pendulum? 
–   Answers: 4.00 s, 2.00 s, and 0.500 s-1 (0.500/s or 

0.500 Hz) 
•   A desktop toy pendulum swings back and forth 

once every 1.0 s. How long is this pendulum? 
–   Answer: 0.25 m  
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Classroom Practice Problems 

•   What is the free-fall acceleration at a location 
where a 6.00-m-long pendulum swings exactly 
100 cycles in 492 s? 
–   Answer: 9.79 m/s2 

•   A 1.0 kg mass attached to one end of a spring 
completes one oscillation every 2.0 s. Find the 
spring constant. 
–   Answer: 9.9 N/m 
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Now what do you think?   

•   The grandfather clock in the hallway operates 
with a pendulum. It is a beautiful clock, but it is 
running a little slow. You need to make an 
adjustment.  
•   List anything you could change to correct the problem. 

•   How would you change it? 
•   Which of the possible changes listed would you use to 

correct the problem? Why? 
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The student is expected to: TEKS 

7B investigate and analyze characteristics of 
waves, including velocity, frequency, 
amplitude, and wavelength, and calculate 
using the relationship between wavespeed, 
frequency, and wavelength; 
7C compare characteristics and behaviors of 
transverse waves, including electromagnetic 
waves and the electromagnetic spectrum, and 
characteristics and behaviors of longitudinal 
waves, including sound waves 
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What do you think?   

•   Consider different types of waves, such as water 
waves, sound waves, and light waves. What 
could be done to increase the speed of any one 
of these waves? Consider the choices below. 
•   Change the size of the wave? If so, in what way? 
•   Change the frequency of the waves? If so, in what 

way? 
•   Change the material through which the wave is 

traveling? If so, in what way? 
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Wave Motion 

•   A wave is a disturbance that propagates through 
a medium. 
–  What is the meaning of the three italicized terms? 
–   Apply each word to a wave created when a child jumps 

into a swimming pool. 
•   Mechanical waves require a medium. 
•   Electromagnetic waves (light, X rays, etc.) can 

travel through a vacuum. 
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Wave Types 

•   The wave shown is a pulse wave. 
–   Starts with a single disturbance 

•   Repeated disturbances produce periodic waves. 
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Wave Types 
•   If a wave begins with a disturbance that is SHM, the wave 

will be a sine wave. 
•   If the wave in the diagram is moving to the right, in which 

direction is the red dot moving in each case? 
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Transverse Waves 

•   A wave in which the particles move perpendicular to the 
direction the wave is traveling 

•   The displacement-position graph below shows the 
wavelength (" ) and amplitude (A). 
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Click below to watch the Visual Concept. 
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Transverse Wave 
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Longitudinal Wave 

•   A wave in which the particles move parallel to the 
direction the wave is traveling. 
–   Sometime called a pressure wave 

•   Try sketching a graph of density vs. position for the 
spring shown below.  
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Click below to watch the Visual Concept. 
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Longitudinal Wave 
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Wave Speed 

x
v

t
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!

•   Use the definition of speed to determine the speed of a 
wave in terms of frequency and wavelength. 

 
 
–   A wave travels a distance of one wavelength (" ) in 

the time of one period (T), so 

–   Because frequency is inversely related to period: 
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Wave Speed 

•   SI unit: s-1 !  m = m/s 
•   The speed is constant for any given medium. 

–   If f increases, "  decreases proportionally. 
–   Wavelength (" ) is determined by frequency and speed. 

•   Speed only changes if the medium changes. 
–   Hot air compared to cold air 
–   Deep water compared to shallow water 
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Characteristics of a Wave 
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Waves Transfer Energy 

•   Waves transfer energy from one point to another 
while the medium remains in place. 
–   A diver loses his KE when striking the water but the 

wave carries the energy to the sides of the pool. 
•   Wave energy depends on the amplitude of the 

wave. 
–   Energy is proportional to the square of the amplitude. 

•   If the amplitude is doubled, by what factor does the energy 
increase? 

•   Answer: by a factor of four 
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Now what do you think?   

•   Consider different types of waves, such as water 
waves, sound waves, and light waves. What 
could be done to increase the speed of any one 
of these waves? Consider the choices below. 
–   Change the size of the wave? If so, in what way? 
–   Change the frequency of the waves? If so, in what 

way? 
–   Change the material through which the wave is 

traveling? If so, in what way? 
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The student is expected to: TEKS 

7D investigate behaviors of waves, including 
reflection, refraction, diffraction, interference, 
resonance, and the Doppler effect 
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What do you think?   

•   Imagine two water waves traveling toward each 
other in a swimming pool. Describe the behavior 
of the two waves when they meet and afterward 
by considering the following questions. 
•   Do they reflect off each other and reverse direction? 
•   Do they travel through each other and continue? 
•   At the point where they meet, does it appear that only 

one wave is present, or can both waves be seen? 
•   How would your answers change for a crest meeting a 

trough? 
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Wave Interference 

•   Superposition is the combination of two 
overlapping waves. 
–  Waves can occupy the same space at the same time. 
–   The observed wave is the combination of the two 

waves. 
–  Waves pass through each other after forming the 

composite wave. 
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Constructive Interference 

•   Superposition of waves that produces a resultant wave 
greater than the components 
–   Both waves have displacements in the same direction. 
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Destructive Interference 

•   Superposition of waves that produces a resultant wave 
smaller than the components 
–   The component waves have displacements in opposite 

directions. 
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Click below to watch the Visual Concept. 
 
 
 
 
 

 

Visual Concept 

 

Comparing Constructive and Destructive 
Interference 
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Reflection: Free End 

•   The diagram shows a 
wave reflecting from an 
end that is free to move 
up and down.  

•   The reflected pulse is 
upright. 
–   It is produced in the same 

way as the original pulse. 



Vibrations and Waves 

 

Section 4 

© Houghton Mifflin Harcourt Publishing Company 

Reflection: Fixed End 

•   This pulse is reflected 
from a fixed boundary. 

•   The pulse is inverted 
upon reflection. 
–   The fixed end pulls 

downward on the rope. 
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Standing Waves 

•   Standing waves are produced when two identical 
waves travel in opposite directions and interfere. 
–   Interference alternates between constructive and 

destructive. 
•   Nodes are points where interference is always 

destructive. 
•   Antinodes are points between the nodes with 

maximum displacement. 
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Standing Waves 
•   A string with both ends fixed 

produces standing waves. 
–   Only certain frequencies are 

possible. 

•   The one-loop wave (b) has a 
wavelength of 2L. 

•   The two-loop wave (c) has a 
wavelength of L. 

•   What is the wavelength of 
the three-loop wave (d)? 
–   2/3L 
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Click below to watch the Visual Concept. 
 
 
 
 
 

 

Visual Concept 

 

Standing Wave 
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What do you think?   

•   Imagine two water waves traveling toward each 
other in a swimming pool. Describe the behavior 
of the two waves when they meet and afterward 
by considering the following questions. 
•   Do they reflect off each other and reverse direction? 
•   Do they travel through each other and continue? 
•   At the point where they meet, does it appear that only 

one wave is present or can both waves be seen? 
•   How would your answers change if it was a crest and a 

trough? 


