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Simple Harmonic Motion 
 There exist many different situations in which objects 

oscillate in regular, repeating patterns 

 

 Simple harmonic motion is any vibration about an 
equilibrium in which a restoring force is proportional 
to the displacement from equilibrium 

 

 Two of the most common examples of SHM are 
pendulums and springs 



Measuring Simple Harmonic 
Motion 
 There are some valuable quantities that can be measured 

regarding simple harmonic motion 

 

 Amplitude is the maximum displacement from the 
equilibrium 

 

 Period is the time that it takes a complete cycle to occur 

 

 Frequency is the number of cycles or vibrations per unit of 
time 



Energy in SHM 
 The total mechanical 

energy in SHM is 
conserved 

 

 However, at different 
points in the oscillation 
the kinetic energy and 
the potential energy have 
different values 
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Wave Motion 
 A wave can best be described as the motion of a disturbance 

 

 A medium is a physical environment through which a 
disturbance can travel 

 

 A mechanical wave is a wave that requires a medium through 
which to travel 

 

 Electromagnetic waves do not require a medium 

 

 The direction a wave travels is referred to as the propagation of 
the wave 



Wave Types 
 Waves can be described with a large number of 

characterizations 

 

 One way is to describe the number and pattern of 
disturbances 
 A pulse wave is a single travelling disturbance 

 A periodic wave is a series of regularly repeating pulses 

 

 When the source of a wave vibrates with simple 
harmonic motion, a sine wave is created 



Transverse Waves 
 A transverse wave is a wave whose particles vibrate 

perpendicularly to the direction the wave is travelling 

 

 There are measures of interest in waves 
 The crest is the highest point above the equilibrium 

position (positive amplitude) 

 The trough is the lowest point below the equilibrium 
position (negative amplitude) 

 

 A wavelength (λ)is the distance between two adjacent 
similar points of a wave 



Transverse Waves 



Longitudinal Waves  
 A longitudinal wave is a wave whose particles vibrate 

parallel to the direction the wave is travelling 

 

 Longitudinal waves have comparable quantities to 
transverse waves 

 Areas where particles are close together are called 
compression 

 Areas where particles are far apart are called rarefaction 

 

 



Longitudinal Wave 



Speed of a Wave 
 Since periodic waves undergo simple harmonic 

motion, there exists a period and frequency for waves 

 

 Combining this with the wavelength, the speed of a 
wave can be calculated 

 
𝑣 = 𝑓λ 



Sample Problem 11D 
A piano string tuned to middle C vibrates with a frequency of 
262 Hz.  Assuming the speed of sound in air is 343 m/s, find 
the wavelength of the sound waves produced by the string. 



Homework!!! 
 P. 383 

 Practice D #1-4 
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Wave Interference 
 Since waves are not matter, but rather the 

displacement of matter, two waves can occupy the 
same space at the same time 

 

 When waves overlap it is referred to as superposition 

 

 The interactions of waves acting over the same area 
results in an interference pattern 



Types of Interference 
 Waves can act interfere in two ways 

 

 Constructive interference is the superposition of 
two or more waves in which individual displacements 
on the same side of equilibrium position are added 
together to form the resultant wave 

 

 Destructive interference is the superposition of two 
or more waves in which individual displacements on 
opposite sides of equilibrium position are added 
together to form the resultant wave 

 







Special Circumstances 
 Complete destructive interference occurs when two 

waves cancel each other by overlapping 
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Production of Sound Waves 
 All sounds are produced by vibrating objects 

 
 Sound waves travel through mediums by compressing and 

rarefying the particles of a medium 
 
 Compression is the region of a longitudinal wave in which 

the density and pressure are at a maximum 
 

 Rarefaction is the region of a longitudinal wave in which the 
density and pressure are at a minimum 
 

 Since the disturbance and propagation are parallel, sound 
is a longitudinal wave 



Production of a Sound Wave 



Characteristics of Sound Waves 
 Like all waves, sound waves have a frequency, 

wavelength, and a measurable speed 

 

 Sound waves are considered audible if they are within 
the range of human hearing: 20 Hz to 20,000 Hz 

 Frequencies below 20 Hz are called infrasonic 

 Frequencies above 20,000 Hz are called ultrasonic 

 

 

 



Characteristics of Sound Waves 
 Pitch is a measure of how high or low a sound is 

perceived to be, depending on the frequency of the 
sound wave 

 

 Speed of sound depends on the medium 

 Sound travels fastest when the vibration can easily 
transfer between particles 

 

 Sound waves propagate in three dimensions 

 These waves are spherical in shape  



Doppler Effect 
 The Doppler effect is an observed change in 

frequency when there is relative motion between the 
source of waves and an observer 

 

 As the relative position of the source changes, the wave 
fronts are either closer together or farther apart than if 
the was no relative motion 

 

 This can occur when the source is moving, the 
observer is moving, or both are moving 

 

 

 



Doppler Effect 



Passing a Wavefront 
 When an object moves faster than the speed of sound, it 

creates a visible pressure wave and results in a sonic boom 
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Sound Intensity 
 As sound waves travel outward energy is transferred from 

molecule to molecule 

 

 Intensity is the rate at which energy flows through a unit 
area perpendicular to the direction of wave motion 

 

 Since sound waves travel spherically, the area over which 
they act is the surface area of a sphere (4𝜋𝑟2) 

 

𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =  𝑝𝑜𝑤𝑒𝑟
4𝜋(𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑠𝑜𝑢𝑟𝑐𝑒)2 = 𝑃

4𝜋𝑟2 



Sample Problem 12A 
 What is the intensity of the sound waves produced by 

a trumpet at a distance of 3.2 m when the power 
output of the trumpet is 0.20 W? 



Intensity and Audibility 
 The combination of intensity and frequency determine 

the audibility of sounds 

 

 The threshold of hearing is the minimum intensity 
at which a particular frequency can be heard 

 

 The threshold of pain is the loudest sounds a human 
ear can tolerate at a particular frequency 





Relative Intensity 
 The loudness of a sound is not directly proportional to 

the intensity 

 

 Relative intensity is the ratio of the intensity of a 
given sound wave at the threshold of hearing 

 

 Relative intensity is measured by a dimensionless unit 
called the decibel 

 

 



Forced Vibrations and Natural 
Frequency 
 When an object vibrates, it causes nearby objects to 

vibrate as well called 

 

 This is called forced vibration 

 

 All objects have a frequency at which they will vibrate 
naturally, called the natural frequency 

 



Resonance 
 When objects are forced to vibrate at their natural 

frequency, they experience resonance 

 

 Resonance is a pheromone that occurs when the 
frequency of a force applied to a system matches the 
natural frequency of vibration of the system, resulting 
in a large amplitude of vibration 
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Standing Waves on Strings 
 Looking at standing waves on a string, there is 

minimum frequency at which it can vibrate 

 

 The fundamental frequency is the lowest frequency 
of vibration of a standing wave 

 

 A harmonic series is a series of frequencies that 
includes the fundamental frequency and integral 
multiples of the fundamental frequency  





Standing Waves in an Air Column 
 Standing waves also exist in tubes with columns of air 

 

 The way in which a column of air resonates is 
determined by a variety of factors 

 Length of tube 

 Diameter of tube 

 Speed of air 

 

 Harmonic series also exist for air columns 





Sound Quality 
 Harmonics account for sound quality 

 

 Timbre is the musical quality of a tone resulting from 
the combination of harmonics present at different 
intensities 



Physics 1-2 

Mr. Chumbley 

Physics: Chapters 13 – 15  

p. 440 - 545 

 



Chapter 13 

p. 440 – 479  



Characteristics of Light 
 Light is a generic term for 

what is otherwise known 
as an electromagnetic wave 

 

 An electromagnetic wave 
is a wave that consists of 
oscillating electric and 
magnetic fields, which 
radiate outward from the 
source at the speed of light 



Electromagnetic Spectrum 
 The spectrum of frequencies and wavelength extends 

beyond visible light 

 

 
Classification f λ 

radio waves < 1.0 × 109 Hz > 30 cm 

microwaves 1.0 × 109 Hz – 3.0 × 1011 Hz  1 mm – 30 cm  

infrared waves 3.0 × 1011 Hz – 4.3 × 1014 Hz 700 nm – 1 mm 

visible light 4.3 × 1014 Hz – 7.5 × 1014 Hz 400 nm (violet) – 700 nm (red) 

ultraviolet light 7.5 × 1014 Hz – 5.0 × 1015 Hz 60 nm – 400 nm 

X-rays 5.0 × 1015 Hz – 3.0 × 1021 Hz  10-4 nm – 60 nm 

gamma rays 3.0 × 1018 Hz – 3.0 × 1022 Hz  10-5 nm – 0.1 nm 



Speed of Light 
 All electromagnetic waves travel at the speed of light (c) 

 
 This value was difficult to determine accurately initially 

since it is so fast 
 

 For the most part, the value of 3.00 × 108 m/s can be used 
as the value for the speed of light in both a vacuum and air 
 

 Since these are waves, there is a relationship among the 
speed of light (c), the frequency (f), and the wavelength (λ) 

 
𝑐 = 𝑓λ 



Sample Problem 13A 
The AM radio extends from 5.4 × 105 Hz to 1.7 × 106 Hz. 
What are the longest and shortest wavelengths in this 
frequency range? 



Ray Approximation 
 In the late 1600’s a Dutch physicist 

name Christiaan Huygens described 
many of the characteristics of light 
 

 In order to do this he proposed that 
each point along a wave can be 
considered a point source of a 
secondary wave and that a tangent 
line to the secondary wave fronts 
can be drawn to determine the 
location of a wave at some later time 
 

 An easier way is to treat the wave as 
a straight line perpendicular to the 
wave front, called a ray 



Reflection 
 Reflection is the change in direction of an 

electromagnetic wave at a surface that causes  it to 
move away from the surface 

 

 

 



Virtual and Real Images  
 A virtual image is an image from which light rays 

appear to diverge, even though they are not actually 
focused there 

 Will not project onto a screen 

 

 A real image is an image that is formed by the 
intersection of light rays 

 Will project onto a screen 



Color 
 There are two ways that colors can mix 

 

 Additive mixing produces white light when primary 
colors are combined 

 

 Subtractive mixing filters out all light when combined 



Polarization 
 Linear polarization is 

the alignment of 
electromagnetic waves in 
such a way that the 
vibrations of the electric 
fields in each of the 
waves are parallel to each 
other 



Refraction 
 Refraction is the bending of a wave as the wave passes 

between two substances in which the speed of the 
wave differs 

 

 The two options are when a wave moves from a fast to 
slow medium, or from a slow to fast medium 



Refraction 
Fast to slow medium bends 
light toward the normal 

Slow to fast medium bends light 
away from the normal 


