
Bell Ringer
 Microwaves have a frequency of 300 x 10^6 Hz. If the 

speed of light is 3x10^8 m/s, what is the wavelength of 
a microwave?

 X-rays have a wavelength of 1 x 10^-9 meters. What is 
their frequency?



What happens to waves?
 Reflection

 Refraction

 Diffraction 



Law of Reflection
The angle of the reflected wave will always equal the 

angle of the incident (approaching) wave.



One-way mirrors
 https://www.youtube.com/watch?v=4kKL32opewI

https://www.youtube.com/watch?v=4kKL32opewI


Practice – Using law of Reflection 
How far back from the mirror does Jimmy need to move in 
order for him to see his entire reflection?

He’ll NEVER be able to see his whole 
self….. Unless he buys a bigger mirror!



Refraction
When a wave bends (slows down) because of a 

change in medium.





https://www.youtube.com/watch?v=Pd-
MpXCMcIs

Like shooting a fish in a barrel? 

https://www.youtube.com/watch?v=Pd-MpXCMcIs


Snell’s Law
𝑛1 sin 𝜃1 = 𝑛2sin(𝜃2)

n is the index of refraction



Practice
Jane is shooting a Laser at Jimmy who is attempting to 
swim away in the ocean. What does the index of 
refraction of the water need to be so that she can slow 
roast Jimmy?

35°

15°

n=1

𝑛1 sin 𝜃1 = 𝑛2sin(𝜃2)

1 ∗ sin 35 = 𝑛2sin(15)

𝑛2 = 2.216



Diffraction
The tendency of waves to bend around corners 

and fill spaces.  





Double Slit Diffraction

The wave interferes with 
itself on the other side of 

the slits!!! https://www.youtube.com/watch?v=Iuv6hY
6zsd0

https://www.youtube.com/watch?v=Iuv6hY6zsd0




 https://www.youtube.com/watch?v=Q3oItpVa9fs

https://www.youtube.com/watch?v=Q3oItpVa9fs


Sound Waves
Sound is a compression (longitudinal) wave produced by 

any vibrating object!

https://www.youtube.com/watch?v=ce7AMJdq0Gw

https://www.youtube.com/watch?v=ce7AMJdq0Gw


Speed of Sound
All sound frequencies travel at the same speed in the 

same medium

We’ll use 340 m/s in air for all 
problems unless they say 

otherwise

𝑣 = 𝜆𝑓

Because the speed of sound is 
a constant, you can always 

find either the frequency or 
wavelength of a sound wave as 

long as you know the other



Practice
Jimmy is stepping on the tails of stray cats to find out 
how far away a nearby cliff is. If the howls of the stray 
cats take 5 seconds to return, how far away is the cliff?

𝑣 = ൗ2𝐷
𝑡

D

340 = ൗ2𝐷
5

𝐷 = 340 ∗ 5/2

𝐷 = 850𝑚



Range of Human Hearing
We can hear frequencies between 

20 hz and 20, 000 hz

How is energy carried in a sound wave?

The AMPLITUDE or the volume







Decibels
This is how we measure the loudness 

of a sound and their intensities

To compare decibel levels 
and sound intensities we use 
a logarithmic base ten scale

For example if you are 
comparing the loudness of a 
whisper to a conversation, 
start by comparing their 

decibel levels. 

From 30 you 
had to add 10

3 times to 

get to 60
So the sound is

1,000 louder



Decibel Animation

http://www.animations.physics.unsw.edu.au/jw/dB.htm#absolute


Resonance
 Some materials vibrate with 

greater amplitudes at different 
frequencies. 

 E.g. where in a swinging person’s 
path would you want to push 
them to get them to go higher?

 Certain frequencies will transfer 
energy at just the right time to 
create series of constructive 
interference. 

 https://www.youtube.com/watch
?v=Oc27GxSD_bI

 https://www.youtube.com/watch
?v=nFzu6CNtqec

https://www.youtube.com/watch?v=Oc27GxSD_bI
https://www.youtube.com/watch?v=nFzu6CNtqec


Bell Ringer
 1. How many times louder is 100 decibels than 30?

 2. You see lightning in the distance and instantly start 
counting the time before you hear the thunder, which 
ends up being 7 seconds. How far away was the 
lightning strike?



The Doppler Effect
The apparent change in frequency due to the 

movement of objects

Stationary  Source Moving  Source

Doppler simulation

https://www.youtube.com/watch?v=wrzWAox8NCM

https://highered.mheducation.com/olcweb/cgi/pluginpop.cgi?it=swf::800::600::/sites/dl/free/0072482621/78778/Doppler_Nav.swf::Doppler Shift Interactive
https://www.youtube.com/watch?v=wrzWAox8NCM


Change in Frequency
What is happening to the wavelength?

What does that mean about the frequency?
https://www.youtube.com/watch?v=8WgSQlRymwE

Shorter λ means a higher frequency and 
Longer λ means lower frequency!!
What happens as you move faster?

https://www.youtube.com/watch?v=dC4Lp7k4zrI

Higher Frequency Lower Frequency

https://www.youtube.com/watch?v=8WgSQlRymwE
https://www.youtube.com/watch?v=dC4Lp7k4zrI


Doppler Equation

𝑓𝑜𝑏𝑠 = 𝑓𝑠𝑜𝑢𝑟𝑐𝑒 ∗
𝑣𝑠𝑜𝑢𝑛𝑑

𝑣𝑠𝑜𝑢𝑛𝑑 ± 𝑣𝑠𝑜𝑢𝑟𝑐𝑒

Use:
+ if the objects are getting farther apart

- if the objects are getting closer together



Practice
Jane is running down the street screaming at Jimmy. 
What frequency does Jimmy hear if Jane’s scream is 
12,000 hz and she is running towards him at 23 m/s?

𝑓𝑜𝑏𝑠 = 𝑓𝑠𝑜𝑢𝑟𝑐𝑒 ∗
𝑣𝑠𝑜𝑢𝑛𝑑

𝑣𝑠𝑜𝑢𝑛𝑑 ± 𝑣𝑠𝑜𝑢𝑟𝑐𝑒

𝑓𝑜𝑏𝑠 = 12,000 ∗
340

340 − 23
𝑓𝑜𝑏𝑠 = 12,870.6 ℎ𝑧



Practice
How fast would Jane need to be running for the sound to 
be outside of Jimmy’s range of hearing?

𝑓𝑜𝑏𝑠 = 𝑓𝑠𝑜𝑢𝑟𝑐𝑒 ∗
𝑣𝑠𝑜𝑢𝑛𝑑

𝑣𝑠𝑜𝑢𝑛𝑑 ± 𝑣𝑠𝑜𝑢𝑟𝑐𝑒

20,000 = 12,000 ∗
340

340 − 𝑣

20,000

12,000
=

340

340 − 𝑣

12,000

20,000
=

340 − 𝑣

340

12,000

20,000
∗ 340 = 340 − 𝑣

(
12,000

20,000
∗ 340) − 340 = −𝑣

𝑣 = 136 𝑚/𝑠



Super Sonic

When an object is traveling faster than sound:

https://www.youtu
be.com/watch?v=6
B4IVcCuIZE

When the train blew 
its whistle, you could 
hear it before it 
reached you. Could 
you hear a fighter jet 
before it reaches you?

https://www.youtube.com/watch?v=6B4IVcCuIZE


Do you think you’d hear a sonic 
boom in the cockpit?
 https://www.youtube.com/watch?v=gA8x-CfqgYA

 What happens to the observed frequency when the 
source travels at the speed of sound? 

𝑓𝑜𝑏𝑠 = 𝑓𝑠𝑜𝑢𝑟𝑐𝑒 ∗
𝑣𝑠𝑜𝑢𝑛𝑑

𝑣𝑠𝑜𝑢𝑛𝑑 ± 𝑣𝑠𝑜𝑢𝑟𝑐𝑒

https://www.youtube.com/watch?v=gA8x-CfqgYA

