
SPH3U1 Lesson 03 Waves and Sound 

SOUND INTENSITY AND DECIBELS 

LEARNING GOALS 

Students will learn about various quantities that describe the loudness of a sound and how 

to calculate these quantities. 

PREPARATION AT HOME 

Reading 

 Nelson Physics 11 – Section 8.5 – Pages 395-396 
 Physics Classroom - Intensity and the Decibel Scale 

Videos 

 Doc Physics – Sound Intensity and Decibels 

Reading Quiz 

SOUND INTENSITY 

The amount of energy transported per second by a sound wave is called the power of the 
wave and is measured in SI units of joules per second (J/s) or watts (W). 

 

The power carried by a sound wave spreads out after leaving a source, such as a 
loudspeaker (as shown in the diagram below). Thus, the power passes perpendicularly 

through surface 1 and then through surface 2, which has a larger area and finally through 
surface 3.   

1. At each surface, the sound 
is spread out over more 

area so the intensity of the 
sound _______________ 

as you get further away. 

The sound intensity I is defined 

as the sound power P that passes 
through a surface per square 

metre of surface area, A: 

  
 

 
 

The sound intensity changes as 

the distance from a loudspeaker 
changes. 

 
2. Choose the correct units for sound intensity: 

a) joules/second b) watts c)watts/square metre       d) joules/square metre 

If a source emits sound uniformly in all directions, (like in the picture above) the intensity 

depends on distance in a simple way. The figure above shows such a source at the center of 
an imaginary sphere (for clarity only a section of the sphere is shown). The radius of the 

sphere is r. Since all the radiated sound power P passes through the spherical surface of 

area A = 4r2, the intensity at a distance r is 

Spherically uniform radiation   
 

    
 

 
From this we see that the intensity of a source that radiates sound uniformly in all directions 

varies as 1/r2. For example, if the distance increases by a factor of two, the sound intensity 
decreases by a factor of 22 =4.  If the distance is increased by a factor of 3, the intensity 

decreases by a factor of 9. 
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EXAMPLE 1  
3. During a fireworks display, a rocket explodes high in the air above the observers. 

Assume that the sound spreads out uniformly in all directions and that reflections 
from the ground can be ignored. When the sound reaches listener 2, who is r2 = 640 

m away from the explosion, the sound has an intensity of I2 = 0.10 W/m2. What is 
the sound intensity detected by listener 1, who is r1 = 160 m away from the 

explosion? 

 
Solution: 

  
  
 

 
    

 

 
    

 

 

 
 Simplify the fraction above and circle the correct answer: 

 
  

  
 
  
 

  
             

  

  
 
  
 

  
  

 

 Use the simplified equation to solve the question 
 

 
 

 

DECIBEL 

The intensity of different sounds has a huge range; humans can generally hear sounds with 
intensities between 10-12 W/m2 and 1 W/m2, a difference of 1012 W/m2.  Because of this 

large range, sounds are usually compared using the units of decibels (dB) which go up by 

powers of 10.  If we say that one sound has 100 times the intensity of another, then the 
difference between them is 20 dB (or 2 bels  2 zeros in 100 = 2 bels).  For example, if one 

sound has an intensity of 10-10 W/m2 and another sound has an intensity of 10-7 W/m2, the 
difference between them is 1000 units.  This corresponds to a difference of 30 dB (or 3 

bels). When we talk about decibels, we are talking about sound level rather than intensity.   

 
If needed, check out your textbook page 395 for another example. 

   
4. The difference between two sounds is 50 dB.  How many times more intense is the 

one sound than the other? 
 

 
5. A typical alarm clock has a sound intensity of 10-6 W/m2.  If a loud car is 30 dB 

louder, what is the sound intensity of the car?   

 
 

SOME IMPORTANT DECIBEL LEVELS 

0 dB – limit to human hearing.  Not everyone can hear sounds this quiet. 

20 dB – a whisper at 1 m 
60 dB – normal conversation at 1 m 

80 dB – subway or a noisy classroom 
90 dB – noisy lawn mower 

110 dB – rock concert near the stage 
120 dB – pain threshold 

 

Look at the table in your text on page 395 to see decibels and sound intensity of many 
other sounds.  
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In Ontario, health and safety legislation does not allow workers to be exposed on a 
continuous basis over an 8 hour work day to levels in excess of 85 dB.  Table 4 on page 396 

shows permissible exposure times for various decibel levels. 
 

 
 

 
 

 

 
 

. 

PRACTICE 

 
1. The average sound intensity inside a busy neighborhood restaurant is 3.2 x 10-5 

W/m2.  
a. How much power goes into each ear (area = 2.1 x 10-3 m2)  

b. Since power is energy per second, how much sound energy enters each ear 
during a one-hour meal?  

2. At a distance of 3.8 m from a siren, the sound intensity is 3.6 x 10-2 W/m2.  

Assuming that the siren radiates sound uniformly in all directions, find the total 
power radiated. 

3. A rocket in a fireworks display explodes high in the air.  The sound spreads out 
uniformly in all directions. The intensity of the sound is 2.0 x 10-6 W/m2 at a distance 

of 120 m from the explosion. Find the distance from the source at which the intensity 
is 0.80 x 10-6 W/m2. 

4. A person is producing 1.1 mW of sound power that is radiating uniformly in all 
directions. Some of the sound is reflected from the floor and ceiling.  

a) Ignoring reflections, calculate the sound intensity at a location 3.0 m away from the 

source. 
b) The intensity of the reflected sound at this location is 4.4 x 10-6 W/m2. What is the 

total sound intensity at this point? 
5. A loudspeaker has a square opening with a width of 0.190 m. The electrical power 

needed to operate the speaker is 25.0 W.  
a) If the average sound intensity at the opening is 17.5 W/m2, what is the sound power 

that leaves the opening? 
b) What percentage of the electrical power is converted by the speaker into sound 

power? 

 
 

 
 

 

HOMEWORK 

Read pages 395 - 396, Do p397 #5, 9, 10 

Answers:    1.  a) 6.72 x 10-8 W b) 2.4 x 10-4 J 2.   6.5 W 3.   190 m  

4.   9.7 x 10-6 W/m2 b)1.4 x 10-5 W/m2  5.   a) 0.632 W b) 2.53 % 

Answers: 

1. decreases 

2. c) watts/ square metre 

3. 
  

  
 
  
 

  
        1.6 W/m2 

4. 100 000 times 

5. 10-3 W/m2 


