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Investigation 1: How Loud is too Loud? 

Decibels and Sound Intensity 

 

 

 

 

 

 

Use the table below to answer the Think About This Situation questions. 

Answer a)______________________________________________________________________ 

Answer b)______________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

Your analysis of the sound intensity data might have suggested several different algorithms for converting 
watts per cm2 into decibels.  For example, if the intensity of a sound is 10x watts/cm2, its loudness in decibels 
is 10x + 120. 

The key to discovery of this conversion rule is the fact that all sound intensities were written as powers of 10.  
What would you have done if the sound intensity readings had been written as number like 3.45 watts/cm2 or 
0.0023 watts/cm2? 
 
 



As you work on problems of this investigation, look for an answer to this question: 
How can any positive number be expressed as a power of 10? 
 

1) Express each of the numbers below as accurately as possible as a power of 10.  You can find exact values 
for some of the required exponents by thinking about the meanings of positive and negative exponents.   
Others might require some calculator exploration of ordered pairs that satisfy the exponential equation y = 
10x. 
 
a. 100   b.  10,000   c.  1,000,000 
d. 0.01   e.  -0.001   f.  3.45 
g. -34.5   h.  345    i.  0.0023 

 

2) Suppose that the sound intensity of a screaming baby was measured as 9.5 watts/cm2.  To calculate the 
equivalent intensity in decibels, 9.5 must be written as 10x for some value of x.  
  
a. Between which two integers does it make sense to look for values of the required exponent?  How do 

you know? 
 

b. Which of the two integer values in Part a is probably closer to the required power of 10? 

 
c. Estimate the required exponent to the nearest hundredth.  Then use your estimate to calculate a 

decibel rating for the loudness of the baby’s scream. 
 

d. Estimate the decibel rating for loudness of sound from a television set that registers intensity of 6.2 
watts/cm2. 

 

The exponents in the example above demonstrate logarithms. A logarithm is defined as follows: 

 

The logarithm base b of a positive number y is defined as follows: 

If y = bx, then logby = x. 

      

The exponent x in the exponential expression bx is the logarithm in the equation logby = x.  The base b in bx is the same 
as the base b in the logarithm.  In both cases, b ≠ 1 and b > 0.  So what this means is that you use logarithms to undo 
exponential expressions or equations and you use exponents to undo logarithms, which means that the operations are 
inverses of each other.  Thus, an exponential function is the inverse of a logarithmic function and vice versa. 

Common Logarithms 
As you discovered in your work on Problems 1 and 2, it is not easy to solve equations like 10x = 9.5 or 10x = 
0.0023, even by estimation.  To deal with this very important problem, mathematicians have developed 
procedures for finding exponents.  We have already discussed logarithms in the previous lesson, but in this 
lesson we will solve exponent problems which focus on a base of 10.  When we solve logarithmic problems in 
base 10, we call them common logarithms. 



 
The definition of common logarithms is usually expressed as: 

 
  log10 a = b if and only if 10b = a 
 

Log10 a is pronounced “log base 10 of a”.  Because base 10 logarithms are so commonly used, log10 a is often 
written as log a.  Most calculators have a built-in log function that automatically finds the required exponent 
value. 

 
3) Use your calculator to find the following logarithms.  Then compare the results with your work on Problem 

1. 
a. log 100    b.  log 10,000   c.  log 1,000,000 
d. log 0.01   e.  log (-0.001)   f.  log 3.45 
g. log (-3.45)   h.  log 345   i.  log 0.0023 

 
4) What do your results from Problem 3 (especially Parts e and g) suggest about the kinds of numbers that 

have logarithms?  See if you can explain your answer by using the connection between logarithms and the 
exponential function y = 10x. 
 
 

5) Logarithms can be used to calculate the decibel rating of sounds, when the intensity is measured in 
watts/cm2.   
a. Use the logarithm feature of your calculator to rewrite 9.5 as a power of 10.  That is, find x so that 9.5 = 

10x. 
 

b. Recall that if the intensity of a sound is 10x watts/cm2, then the expression 10x + 120 can be used to 
convert the sound’s intensity to decibels.  Use your results from Part a to find the decibel rating of the 
crying baby in Problem 2. 

 
6) Assume the intensity of a sound I = 10x watts/cm2. 

a. Explain why x = log I. 
 
 

b. Rewrite the expression for converting sound intensity reading to decibel numbers using log I. 

 

7) Use your conversion expression from Problem 6 to find the decibel rating of the television set in Problem 2 
Part d. 
 

Why Do They Taste Different? 

You may recall from your study of science that the acidity of a substance is described by the pH rating – the 
lower the pH rating, the more acidic the substance is.  The acidity depends upon the hydrogen ion 
concentration in the substance (in moles per liter).  Some sample hydrogen ion concentrations are given 
below.  Since those hydrogen ion concentrations are generally very small numbers, they are converted to the 
simpler pH scale for reporting. 



8)  Examine the table at right.  
a. Describe how hydrogen ion concentrations [H+] are converted 

into pH readings. 
 
 

b. Write an equation that makes use of logarithms expressing pH as a 
function of hydrogen ion concentration [H+]. 

 

9) Use the equation relating hydrogen ion concentration and pH reading to compare acidity of some familiar 
liquids.  
a. Complete the table at right.  Round results to the nearest tenth. 

 
b. Explain how your results tell which is more acidic – lemonade, 

apple juice, or milk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lesson adapted from Core Plus Mathematic 2, Unit 5, pp. 377-381. 

 

 

 



 

 

 

 

 

 

 

A:___________________________________________________________________________ 

Bi.___________________________________________________________________________ 

Bii.__________________________________________________________________________ 

Biii.__________________________________________________________________________ 

Biv. __________________________________________________________________________ 
 
 

 
 
Use your understanding of the relationship between logarithms and exponents to help complete these tasks. 
 
a. Find these common (base 10) logarithms without using a calculator. 

i. log 1,000   ii.  log 0.001   iii.  log 103.2 
  

b. Use the function y = 10x, but not the logarithm key of your calculator to estimate each of these logarithms 
to the nearest tenth.  Explain how you arrived at your answers. 
i. log 75    ii.  log 750   iii.  log 7.5 
 

c. If the intensity of sound from a drag race car is 125 watts/cm2, what is the decibel rating of the loudness 
for that sound? 


