Math 3 – 320: pH, Richter, and decibels

Name: ______________________________

Today we are going to review methods for solving exponential and logarithmic equations by looking at some real-life applications.
The first is a chemistry application. You may remember from chemistry that the level of acidity or basicity of a solution is measured on the pH scale. On the scale, 7 is neutral; water is a good example of a neutral solution. pH values lower than 7 are for acidic solutions like coffee, orange juice, or lemons. pH values greater than 7 are basic; these include solutions like soapy water, ammonia, and bleach. pH can be approximated mathematically by 
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, where the variable 
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 represents the concentration and activity of hydrogen ions in the solution in moles/liter (remember moles is a unit that tells the amount of something in chemistry).
Determine 
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 for the following pH values:

1.
pH = 2
2.
pH = 5
3.
pH = 9
4.
pH = 13


5.
Do acidic solutions have a higher or lower concentration of hydrogen ions than basic 



solutions?

Logarithmic functions are also used to measure the amount of energy in earthquakes. Many of you have heard of the Richter scale; this scale is really just a logarithmic function, where 
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. Earthquakes are measured on instruments called seismographs. They have a little needle that moves on the paper when the ground shakes. A in the equation is the displacement of the needle (how much it moves). A0 is a baseline or “normal” displacement that depends on how far away the seismograph is from the center of the earthquake. Notice that the input is really just a ratio of two displacements. You can use this to compare the strengths of any two earthquakes.

6.
What would be the magnitude of an earthquake that makes the needle move 100 times the 



normal displacement?


7.
How much more shaking occurs during a 6.0 magnitude earthquake compared to a 3.0 



magnitude earthquake?

The energy released by an earthquake compared to another can be modeled by 
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, where R is the ratio of the earthquake magnitudes (so 
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8.
How much more energy is emitted by a 6.0 earthquake compared to a 3.0 earthquake?


9.
What is the difference in magnitude of two earthquakes if one releases twice as much 



energy as the other?

The last application we will look at today is the intensity of sound. This is usually measured in decibels, such that 
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. This equation allows you to compare the strengths of two different sounds because P1 and P0 are the strengths of those sounds. If you want to discuss the strength of just one sound, you would use the baseline P0 , which is the strength of the weakest sound that can be detected by human ears.  Notice that this equation is similar to the Richter scale, just with different variables and the extra constant. 

10.
Some stadiums will reach 100 decibels during sporting events. How many times greater is 



P1 than P0 when this happens?

Given the pH level or hydrogen ion concentration of a solution, calculate the other value.


11.
pH = 7
12.
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H

= 6.3 · 10–3
13.
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= 1.0 · 10–4
14.

[image: image10.wmf]+

H

= 5.0 · 10–9

15.
An earthquake causes a displacement on the seismograph 100,000 times the normal 



displacement. What is the magnitude of the quake?


16.
A certain earthquake releases 1,800 times the energy of one of its aftershocks. What is the 



difference in Richter scale magnitude between the earthquake and its aftershock?
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