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Exponential Growth and Decay
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e.g  A person invests £1000 in a building society account which pays interest of 6% annually.  Write down an expression to calculate the amount in the account in t year’s time.

Initial amount in account = £1000


a=1000

Rate of interest = 6%

This is exponential growth so each year we will have 6% more than the year before.  The multiplying factor b=1.06

Let A be the amount in the account so the expression will be:
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e.g A car cost £15000 when new, each year its value decreases by 20%.  Write an expression to calculate its value in t year’s time.

Initial value of car = £15000



a=15000

Depreciation = 20%

This is exponential decay so the car is worth only 80% of it’s value year by year.  The multiplying factor b = 0.8

Let V be the value of the car so the expression will be:
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Once an expression has been formed it can be used to make future predictions:

In the first example, how much money would be in the account in 7 year’s time?
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t = 7
so
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In the second example, what would the car be worth in 10 year’s time?
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t = 10
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In some questions we need to use the information given to calculate the multiplying factor:

e.g.  The population of the US grew exponentially from the end of the War of Independence until the Civil War.  It increased from 3.9 million at the 1790 census to 31.4 million in 1860.  What would the population have been in 1990 if it had continued to grow at this rate?

Initial population = 3.9 million


a = 3.9
so
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After 70 years (t = 70) the population is 31.4  so we can write:  
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We can solve this:
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So our expression for the population after t years becomes:
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and we can answer the question:

In 1990, 

 t = 200  
 so 
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Exponential Growth and Decay can be shown by the equation:





� EMBED Equation.3  ��� where � EMBED Equation.3  ���





the function represents 	exponential growth if � EMBED Equation.3  ���


or 	     exponential decay if � EMBED Equation.3  ���





Write down an expression for each of the following situations:





Exercise 1


There are 400 houses in a town and this number is growing exponentially by 10% each year.  Write an expression to show the number of houses in t year’s time.


Each New Year’s Eve Scrooge works out the value of his possessions.  In 2004 it was £50000 and he expects it to grow exponentially by 20% a year.  Write an expression to show the value of his possessions in t year’s time.


It is estimated that the population of sparrows on an island is decaying exponentially by 15% each decade.  Write and expression to show the size of the population in t decade’s time, given there are 100000 now.








Exercise 2





Use the expressions you obtained in the first exercise to find:





How many houses there will be in three years time.


The value of Scrooge’s possessions each year up to 2009.


The number of sparrows after 1, 2 and 3 decades.








Exercise 3





A rumour spreads exponentially through a college.  100 people have heard it by noon, and 200 by 1pm.  How many people have heard it by 3pm?


A cup of coffee at 85°C is placed in a freezer at 0°C.  The temperature of the coffee decreases exponentially, so that after 5 minutes it is 30°C.  What is it’s temperature after 3 minutes and how long will it take for the temperature to drop to 5°C?


The population of the United Kingdom in 1971 was � EMBED Equation.3  ���; by 1992 it was estimated to be � EMBED Equation.3  ���.  Assuming a steady exponential growth estimate the population in 2003.


A radioactive substance decays at a rate of 12% an hour.


Find after how many hours half of the radioactive material will be left.


How many hours earlier did it have twice the current amount of radioactive material?


The membership of a society has grown from 5000 to 7000 over a period of three years.  If the growth in membership is exponential, what will it be after a further two years?


A biological culture contains 500000 bacteria at 12 noon on Monday.  The culture increases by 10% every hour.  At what time will the culture exceed 4 million bacteria?
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