Algebra I
Exponential Situations
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Bacteria Growth #1
An experiment begins with approximately 400 bacteria which grow at such a rate that their population triples every hour.

a.  Find the number of bacteria in 3 hours after the experiment begins.

b.  Find the number of bacteria 1½ hours after the experiment begins.

c.  Find the number of bacteria 4 hours before the experiment began.

d.  Write the rule you used in parts a, b and c.  Explain what each piece of your rule stands for.

Population Growth

In 1984 the population of Jackson, Mississippi was about 209,000.  The population growth rate has been about 2.8% per year.  At this rate, estimate:

a.  Jackson’s population in 1990.

b.  Jackson’ s population in 2000.

c.  Jackson’s population in 1970.


d.  Write the rule you used in parts a, b and c.  Explain what each piece of your rule stands for.

e.  When will the population double?

Newton’s Law of Cooling

Newton’s Law of Cooling states that the difference in the temperatures of a warm body and its cooler surroundings decreases exponentially.  Suppose a bowl of soup is at 1000 C.  In a room which is 200 C, its cooling is described by the following table.

	Time (minutes)
	Temperature (0C)

	0
	80

	1
	70

	2
	61.25

	
	

	
	


a.  Complete the table by first finding the common ratio.

b.  What is the base of the exponential equation going to be and what does it represent?

c.  What will the exponent represent?

d.  What is the coefficient in front of the base and what does it represent?

e.  Write a rule to model this situation.

Half-Life

Elements in nature consist of atoms, which can have a stable or unstable nucleus, depending on the ratio of protons to neutrons and their total number. Unstable nuclei tend to adjust to be more stable, by spontaneous emissions of one or more nucleons. This is what we call radioactivity. One use of radioactivity is to determine the age of rocks, minerals, or fossils. Carbon-14 is a radioactive atom of carbon that is in all living plants and animals (which means we are radioactive!). In our bodies, and in those of all living things, the amount of Carbon-14 stays constant, since the amount lost is counteracted by what we take in from the atmosphere. When a plant or animal dies, no more is gained, and the radioactivity decreases with time (meaning that the less of the C-14 there is, the slower it decays). Therefore, scientists can measure the amount of Carbon-14 in a fossil, and knowing how long it takes the amount of Carbon-14 to decrease itself in half, can estimate the age of the fossil.

a.  Cobalt - 60 has a half - life of about 5 years.   If a scientist starts out with 8 grams, how much will she have in 15 years?

b.  in 9 years?

c.  How much Cobalt - 60 was there 20 years before the scientist started to use it.

d.  Write the rule you used in parts a, b and c.  Explain what each piece of your rule stands for.

Bacteria Growth #2
In a parenting magazine, Mrs. Smth read an advertisement about all the different ways that bleach can be used to kill bacteria.  The advertisement claimed that some forms of bacteria double in amount after each hour.  For this assignment we are going to consider the situation where one bacterium is found on Mrs. Smth’s countertop at home.

a.  Make a table of values for the first 12 hours after the bacterium is found on the countertop and compare the time with the total bacteria.

b.  How many bacteria would be found in 24 hours?  Explain how you found your answer.

c.  Suppose Mrs. Huhn doesn’t clean her countertop for 2 days.  How many bacteria would be found on the countertop?  Explain how you found your answer.

d.  Given x number of hours, explain how you could compute the total amount of bacteria.

e.  Write a rule that represents this situation, where x is the number of hours and y is the total amount of bacteria.

f. How long does it take for 1,000 bacteria to be found?

g.  How long does it take for 1,000,000 bacteria to be found?

e.  How long does it take for 1,000,000,000 bacteria to be found?

Pools and Public Health Dept.

Public health departments monitor the cleanliness of restaurants, grocery stores, swimming pools, and other public facilities, because harmful bacteria can grow very quickly in untreated conditions.  For instance, data shows that bacteria will double every day in water of a swimming pool if no filtration or chlorine is used.  Suppose a sample of water from a certain swimming pool shows 1500 bacteria per cubic centimeter at 8 a.m. on a Monday morning.  Suppose that the density of bacteria in that pool doubles every day thereafter.

a.  Create a table showing the number of bacteria per cubic centimeter as a function of time from Monday (day 0) to the following Monday (day 7).  Explain what the pattern in the table is.

b.  Create a graph of this data.  Please use a scale of 5000 on your y-axis.

c.  Explain why this graph doesn’t have an x-intercept.

d.  Write a rule giving the number of bacteria per cubic centimeter as a function of time (in days).

e.  If health officials set 200,000 per cubic centimeter as the maximum bacteria count for pool water that is safe to use, how long will this pool stay in the safe range?  Explain how you found your answer.

Radioactive Decay
Elements in nature consist of atoms, which can have a stable or unstable nucleus, depending on the ratio of protons to neutrons and their total number. Unstable nuclei tend to adjust to be more stable, by spontaneous emissions of one or more nucleons. This is what we call radioactivity. One use of radioactivity is to determine the age of rocks, minerals, or fossils. Carbon-14 is a radioactive atom of carbon that is in all living plants and animals (which means we are radioactive!). In our bodies, and in those of all living things, the amount of Carbon-14 stays constant, since the amount lost is counteracted by what we take in from the atmosphere. When a plant or animal dies, no more is gained, and the radioactivity decreases with time (meaning that the less of the C-14 there is, the slower it decays). Therefore, scientists can measure the amount of Carbon-14 in a fossil, and knowing how long it takes the amount of Carbon-14 to decrease itself in half, can estimate the age of the fossil. C-14 takes about 5,600 years to decrease itself in half (and is therefore called its "half-life").

Say something dies today with 50 grams of C-14 measured in it. Fill in the table below to tell how much C-14 is left in the object.

	Age (years)
	Amount of Carbon-14 (grams)

	0
	

	5600
	

	11200
	

	
	

	
	

	
	

	
	


a.  Write a rule for this relationship. Again, the trick is we want x to be in years. 

b.  Scientists find a fossil that originally had 1200 grams of C-14 in it, and now only has 15 grams. How old is it? Write down the rule you used and how you got your answer.

c.  Let's say you discover a new element, and call it Smithinium after your best math teacher. You discover that it has a half-life of 247 years. If the substance originally had 6400 grams of Smthinium in it, and only has 300 left, how old is it? Show your work.

d.  If A is the amount of Smthinium in a substance when decay begins, write a rule that we can use to find the amount left in x years. 
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