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Population Dynamics: 


Exponential Growth and Decay

URL: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page01.htm
Note: All printer-friendly versions of the modules use an amazing new interactive technique called “cover up the answers”.  You know what to do…
Word of the Day

In this module, we're going to talk about "exponential growth" -- the kind of increase demonstrated by both fruit flies and savings accounts (although sadly fruit flies have been multiplying faster than bank balances lately).

“Exponentially” will be the word of the day today.  Besides flies and piggy banks, we’ll find out that most organisms can be described by exponential growth if they are not limited by resources.  Many other quantities grow exponentially, including the federal debt, wind power, and computer memory.  We’ll compare exponential and non-exponential growth, and we’ll find out that populations can shrink exponentially as well (things like bank accounts, caffeine in your bloodstream, and endangered populations).

So let’s get started...

Two bank accounts...

Since exponential growth is truly a universal model, we’ll start with something that is intuitive for most people – money in your bank account.  

Let’s say you have $1000 to deposit, and you have a choice of two savings accounts: 

· the first bank offers you $50 each year, every year.

· the second bank offers you 5% interest on your balance at the end of each year.

	The online version of this module contains an interactive applet which allows you to compare money in additive and exponential accounts over many years. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page02.htm
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Graphing your money

If you save $50 per year

Remember that the slope of a line tells you how much y changes as x changes – in this case, how much your balance changes with each passing year.  If you're depositing 50 bucks every year, then the slope of the line representing your savings account is simply $50/year . It stays the same over the years, and therefore we have a straight line.

So here’s the line:

	The online version of this module contains an interactive applet which allows you to see how your bank account would grow form constant yearly deposit. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page03.htm
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Of course if you saved more every year, the slope would look less pathetically shallow. So cut out your NetFlix subscription, save $100 per year, and the line will go up twice as steeply. Cut out the text messaging, save $1000 per year, and the line will go up even more steeply. But, no matter how much you save, if its the same amount every year, the graph will always look like a straight line.
What about 5% per year

When you get interest on your savings, you do NOT get the same amount every year. Let's say you start with a "nest egg" of $1000 and never add another penny. The bank adds interest, so in the second year you have more money than in the first, and the second year's interest is higher than the first year's. Each year this account grows, and therefore it gets more interest than it did the year before.  What would a graph of this look like? 

  Answer these questions first:

1. Will it be a straight line? 

	Yes
	Wrong, remember that a straight line only happens when the change in money is constant – and, as we saw above, each year you get a little more interest!

	No
	Correct


2. How does the slope change over time?

	Increases
	Correct, you get more interest each year because you have more money in your account than the initial amount

	Decreases
	Nope, slope will not decrease because more money is added to account each year

	Stays the same
	Nope, amount of money increases each year

	Changes unpredictably
	Nope because if we know the intial amount in bank account we can calculate the amount of interest in next 5, 10, 20 years, so change in money is predictable


3. Where should the line start?  $1000
4. Now try drawing the line on the screen.  Then click on the button to see how close you got.

	The online version of this module contains an interactive applet which allows you to see how your bank account would grow form constant interest rate. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page03.htm
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Bottom line: since your balance is growing, the interest added each year grows as well, and the line curves upward. The curving effect on this graph is very slight (put a piece of paper along the curve at year 1 if you need to be convinced that there IS a curve), but the curve is still there.

Of course if you find a better bank that will offer you 8% interest, the line will curve up even more. Or if you lend it to your brother-in-law at 1% upward, it will curve less. But, assuming you're getting an interest rate greater than 0%, it will always curve up.

Graphing fruit fly populations

Now let’s try the same thing with an animal population. True story -- last winter I bought some overripe bananas. Within a few days I noticed a couple of little black buzzing things that liked to fly straight at my face (hey, just because I'm an ecologist doesn't mean I can identify household pests!). It turns out they were fruit flies. Since it was the holiday season, I decided to be charitable and ignore them. After a couple of weeks of spitting out little black drosophila, I happened to look up at the ceiling -- you guessed it, covered in fruit flies, evenly spaced about 4 inches apart. 

Based on that experience, I made a highly subjective estimate of fruit fly growth rates (now that's something I'm qualified to do!). What I came up with was about 30% per day.  

So, starting with an original complement of 6 lonely fruit flies, can you reproduce my fruit fly invasion graphically below? (Again, just try to get the line to start in the right place, and have the correct general shape).

 On the first day, there are 6 flies, so the line starts at 6. 

30% of 6 is 1.8, so that's the increase from the first to the second day. 

	The online version of this module contains an interactive applet which allows you to graph growth in a fruit fly population. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page04.htm
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As you can see, the 30% increase in fruit flies per day resulted in a very noticeable upward curve -- both on the graph and in my home. You also may have realized that the exponential growth model doesn't exactly fit biology:

· a fruit fly produces many eggs at once, so an increase of 2 flies per day is not very realistic, and 

· fruit flies (and other animals) reproduce in whole numbers -- not 1.8 babies as in the first day of this model. 

The model is clearly a simplification of reality ... but it is a simplification that works really well in a lot of cases.

By the way, in case you are ever similarly invaded, a trap made out of mashed bananas in wine is supposed to work, but mine were too smart for that. I ended up hunting them down with an electric bug-zapper shaped like a tennis racket. It was very satisfying.
“Exponential” is not always “fast”

Before we get too much further, I want to clear up one possible misconception: the idea that an exponential growth rate is necessarily a “fast” growth rate.  The popular use of the word “exponential” suggests this, as in “the problems multiplied exponentially”.  Wow, sounds serious, and usually that’s what the speaker means.  

However, it is certainly possible to have an exponential growth rate which is quite slow.  If my bank account got 1% interest, it would still grow exponentially, just at a very slow rate!  
To see how this works, try the sliders below.  At what point is exponential growth over 10 years SLOWER than the $50 additive account? 
	The online version of this module contains an interactive applet which allows you to compare exponential and linear growth graphs. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page05.htm
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The point is that, even with a very low rate of interest, you do always get a little more each year compared to the year before.  So, yes, its exponential, and its slow.

How to calculate next year’s population (or bank balance)

When you’re calculating exponential growth, it is natural to think in terms of how much you ADD each year.  In my head, I’m saying something like “OK, I started with $1050, and 5% of that is $52.50, so I have to add that to the $1050 to get (voila) $1102.50."  

This works fine if you only have to figure out one or two years worth of numbers.  But if you have to go many years into the future, it's rather a pain.  So, I’m going to show you a much faster way.

Let’s go back to the bank balance.  In addition to the money you already have, you will get another 5%.  In other words, you keep 100% of your money, and add 5% more:

100% + 5% = 105%

So really what you need to do is find 105% of your bank balance.  Remember from high school that taking a percentage is the same as moving the decimal 2 places to the left and MULTIPLYING.  So:

105% of $1050 = $1050 × 1.05 = $1102.50

 Here are some practice questions.

What do you need to do in order to:

1. Find tomorrow’s population of fruit flies (with a growth rate of 30%): Multiply first year’s population by 1.30 .

2. Find next year’s balance on a $26,000 investment which is returning 9%: Multiply $26,000 by 1.09 .

3. Find the balance on your credit card if you don’t pay anything for a year and get charged 19% interest?:  Multiply original amount due by 1.19 .

4. Find next year’s global human population, assuming that the growth rate is 1.2%? Multiply this year’s population by 1.012 -- careful, it's not 1.12! 1.2% is just over 1%, so the multiplier will be just over 1.01 .

Using exponents

Now that you can easily find next year’s bank balance, let’s keep going for a few years:

2010: $1000

2011: $1000 × 1.05 = $1050

2012: $1000 × 1.05 × 1.05 = $1102.50

2013: $1000 × 1.05 × 1.05 × 1.05 = $1157.63

2014: $1000 × 1.05 × 1.05 × 1.05 × 1.05= $ 1215.51

You can see that by the year 2025 or so, this is going to get really cumbersome: 

2025: $1000 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05 × 1.05  = $2078.93

Of course there is an easier way to calculate the balance by the year 2025: instead of doing the multiplication 15 times, use an exponent: 1.0515.  

Hmm, use an exponent to calculate exponential growth.  Coincidence…?

So, how much will you have by the year 2025? 1000 × 1.0515 = $2078.93
How about 2050? 1000 × 1.05 40 = $7039.99
Incidentally, this is how you get a retirement account – do it now! (At least, do it when you graduate.  In 40 years, you’ll thank me.)

Problems using exponents

Here are some more problems using the exponential formulation:

1. How much is a $26,000 retirement account worth after 40 years if it grows 

at 1%? 26,000 × 1.0140 = $38,710.46
at 5%? 26,000 × 1.0540 = $183,039.71 

at 6%? 26,000 × 1.0640 = $267,428.67
2. How many fruit flies do I have if I buy bananas (and 6 flies) on December 10th, but don't start zapping fruit flies until the day after Christmas (December 26th; growth rate = 30%)?: 6 × 1.3016 = 399 

3. Find out how much that $159 iPod will cost if you put it on your credit card and don’t pay anything for 10 years (19% interest)? 159 × 1.1910 = $905.45 

4. In 2008, the world’s population was about 7 billion.  Given current world population growth rate of 1.2%, what will population size be in 40 years? (7 × 109) × 1.01240 = 1.13 × 1010 (or 11.3 billion).

Negative rates = Shrinkage

Notice how all of the problems we’ve done so far have a positive rate of growth?  Of course, positively growing bank accounts are not always very realistic. For example, if you consistently overspend by the same amount, your account will look more like this:

	The online version of this module contains an interactive applet which allows you to see how you bank would shrink due to constant yearly deficit. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page09.htm
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But it's also possible to lose some PERCENTAGE of your money every month or year or whatever. That can happen during a recession -- when you might see headlines like "the value of IRAs fell by 12% for the third month." In this case, a biologist would say (somewhat confusingly) that the rate of “growth” is NEGATIVE.  

[image: image14.png]AKsuow

year



So what does a negative rate of growth look like?For example, if you have a stock portfolio that is LOSING 5% per year?  Obviously you would expect the amount in the account to decrease, but exactly what would the graph look like?

First of all, a straight line seems unlikely. In order to get a straight line, you need to lose the SAME AMOUNT during every time period, and that's not going to happen if you're losing 5% of the balance. So let’s rule out the straight line.
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Instead, let's think about some real numbers. If you have $1000 and lose 5%, that’s $50 gone, so next year you only have $950 dollars left.  In the second year, you lose 5% of the $950 … and whatever that number is, it’s LESS than $50 – you lose LESS the second year compared to the first, or in other words, your balance doesn’t go down as fast (obviously it still goes down, unfortunately!)

So what does that kind of graph look like? (use your mouse to see the line).

On the graph below, draw the line that would represent losing 5% per year:
	The online version of this module contains an interactive applet which allows you to see how your bank account would grow from constant interest rate. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page09.htm
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So the graph of "negative exponential growth" is ALWAYS a line curving downward toward zero.
Shortcut for exponential shrinkage


Remember the easy method for calculating exponential growth?  In case you don’t, here it is again:

1. Find a number to multiply by the original balance by converting the percentage to decimal and adding 1 (i.e., 5% becomes 1.05)

2. Find the number of years needed, i.e., 10

3. Raise the multiplier to the power of the number of years needed, i.e., 1.0510
4. Multiply by the original balance, i.e., $1000 × 1.0510
You might think there would be a similar procedure for exponential shrinkage, and you would be right.  The only real trick is #1 above.  How do you convert 5% loss into a decimal number?
I have seen people try all kinds of strange numbers here. For example, I have seen students multiply $1000 by -0.05, resulting in a year 2 balance of -$50. I have also seen students multiply $1000 by 0.05 and get a year 2 balance of $50.

If you can’t quite remember the right formula, always check to see if your answer makes sense!!  If I start with $1000 and spend 5%, I can’t possibly be left with only $50 at the end of the year – or even worse, -$50.

OK, end of lecture.  So here is how you do want to think about it: a 5% loss is the same as a -5% growth, right?  So, I will have 100% of my money left, MINUS 5%.  In other words

100% - 5% = 95% = 0.95.

Remember, rates of shrinking are the same as NEGATIVE growth rates, and use the same formula to find the multiplier. 

So, some practice with negative growth rates:

1. If my IRA loses 7% every year…multiplier: 1-0.07 = .93 
What will $1000 be worth in 10 years: $1000 × 0.9310 = $484 :( 

2. Unlike the developing world, population is actually falling in many developed countries. In Eastern Europe, for example, "growth" rates are as low as -0.5%. If the population of Bulgaria was 7.5 million in 2002, then what would its predicted population be in 2020?
multipler:1-0.005 = .995 
in 2020: 7.5 × .99518 = 6.85 million people 

3. Over the last 400 years, there have been 89 documented mammalian extinctions, out of about 5000 mammal species. This works out to a rate of -0.0045% per year.
multipler: 1 - 0.000045 = 0.999955 be careful -- the extinction rate is less than 1% per year, so the multiplier should be > 99% !
400 years from now: 4911 × 0.999955400= 4823 species 

4. The price of hard-drive space for personal computers has fallen rapidly over the last 4 decades. In 1981, the average price per meg of hard drive space was $350 (yes, that means your little 1 gig thumb drive should be worth $350,000 -- of course, they had disco back then too...)
By the next year, the price had fallen to $250 per meg. Assuming that the shrinking prices of hard drives are exponential, answer the following questions:

-That's a difference of $100 off the original price, so 100/350 = 29%, and the multiplier is 1 - 0.29 = 0.71 
-Price per meg now should be $350 × .7128 = $0.02 (in 2009) 
-As of summer 2009, a 1-gig thumb drive cost about $10, or about $0.01 per meg! So, we actually underestimated the decline by a bit. Still, its not a bad prediction. 

A quick review of exponential models

1. This model works any time that something (amount of money, population size, concentration, etc) grows or shrinks by the same PERCENT each timestep.

2. Timesteps can be days, years, nanoseconds, whatever you want as long as you are consistent.

3. Over time, populations that are growing exponentially will grow faster and faster -- the graph will "curve" upward.

4. Over time, populations that are shrinking exponentially will shrink MORE SLOWLY (that is, first they decline precipitously, then they start to level out, and they never quite get to zero) -- the graph will curve downward and level out.

If you don’t believe me about the never-getting-to-zero part, think about what happens when two very polite people share a brownie.  In the first minute, they eat half of it.  That’s a shrinkage rate of 50%.  In the next minute, they eat half of what was left.  Now we’re down to a quarter.  In the third minute they eat half again, leaving an eighth.  Since they are both polite and no one wants to finish it off, each minute they take smaller and smaller bites.  Soon there is only a thirty-second left, then a sixty-fourth… But of course they will never get to zero this way (unless they use calculus, but that’s a different story).

5. You find an exponential multiplier by adding the rate of growth (expressed as a decimal number) to 1, i.e., for 5% growth the multiplier is 1.05, for -5% growth the multiplier is 0.95.

6. You find the final population size by multiplying the original population by the multiplier RAISED TO THE POWER of the number of timesteps (number of timesteps is the exponent).

Drug dosage

So what can you do with exponential growth and shrinkage models?  Turns out, an awful lot.  The following pages contain issues from ecology, environment, economics, medicine ...  Remember that ANYTIME a population or collection of things changes by a constant PERCENTAGE, that’s exponential.  Have fun!

Over the counter pain medications – like ibuprofen (the main ingredient in a leading brand I don’t care to name) usually have dosing instructions on the bottle that say something like “take one or two tablets every 6 hours”. So you take the pills, and pain goes away, but pain starts coming back gradually before the 6 hours are up, increasing until you can take another dose.  Turns out, you’re metabolizing the ibuprofen and the concentration is declining exponentially. 

	Ibuprofen metabolizes at approximately 29% each hour. If you start out with a 500mg dose, what will the concentration in your body be after 6 hours? 

· We’re dealing with shrinkage here. What's the multiplier?

· The multiplier is 100% - 29% = 71% = 0.71.

· The exponent is the number of hours...

Answer: 500×0.716 = 64mg


	What is the concentration in your body after 3½ hours (when you started to feel pain again)?

· Still using the same multiplier

· What should the exponent be?

Answer: 500×0.713.5 = 151mg


 Caffeine withdrawal

Another familiar drug, caffeine, decreases in your body by 12% per hour. If you’re planning to drink a cup before a long exam it might be very useful to know how long it takes for the caffeine to diminish before you to need more to stay alert.  
	If you start with a standard cup of coffee containing 120mg of caffeine, how long before the effects wear off? (Note: You might be affected by as little as 50 mg)

· 100% - 12% = 88% 

· 120×0.88 ?? < 50

· need to do some “plug-and-chug” here (in other words, make some guesses) ...

· 120×0.881 = 105.6 mg

· 120×0.882 = 92.9 mg

· 120×0.883 = 81.8 mg

· keep hitting "x 0.88" on your calculator, you'll get there eventually

Answer: 120×0.887 = 49mg, so about 7 hours


Growth of the computer industry

When the home computer first came on the market in the late 1970’s there were many people who pooh-poohed the idea. “Why would anyone possibly want a computer in their home?” Boy, were they wrong (and possibly a little embarrassed)! By the mid 1990’s 1/3 of US homes had a computer. 

	In 1997, 37% of homes had a computer. If computers expanded by 12% annually, how many homes had them in 2000?

· Find the multiplier is 1 + 0.12 = 1.12

· This is growth over a three year period, so raise the multiplier to the third power

· Starting value is 37

Answer: 37×1.123= 52% 


	The Internet also had its naysayers, but its usage has grown even faster (32% per year). Starting at 18% of homes in 1997, what would you expect in 2000?

· What's the multiplier?

· How many years?

· Where did we start?

Answer: 18×1.323= 41%


	If these rates continued, in what year would the percent of homes with Internet be approximately equal to the number of homes with a computer?

· Keep increasing the number of timesteps and recalculate

· 37×1.124 vs 18×1.324
· Answer will be approximate

Answer: Sometime between 2001 and 2002


By the way, if you're a bit disturbed by the last calculation, you have a right to be. 
Why? Because the percentage of homes with Internet should not really be able to exceed the percentage of homes with a computer. So if the above model is correct, then 

· at the moment when % of homes with computers first equalled % of homes with Internet, the growth of Internet must have slowed to be no more than the growth of computers, and

· after 2002, every home with a computer also had Internet, which we know is not true (like my great aunt Jeanene in Michigan, who uses her Tandy to play mah-jong), and

· in 2006, the number of homes with computer and Internet exceeded 100% for the first time in human history (alert the Onion!)

These three unlikely conditions are shown in the graph below. So is exponential growth "wrong"? Well, the model itself isn't wrong, but we may have applied it a bit too eagerly. Assuming the growth rates stay constant over long periods of time doesn't really make sense. 

If, instead, we assume that growth rates gradually decline (both for computer ownership and for Internet access) we get more reasonable results -- which you can see by rolling your mouse over the graph. This is still exponential growth, but the growth rate is no longer constant -- that's why the lines don't curve up.




The moral of the story? Math is fun and all, but don't throw out your common sense.
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Viral growth

A virus will typically spread exponentially at first if there is no immunization available.  Each infected person can infect multiple new people.  SARS (Severe Acute Respiratory Syndrome) and Ebola are two such viruses whose impact to affected areas can be devastating. Knowing the rate at which they typically spread is important when you are trying to contain and treat an outbreak. 

Suppose you are working at an international aid organization and there are simultaneous outbreaks of SARS and Ebola. Your organization has only enough resources to travel to and help in one location. Do you rush to help the SARS infected community or the Ebola? 

 

	There have been 30 cases reported in the SARS outbreak so far and SARS has an infection rate of 4% per day. Ebola, meanwhile, has only been reported in one person. The infection rate for Ebola is 11% per day. How many people will become infected with each after 15 days?

· What are the multipliers for SARS and Ebola?

· You already know the exponent will be 15 days

· You will start with 30 in the SARS equation and 1 in the Ebola equation

Answer: SARS: 30×1.0415 = 54 and Ebola: 1×1.1115 = 5 


	If you think you know which community to help, consider the number of people infected after 30 days.

· Only the exponent changes

Answer: SARS: 30×1.0430 = 97 and Ebola: 1×1.1130 = 23


	One last thing to consider before jumping on a plane; if the infection rate peaks at 60 days and then fizzles out, how many people will be infected at the peak in each community?

· Still just the exponents

Answer: SARS: 30×1.0460 = 316 and Ebola: 1×1.1160 = 524


 Although there are many fewer cases of Ebola than SARS at the start of the outbreaks, the different growth rates means that the Ebola victims eventually outnumber the SARS victims. How many days before this happens? It's possible to solve this mathematically, but you can also just look at a graph:

	The online version of this module contains an interactive applet which allows you to compare population sizes of Ebola and SARS. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page15.htm
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Wind energy

[image: image10.jpg]Megawatts

World Cumulative Installed Wind Power

Capacity, 1980-2007

100,000
0000

80000
70000

60000
50000

40000
30000

20000

10,000

1880

1885

1880 1995 2000 2005
‘Source: GWEC; Worlawatch

2010




Can wind energy meet our growing energy needs? Depends upon how fast it can grow! 

Wind energy production currently meets just over 1% of our energy needs. Wind energy proponents have set a goal of boosting wind energy production to meet 20% of the nation’s total electricity needs by 2030. This means that wind production would be boosted to about 300,000 megawatts in 2030 (from 16,818 megawatts in 2007). 

What do current rates of wind energy increase tell us about our ability to meet this goal? 

	Since 2007 wind energy production has increased at a net rate of 57% annually. Would this be a sufficient rate of growth for meeting the 2030 goal?

· Starting at 16,818 megawatt installed capacity

· Calculating a 23 year period

Answer: Yes! 16,818×1.5723 = 538,848,097 megawatts


	Year
	Growth

	1990
	11

	1991
	15

	1992
	-2

	1993
	-3

	1994
	2

	1995
	-3

	1996
	0

	1997
	0

	1998
	14

	1999
	36

	2000
	4

	2001
	66

	2002
	10

	2003
	36

	2004
	6

	2005
	36

	2006
	27

	2007
	45


But wait a minute! World wind energy production may have grown exponentially overall, but there have been major variations in growth rates (including declines) between different years, especially when you look at a single country. These fluctuations have been in part due to changes in tax incentives that promote wind energy, and public demand for wind power. 

 
	If wind energy production increased annually at the 2004 rate (6%), would we meet the 2030 goal, starting with the 2007 installed capacity?

·  2007 installed capacity is 16,818 Megawatts

Answer: NO! 16,818×1.0623 = 64,241 megawatts


 
	What if wind energy production increased annually at the 2006 rate (27%), would we meet the 2030 goal, starting with the 2007 installed capacity?

· I need a hint: Just change the multiplier

Answer: Yes! 16,818×1.2723 = 4,104,497 megawatts


Ecology

Every year, 2000 new synthetic chemicals are introduced. Luckily, there are ways to predict how a chemical will act in the environment before you start dumping it into streams... One of these methods is called an algal toxicity test, also called a bioassay. 

The idea behind the test is that algae form the base of the food chain in many waterways and if you mess with them, you mess with the entire ecosystem. Not good. 

To conduct this test, we’ll take some algae and expose it to different concentrations of a chemical. We’ll then measure the algae’s growth rate for a week and determine if any of the chemical concentrations were high enough to cause a 50% reduction in the algae population. The chemical concentration that causes a 50% reduction in algae is called the threshold concentration. 

Let’s give it a try.... We’ll test a rather nasty chemical called "phenol", which is the embalming chemical of choice, except for its disconcerting tendency to turn dead tissues a bleached-white color. It's used in making CDs, DVDs, and fiberglass for automobiles, and it's also the basis of bisphenol A (BPA), which was recently the subject of a health scare involving water bottles (short version - don't drink water from a bottle marked with plastic code 7).  
	There are 4 test tubes in this experiment. One will be the control. The control is simply the algae growing alone. It will be what we compare the other experimental tubes to at the end of the week to know how much algae we could have had (if not for the poisonous chemical). The data table below gives the growth rate for each test tube after one week. The beginning cell density for the algae was 1×1010 cells/mL. Calculate the final algae cell density in each tube.

· Find the multiplier from each test tube growth rate 

· Begin with the starting cell density of 1 x 1010
· Calculate for 7 timesteps

Test Tube

Algal Growth (Rate/Day)
Algae cell density on Day 7

Full strength 

12%

2.2×1010
Half strength

18%

3.2×1010
One quarter strength

22%

4.0×1010
Control (no chemical)

31%

6.6×1010



	From your calculations, what was the threshold for Phenol?

· You need to compare each test tube cell density to the control's

· You are looking for at least a 50% reduction in algae

· That’s a density of about 3.3×1010
Answer: Phenol: half strength


Is human population growth exponential?

We have seen many examples in this module that fit the exponential growth model. According to the model, when things are growing exponentially, the bigger they get the faster they grow (or in the case of decay - the smaller they get, the slower they shrink). 

	The online version of this module contains an interactive applet which allows you to see exponential growth of human population. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page18.htm
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It has a few jigs and jags, but overall it has that upward curving shape familiar to exponential growth curves. We can also see that the population plodded along at relatively low levels for thousands of years before it really began to climb. Use the applet below to explore human population growth more in depth.

	The online version of this module contains an interactive applet which allows you see human population growth over time. To find this applet go to: http://mathbench.umd.edu/modules/popn-dynamics_exponential-growth/page18.htm
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