Test #3                                                                                                                   SCI 1300 


Name:_____________________________   

· The test has 5 problems and one extra-credit problem.

· Read the problems carefully!

· You are only allowed to use a pen/pencil, a ruler and a calculator.

· Good luck, y’all!                                  

Problem 1 (20 points) 

A certain antibiotic decays exponentially in the human body with a half-life of about twelve hours. Suppose a patient takes an 800 mg tablet of the antibiotic every day.

1. Find the amount (in mg) of the antibiotic in the body immediately after the patient has taken the second tablet.

2. Assume the antibiotic treatment consists of a total of 7 tablets. Give a numerical estimate for the amount of antibiotic in the body immediately after the patient takes the last tablet of the treatment.

Problem 2 (20 points)

The data below describe the density of a population of Salmonella Typhimurium at two-hourly intervals. Complete the table below assuming the data fit an exponential model.

	Sample time (in hrs.)
	Observed density (cells/milliliter)

	0
	1.1 · 108

	2
	

	4
	

	6
	

	8
	1.7 · 1010


Don’t forget to show your work!

Problem 3 (20 points)

Consider the following modification of Fibonacci’s Growth Model:

We start with 100 pairs of rabbits (one female and one male) that mature to reproductive age in a fixed period of time, say a month. At that time they each produce a new pair, one female and one male. Half of the original pairs will reproduce one more time, after one more month, and again the offspring will be a pair of rabbits. 

We can model this modification of Fibonacci’s model as follows: Let R(t) be the number of rabbit pairs that are born at the beginning of the t’th month. The first pair appears at time t = 0.

R(0) = 100

This first pair bears another pair at time t = 1.

R(1) = 100

It follows from the description above that for all later times

R(t) = R(t - 1) + ½ R(t –2).

(1) Complete the table below:

	Month (t)
	Rabbit pairs R(t) born at time t
	Ratio of consecutive terms

	1
	100
	-

	2
	100
	 

	3
	150
	 

	4
	200
	 

	5
	 
	 

	6
	 
	 

	7
	 
	 

	8
	 
	 

	9
	 
	 

	10
	 
	 

	11
	 
	 

	12
	 
	 

	13
	 
	 

	14
	 
	 

	15
	 
	 

	16
	 
	 

	17
	 
	 

	18
	 
	 

	19
	 
	 

	20
	 
	 


(2) Note that the ratio of consecutive terms is not constant, but approaches a certain value as t becomes larger. Give an estimate for this value!

Problem 4 (20 points)

Consider the following example of a logistic growth model: 
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(1) Give an estimate for the population ceiling.

(2) Give an estimate for the population level (not the time!) at which the population increases the fastest.

(3) Suppose the population had been 300 at time t = 0. Give an estimate for the population at time t = 20.

Problem 5 (20 points)

Consider a one-locus two-allele genetics model. There are three genotypes: Red tulips (RR), white tulips (WW), and the mixed genotype RW leading to a pink tulip. Suppose the initial population consists of 100,000 pink tulips and 25,000 red tulips.

(1) Compute the allele ratio R:W of this initial population.

(2) Suppose the initial population mates at random. What will be the approximate ratio of the three genotypes in the second generation? 

(3) Suppose the second generation of tulips mates again at random. What will be the approximate ratio of the three genotypes in the third generation?

Extra-credit Problem  (20 points)

The “ultimate” ratio of consecutive terms you found at the end of Problem 3 is one of the solutions of a certain quadratic equation. Find this quadratic equation and use it to compute an exact value for the “ultimate” ratio of consecutive terms.
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