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UNIVERSITY OF CENTRAL FLORIDA

Department of Mathematics/School of Electrical Engineering and Computer Science

MAP/COP 3930H   Fall 2009

Mathematical Modeling & Scientific Computing  
TEST # 1 
Instructions:


1.  Use paper size (8.5 x 11) and write on one side only.


2.  Show all relevant steps in arriving at your answer (or conclusion).


3.  Clearly designate your answers (circle, underline, etc.)

1. (10 Pts).
Your grandparents have an annuity. The value of the annuity increases each month as 1% interest on the previous month’s balance is deposited. Your grandparents withdraw $2000 each month for living expenses. Currently, they have $100,000 in the annuity. Model the annuity with a dynamical system. Find the equilibrium value. What does the equilibrium value represent for this problem? Find analytically when the annuity is depleted. 
2. (20 Pts).
Consider the spreading of a highly communicable disease on an isolated island with population size 
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. A portion of the population travels abroad and returns to the island infected with the disease. You would like to predict the number of people 
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 who will have been infected by some time
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. Consider the following model, where 
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a. Graph 
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.
b. Graph 
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versus 
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 if the initial number of infections is 
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 if the initial number of infections is 
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c. Solve the model for 
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as a function of 
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.
d. From part (c), find the limit of 
[image: image18.wmf]X

as 
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 approaches infinity.
e. Given 
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 = 0.0001, 
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= 5000 and the time to reach half limiting value of the population is 3 days.  Predict the number of people who will be infected by 
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=

12 days. 
3. (20 Pts).       A patient is given a dosage 
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 of a drug at regular intervals of time 
[image: image24.wmf]T

. The concentration of the drug in the blood has been shown experimentally to obey the law

[image: image25.wmf]=- 

c

dC

ke

dt


a. If the first dose is administered at 
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 hr, show that after 
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hr have elapsed, the   residual
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remains in the blood.
b. Assuming an instantaneous rise in concentration whenever the drug is administered, show that after the second does and 
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hr have elapsed again the residual
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remains in the blood.
c. Show that the limiting vale 
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of the residual concentrations for doses of 
[image: image32.wmf]/

Qmgml

repeated at intervals of 
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hr is given by the formula
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d. Assuming the drug is ineffective below a concentration 
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and harmful above some high concentration
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, show that the does schedule 
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for a safe and effective concentration of the drug in the blood satisfies the formula
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where 
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 is a positive constant.
4. (20 pts).    In Poker, a player is dealt five cards from a standard deck of 52 cards. There are 13 kinds: Ace, 2, 3, 4, 5, 6, 7, 8, 9, 10, Jack, Queen and King, and four suits: Spades, Hearts, Diamonds and Clubs. There are 13 cards (one of each kind) of each of the 4 suits.

a. What is the probability of being dealt four of a kind? (Note: In order to get four of a   kind, you must get the same kind from all four suits and one other card.)

b. What is the probability that all five cards you are dealt are of the same suit? (This is a flush.)

c. What is the probability of being dealt a full house? A full house is 3 cards from one kind and the other 2 cards from another kind.

d. What is the probability of receiving at least one Ace?

5. (20 pts).     Arup spends all of his time at the following three places: home, UCF and University High School. Depending on which location he is at, here are the given probabilities of where he will transition to in the next hour:

	Current \   Future
	Home
	UCF
	University High

	Home
	.5
	.2
	.3

	UCF
	.15
	.8
	.05

	University High
	.05
	.9
	.05


a. Draw a transition diagram that encapsulates the information in the chart above.

b. Let X be probability that Arup is at home, let Y be probability that Arup is at UCF, and let Z be the probability that Arup is at University High School. Write down the three equations that can be determined from the transition diagram. What is a fourth equation that X, Y and Z satisfy.

c. Picking any three of the four equations above, solve them using Kramer’s Rule (and show all of your steps), and give the steady state probabilities of Arup being at home, UCF and University High.

6. (10 pts).     Consider using the Traditional Marriage Algorithm (TMA) to marry six people. The three boys are Stan, Joe and Dan. The three girls are Mary, Liz, and Jen. Here are their ordered lists of preferences:

Stan: Mary, Liz, Jen


Mary: Joe, Stan, Dan

Joe: Mary, Liz, Jen


Liz: Joe, Stan, Dan

Dan: Liz, Mary, Jen


Jen: Dan, Joe, Stan

Run the TMA and show the three couples it recommends. How many days does it take before the algorithm terminates? Is it possible on an individual run of the TMA for the girls to get a higher average rank (in mate) than the boys?
---------------------------------------------------------------------------
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