Math 172 (Section 1) Test 1 Spring 2008

Name S CL-UTIONS

Seat #

e Do not open this test booklet until told to do so.

e Turn off all cell phones.

e For multiple-choice questions, precisely one answer is correct. Circle this correct answer.
e For all other questions, you must show sufficient work to justify your answer.

e You are not allowed to borrow another student’s calculator during the test.

e Show your Student ID when you turn in your test.

Do not write below this line

#1 (8 points) #7 (8 points)
#2 (8 points) #8 (8 points)
#3 (8 points) #9 (8 points)
#4 (8 points) #10 (8 points)
#5 (8 points) #11 (12 points)
#6 (8 points) #12 (8 points)

Total (100 points)
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1. (8 points) Consider the following discrete dynamical system.

P(t+1) = L2P(¢) — 40

If P(0) = 300, then what is the value of P(4) ?
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2. (8 points) Smoking one pack of cigarettes a day will cause you to absorb about 2.7 mg of the
heavy metal pollutant cadmium each year. Suppose that the cigarettes are the only source of
cadmium in your body, and that your body eliminates 7% of its cadmium each year. Develop a
discrete dynamical system (without an initial value) to represent C(¢), the number of milligrams
of cadmium in your body ¢ years after starting to smoke one pack of cigarettes a day.
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3. (8 points) Vitamin A is stored primarily in our plasma and our liver. Suppose that 40% of the
vitamin A in the plasma is filtered out by the kidneys each day and that 30% of the vitamin A in
the plasma is absorbed into the liver each day. Also assume that 1% of the vitamin A in the liver
is absorbed back into the plasma each day. Suppose you have a daily intake of 1 mg of vitamin
A each day, which goes directly into the plasma. Develop a discrete dynamical system (without
initial values) to represent P(n) and L(n), the number of milligrams of vitamin A in the plasma
and liver, respectlvely, on day n.
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4. (8 points) Suppose that u(n) and v(n) represent the number of milligrams of drugs U and V,
respectively, in the bloodstream n days after an initial dose of each. The discrete dynamical
system for this is shown below.

viwz)
u(n) = 0.6u(n — 1) — 0.3v(n — 1) + 32
PP v(n)=03u(n-1)+04v(n-1)+9
22,42 (n) ( u(o))_+32 v(n—1)+
";3';72?;4- N
Y o, K22 v(0) =9
/28—

milligrams of each drug are in the bloodstream 5 days after the initial dose?
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(b) Assuming that the patient is to continue taking this drug for a long time, what was the

doctor’s target goal( for the desired amount of each drug in the ream?
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5. (8 points) Suppose P(t) represents some population ¢ years from now, and that this population is
modeled by the following discrete dynamical system.

P(t)y=P(t—1)+30
P(0) =60
Which one of the following statements follows from this model?

(a) The population will increase by 30% per year.
(b) The population will increase by 30 people @

(¢) The population will increase by 40% per year.

(d) The population will increase by 40 people per year.
(e) The population will increase by 60% per year.
(f) The population will increase by 60 people per year.
(g) The population will increase by 70% per year.
(b) The population will increase by 70 people per year.

6. (8 points) Suppose a(n) represents the number of milligrams of some drug in the bloodstream n
hours from now, and that the amount of this drug in the bloodstream is modeled by the following
discrete dynamical system.

a(n) = 0.65a(n — 1)
a(0) = 50
Which one of the following statements follows from this model?
(a)_The amount of drug in the bloodstream will increase by 35% per hour.
(b) The amount of drug in the bloodstream will decrease by 35% per hour. )

(c) The amount of drug in the bloodstream will increase by 35 milligrams per hour.

(d) The amount of drug in the bloodstream will decrease by 35 milligrams per hour.
(e) The amount of drug in the bloodstream will increase by 50% per hour.
(f) The amount of drug in the bloodstream will decrease by 50% per hour.
(g) The amount of drug in the bloodstream will increase by 50 milligrams per hour.
(h) The amount of drug in the bloodstream will decrease by 50 milligrams per hour.
(i) The amount of drug in the bloodstream will increase by 65% per hour.
(j) The amount of drug in the bloodstream will decrease by 65% per hour.
(k) The amount of drug in the bloodstream will increase by 65 milligrams per hour.

(1) The amount of drug in the bloodstream will decrease by 65 milligrams per hour.
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7. (8 points) The equilibrium point is (u*,v*) = (22.5, —1.25) for the following discrete dynamical
system. Determine whether or not this equilibrium is stable. Show all necessary work to justify

your answer.
u(n) = 0.8u(n —1) +0.4v(n —1) +5
v(n) = —0.3u(n — 1) +0.4v(n~1) +6
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8. (8 points) A discrete dynamical system for u(n) has an equilibrium value of 50. With an initial

value of u(0) = 60, we have the following table of values for u(n).

From this data, which one of the following statements is true?

(a) u is getting 25% closer to equilibrium each time period.
(b) u is getting 30% closer to equilibrium each time period.
(c) w is getting 35% closer to equilibrium each time period.

d) u is getting 40% closer to equilibrium each time peric@

(&) u is getting 45% closer to equilibrium each time period.
(f) u is getting 50% closer to equilibrium each time period.
(g) u is getting 55% closer to equilibrium each time period.
(h) u is getting 60% closer to equilibrium each time period.
(i) u is getting 65% closer to equilibrium each time period.
(j) w is getting 70% closer to equilibrium each time period.
(k) u is getting 75% closer to equilibrium each time period.
(1) u is getting 80% closer to equilibrium each time period.
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9. (8 points) Compute the equilibrium point (p*, ¢*) for the following discrete dynamical system.

p(t+1) = 2p(t) — 0.8¢(t) + 1
g(t + 1) = 0.5p(t) + 0.5q(t) + 3
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10. (8 points) We are given the following discrete dynamicatsystenr:
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u(n) = 0.7u(n — 1) + 0.1y(n — 1) + 50
v(n) = 0.3u(n — 1) +0.9v(n — 1) + 80
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11. (12 points) Find an explicit formula for an expression which satisfies each of the following discrete
dynamical systems. '

(a) P(n+1)= P(n)—8 and P(0) =120

(¢) u(n) =1.25u(n —1) — 6 and u(0) =
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12. (8 points) Tom makes a single $1200 purchase on his credit card and then never uses it again.
The card carries an 19.2% annual interest rate compounded monthly, and he only pays back his
minimum monthly payment of $25 per month.

(a) Write down a discrete dynamical system with initial condition to represent the amount Tom
owes after n monthly payments.
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(b) How many months will it take Tom to pay off this credit card debt?
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