1. Basic population growth/decay says that the rate of change of the population P is proportional to the population

itself.

_a. Discuss why this intuitively makes sense.

.. Symbolize this proportion and then write an equation relating the values in this proportion.
c. Derive an equation relating the Population to the Time when P(0) = Po.
d. The population of a particular city is growing at a rate proportional to its population. If the growth rate per year is 4%
of the current population, how long will it take for the population to increase by 50%?
e. Cellium-314 decays at a rate proportional to the quantity present. Its half-life is 1612 years. How long will it take for

one quarter of a given quantity to decay?

' 2 L P
o ok
8 | ¥
Ak
c > AT Con DTN (£ =)

oA = e of
P

et YC

),\_\P\ =

L—\f +~C

ot Q
\?\ = e . 2
‘*,'
e\ = Lo
et
@ = C,@-
os NG ?(0) =?°
w(c)
?o . e
P =C
vt

2(s) =%,



2. Newton’s Law of Cooling states that the rate of change in the temperature of an object is proportional to the
difference between the object’s temperature and the temperature of the surrounding medium.

-3. Discuss why this intuitively makes sense.
1. Symbolize this proportion and then write an equation relating the values in this proportion.
c. Derive an equation relating the temperature of the object in terms of length of time cooling.
d. You are sitting in Starbucks (constant 73° climate) drinking your Cappuccino which takes 10 minutes to cool from 120
°F to 110 °F. How many more minutes will it take to cool to 100 °F?
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3. With Restricted Growth, the rate of change of a quantity y is proportional to the difference between a fixed constant,
A, and the current quantity of y present.
a. Symbolize this proportion and then write an equation relating the values in this proportion.

—b. Derive a general equation relating the quantity, y, in terms of time, t.
}. Advertisers generally assume that the rate at which people hear about a product for the first time is proportional to
the number of people who have not yet heard about it. Suppose that the size of a community is 15,000. At the
beginning of an advertising campaign, no one has heard about a product, but after 6 days 1,500 people know about it.
How long will it take for 2700 people to have heard of it?
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4. Organizing Information

Scenario/Equations

Rough Sketch of Graph

Notes

Newton’s Law of Cooling — Cappuccino
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5. One problem with the “exponential” model for population growth is that it allows for unchecked growth which is
unrealistic given environment considerations. Another model for populatlon growth that incorporates a "cap" on
population is called the logistic model for population growth. In this model, .

qu rate of growth of the population is proportional to both the population itself and the difference between the
maximum possible population (called the carrying capacity) and the population itself.

a. Express this relationship as a differential equation, using A to represent the carrying capacity, k to represent your
constant of proportionality and y to represent the population.

b. Find the general function that satisfies the differential equation. (Explore adjustments to oy )
c. Find the carrying capacity and initial population if the population fits the following model. P(t) = %

d. Because of limited food and space, a squirrel population cannot exceed 1000. It grows at a rate proportional both to
the existing population and to the attainable additional population. If there were 100 squirrels 2 years ago, and 1 year
ago the population was 400, about how many squirrels are there now?
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6. The population of Alaska from 1900 to 2000 can be modeled by the following logistic equation P(t) = o721 57 005 ';p

%

-

Where P is the population t years after 1900.
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0. How fast was the population of Alaska changing in 1920? In 19407 In 1999? ¥ @o (;\
¢. When was Alaska growing the fastest, and what was the population at the time? c q:.:\
d. What information does the equation tell us about the population of Alaska in the long run? \?\ =

& amoss  \ B2 /33

4

?\(Sa_??—_)?\'a WE53 PP\/\O‘L

7. The growth rate of the population, P, of bears in newly established wildlife preserves is modeled by the differential
equation % = 0.008P(100 — P), where t is measured in years.
a. What is the carrying capacity for bears in this wildlife preserve?

b. What is the bear population when the population is growing the fastest?
¢. What is the rate of change of population when it is growing the fastest?
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