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Bees and Flower§

Often scientists use rate lof change equations in their study of popul
In this problem we study systems of rate of change equations des
populations for two species that are cither competitive (that is, bot
or cooperative (that is, both species benefit from interaction).

ion growth for one or more species.
ned to inforin us about the future
specics are harmed by interaction)

1. Which system of rate of change equations below describes a sit
and which system describes cooperative species? Explain your

ation where the two species compete
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YODE ! Unit 1. Qualitative and Graphical Approaches

A Simplified Situﬁation

The previous problem doa,lt with a complex situation with two interpcting species. To develop the ideas
and tools that we will need to further analyze complex situations likgthese, we will simplify the situation
by making the following assumptions:

e There is only one sp:aecies (e.g., fish)

; L= s : : ;
e The species has been in its habitat (e.g., a lake) for some time prior to what we call £ = 0
e The species has accérss to unlimited resources (e.g., food, space

0 gt ot

e The species reproduces continuously
| i —————————————

2. Given these assumptions for a certain lake containing fish, skefich three possible population versus
time graphs: one starting at P = 10, one starting at P = 20, afd the third starting at P = 30.
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30
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104

t

ry as time increases? Explain.

(a) For your graphi starting with P = 10, how does the slope
|
iF mencgaes  SX

I
(b) For a set P va‘ue say P = 30, how do the slopes vary acrdss the three graphs you drew?

on, % = something. What should
18 of just P, just £, or both P and
ange equation and provide reasons

3. This situation can ;%lso be modeled with a rate of change equa
the “something” be? Should the rate of change be stated in t
t7 Make a conjecture about the right hand side of the rate of
for your conjecture. |
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LOPE . Unit 1: Qpualitative and Graphical Approaches

What Exactly is a Differential Equation and

A differential equatlon is an equation that rclates an unknown fiinction to its derivative(s). Suppose
y = y(t) is some unknowq function, then a differential equation, or rafe of change equation, would express
the rate of change, & =, in|terms of y and/or t. For example, all of th¢ following are differential equations.

Vhat are Solutions?

P _wp | B dy _
dt

dyigﬁ—l
’ dt 22+ 2

rate of change equation are functions that satisfies the rate changefequation. A constant function that
satisfies the differential equation is called an equilibrium solution.

One way to read the differential equation %% = gy + 2t aloud you wpuld say, “dee y dee t equals y plus
two times t.” However, this does not relate to the meaning of thesolution. How might you read this
differential equation Withi meaning? '

dy 21
4. (a) Is the function y = 1 + ¢ a solution to the differential equlaition — = J ? How about the

dt 2+ 2t
\17:] Iﬁ(/’
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function y = 1|4 2¢7 How about y = 17 Explain your reasbning.
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Y 3 1v2t theat dy
(b) Ts the functloﬂ y =t + 2t a solution to the differential effuation o = 3y? + 2?7 Why or why
S(t*¢2t)*t2

not? |
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5. Figure out all the flTIDCtIOHS that satisfy the 1ate of change equgtion — = 0.3P.

™ r}-

(Hint: read the dﬂT?rontml equation with meaning.)

(‘) A’ ©.3¢C
A{, s os(A, 03f) ‘:O-SP

s : - . . dy
6. Figure out all of the solutions to the differential equation d—;

|
j AL{ = J-’tt‘\'g—:[ dt =%
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. Unit 1: Qualitative and Graphical Approaches
Slope Fields :

A slope field is a graphical representation of a rate of change equation. Given a rate of change equation,

d
if we plug in particular vélues of (¢,y) then {—}% tells you the slope of fthe tangent vector to the solution at

that point.

| : dy . Cdy
For example, consider thle rate of change equation E‘;— =y + 2t. Afl the point (1, 3), the value of %Y i
5. Thus, the slope field ﬁ'or this equation would show a vector at t
field depicts the exact slope of many such vectors, where we take ea
fields are useful because they provide a graphical approach for obt
the functions that satisfy|a differential equation.

[

. AP
7. Below is a partiaﬂyicompleted slope field for ((7 = (.8P.

(a) Plot many rnol:'e tangent vectors to create a slope field.

point (1, 3) with slope 5. A slope
vector to be uniform length. Slope
ing qualitatively correct graphs of

(b) Use your slopefield to sketch in qualitatively correct graplis of the solution functions that start
at P = 0,1, and 4, respectively. Note: the value of P at anfinitial time (typically ¢ = 0) is called
an initial conldition.

(c) Recall that a solution to a differential equation is a functi
tion. Explain how the graph with initial condition P(0)
a solution to the differential equation when the differenti

that satisfies the differential equa-
1 can graphically be thought of as
equation is represented by its slope

field.
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8. Below are seven rate of
identify which differe

of change equations left over). Explain your reasoning.

o . dy
(1) E[ =t—-1 (11 E =
() By

© .

9. For each of the slope
correct solutions.

fields in the previous problem, sketch in graphs of several different qualitatively
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