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Because of the accuracy of WebWork, you should use 5 or 6 sig-
nificant figures on this problem.

Differential equations provide reasonable models for the
study of population growth. In our introductory section, we
listed two very important differential equations for population
growth, the Malthusian growth equation and the logistic growth
equation. The first model is easily solved, while the second non-
linear differential equation requires more work. In this problem,
we use Maple to solve the logistic model, and we graphically
display slope fields to better understand the dynamics of both
models. We apply these models to population data from Aus-
tralia, finding a best fitting model. In addition, we introduce
a numerical method, Euler’s method, to simulate the logistic
growth model.

Below is a Table with approximate population data (in mil-
lions) for Australia from 1950 to 2000.

Year Pop (M) Year Pop (M)
1950 8.25 1980 14.58
1960 10.39 1990 16.98
1970 12.62 2000 19.19

a. We begin our modeling with the simplest continuous
model, the Malthusian growth model. It is given by the first
order linear differential equation model:

dP
dt

= rP, P(0) = P0,

where the parameter r and initial condition P0 are fit to the data.
Assume that t = 0 corresponds to 1950 and is in years.

This equation is easily solved (which you have already done
in other Lab and HW problems). Write the solution with ’P0’
for P0 and ’r’ for r.

P(t) =
The solutions can be fit to the population data for Australia

in various ways. For this part of the question you first fit the
data using Excel’s Trendline, fitting the best exponential func-
tion. Also, use Excel’s Trendline fit to find the sum of square
errors between the model and the data.

P0 =
r =
P(t) =
SSE =

Next we want to compare the Trendline fit to the nonlinear
least squares direct fit of the model to the population data for
Australia. In this case, you create variables P0 and r on your
Excel sheet, then with initial guesses the same as the Trendline
fit, you use Excel’s Solver to find the best nonlinear fit to the
data. (This solution will be an improvement.)

P0 =
r =

P(t) =
SSE =

b. In your lab report, create a graph (in Excel) showing the
population data for Australia and each of the two models above
with their respective best fitting parameters. How much differ-
ence do you detect between these two models? Use Maple’s
DEplot to create a slope field with the parameter r from the
nonlinear least squares best fit with t ∈ [0,50] and P ∈ [0,30].
Include in the slope field the solution plot for the best fitting
initial condition. Write a brief paragraph describing how the
solution curve relates to the slope field.

c. One of the most common models used in biology is the
continuous logistic growth model which is given by the differ-
ential equation:

dP
dt

= rP
(

1− P
M

)
= F(P), P(0) = P0,

with parameters r and M and initial condition P0. Use Maple’s
dsolve to find the general solution of this differential equation.
Write the solution with ’P0’ for P0, ’M’ for M, and ’r’ for r.

P(t) =
Use Excel’s Solver to find the best values of parameters P0,

M, and r to fit the population data for Australia. Include the sum
of squares error. Also, write the complete formula with the best
parameters fit to the model.
P0 =
r =
M =
P(t) =
SSE =

What does this model predict will be the carrying capacity of
Australia? Carrying Capacity =

d. Use all three models to predict the population of Australia
in 2025 and 2050.

Population from Trendline Malthusian model in 2025 =

Population from Trendline Malthusian model in 2050 =
Population from best fit Malthusian model in 2025 =
Population from best fit Malthusian model in 2050 =
Population from logistic growth model in 2025 =
Population from logistic growth model in 2050 =

e. In your lab report, create a graph (in Excel) showing the
population data for Australia, the logistic growth model, and
the best fitting Malthusian growth model. Discuss how well the
logistic growth model fits the data. Use Maple’s DEplot to cre-
ate a slope field with the parameters r and M found above with
t ∈ [0,50] and P ∈ [0,30]. Include in the slope field the solution
plot using the initial condition P0 for the logistic growth model.
Write a brief paragraph describing how the solution curve re-
lates to the slope field. Describe how this slope field differs
from the slope field for the Malthusian growth model.
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f. The logistic growth model takes some work to solve, and
many differential equations cannot be solved exactly. However,
there are numerical methods for solving differential equations.
The simplest of these methods is based on the slope fields in
Maple’s DEplot, and it is called Euler’s method.

Consider the logistic differential equation above where

dP
dt

= F(P).

The definition of the derivative uses the quantity

P(t +h)−P(t)
h

.

If we don’t take the limit as h→ 0, then the differential equa-
tion can be written

P(t +h)−P(t)
h

= F(P(t))
or

P(t +h) = P(t)+hF(P(t)).
Let P(t + h) = Pn+1 and P(t) = Pn, then Euler’s method be-

comes the discrete dynamical system

Pn+1 = Pn +hF(Pn),

where as h → 0, this closely approximates the differential
equation.

Take F(P) to be your logistic growth function (right hand
side of the logistic model above) with the values of r and M be-
ing the same that you found with Solver. Let h = 0.5 (stepsize
of 1/2 year) and P0 be the value from Solver also. Simulate this
model using Euler’s method for 50 years (100 time steps). You
will calculate the error of this Euler’s approximate solution rel-
ative to the data and the logistic model you found in Part c. Use
the actual data and the logistic model in Part c as the best values
when computing the percent error from the Euler’s method.

Population from Euler’s Method in 1960 =
Percent error with data =
Percent error with logistic model (Part c) =

Population from Euler’s Method in 1980 =
Percent error with data =
Percent error with logistic model (Part c) =

Population from Euler’s Method in 2000 =
Percent error with data =
Percent error with logistic model (Part c) =

g. In your lab report, write a brief paragraph that dis-
cusses how well the Euler’s approximate solution fits the logistic
growth model.
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