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1. (1 pt) mathbioLibrary/setABiocLabs/Lab121 H1 yeast log.pg
Because of the accuracy of WebWork, you should use 5 or 6
significant figures on this problem.

This application comes from a text used in Biology 354
(Ecology and Evolution). Carlson (1913) [1] grew yeast in lab-
oratory cultures and collected data every hour for 17 hours. The
list below gives the population, P, at each times, t, and the esti-
mated rate of change in population over that hour, G(P).

t (hr) P G(P) t (hr) P G(P)
0 9.2 11.7 9 440.8 83.25
1 19.8 9.5 10 515.2 60.75
2 28.2 13.4 11 562.3 39.849
3 46.6 21.049 12 594.9 33.349
4 70.3 35.849 13 629 22.7
5 118.3 52.35 14 640.3 10.65
6 175 70 15 650.3 8.749
7 258.3 86.85 16 657.8 4.199
8 348.7 91.25 17 658.7 -2.399

This example is a good case of the logistic growth model that
we have studied in class. The growth of this yeast population
satisfies a quadratic discrete dynamical system.

a. In the first part of this laboratory exercise you will use the
data above to find the rate of growth of the yeast. In particular,
you want to use Excel’s Trendline polynomial fit of order two
with the y-intercept set to zero through the data for P and G(P)

G(P) = a1P−a2P2.

(Note that you ignore the times listed in the table when you find
G(P).) Find the best coefficients to this quadratic function, a1
and a2. Also, compute the sum of square errors between the
model and the data.
a1 =
a2 =
G(P) =
SSE =

Since G(P) represents the growth rate of the yeast culture,
then the population of yeast is at equilibrium when G(P) = 0.
Find all equilibria according to this model (with P1e < P2e). The
largest equilibrium represents the carrying capacity of the cul-
ture, which is limited by nutrients.
P1e =

P2e =
Find the derivative of the logistic growth function.
G ′(P) =
The maximum growth rate occurs at the vertex. Find the popu-
lation Pmax that produces the maximum growth rate, and deter-
mine the maximum growth rate at this population, G(Pmax).
Pmax =
G(Pmax) =

b. In your Lab Report, create a graph of the data and the best
quadratic G(P) passing through the data. Briefly discuss how
well this quadratic fits the data.

c. The growth function that you found in Part a can be used to
simulate the growth of the yeast using a discrete logistic model.
The dynamical system for the yeast population is given by the
following model:

Pn+1 = Pn +G(Pn),

where G(Pn) is the best quadratic function found above and n
represents the hours that the culture has been growing. We want
to use the time series data in the table above (data under t and
P) to show how well the discrete logistic growth model simu-
lates the data. As an initial guess, use your initial population
(P0 = 9.2). Then starting at n = 0, simulate the growth for 17
hours (17 iterations). Use Excel’s Solver to find the best possi-
ble P0 value that minimizes the square errors between the yeast
population data and the yeast population given by the model.
Give this best P0 value and the least sum of square errors.
P0 =
Sum of Square Errors =

List the yeast population at times t = 5, 10, and 15.
P5 =
P10 =
P15 =

d. In your Lab Report, plot the time series data from the ta-
ble and your simulation of the logistic growth model. (Note that
this time you need to use only the time data and the P data in
the table.) Describe how well the model fits the data. We found
a carrying capacity for the yeast population. Describe what you
observe with your time series simulation in relation to the com-
puted carrying capacity.
[1] T. Carlson Uber Geschwindigkeit und Grosse der Hefever-
mehrung in Wurze. Biochem. Z. 57: 313-334, 1913.
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