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Looking BackLesson4
In this unit, you investigated the behavior of polynomial and rational functions.
By understanding the behavior of these families of functions, you are able to
develop useful models for physical situations. You also examined complex num-
bers, their properties, their connections with polynomial functions, and some of
their applications to electrical circuits. The next several tasks will help you
review and synthesize important ideas in this unit and connect them to concepts
and methods developed in previous units.

The first three tasks explore the optimum brood size (number of offspring) for
chickadees. The central question is

How many eggs should a bird lay in order to maximize the 
chance of its offspring surviving?

The data reported below were collected in woods
near Oxford, England by C. M. Perrins. The
hypothesis is that the brood size has evolved to
maximize the number of birds that survive for
three months past hatching.

Only two of the several factors associated with
brood size are considered here, the weight of the
young at age 15 days and the percent that survive
3 months. Certainly the larger the brood size, the
more chicks that might survive. However, if the
brood size is too large, the adults cannot ade-
quately feed the young and the probability of survival is reduced. Your goal is to
develop a model of the number of offspring that survive as a function of the num-
ber of offspring.

1. Perrins collected data on the weight of chicks at 15 days for various brood sizes.
The average weight at each brood size is shown in the table on the next page.

a. Does the data support the conjecture above about brood size and the abil-
ity of the parent bird to adequately feed the chicks?

b. Find a model that your group thinks best describes the relationship
between brood size and weight at 15 days. Justify why you selected that
particular model.

c. For what range of brood sizes is your model appropriate?
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2. Selected chicks were then monitored until 3 months of age. The probability
of survival for 3 months was examined as a function of the weight at 15 days.

# 39575 Cust: Glencoe/McGraw Hill Au: CorePlus Pg No 429

Average Weight of Chicks of Different Brood Sizes

Weight in Weight in
Grams at Grams at

Brood Size 15 Days Brood Size 15 Days
2 19.1 8 18.6

3 19.2 9 18.4

4 19.2 10 18.1

5 19.1 11 17.7

6 19.0 12 17.4

7 18.8 13 16.9

Weight in
Grams at Probability of Survival
15 Days for 3 Months

17.0 0.031

17.4 0.042

17.7 0.052

18.0 0.064

18.4 0.081

18.7 0.101

19.0 0.112

19.2 0.123

a. Why do you think information on only chicks at the indicated weights was
reported?

b. What does the observed data suggest about a chick’s likelihood for survival?

c. Why does this table contain weights different from those reported in Task 1?

d. Find a model which you think best represents the relationship between
weight at 15 days and probability of survival for three months.

e. Based on the data in the two tables, make a conjecture about the brood size
that would produce the greatest number of surviving offspring.

Source: C. M. Perrins, Population fluctuations and clutch-size in the great tit, Parus
Major L., Journal of Animal Ecology: 34: pp. 601–647 (1965).
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3. In Tasks 1 and 2, you found relationships between brood size and weight at
15 days and between weight at 15 days and probability of survival for 3
months.

a. Find a relationship between brood size and probability of survival.

b. Using your relationship, write a rule which gives the expected number of
chicks surviving to 3 months as a function of the brood size.

� What is the optimal brood size so that the maximum number of chicks
survive?

� What is the likely number of chicks surviving at the optimal brood size?
Explain the significance of this number in terms of the survival of the
species.

c. C. M. Perrins found that the average brood size is 8.1 chicks. How does
the optimal brood size which you found compare to Perrins’ value? Dis-
cuss the conjecture that the brood size has evolved so as to maximize the
likelihood of survival.

4. Next think about the pattern of change in light intensity (the amount of light
per square foot) as you walk past a lamppost.

a. Describe how the light intensity varies
when you are very far from the light and
when you are right next to the lamppost.

b. Sketch a graph of the pattern of change in
your perception of the intensity of the light
as you walk from a point to the left of the
lamppost, to the front of the lamppost, and
then to the right of the lamppost.

c. In Course 2, you saw that the light intensi-
ty from a light source could be modeled by
an equation of the form I = �

d
k
2� where d is

the distance from the source and k is a con-
stant. Why is this equation reasonable?

d. Of course, the distance from the light is not just the distance from the
lamppost. Choose a reasonable height for a lamppost. Then write a func-
tion rule relating the light intensity reaching the ground and the true
distance from the light source. Assume k = 100 watts.

e. Compare the graph of this light intensity function to your sketch.
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5. Departments of transportation must decide how far apart to place lampposts
to guarantee a minimum light intensity depending upon the location. To
understand the light intensity with multiple lampposts, begin by considering
the light intensity from two lights along a road. 

a. Think about the pattern of change in light intensity as you approach, drive
through, and leave the intersection. 

� Where do you think the minimum and maximum light intensities would
occur?

� Sketch a graph showing the pattern in change in light intensity that you
would expect. If your graph includes asymptotes, indicate why you
believe each asymptote must exist.

b. Decide what would be a reasonable distance between the two lampposts.
Then assuming as in Task 4 that k = 100 watts, write function rules for the
light intensity from each lamp. Write a rule giving the total light intensity
at any spot.

� Graph the total light intensity function.

� Is there a minimum or maximum light intensity between the lampposts?
If so, where does each occur?

� Explain why your function can never be zero assuming both lights
are on.

c. Show that for any choice of post heights and distance between lampposts
there is no spot with zero light intensity.

6. Using two different methods, find a polynomial function whose graph pass-
es through the points (–1, –3), (0, 0), (1, –3), and (2, 3).
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7. For each of the following polynomial functions:

� Find all zeroes, including those that are complex numbers.

� Find all local maxima and minima.

� Find any absolute maximum or minimum.

� Describe its end behavior.

� Draw a sketch of its graph.

a. f(x) = 5x2 – 6x + 4

b. g(x) = x3 + 10x2 – 69x + 90

c. h(x) = 6x4 + 11x3 – 11x2 – 14x + 8

d. i(x) = x3 + 9x2 + 28x + 20

e. j(x) = (x – 1)3(x + 2)2

8. Classify each of the following statements as True or False. If true, explain
your reasoning. If false, provide a counterexample.

a. Every real number is a complex number.

b. The product of two imaginary numbers is an imaginary number.

c. The sum of a complex number and its conjugate is a real number.

d. A polynomial function with real coefficients always has an even number
of nonreal complex number zeroes.

e. Counting multiplicity of zeroes, a polynomial function of degree n has n
complex number zeroes.

9. Perform the indicated complex number operations. Express your answers in
standard form.

a. (3 – 4i) – (7 – 2i)

b. (2 + i)(3 – i)

c. (a + bi)(a – bi)

d. �
1
1

+
– i

i
�

10. For each of the following rational functions:

� Find all zeroes.

� Determine all asymptotes.

� Describe its end behavior.

� Draw a sketch of its graph.

a. y = �2
x
x

–
+

3
1

� b. y = �
x2

x
+

–
x

4
– 2

�

c. y = �4
x
x

2

2

+
– 8

3
x
x

–
+

1
2
2

� d. y = �
x2

x
–

2 +
2x

1
–
0

8
�

e. y = �
x
x

2

3

–
–

2
x
x

2 +
+

1
1

� f. y = �
x2

–
+
3x

5x
–

+
8

6
�
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11. Determine a possible equation for each of the following graphs.

a. b.

Checkpoint

In this unit, you modeled problem situations using polynomial and rational
functions and developed an understanding of some of the properties of
these families of functions. You also examined the complex number system.

What characteristics of a problem situation suggest that a polynomial
or a rational function might be a useful model?

What are the general features of graphs of polynomial functions?

How are the linear factors, zeroes, and graphs of a polynomial function
related?

What are the general features of graphs of rational functions? How are these
features revealed in the different symbolic forms of rational function rules?

What are complex numbers, and how are they related to real numbers
and to imaginary numbers? How do they arise in solving polynomial
equations?

Describe how you add, subtract, multiply, and divide two complex numbers.

Be prepared to explain your responses and thinking to the

entire class.

On Your Own

Write, in outline form, a summary of the important mathematical concepts and
methods developed in this unit. Organize your summary so that it can be used as
a quick reference in future units and courses.
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