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Context

Beverly Hills Girls High School is a comprehensive, single-sex, high school
located in the East Hills School Education Area of South-West Sydney Region.
The school has a population of approximately 1000 students with a significant
number (80%) of non-English speaking background (NESB) students, mostly
Arabic and Asian. The school enjoys strong community support and has a
reputation of high academic achievement.

School programs for gifted students

Having a semesterised, unitised junior curriculum means that quite a few students
accelerate in English, Mathematics and Languages for the School Certificate and
Higher School Certificate. Specialised units are offered outside the ‘normal’
curriculum, such as Sports Leadership, Newspaper Production, Video Production,
etc. to cater for a wider range of interests. A large number of elective units in all
KLAs are offered. In 2007, it is anticipated that the school will offer a unit targeted
specifically at gifted and talented students, whereby they will be able to work on
an area of interest and present their findings/research/ideas at the end of the unit
(similar to the Personal Interest Project in Society and Culture).

Teachers at Beverly Hills Girls High School have identified gifted and talented
students across all year groups and are currently developing and implementing a
range of initiatives to support their learning. These include experiences which
extend learning within the classroom context as well as opportunities to
participate in talented students programs, Tournament of Minds, competitions,
public speaking experiences, leadership development conferences and camps,
and music and drama performances.

Acceleration of talented students occasionally occurs in English and Science,
more often in Languages (particularly Arabic and Chinese), and quite frequently in
Mathematics. The unitised structure allows for small classes of accelerants (up to
15) to move quickly through the curriculum, compacting years 8, 9 and 10 into two
years.

Unit description

This unit was created for a Stage 6 Mathematics Extension 1 class, in Year 12.
Such a class will typically comprise some accelerants (who will be in year 11 for
their other subjects). The main idea is to differentiate the curriculum, to offer
activities and strategies that cater to the different learning styles of students in
such a class, some of whom may be very talented mathematicians, and others
who may be gifted in other areas as well as being interested in mathematics.

The unit involves the study of growth and decay as applied to bacteria, radioactive
substances, heating and cooling, and world populations. This is a subset of the
Mathematics 2/3 Unit Years 11-12 Syllabus topic Applications of Calculus to the
Physical World (Topic 14). This is typically the last topic that Mathematics (2U)
students would study, and one of the last topics for Extension 1 students. Most of
this unit could be used for a Mathematics (2U) class, omitting Lesson 5.
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The unit builds on differentiation and integration concepts studied in earlier
calculus units, providing real-world applications of these ideas.

The unit is related to the NSW Quality Teaching Framework in the following ways:

Deep knowledge

The unit focuses on the key concepts of exponential
growth and decay, particularly with populations and
radioactive decay.

Deep understanding

The unit focuses on the central ideas of population
growth, radioactive decay, heating and cooling and the
mathematics applied in solving problems involving
them.

Problematic knowledge

The unit discusses the notion that just one model of
growth/decay will not fit every circumstance and
explores multiple models. Different solutions to
problems (and the discussions that usually follow them)
due to alternative ‘readings’ of the problem are a large
part of mathematics lessons.

Higher-order thinking

Students have to apply their knowledge of the models
to given situations, analyse problems, synthesise data
and evaluate solutions.

Metalanguage

Particular mathematical language needed is defined
and discussed in comparison and contrast to its
everyday use.

Substantive
communication

Students are regularly engaged in communicating
mathematical concepts through their solutions to given
problems.

Explicit quality criteria

Quality responses to problems are modeled by the
teacher and by textbooks.

Engagement

Discussion, practical activities, research and graded
problems are designed to maintain interest.

Students’ self-regulation

Students may work through research problems and
activities at their own rate, and outside of class time.

Student direction

Gifted students may choose to focus on particular
research activities, and may choose the
exercise/homework questions they wish to answer
(provided the teacher is convinced of mastery).

Gifted and Talented Unit

4

Curriculum K-12 Directorate: http://www.curriculumsupport.education.nsw.gov.au/policies/gats/index.htm

© State of New South Wales through the NSW Department of Education and Training, 2007

m‘




Mathematics (2 Unit) Related Outcomes

A student:

H1 seeks to apply mathematical techniques to problems in a wide range of
practical contexts

H2 constructs arguments to prove and justify results

H3 manipulates algebraic expressions involving logarithmic and exponential
functions

H4 expresses practical problems in mathematical terms based on simple
given models

H5 applies appropriate techniques from the study of calculus... to solve
problems

H6 uses the derivative to determine the features of the graph of a function

H7 uses the features of a graph to deduce information about the derivative

H9 communicates using mathematical language, notation, diagrams and
graphs

Mathematics Extension 1 Related Outcomes

A student:
HE1 appreciates interrelationships between ideas drawn from different areas
of mathematics
HE3 uses a variety of strategies to investigate mathematical models of
situations involving exponential growth and decay
HE4 uses the relationship between functions, inverse functions and their
derivatives
HE7 evaluates mathematical solutions to problems and communicates them
in an appropriate form
Gifted and Talented Unit 5
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Learning activities

Content and teaching strategies | Gifted and talented ideas

Lesson 1: Introducing and modelling the concept of exponential growth and
decay

¥ Explain to students that we are now going to ¥  Students may be given

apply the ideas of differentiation and the Modeling Growth
integration that they have learned in calculus and Decay experiments
topics to the real-world concepts of growth and straight away instead of
decay. brainstorming.

¥  Quickly brainstorm things that grow or decay ¥  Ask students to find the
(e.g. height, weight, grass/flowers/trees, exponential equations
populations, simple interest, compound that most closely fit the
interest, bacteria, radioactivity, speed, rust, growth/decay data from
temperature, etc). the experiments.

¥  Quickly classify these into linear growth/decay |¥ Have students solve
(e.g. simple interest, speed with constant (with assistance if
acceleration) and non-linear (pretty much necessary, or with
everything else!) through discussion in either research in
class group or smaller groups. mathematics texts or

the internet) the

¥  Explain that we are going to focus on a differential equation

particular type of non-linear growth/decay, that

which can be modelled using exponential aN _ v by separation
curves. dt
of variables and

¥ Have students conduct Modeling Growth and

Decay experiments (see Appendix 1) in small integration.
groups. Results can either be graphed using ¥  Explore the link
the supplied graph paper, using graphics between the equation
calculators, or using a spreadsheet such as N = 4" and the
Excel. equation N = A( B)t,

¥ Have one group report about what they found ‘
with the Growth experiment, and another about where B=¢". Complete
the Decay experiment, particularly noting the Quiz (see Appendix
shape of the graph. 2).

¥  Students should be able to report that growth
speeds up the more M&M'’s there are, and that
the reverse happens for decay. They should be
able to note that the data roughly follows the
shape of an exponential curve (they may at
first guess a hyperbolic curve, but note that the
graph does touch the “y-axis”).
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Content and teaching strategies Gifted and talented ideas

¥ Develop the relationship that 4N = kN for
dt ¥ Develop a spreadsheet

some constant k. That is, the rate of change of that will calculate
the M&M'’s (over time) is proportional to the sequentially the amount
number of M&M'’s. Explain that the M&M’s in an account at any
represent certain examples of non-linear time using the
growth/decay that were brainstormed earlier. compound interest
Link this to the fact that the data followed an formula. Ensure the
exponential curve, and posit that N = 4¢*, for sheet updates for
some constant A, might be a solution to this varying values of
equation. Show this is true through principal and interest
differentiation. rate. Use the chart
features to graph the

¥  Show, through substituting =0, that A is the
initial amount. Introduce the terminology that
the word “population” represents the amount of | ¥ Develop a spreadsheet

results.

whatever it is you have (people, bacteria, that will calculate
radioactive isotopes, money, etc) and the sequentially the amount
notation that N(0) or N, represents the initial of a population over

time given the initial

population (i.e. the population N at time t=0). population and the

¥  Discuss what the shape of the graph would growth constant k (use

look like for varying values of A and k. Sketch the Help menu to find
the following curves (through choosing out how Excel does the
appropriate values of A and k), and noting number e). Ensure the
whether they represent growth or decay: sheet updates for

o A>0. k>0 varying initial

’ populations and growth

o A4>0, k<0 rates. Use the chart

0 A<0, k>0 zztﬂtrse-s to graph the

o A<0, k<0

¥  Note that for the majority of physical
phenomena, 4 >0, and thus growth is defined
as when & >0, decay when k£ <0 and a static
population when £ =0.

¥  Go through examples of constructing
differential relationships and thus exponential
equations that would be solutions to these
relationships, e.g. SwitzerlandOs population
grows exponentially at a rate of 0.2% per year.
Its 1988 population was 6.6 million. Find an
expression for the population as a function of
time in years.
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Content and teaching strategies

Gifted and talented ideas

Go through examples of finding the
growth/decay constant, e.g. Money in a bank
account grows continuously at an annual rate
of r. In 1992, $2000 is put in that account. Find
the interest rate if the account makes $341.16
in interest by the end of 1999.

Provide textbook/worksheet exercise to
practise developing exponential equations,

: : , dN
showing equations are solutions for Y =kN ,

finding the growth/decay constant, sketching
exponential curves, finding initial populations
and finding future populations by direct
substitution.

time

Lesson 2: Using exponential equations to predict population growth/decay over

Quickly review last lesson’s ideas, possibly
with a short quiz or class question-and-answer
session.

Explain that we will now use the model of
exponential growth and decay together with the
exponential equation which fits it to determine
how much a population will grow or decay over
time. Remember “population” may mean
people, bacteria, money, etc.

Go through examples of finding the new size of
a population given some initial information, and
some indication of growth. Explain that
students will need to develop an exponential
equation, use the conditions to find the
growth/decay constant, then use this constant
in their equation to find the new size at the
required time. E.g. An object travelling through
a gas is subjected to a retardation proportional
to its velocity. If initially the object has a
velocity of 100 m/s, while after 4 seconds the
velocity is 20 m/s, find its velocity after 20
seconds. Be sure to use differing variables, not
always N.

¥ Research and report on

mathematicians
involved in work on
growth and decay (This
could be a project due
at the end of the unit):

o Thomas Malthus
(population model)

o Francis W. Aston
(discovered isotopes)

o Willard Libby (invented
carbon dating)

o Isaac Newton (law of
cooling)

o The Club of Rome
(concerned about max
population growth)

o Ludwig Wilhelmy (law of
chemical reactions)

o Pierre-Francois Verhault
and Raymond Pearl
(logistic population
model)
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Content and teaching strategies Gifted and talented ideas

¥  Provide text/worksheet exercise to practise
similar questions to the above. Finish for
homework.

Lesson 3: Using exponential equations to predict time taken for growth/decay

Research carbon dating,
carbon-14 and radioactive
decay (some useful

websites are given in the
¥  Explain that we will now use the model of References section).

exponential growth and decay together with the
exponential equation which fits it to determine
how long it will take for a population to
grow/decay a certain amount, or to a certain
amount.

¥  Quickly review last lesson’s ideas, possibly
with a short quiz or class question-and-answer
session. Go through any homework problems.

¥  Go through examples of finding the time taken
given some initial information, and some
indication of growth. Explain that students will
need to develop an exponential equation, use
the conditions to find the growth/decay
constant, then use this constant in their
equation to find the time taken to reach the
required size. E.g. A heated body is cooling
and the excess of its temperature, 6, above

that of its surroundings is 8 = A" where tis
time in minutes. At r=0, ! =80. If the
temperature of the surroundings is 20;C and
the body cools to 70;C in 10 minutes, find the
time taken to reach 60jC. Note this particular
example is chosen to link with the Extension 1
model of growth/decay in later lessons.

¥ Include examples that do not specify an initial
population, e.g. A population in a city is
growing at a rate proportional to itself. After 3
years the population increases by 20%. How
long will it take for the population to double?

¥  Provide textbook/worksheet exercise to
practise similar questions to the above. Finish
for homework.
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Lesson 4: Radioactive isotopes and decay

¥  Quickly review last lesson’s ideas, possibly ¥ Present short report on
with a short quiz or class question-and-answer carbon dating and
session. Go through any homework problems. radioactive decay

¥  Explain that we will now use the ideas from the research to class.

previous two lessons to look at a particular ¥ Research other

type of decay, that of radioactive isotopes. radioactive isotopes
Explain briefly the process of radioactive (such as Strontium-90)
decay, where radioactive isotopes decay to and their half-lives.

stable isotopes over time, and that the “half-

e : ’ . ¥  Exactly what happened
llfet is hc:wb:ong it takes for half of the isotopes at Chernobyl and Three-
© turn stable. Mile Island?

¥  Either repeat the Modeling Decay experiment
from lesson 1, this time taking notice of how
long it takes for half the M&M'’s to be removed
from the box, or run a similar experiment. (With
the whole class standing, each tosses a coin. | ¥ Show that the half-life of

¥  What about nuclear
fallout at Hiroshima and
Nagasaki?

Tails sit, heads remain standing. Record how any material is actually
many are standing, and repeat until everyone independent of the initial
has sat down. Note how long it took for half the mass.

class to sit — this is the half-life. This
experiment could even be done with more than
one class, to generate better data.)

¥ If you have access to a data projector and
computer, or a computer room, visit
http://lectureonline.cl.msu.edu/~mmp/applist/de
cay/decay.htm for a java applet modelling
radioactive decay. The slider controls the half-
life: vary it to show decay happening fast or
slow, and a real-time graph is also drawn to
show exponentiality. A spreadsheet could also
be generated to see if two half-lives give a
quarter-life.

¥  Go through examples of finding the half-life of
radioactive substances, e.g. A radioactive
material weighing 509 is decaying. If the mass
after 10 years is 40gq, find the half-life of the
material.
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Have a class discussion about whether the
number of radioactive isotopes will ever reach
zero (since the exponential curve does not).
Highlight the physical versus the theoretical,
and the importance of carefully rounding
answers.

Provide textbook/worksheet exercise to
practise similar questions to the above. Finish
for homework.

Lesson 5: Further growth and decay (Extension 1 students only)

Quickly review last lesson’s ideas, possibly
with a short quiz or class question-and-answer
session. Go through any homework problems.

Explain that the model we have been using
does not always fit the conditions of certain
types of growth and decay. Use the example of
a cup of tea cooling (this can actually be done
in class if desired, but will take a fair part of the
lesson). Will it eventually cool to a temperature
of zero? What temperature will it eventually
cool to? (Room temperature, of course).

Explain that this is an example of Newton’s
Law of Cooling, which states that the cooling
rate is proportional to the difference between
the temperature of the body and that of the
surrounding medium. Develop the relationship

that C;—T = k(N — P) for some constants k and P

(in this case, the temperature of the room).

Note the trivial solution of N = P, and posit that

N = P+ Ae", for some constant A, might be a
solution to this equation. Show this is true
through differentiation.

Show, through substituting ¢ =0, that the initial
amount is no longer A as in the previous
model, but P+ 4.

Link to limits: as ¢ — «, what happens to N for
varying values of k? (N — P if k <0 and

N! +" ifk >0 depending on sign of A). Note
that this is the mathematical way of saying that
the cup of tea eventually cools to room temp.

Have students solve
(with assistance if
necessary, or with
research in
mathematics texts or
the internet) the
differential equation

dN

—=k(N-P) b

7 ( ) by
separation of variables
and integration.

Research infinity on the
web — when was it first
described? Where did
the symbol come from?
(Appendix 3 contains
some interesting facts
about infinity that could
be explored further).
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¥  Go through examples of finding new amounts
and times using this new model, and not just
with cooling substances. Provide
textbook/worksheet exercise to practise similar
questions to the above. Finish for homework.

Lesson 6: Mixed questions/review

¥ Quickly review last lesson’s ideas, ¥  Perhaps the students could
possibly with a short quiz or class present some of their
question-and-answer session. Go through findings to the rest of the
any homework problems. class.

¥ Complete worksheet of mixed questions ¥ Do the online quiz (see
involving both models in various situations References)
(see Appendix 4 for a nice mixture).
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Appendix 1: Modeling Growth and Decay

Experiment 1: Growth

1. Place two M&Ms in the box (M&Ms are small lollies with MM printed on one

side).

2. Shake the box and let the M&Ms come to rest.

3. Count the number of M&Ms that landed with the imprint face up.

4. Add that number of new M&Ms to the box.

5. Record the new total in the table below.

6. Repeat until you run out of M&Ms.

Repetition | # of Repetition | # of Repetition | # of Repetition | # of
M&Ms M&Ms M&Ms M&Ms

0 2 5 10 15

1 6 11 16

2 7 12 17

3 8 13 18

4 9 14 19

Experiment 2: Decay

1. Place as many M&Ms as will fit in the box.

2. Record the total for Repetition 0 in the table below.

3. Shake the box and let the M&Ms come to rest.

4. Remove the M&Ms that landed with the imprint face up.

5. Record the number of surviving M&Ms.

6. Repeat until all of the M&Ms are removed.

Repetition | # of Repetition | # of Repetition | # of Repetition | # of
M&Ms M&Ms M&Ms M&Ms

0 5 10 15

1 6 11 16

2 7 12 17

3 8 13 18

4 9 14 19
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Number of M&Ms

Experiment 1 results

A
50

45

40

35

30

25

20

15

10

\

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
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Number of M&Ms

Experiment 2 results

A
50

45

40

35

30

25

20

15

10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Gifted and Talented Unit Repetitions
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Appendix 2: Growth and Decay quiz

Directions: Answer all of the following questions. For every question, assume
that there are no other factors that affect any of the populations other than births
and deaths.

1.

Assume a population of 250 owls has a birth rate of 45% and a death rate
of 60%. Fill in the correct rate that should be used in the exponential
equation to model this situation.

Y = 250( )

In problem number 1, is the population increasing or decreasing? How do
you know?

Given the equation Y = 25,000(1.05)* answer the following questions.
a. What is the beginning population?
b. Is the population increasing or decreasing? How do you know?
c. When will the population double (round to the nearest year) ?
d. Make up a situation in which this equation could model a population.

A herd of cattle on a ranch began with a population of 10,000. The
average birth rate has been 40% per year, and the death rate has been
32% per year.
a What is the difference between the birth rate and death rate?
b Based only on this data, is the population increasing or decreasing?
How do you know?
¢ Write an exponential equation that models this situation, letting y
represent the population and x represent the time in years.
d Assuming that these rates stay the same and there are no other
factors, how long will it take the population to reach 20,000 (round
the answer to the nearest year)?

As a scientist, you have been observing a monkey population in the jungle.
When you began, there were 1500 monkeys. Over time, you've observed
that the birth rate seems to be about 45% per year and the death rate
seems to be about 58% per year.
a What is the difference between the birth rate and death rate?
b Is the population increasing or decreasing? How do you know?
¢ Write an exponential equation that models this situation, letting y
represent the population and x represent the time in years.
d Assuming that these rates stay the same and there are no other
factors, how long will it take the population to reach 7007 (Round
the answer to the nearest year.)



6. Given the following data from a frog population in a local pond below, find
the exponential equation that models this situation. Let O represent the

year 1990.
Year Population
1990 50
1992 78
1994 122
1996 191
1998 298
2000 466
2002 728
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Appendix 3: Infinity

Pretty much everyone will have come across the infinity sign: ! (the number 8
turned on its side). But what exactly is infinity? How many is infinitely many? How
far away is “from here to infinity”? How big is infinity?

You can't count to infinity. Yet we are comfortable with the idea that there are
infinitely many numbers to count with: no matter how big a number you might
come up with, someone else can come up with a bigger one: that number plus
one, or plus two, or times two. Or times itself. There simply is no biggest number.
Is there?

Is infinity a number? |Is there anything bigger than infinity? How about infinity plus
one? What's infinity plus infinity? What about infinity times infinity? Is there only
one type of infinity?

To those for whom the concept of infinity is brand new, questions like this don't
usually get very satisfactory answers.

At the turn of the century, in Germany, the Russian-born mathematician George
Cantor applied the tools of mathematical rigor and logical deduction to questions
about infinity in search of satisfactory answers. His conclusions are paradoxical to
our everyday experience, yet they are mathematically sound. The world of our
everyday experience is finite. We can't exactly say where the boundary line is, but
beyond the finite, in the realm of the transfinite, things are very different...

Sets to explore Infinity

In order to explore infinity, Cantor needed to consider sets of things. A set is
simply a collection of things where all the objects are well-defined and can be
distinguished from each other.

Sets can be finite and can contain pretty much anything, such as: {Lassie the
Dog, Grannie’s toothbrush, the number 7, a Mars Bar}. The cardinality of the set
above is 4 — it contains 4 elements.

Sets can be infinite, for example, the set of all counting numbers, the set of all
even numbers, the set of all simplified fraction, the set of all possible points on a
piece of paper...

Which of these sets is the biggest?

Cantor realised that if he could find a way of comparing these different types of
sets then he could compare infinity — all of those sets above have infinitely many
members.

Cantor realised that if two sets are the same size (contain the same number of
elements) then every element from one set must be able to be paired up with one
element from the other set, with no elements left over in either set.
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Kitten

Shoe lace

Elephant

Dirty dishcloth

Toothbrush

We can see that the two sets above are both the same size. This is because the
elements of one set can be paired up exactly with the elements of the other set
without any elements being left over.

Cantor then used the same idea with sets containing infinitely many elements.
Cantor proved some pretty strange results, ones that don’t seem rational at first.

When considering arithmetic with infinite numbers, our traditional laws of
arithmetic are useless — we have to use transfinite arithmetic.

There is exactly the same number of even numbers (2, 4, 6...) as there is whole
counting numbers (1, 2, 3...)

Don'’t believe me? Seems silly? Here’s the proof.

Proof

Consider the infinite set of even numbers (let us call it E) and the infinite set of
counting numbers (let us call it N).

N E

o o A~ DN
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Every element of the first set can be paired off with every element of the second
set by simply doubling. This will leave no elements left over in the first set and
every element will be mapped to a unique element of the second set. Every
element of the second set can be mapped to the elements of the first set by
simply halving. Every element will be mapped uniquely to an element of the first
set and none of the even numbers will be left over.

This mapping pairs off every value in both sets leaving none left over, and so the
two sets must contain the same number of elements.

Hence, the cardinality of the set of even numbers is equal to the cardinality of the
set of counting numbers. There are just as many even numbers as there are
whole numbers.

Infinity facts

By looking for mappings in this way (and proving that sometimes you can'’t find

them!) Cantor was able to show some very unusual results about infinity.

¥  There are just as many counting numbers 1, 2, 3... as there are integers
(counting numbers including negatives!).

¥  There are just as many counting numbers as there are fractions.

¥ There are more different points on a piece of paper than there are counting
numbers.

¥  There are more numbers on a number line (including all fractions, decimals,
square roots, pi etc) than there are counting numbers.

¥ There are just as many prime numbers as there are counting numbers.

¥ If we take a line that is infinitely long with dots every centimetre and take a
piece of infinitely big square spotty paper then there will be an equal number
of dots on both.

¥ Itis possible to add and multiply infinities but impossible to divide and subtract
them!

¥ Itis possible to raise infinities to powers.

¥ If there are different sizes of infinity, is there anything in between? Is there a
largest infinity? These questions caused much argument in the 20" Century,
some of these questions proved mathematically impossible to decide an
answer to. Both answers can neither be proved nor disproved (and you can
prove that you can’t prove or disprove them). Infinity caused a split in
mathematicians — mathematics isn’t always a matter of right and wrong.
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Appendix 4: Worksheet

Principles of Calculus Modeling: An Interactive Approach by Donald Kreider,
Dwight Lahr and Susan Diesel.

Exercises for Section 3.2 (all worth 1 point each)

Homework problems copyright ©2000D2005 by Donald L. Kreider, C. Dwight
Lahr, Susan J. Diesel.

1 Bacterial growth

Bacteria grow in a certain culture at a rate proportional to the amount present.
Suppose there are 100 bacteria present initially and the amount doubles in 1
hour. How many will there be in an additional 0.5 hours?

2 Dissolving sugar

Sugar dissolves in water at a rate proportional to the amount still undissolved.
Suppose there are 50 grams of sugar initially and after 3 minutes only 20 grams
are left. What is the total time it takes for 90 percent of the sugar to dissolve?

minutes

3 Radioactive decay

A radioactive substance decays at a rate proportional to the amount present. If 30
percent of such a substance decays in 16 years, what is the half-life of the
substance?

years

4 Electric current

When a simple electrical circuit containing inductance and resistance but no
capacitance has the electromotive force removed, the rate of decrease of the
current is proportional to the current. The current is I(t) amperes t seconds after
cutoff.

If =40 whent=0,and | =15 whent = 0.01, what is the formula for I(t)?

I(t) =

5 Warming

An object in a room warms at a rate proportional to the difference between its
temperature and room temperature. Suppose the object warms up from 15
degrees Celsius to 20 degrees Celsius in 7 minutes and the room is being
maintained at 30 degrees Celsius. How much longer will it take for the object to
warm up to 25 degrees Celsius?

minutes
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6 Cooling

An object thrown into a large body of water cools at a rate proportional to the
difference between its temperature and the water temperature. Suppose know
that the water is at a temperature of 27 degrees Celsius. After 4 minutes the
object’s temperature is 67 degrees, and after 9 minutes the object’s temperature
is 47 degrees Celsius. What was the temperature of the object when it was
thrown into the water?

degrees Celsius

7 Population growth

Suppose that we can model the growth of population in Townsville by assuming
that the population will grow at a rate proportional to the population present. Our
data tells us that there were 29 400 people in Townsville in 1916 when the town
was established, and 64 400 people in 1961. What will the population in
Townsville be in 20507

8 Carbon Dating
The half-life of Carbon-14 is about 5700 years. If there is only 6 percent left of the
C-14 originally present in an object, how old is the object?

years

9 Population Growth

Suppose that the population of Zeegers grows at a rate proportial to itself,
doubling every 12500 years. When the Zeeger population has reached 93 percent
more than their current population, they plan to invade Earth. How many years will
it be before the Zeegers attack Earth?

years

10 Bacterial Growth

Suppose it takes 125 seconds for a certain bacteria culture to grow from a
population of 150 organisms to 160 organisms. How many hours will it take for the
bacteria culture to grow to a population of 1000000 organisms?

hours

Generated by the WeBWorK system cWeBWorK Team, Department of
Mathematics, University of Rochester
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Appendix 5: References

Websites

¥ Learning module with brief notes and questions with MC options.
http://www.physics.uoguelph.ca/tutorials/exp/Q.exp.htmi

¥ Java applet showing radioactive decay. Choose half life with slider.
http://lectureonline.cl.msu.edu/~mmp/applist/decay/decay.htm

¥ Biography of Aston who discovered isotopes using mass spectrograph
http://nobelprize.org/nobel prizes/chemistry/laureates/1922/aston-
bio.html

¥  Periodic table on the web
http://www.webelements.com/

¥  Short explanation of carbon dating
http://www.bbc.co.uk/history/archaeology/excavations technigues/carbon

dating.shtml

¥  Presentation speech to Libby who invented carbon dating
http://nobelprize.org/nobel prizes/chemistry/laureates/1960/press.html

¥  Historical figures in radioactivity
http://www.accessexcellence.org/AE/AEC/CC/historical background.html

¥  Exponential growth and decay notes
http://www.math.wpi.edu/Course Materials/MA1022C97/Labs/lab2 part1/
node5.html

¥ Notes and applet showing graph and changing values of A and k
http://www.math.dartmouth.edu/~klbooksite/3.02/302.html

¥ Videos of exponential growth and decay (plus many others)
http://www.math.dartmouth.edu/~calcsite/video1.htm|#302

¥  Online quiz
http://www.maths.usyd.edu.au/u/UG/JM/MATH1013/Quizzes/quiz7.html

¥  Wikipedia entry on exponential functions
http://en.wikipedia.org/wiki/Exponential function

Books

Fitzpatrick, J.B. (1984). New Senior Mathematics: Two Unit Course for Years 11
& 12. Port Melbourne: Rigby Heinemann.

Fitzpatrick, J.B. (1984). New Senior Mathematics: Three Unit Course for Years 11
& 12. Port Melbourne: Rigby Heinemann.

Jones, S.B. & Couchman, K.E. (1983). 3 Unit Mathematics: Book 2. North
Blackburn: HarperSchools.

Grove, M. (1994). Maths in Focus: Three Unit Mathematics, Book 2. Roseville:
McGraw-Hill.

Gifted and Talented Unit 23
Curriculum K-12 Directorate: http://www.curriculumsupport.education.nsw.gov.au/policies/gats/index.htm
© State of New South Wales through the NSW Department of Education and Training, 2007

m‘




