Math Xa Fall 2001

Homework Assignment 4: Solutions

1. The description of the problem includes the informatiast fresh sedimentwill
normally contain about 2.4% of potassium-40, and that the half-life of potassium-40
is 1260 million years. This meatisat eachl260 million years, the percentagell
halve. From this information you can make a table relating the age of the rock to the
percentage of potassium-40 (see Table 1 below).

Age (millions of years) 0 1260 2520 3780

Percentage of potassium-40 2.4 1.2 0.6 0.3

Table 1

If you plot the data in Table 1, you get a graph resemitiagoneshown in Figure
1 (below). Fromthe appearance ohis graph,you can sedhat thepoints do not
appear to line u@and form a straighline, suggestingthat a linearfunction will
probably not do a very good job of representing this relationship.

2.5 P

2
()
g 1.5
c
o ®
2
5 1
o

0.5 ®

0

0 1000 2000 3000 4000
Age (millions of years)

Figure 1

Instead, this graph has a decreasing but concave up appearasteggfestthat an
exponential decay function might do a reasonable job of representing the
relationship. To test this hypothesigu calculate the growthiactor B from the
equation for an exponential function:

y = AB*

using different pairs of points. If you always obtain the same grtastbr, B, then
an exponential functiomill do an excellentjob of representing this relationship.
Using the points (0, 2.4) and (1260, 1.2) to calciBageres:



1
_ .2 3260
(240
Using any other pair of points to calcul&also givesB = 0.9994500345. As you
obtain the same value for the growth factor regardlesiseqiointsthat areused to

calculateit, an exponential function will do an excellentjob of representing the
relationship between the age of the rock and the percentage of potassium-40.

B = 0.9994500345.

As calculated, the growth factd®,= 0.9994500345. To find theitial value,A, you
can substitute knowwmaluesfor x andy and thevalue ofthe growth factor into the
equation for an exponential function:

y = AB".
Using the point (1260, 1.2) gives:

1.2 _
(0.9994500345)*°

(Note that thevalue of A is simply the percentagehenx = 0.) Therefore, the
equation for the exponential function that represents the relationship between the age
of the rock (&, measure in units of millions of years) atlte percentage of
potassium-40y) is:

y = 2.4%(0.9994500345)

One way to find the age of theC. megalodortooth is to graphthe exponential
function on a graphingalculator,and thenTRACE the graph to findthe point
where they-coordinate of thgraph isequal t02.38683. The x-coordinate of this
point will be the age of th€. megalodortooth. The tracing operation shown in
Figure 2 (below). (The graphing window used in Figure 2 had xmin=0, xmax=100,
ymin=2, ymax=2.4.)
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find coordinates of looking for. looking for.

points on thegraph.

The TRACEfunction is notable tofind the point precisely. One way to get a
slightly more precise answer is to fitlie x-coordinate of the poirjtist abovey =
2.38683 and thr-coordinate of the poirjtist belowy = 2.38683 andhenaverage
the twox-coordinates.



Doing this gives:

Age

~ 9574481 +10.638298

2

=10.1063895.

In other words, th€. megalodoriooth is approximately 10 million years old.

An alternative way to find this result that takes advantageof calculator’sability
to find the coordinates of intersectiobstweenfunctions is illustrated irFigure 3

(below).
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Figure 3(a): Enter

the function into Y1
and the y-value you
want to find into Y2.

Figure 3(b): Graph
the function and the
y-value (it shows up
as the horizontal
line).

Figure 3(c): From
the CALC menu,
select the
INTERSECT qtion.
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Figure 3(e): Confirm
that Y2 is the other

Figure 3(f): Move the

Figure 3(g): The
calculator will then

Figure 3(d): Confirm
that Y1 is one of the
graphs that you are
interested in by
pressig ENTER.

flashing cursor so that
it is near the place
where Y1 and Y2 meet
andpress ENTER.

locate the coordinates
of the intersection
point. This is still a
bit approximate, but
usually more precise
thanjust TRACING.

graph that you are
interested in by
pressig ENTER.

4. There are two key facts to realize here.

» Theratesof changehat you are given here are constant. This mteats
you are looking for linear functions.

* When they are part ofl&ing creature, teeth doot haveany manganese
dioxide (MnO,) on them. The manganese dioxideposits begin to
accumulate when theoth ceases to be part ofie@ng organism (i.e. it is
either lost or else the animal dies). This mehas the lineafunctionsthat
you are looking for should have intercepts of zero.

Let T denote the thickness of the Mpi@yer in millimeters, ané be the age of the tooth in
years. Then the two equations will be:

Rate of change = 0.15 mm per thousand years:T = 0.00015A.
Rate of change = 1.4 mm per thousand years: T = 0.00014A.



5. The idea in this problem is to take the value$ oéed by Dr. Tschernezky and then
used the equations found in Question 4 to solvéfor

Tooth 1: T =1.7mm.
With a rate of change of 0.15 mm per thousand years:

17
0.00015

=11,333.33.

With a rate of change of 0.14 mm per thousand years:

A= L7 1,214.2857.
0.0014

So, according tdahis analysisthe first tooth would be between approximately 1,200 and
11,000 years old.

Tooth 2: T =3.7mm.
With a rate of change of 0.15 mm per thousand years:

37
0.00015

= 24,666.67.

With a rate of change of 0.14 mm per thousand years:

_ 37
0.0014

= 2,642.857.

So, according taghis analysisthe first tooth would be between approximately 2,600 and
25,000 years old.

End Note:  The calculationgrom Questions 4 and bBavebeen advanced gmossible
evidence to suggest that at least some specime@is megalodormay have survivedintil
quite recently - or even to this day. People who are attracted to this possibilitgitaftie
examples of the coelacanth and the "megamaithtk. The coelacanth is fish that was
thought tohavebeen extinctor millions of yearsuntil one was caught on December 21,
1938, off the coast ofSouth Africa. The “megamouth” shark is avery large shark
(reaching 16 feet in length) that lives just off the coast of California and yetongsetely
unknown to science until sailors in the U.S. Navy tangled one in their anchor chain in 1976.
Most scientists discourthe analysis from Questions 4 and 5 thie groundsthat there is
no evidence tesuggesthat the rate of change tonstantover long periods oftime (i.e.
thousands of years).So, thereasoninggoes, there is ngeason to assumthat the
relationship would be well represented by a linear function.



