Math Xa Fall 2001

Homework Assignment 5: Solutions

1. The most fundamental test for an exponential function is this:

Calculate thegrowth factor B in the equation for the exponential function:
y = AB

If you always get thesame valuefor B, then the function representing the
relationship betweexandy is an exponential function.

Using the data given in the homework assignment to cald&ifgitees the following
results:

e Using the points (0, 1) and (1, 1.2) to calculat

1.2 =AB'
1 =AB".

Dividing these equations and simplifying gives:
1.2 =B.
e Using the points (0, 1) and (5, 6) to calculat®:

6 =AB°
1 =AB".

Dividing these equations and simplifying gives:
6 =B>.
Taking the 1/5 power of both sides gives:
B = (6)"° = 1.430969081.

The two values 0B obtained B = 1.2 and = 1.430969081) are not equal, so the
function shown in Figure 1 cannot possibly be an exponential function.



A power functionthat is concave upnd increasing mustavek > 0 andp > 1.
Under these conditions, if you were to substitute O into the general equation for
a power function:

y = KX,
then you would obtaig = 0. Howeverpoth the tableand thegraph from Figure 1
indicated that wherx = 0,y = 1. So, the function cannpbssibly be apower
function.
In the interests of thoroughness, we will examine both cases in turn.
e Exponential Function with One Unit Added: y = 1 +AB".

Fromthe table inFigure 1,whenx = 0,y = 1. Substituting thesealues into the
equation gives:

1=1+AB°=1+A,
so thatA = 0. IfA =0, then the equation for the exponential function will be:
y=1+0B" =1.
This isthe equation of a horizontal lingith height 1, whichdoes notincrease in
height and is not concave up. Therefore, the function shown in Figure 1 baveot
an equation of the formy = 1 +AB".
* Power Function with One Unit Added: y = 1 +k@¥".

Re-arranging the equation gives that; 1=kX°. Substituting the poin(L, 1.2) into
this equation gives:

0.2 =kI)°
so thatk = 0.2. Substituting = 0.2 and the point (5, 6) into- 1=kX° gives:
5 = 0.2*(5J.

Re-arranging this equatiagives: 25 = 5 so thatp = 2. The equatioror the
function shown in Figure 1 is therefore:

y=1+ 0.2%.



Based on the information provided by the M&jmic study,you can make a table
showing how the number of people with anorexia nervosa or bulimia nervosa can be
expected to rise over time. The key facts provided are that:

» Currently, there are 8,000,000 Americans with one of these diseases, and,

* The number rises by 36% every five years.

Combining these to form a table gives:

Year 2001 2006 2011 2016

\v.~J

Number of | 8,000,000 10,880,000 14,796,800 20,123,64
people

Table 1.

The entriesshown inTable 1 seem to indicate that thember of peoplawith
anorexia nervosa or bulimia nervosa is a functiogeair, as eaciiearcorresponds
has only one value of the output associatéd it. In order todecide whakind of
function this is, you camake a plot of the dat@nd look forobvious patterns (see
Figure 2 below).
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Figure 2.

The pattern shown in Figure 2 is an increasing, concave up trend. This is suggestive
of an exponential function, although not conclusexdence assome power
functions alsohave increasing, concave ugraphs. Toconfirm thatthis is an
exponential function, you need to shdvatyou always get the same growth factor

no matter which points you use to calculate it.



e Calculating B using the points (2001, 8000000) and (2006, 10880000):

10880000 =AM
8000000 =AB***

Dividing and solving foB gives:
B = (1.36}"° = 1.063427242.
e Calculating B using the points (2011, 14796800) and (2016, 20123648):

20123648 =AB**°
14796800 =AB**

Dividing and solving foB gives:
B = (1.36}° = 1.063427242.

The value obtainedfor the growth factoB is always the same, so tifignction
relating year to the number of people with anorexia nervosa or bulimia nervosa is an
exponential function. To findhe equatioryou need only tosolve for A at this
point. Doing this gives:

A =2.8894744410"".
So, the equation for the function is:

y = 2.88947444107%(1.063427242)
wherex is the year ang is the number of peoplsuffering fromeither anorexia
nervosa or bulimia nervosa.
5. According to theU.S. Censu$Buread, the population of the United Stated on
Saturday September 29, 2001, at 7:16 p.m. Eastern Daylight Time was:
285,256,058 people.

Using the graphing and tracing methods describebesolutions to Homework 4,
you can find the value ofthat solves the equation:

285,256,058 = 2.889474420*™*(1.063427242)
This comes out to be approximately= 2059.116.
To put this answer in context, what your calculation is saying is that if current trends

continuefor the nextsixty years, then ther@ill be more than285 million people
who suffer from some serious eating disorder.

! See: http://www.census.gov/cgi-bin/popclock



