Math Xa Fall 2001

Homework Assignment 13: Solutions

1. The graph shown in Figure 1 shows both the data points thiertable given in the
homework assignment agell asline segments joining these points. Thdise
segments represent the collection of linear functibasyou could use tocreate an
equationfor N(t), the number of halogsthat TakeruKobayashi hacaten aftet
minutes.
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Figure 1: Graph of(t) versud.

Below, the calculations for the first two linear functions are shown in some detail.

Calculation of First Linear Function

The first linear function goes through the points (0, 0) and (3, 16).sdpe of the
linear function is the change in the number of dagseaten divided by the change
in time:

_ Ahot_dogs _ 16-0 _ 16

slope - = :
Atime 3-0 3

The intercept can be calculated bybstitutingthe slope ofm = 16/3 and the
coordinates of either point into the equation for a linear function,

y=mX +b.
Doing this gives:

0 = (16/3)*0 +b



so thatb = 0 and the equation for the linear functtbat representshe first portion
of the graph shown in Figure 1 is:

y=3x
wherex is the time elapsed in minutes and the total number of hatogseaten by
Takeru Kobayashi.
Calculation of Second Linear Function
Thefirst linear functiongoes throughhe points (3, 16) and(4, 21). Theslope of
the linear function is the change in the number of dams eaten divided by the

change in time:

_ Ahot_dogs _ 21-16 _ 5 _ 5
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The intercept can be calculated Bybstituting the slope of m = 5 and the
coordinates of either point into the equation for a linear function,

y =mX + b.
Doing this gives:
16 = (5)*3 +b

so thatb = 1 and the equatiofor the linear functiorthat representshe second
portion of the graph shown in Figure 1 is:

y=5x+1
wherex is the time elapsed in minutes anid the total number of hatogseaten by
Takeru Kobayashi.
The Collection of all of the Linear Functions forN(t)

The functions, alongvith the intervals that eackquation applieso, are shown in
Table 1 below.



Equation for linear function Interval on which this equation appligs
y= %t 0<t<3
y=5t+1 3<t<4
y=3t+9 4<t<8
y=t+L 8<t<1l
y =6t -22 1l1<t<12
Table 1

Using the notation that isonventionalffor functionsthat are defined in piecewise
fashion, the functioM could be defined as:

r

y =3t ,0<t<3
y=5t+1 ,3<t<4
N(t):< y=3+9 4<t<8

y=%t+3%  8<t<11

ky=6t—22 L 11<t<12

By looking at the graph in Figure 1, you can & TakerukKobayashireached the
former world record of 28.125 hot dogs somewhere betiveehand = 8 minutes
into the competition. During this time period, the relevant equation is:

y=3t+9.
Settingy = 28.125 and solving fdrgives:

t = w = 6.375.

In other words, after abo6t375 minutes of the competition haglapsed, Takeru
Kobayashi had eaten 28.125 hot dogs.



The graph ofy =f(x) is shown in Figure 2 (below).

Figure 2.

The left and right hand limits of the functibare given in Table 2 (below).

X Left hand limit of the | Right hand limit of the
function f function f
0 Does not exist 1
1 2 2
2 1 9
3 27 Does not exist
Table 2

Note thaff does not have a left hand limibat O becausé is not definedvhenx <

0. Similarly,f does not have a right hand limibat 3 becauséis not definedvhen
X> 3.



The answershatyou get herewill depend a lot omvhatyou think it meansfor a
limit to exist at a finite value of

The official mathematical definitions are the following:

* If thex-value in question is thieft end point of an interval then thdimit exists
provided that the right hand limit of the function exists theFae value ofthe limit
is equal to the value of the right hand limit.

 If the x-value inquestion igheright end point of an interval then thelimit
exists provided that the left hand limit of the functensts there. The value of the
limit is equal to the value of the left hand limit.

« If thex-value in question is not an end-point, thenlimit exists athe x-value in
guestion provided that the left hand limit and the right hand limit are equal.

Based on theseriteria, thelimit of f exists atevery x-valuefrom x = 0 tox = 3
(inclusive) with the exception of= 2.

The reason that tHenit of f does noexist atx = 2 is that the lefhandlimit (= 1)
and the right hand limit (= 9) are not equal.

Note: If you did notknow about the conventiofor limits and end-points at
intervals,you would also be justified itbelieving that théimit of f did not exist at
eitherx = 0 or atx = 3 because at these two points one ofaftdhand or right hand
limits does not exist.



