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Alice Wang

Fishing Rod Lab

Table 1. Leo’s fishing rod

Guide number (from tip) 1 2 3 4 5 6 7 8
Distance from tip (cm) 10 23 38 55 74 96 120 149

Dependent variable: The distance from the tip of fishing rod
Independent variable: The guide number from the tip of the fishing rod

Parameters/Constraints: The distance from tip for each guide number does not follow a
particular pattern. Hence it is difficult to achieve a function that satisfies all of the points

on Table 1.

Graph 1. Leo’s fishing rod
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Consider general form of cubic and quadratic equations (where a,b,c,d are coefficients
and where a is never zero):

y=ax’ +bx+c (quadratic)

y=ax3 +bx? +ex+d (cubic)

10=a+b+c
23=4a+2b+c
38=9a+3b+c

Put into matrix:
1 1 1 0]
4 21 3B
9 3 1 3

Original matrix

N NG

W N =
—_
&3
A

First, to clear the first 0 of the column, the first row has to be multiplied by 9 and
subtracted from the second row.

EXAMPLE: (9) *(1)(1)(1)(10) =

111 D0] <

02 31 99990
S 41123

9 3 1 3 02317

To clear the second 0 of the first column, the second row has to be multiplied by 3 and be
subtracted to the third row.

EXAMPLE: (3) *(0)(2)(3)(17) =

1110 06951
023 1 - 06852
068 % 001-1

To clear the second column’s last row to a 0, the second row has to multiplied by 2.

EXAMPLE: (1/2) *(0)(2)(3)(17) =

111 10
- 13212
1 0-172 32
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To clear the second column’s first row to a 0, the last row has to be multiplied by ->.

1 0 -1/2 3/2 EXAMPLE: (1/2) %0)(2)(3)(17) =
02 3 1

111 10
00 1 -1 . oi3miin

10-1/2 32

To clear the third column’s third row to a 0, the last column should be multiplied by 3

Lo o0 1 EXAMPLE: (3) *(0)(0)(1)(-1) =
02370 023 17
00 1 -1 003 -3

10 020

Finally to make the second column contain a 1, the second row is divided by 2.

1
D

2 Ex: (1/2)*(0)(2)(0)(20) =

oS o =
S NN O
- o O

(0)(1)(0)(10)
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All that is left is the coefficients of the equation:
a=1, b=10, c=-1
therefore the quadratic equation: y=x* +10x-1

Table 3. Data points of Quadratic Function

10

23

38

55

74

95

118

XN [O|N[R|WIN|—=

143

The process that I used for the cubic function was by calculator.

y=ax’ +bx’ +cx+ d (cubic)

CubickEea

Lo I I

Table 2. Data points of Cubic Function

1 9.869

2 23.186
3 38.043
4 54.818
5 73.889
6 95.634
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7 120.43

8 180.69

Thus, the equation of the cubic equation is y =.063x” +.392x* +11.7x-2.286

Cubic Function Graph (above)

Quadratic Function (above)

The main difference between quadratic and cubic functions is that a quadratic equation is
a polynomial fit using three points while a cubic function uses four or more points and is
a polynomial regression. With a higher degree for a polynomial function, there is a less
degree of accuracy, especially when the guide number increases. The quadratic model is
more precise than the quadratic function when the guide number reached 7 and 8.

I used the function p(x)=a " +b * +o’ +d * +a&’ + £ + g +h to find a function

which passes through every data point in Table 1. With the 7" degree in a polynomial, it
will pass through every data point of Leo’s fishing rod.
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Subsitution of Table 1°s x and y values

top(x)=a +bh " +a’+d +a’+ K> +g +h is as followed:

0 =a+b+c+d+e+f+g+h

B=B a+6tb+2c+b6d+8e+4f+2g+h

B=28 a+D® b+2B c+8d+Ze+9f+3g+h
=68 a+4% b+ c+26 d+6le+6 f+4g+h
A =B a+185 b+ c+& d+1 e+D f+5g+h

% =728%
n =338
W =191

a+1BD b+ 18V
a+BW  b+3IB

a+466 b+Thb c+1B d+26 e+D f+6g+h
c+20 d+3B e+D f+T7g+h
c+4% d+52 e+6 f+8g+h

Using the coefficients of each equation, I plugged it in the calculator by a 8*9 matrix.
Then using the reduced row echelon, I found the coefficient of the polynomical function
which passes through every data point.

Table 3. Reduced Row Echelon of Polynomial Function

1 0 0 0 0 0 0 0 .00258
0 1 0 0 0 0 0 0 -.0778
0 0 1 0 0 0 0 0 9555
0 0 0 1 0 0 0 0 -6.153
0 0 0 0 1 0 0 0 22.351
0 0 0 0 0 1 0 0 -43.769
0 0 0 0 0 0 1 0 55.790
0 0 0 0 0 0 0 1 -19

y=@ x" -0 x*+B ¥ -6B x*+2.¥ -89 x*+5.W x-H

Values of last line is used to
solve polynomial function.

The polynomial function above should be the most accurate out of all the equations
because it is based on all of the guide numbers of the fishing rods. With a higher degree

of power for a polynomial, there should be a more accurate and fitting equation.

Table 4. Polynomial function table of values.
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I found the table of values for the polynomial function did not provide accurate
results. When the guide number reached 5, the distance from tip dramatically decreased.

Using technology, I found the quadratic regression as another function that fit the data.

Thus the equation figures is 1.24x > +8.458x+.839

Y

inEz8
cE.rig
zr.xrg
Ly.kim
ry.izm
Op.=x0
10 B2

- LW INT N
=]

w=1

The data points of the quadratic regression formula is extremely accurate. The distance
from tip points (y values) are only off by a tenth or so compared to the original data
points.
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Ironically, I found the quadratic model the most accurate out of the three functions. The
data points on the table were closely associated to the original data points than the cubic
or high degree of polynomial function. When both the degree of a function and the guide
number gets higher, the accuracy and precision decreases dramatically.

Based on the quadratic model of y=x* +10x-1, adding a ninth guide from the the tip of the
fishing rod could be accomplished easily. Using the table of values of the graph, it was
found that the distance from the tip would be 170 centimeters, which is 60 centimeters
from the end of the fishing rod (shown below).
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Table 5. Mark’s fishing rod

Guide number (from tip) 1 2 3 4 5 6 7 8

Distance from tip (cm) 10 22 34 48 64 81 102 124
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This document was downloaded from www.markedbyteachers.com

Mark's fishing rod
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The quadratic model of y=x* +10x-1 fits the new data adequately. Although the fit of the
quadratic function is not perfect, it closely represents the data provided.

Mark's fishing rod y = 0.9345x2 + 7.7202x + 2.0536
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Using Excel, the line of best fit was considered y= 0.9345x> + 7.7202x + 2.0536 as a
polynomial function. The quadratic model of y=x> +10x-1 and the line of best fit are
extremely similar (demonstrated on the graph below). The narrower function is the line of
best fit and the wider function is the quadratic model. My quadratic model could be more
vertically compressed by multiplying the value of a (from y=a’+bx-+c) by a positive
integer. The limitations of the quadratic model is that it is only suited for fishing rods that
are similar to Leo’s. If the distance from tip of each guide number of a fishing rod is
substantially different that Leo’s fishing rod, the quadratic model of y=x* +10x-1 will not
work. In this case, Mark’s distance from tip of each guide number was similar to Leo’s.
Thus, the quadratic model worked for Mark’s fishing rod.




