





























Graph of values of d >43,— 8, 10, 12, 15  Graph of values of d< 43, — 7, 6, 5, 3

A “family of curves’ is obtained due to the arbitrary constant. To solve any polynomial,
one needs equal number of points or pieces of information as there are unknowns to
determine an equation.

Table summarizing ‘d’.

‘d’-values | General Features
Shape
d>43 e As ‘d’ increases, the curves increases dilation along y-
6 axis ..getting steeper.

e Translate up and left.

e Distance between each curve increases as the value of °d’
increases.

e Coefficient of X < 0.

d<43 e As ‘d’ decreases, curve dilates towards the y-axis
6 ..increasing steepness.
e Translate down and right.
e Dilates towards y-axis.
e Coefficient of x> > 0.
d=43 e Cubic reduces to a quadratic because A =0
6
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2.3 Modelling cubic functions against the guadratic function.

The cubic function will be modelled against a quadratic going through the points A(1,4), B(2,2) and
C(4,1.5).

Substitmte k= 1.5 = y=2 +kx’ — (k+6)x + (20 + k)
6 2 3
Sy =2+ L5 — (L5 +6)x + (20 + 1.5)
6 2 3

Quadratic equation:

fix) = 7x" - 15x + 43
12 4 6

Note: The two functions will be closely matched when the coefficients infront of the
x> =0 because they go through the same points.

ie. 0 =43-6d or 7= 14d-91
48 12 16
~d=43 wd =43
6 6

Coefficients also play an important role in steepness. If both curves have similar steepness and go through
the same points, then they will be very close. ie. Cubic will closely match the quadratic function.

Quadratic Cubic
y =ax’ +bx+c y=AxX + B + Cx+d
sdy=2ax+b Sdv=3A% +2Bx+C
dx dx

If A is as small as possible ie.x 0, then the;

x* term will not play a major role in determining the gradient.
gradient of the cubic and quadratic will almost be the same.

values of (2ax + b) and (2Bx + C) will then be approximately equal.
2 curves will have similar gradients at the same value of x.

Therefore I will investigate values of ‘d’ close to 43, as here I expect the cubic will closely approximate
the quadratic. 6
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The visual assessments and the vertical measure. techniques will be adopted later for
measuring closeness between the river and track.

The distance between 2 curves is given by g(x)—f{(x). £0)
Z - :« 96

Rather than measuring and creating a separate “distances between curves’ graph for each
value of ‘d’, I have come-up with a generalised equation where:

distance = Cubic—Quadratic.

= (43-6d)x> + (14d—-91)x* + (211-42d)x +d — 7x*> +15x — 43
48 16 24 12 4 6

= (43-6d)x’ + [3(14d-91)-4(7)]x* + [(211-42d)+6(15)]x + d - 43
48 48 24 6

= (43-6d)x’ + (42d-273-28)x” + (211-42d+90) + d - 43
48 48 24 6

. distance = (43-6d)%° + (42d - 301)x™ + (301-42d)x + d - 43
48 48 24 6

When I plot g(x)—f(x) (for several ‘d’ values) versus x, I got graphs that look like the
following;:
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Fig 2.8
Note: As ‘d’ approaches*? the distance between the 2 curves approaches 0.".the
distance between the two graphs will be a straight line at y= 0.

These graphs will enable one to determine the distance between the 2 curves (at the
appropriate ‘d’ value) for any value of x. They can be used to identify the best domains
across which one function can model another. Note that the points of intersection in
Fig.2.8 occur at the points where g(x) - f(x) cross the axis. Here the distance between the
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2 curves is equal to 0. If closeness is important the domains must be restricted. As I vary
the value of “d’, the domain which the cubic models will change. Therefore I have chosen
to measure closeness between{x:-SS X < 5} The distance between the two curves will fall
within 1 on the y-axis; this is considered reasonably close.

I have chosen to limit investigating closeness between the cubic and quadratic. To this end
the break-off value for “d” is taken at 0.05. At this point the c%bic retains its functional
form. By systematically substituting a range of value close to- or 7.16 for “d’, I found,
that the cubic “best-fits’ the quadratic at d=7.15 (Refer to Appendix for calculations)

quadratic atd = 7.15

N Yy

From a visual inspection of Fig 2.9, one would obviously not use cubic to model quadratic
from -17 to -oo. Between -10 and 10 the two functions are almost identical, .". cubic will
make an excellent model for quadratic between {x : -5 <x < 5}.

Jx) = (43-6x7.1)x* + (42x7.1=301)x* + (301-42x7.1)x + 7.1-43
48 48 24 6
To find the values in the table below, I substituted the x-values into the generalised
distance equation.

X- Distance between the two curves at d=7.15
values
-5 -0.7875
-4 -0.5
-3 -0.2917
-2 -0:15
-1 -0.0625
0 -0.0167
1 0
2 0
3 -.00417
4 0
5 0.025

Note: Only magpitude is
being taken into account.

The average distance at a point when d=7.15 is 0.18375
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Cubic functions can be used to model quadratic-shaped roads that are not symmetrical about the turning
point. They can be used to model the curves across a larger domain by varying the value of ‘d’. To
closely model a ‘quadratic like’ road with a cubic, the coefficient infront of X’ should = 0. In order to
minimise the number of functions used in modelling, it is betfer to have one function modelling another,
across a larger domain.

3.0 Investigating the “smoothness” of two quadratics.

Exploring the quadratic which passes through A(1,4), B(2,2), C(4,1.5), d(0,m) described by:
y=a +bx+¢

and the smoothly joined second quadratic, which passes through only point B and C.
h(x)- represents Quadratic 1
s(x)- represents Quadratic 2

Quadratic 1: A(0,m), B(1,4), C(2,2)

AOm=>m=¢ ——(1)

B(1,4)= 4=a+b+c—2)
C22) = 2=4a+2b+c 3)

Eliminate ¢:
(3)-(2)
2=3a+b——-—4)

(3)(2) x 2
-6=2a—¢ ——(5)

As:c=m
-6 =2a-m
2a=m—6
a=m-6

2
Substitute a into (2)

4=m-6+b+m
2
b = 4-m—-(m-6)
2
b=3-2m-m+6
2
Sb=14 -3m

2
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Quadratic 1:

h(x) = (m=6)x" + (14-3m)x + m {x:x<2}
2 2

The two quadratics must join smoothly at x = 2.
-.1) The 2 curves must connect at this point.
ii) Gradient of the tangent at x = 2 at both curves must be equal.

Quadratic 2: Passing B(2, 2), C(4, 1.5)

Three pieces of information are needed to determine a quadratic with 3 unknowns. As such, one need to
find an additional piece of information here. As the 2 curves are smooth at x = 2 their gradients must be
equal.

Using the equation describing Quadratic 1 to find the gradient aix =2
Quadratic 1: h(x) = (m=6)x’ + (14-3m)x + m

2 2
The gradient is given by s’(x):

§'(X) = 2(m-6)x + 14-3m

2 2
= (m—6)x + 14-3m
2
Atx =2 = ¢'(X) = 2(m—6) + 14-3m
2
=4(m-6) + 14-3m
2
=4m-24 + 14-3m
2
=m-10
2

The equation describing the Quadratic 2:
s(x)=ax +bx+c

The gradient of the tangent may be determined by differentiating this expression:
f(x)=2ax+b

As the curves are smooth, the gradients at x = 2 are equal at x = 2
~PE)=4a+b

From equating the 2 gradient expressions we obtain the following:
4a+b=m-10
2

~8a+2b=m-10—— (1)

tsh




Substitute x and v co-ordinates, B(2, 2), C(4, 1.5):
B(22) = 2=4a+2b+c ——(2)

C(4,1.5)=1.5 =16a + 4b + c ———(3)

Eliminate ‘¢’
(3)>(2)

-0.5=12a+2b
S 2b=-0.5-129 ———4)

Substitute (4) into (1)

8a+2b=m- 10

8a + (-0.5-12a) = m-10
8a-0.5-12a=m-10
-“4a=m-10+ 0.5

Solve for b, substitute a into (1):

2b=m-10-8a
b =m-10-8a
2
Asa=192m
8

S b=m=-10-19 + 2m
2

o b=3m-29
2

Substitute a and b inio (2)
2=4a+2b+c¢
¢ =2-4a-2b
¢ =4-19 + 2m-6m + 58
2
S.o=43—4m
2

Quadratic 2:

8(x) = (19—2m)x* + (3m=29)x + (43-4m)
8 2 2
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The equation describing the curve that passes through the given points is:

(19=2m)x* + (3m-29)x + (43—4m)

s(x)

{x:x>2}

Graph when m=10

-15

£

_10

Fig. 3.2

Graph when m=1

Fig. 3.:1 |

had a

whereas a low value of ¢

>

After systematically varying ‘m’ it was found that a high positive value of ‘m’

m’ was steeper.

gradual slope

=7

when m

Graph
Fig. 3.4

=6

hen m

Graph w
Fig 33
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Upright Inverted Coefficient of
Different concavity | Quadratic 1

’ x>0
Quadratic 2

<0

>9.5

Two curves are considered smooth if they touch at the point of joining and share a common tangen.
However it the two curves cross at the point of contact they are not joined smoothly, and have different
gradients at that point.

4.0 Developing a model with quadratics.

After investigating the effects of variables on the behaviour of quadratics, I used this knowledge to
explore and developed a series of quadratic functions which models closely to the course of the river.
The track follows the curves of the river by the boathouse kiosk, passing between the river and the Smith
Oval. The golf course prevents any bicycle track from being constructed.

To be considered a ‘good-fit’ the bicycle track has to be between 0-10 metres from the edge of the river.
Tf the function investigated falls within these limits, then that function is accepted as a ¢ good-model’. A
model should be rejected if the function consistently falls outside these limits. Otherwise, the domain
across which the function models the river should be restricted, so that it falls within the specific limits of
closeness.

Constraints:
The modelling task was initially only to be done using quadratics, however later polynomials of any
degree were accepted.

Assumptions made when modelling were that:

o the bicycle track cannot fall into the river. This assumption may have severe effects on the measure of
closeness obtained, as there were certain regions that the function can be up to 80m away from the river
edge.

o that the dark line around the tiver, is a bank and .. the track can exist within this black
line.

o the track has no width, therefore modelled as a line. I chose to construct the bicycle track as the edge
closest to the river bank.

e no restrictions on number of functions.

There could be errors involved in reading the values off the graph. This may cause the function to fall
outside the chosen limits of closeness. Therefore it is a further assumption that during the construction of
the bicycle track the functions will fall between the chosen limits of closeness - between the tested values
of ‘x’.
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4.1 Model of the bicycle track using guadratics.

I chose to locate my origin at bridge A (Refer to Appendix) and points A(0,-25), B(50,-5) and C(100,25)
were chosen to create the first quadratic. Using simultaneous equations to solve:

A(0,-25) = -25=¢ (1
B(50,-5) = -5=12500a+ 50b+c———(2)
C(100,25y= 25 = 10000a + 100b + ¢ ——(3)

Substitute ¢ into (2)

-5 = 2500a + 50b — 25
20 = 2500a +50b ——(4)

Substitute ¢ into (3)

25 = 10000a + 100b —25
50 = 10000a +100b ———(5)

Eliminate b
(4)x2
40 = 5000a + 100b ———(6)

(5)-(6)
50-40 = 10000a-5000a + 100b—100b
La=1

500

Find b use (6)

40 = 5000 x 1 _+ 100b
500
100b = 40-10
b=3
10

Find ¢: Substitute a and b
S5=2500x1+50x3+¢c

500 10
Sec=-25

Quadratic 1 =

a(x) =x +3x 25
500 10

tsh




The remaining quadratics were solved using a Sharp EL-556¢g calculator as more combinations of
quadratic could be explored. All calculations were made without rounding off, as this is inaccurate and
may cause curves not to meet.

The final twelve quadratics (rounded off) which make up my bicycle track are:

a(x) = x +3x - 25 §x:0<x <100}
500 10

A(100,25) = 25=10000a + 100b + ¢
B(180,85) = 85=32400a + 180b + ¢
Gradient = 0.7=200a-+b

b(x) =x* + 235 — 38.75 £x: 100 <x < 180}
1600 40

A(180,85) => 85 = 32400a + 180b + ¢
B(250,130) = 130 = 62500a + 250b + ¢
Gradient (x=100)= 0.8 =360a+ Db

ﬁ o(x) = -0.0023x* + 1.6082x — 131.7347 fx: 180 < x < 250} }

A(250,130) = 130 = 62500a + 250b + ¢
B(330,170) = 170 = 108900a + 330b + ¢
Gradient (x=180)=> 0.4857 = 500a + b

5\_ d(x) = 0.000179%* + 0.3964x + 19.7320 £x: 250 < x <300} }

A(300,154.7321) = 154.7321 = 90000a + 300b + ¢
B(350,90) = 90 = 122500a + 350b + ¢
_Gradient(x=300) = 0.5036 = 600a + b

{ e(x) = -0.03596x" + 22.0821x — 3233.1249 {x: 300 <x <350% J

A(350,90) = 90 = 122500a + 350b + ¢
B(450,-100) = -100 = 202500a + 450b + ¢
Gradient(x=350) = -3.0929 = 700a + b

/

; f(x) = 0.011928566%° — 11.4429% +26633.74924 {x: 350 <x < 400} k

A(400,-34.8215) = -34.8215 = 160000a + 400b + ¢
B(450,-110) = -110 = 202500a + 450b + ¢
Gradient (x=400) = -1.9=800a+b

[g(/x) = 0.007929x" —8.2429x + 1993.7553 {x: 400 <x <450} \
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A(450,-110) = -110 = 202500a + 450b + ¢
B(500,-70) = -70 = 250000a + 500b + ¢
Gradient(x=450) = -1.1071 = 900a + b

h(x) = 0.0382x> — 35.4357x + 8112.1311 {x:450 <x <480} ;;

A(480,-108.8859) = -108.8859 = 230400a + 480b + ¢
B(550,0) = 0 =302500a + 550b + ¢ |
Gradient(x=480) = 1.18142728 = 960a + b

o

i(x) = 0.0053445" — 3.94888278x + 5553035 {x: 480 <x <550}

A(550,0)'=> 0 =302500a + 550b + ¢
B(700,200) => 200 = 490000a -+ 700 b + ¢
Gradient(x=550) = 1.9296 = 1100a + b

F{(x) = 0.003975%2 + 6.3022x — 2263.7419 {x: <550 < 675};

A(675,179.0889) = 179.0889 = 4556252 + 675b + ¢
B(750,170) = 179.0889 = 4556252 + 675b + ¢
Gradient(x=675) = 0.9358 = 1350a+ b

m(x) = -0.01409x ™ + 19.9620x — 6873.9324 {x: 675 <x < 750:]

A(750,170) = 170 = 562500a + 750b + ¢
B(810, 130) = 130 = 656100a + 810b + ¢
Gradient (x=750) = -1.1782 = 1500a + b

|n(x) = -0.008525%2 — 13.9664x + 5849.2230 fx: 750 <x < 810;]




5.0 EXTENSION

A “better fit> for a bicycle track was obtained by using a combination of polynomials. The
choice as to what constitutes a better model depends upon the physical situation being
modelled. The model should: e achieve a better closeness of fit;

¢ decrease in number of functions.

Note: a(x), b(x), ¢(X).....etc. will be used to represent each function of the track.
The following functions were formed by using a Sharp EL-556G calculator, initially
without rounding off. The final equations after rounding off are present below:

Equation 1:  A(0,-25)= -25=a+b+c —(1)
B(50,-5)= -5=2500a+50b+c ——2)
C(100,25)=25 = 10000a + 100b+¢c —(3)

a(x) =x"+3x - 25 §0<x<1203
500 10

Note: The calculations for equation 1 is on pg 70

Equation2:  A(120,39.8)=39.8=120x+¢
B(250,130)= 130=250x+c¢
Gradient(x=120)= x=0.78

b(x) = 0.6938x — 43.4615 §120 <x <2503

Equation 3:  A(250,130)= 130 =62500a+250b + ¢
B(330, 170)=> 170 = 108900a +330b + ¢
Gradient(x=250)=> 0.4857 = 500a + b

c(x) = 0.000179%" +0.3964x +19.7320 {250 <x <3003

Equation4: A(370,20)= 20=136900a+370b+c
B(300,154.7321)= 154.7321 = 90000a + 300b + ¢
Gradient(x=300) = 0.5036 = 600a + b

d(x) = -0.03596x> +22.0821x — 3233.1249 {300 <x <3503




Equation 5:  A(350,90)= 90= 122500a +350b + ¢
B(450,-100)=>-100 = 202500a + 450b + ¢
Gradient(x=350)=> -3.0929 = 700a + b

e(x) =0.01 19257 -11.4429x +2633.7492  {350<x< 410%

Equation 6:  A(530,-26)= -26= 148877000a + 280900b + 530c +d
B(450,-100)=-100 = 91125000a + 202500b +450c +d
C(410,-52.6287)=>-52.6287 = 689210002 + 168100b +410c +d
Gradient(x=530)=>-1.6614 = 504300a + 820b + ¢

f(x) = 0.000047x° — 0.04785x" + 13.8396x — 926.7665 {410 <x <530}

Equation 7:  A(530,-26)=> -26 = 530a + b
B(650,155)=155=650a +b
Gradient(x=530)= a =2.7827

g(x) = 1.5083x - 825.4167 §530 <x <6503

Equation 8:  A(740,180)= 180 = 547600a + 740b + ¢
B(650,155)=> 155 = 422500a + 650b + ¢
Gradient(x=650)=1.5083 = 1300a + ¢

h(x) = -0.0138%" + 19.4386x - 6652.7551 {650 <x <7403}

Equation 9:  A(740,179.0306)= 179.0306 =740x + b
B(810,130)= 130=810x+b
Gradient(x=740)= -4.7580 = a

i(x) = -0.7004x + 697.3541 {740 <x <810}




The following graph is the proposed bicycle track matched against the Yarra River:

1 Bike path along the Yarra River bank.

250 +
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150
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Series1
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0 Black ~Track R

{ white - River,

-50

-100

-150

Fig. 3.5

Although I was unable to keep all of my bicycle track within my chosen limits of 0-10 metres across
the entire domain, this is acceptable at this stage with quadratics.

In the straight line sections of the river coefficients of ‘a’ is close to zero. This is because, when ‘a’ is
close to zero the quadratic becomes a better model for a straight line equation in the same way that
when d = 4—2 .

When choosing the points to model the river, I looked for areas where there was a concavity change.
(Refer Fig.3.5)

Point A) Although the track does not closely match the river this is accepted because it is a curvature
over a very small domain, therefore very dangerous for a rider to ride around. It is possible to model
this area closely by limited domains of several quadratics, however this is not necessary. To model this
vertical section using quadratics the value of ‘a’ or coefficient of x> would have to be very high in order
to get the appropriate steepness. This means that each quadratic will only be able to model the path
over a very small domain. Therefore several quadratics will be required and this is unrealistic and
impractical.

Point B) Kiosk- Some loss of closeness has to be allowed here because of the sharp turn. It is therefore
too dangerous to model closely with the river. Therefore a need to compromise on closeness.

25




Bicycle Track 2 on the Yarra.

250
200
150 |

100

-100

-150

Figure 5.1

Table of Comparisons

Features Model 1(Bike track 1) | Model 2(Bike track 2)

3 straight lines
Number of functions used 12 quadratics 5 quadratics
1 cubic

Average closeness of fit as measured
by distance between the river and the | 0.5830m 0.5053cm
track.

Average span covered by one 67.5units A 101.25units
function, across the x-axis.

Note: Refer to Appendix 2 for further information

From the above comparisons, Model 2 will produce a closer fitting track with the river.
This better-fit is also achievable with less functions, making it the preferable option for
practical adoption.

To achieve the desired closeness of fit the following refinements were made and reflected
in Model 2. Given the already closeness of fit between the river and the track as modelled
by functions 1, 4, 5, 6 of Model 1, I have adopted them in Model 2 as functions 1, 3, 4, 5
respectively.

For those sections where quadratics have a small coefficient of x%, I have re-modelled
them with straight line. This enables one function to model the river across a section
which would otherwise require a series of quadratics. Similarly those sections with
quadratic-like curve are re-modelled by using cubic functions with the value of ‘d’ close
to zero.
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Point A) Given the sharp curvature a compromise on closeness of fit has been allowed. to
enhance overall safety of riders.

Point B) It was found that quadratics are ideal for modelling symmetrical curves while
non-symmetrical curves are better modelled by cubics. Therefore this area is best
modelled by a cubic to achieve a better-fit.

6.0 Conclusion:

A function can closely model another function or given set of data across a particular
domain and for this reason careful attention must be paid to domains. It is unrealistic to
expect one function to model another across its entire domain. In many cases a series
of hybrid functions will be necessary. A greater measure of closeness can be obtained
by introducing more functions. As the number of functions increase the accuracy of the
model increases.

If measure of closeness is not critically important, functions can be used to model the
given data across a larger domain. The measure of closeness will also depend on the
situation that is being modelled. Hence the accuracy of the model describing the track
can be improved by developing an infinite number of functions. However, in situations
such as the bicycle track there will be allowance for lack of closeness due to
geographical features such as boulders and other physical land forms on site. Thus it
would be unrealistic to expect the track to be always within a set distance from the
edge of the river. Obviously with more time one could model the river precisely with
other high power polynomials.




Sheest?
y () y-F(0) total difference
0 -24 -25 1 472.2052
10 -20 ~21.8 1.8 Average over 810m=
20 15 -18.2 3.2 0.582969
30 -14 -14.2 0.2
40 -8.7 -9.8 0.1
50 -5 -5 0
60 1 0.2 0.8
70 & 58 0.2
80 12 11.8 0.2
90 20 18.2 1.8
o0 20 18.2 1.8
100 25 25 0]
110 33: 320825 0.9375
120 40 38.25 0.75
130 491 46.5625 2.4375
140 55 54 1
150 621 615625 0.4375
160 70 69.25 0.75
170 79 77.0625 1.9375
180 85 a5 0
180 85 85 0
180 03 9277551 0.224486
200 100 100 0
210 107 1069796 0.020397
220 113 113 0
230 1200 119.3878, 0.612225
240 126 124.9184: 1.081609
250 130 130 0
250 130 130 0
260 136 134,875 1.124899
270 1401 139.78571 0.214285,
280 150 144.7321, 5267856
280 154, 1497143 4285713
300 1601 154.7321| 5267857
300 160 154.7322 52678
310 162 156.17151 5828511
320 165.5) 150.4179; 15.08208
330 166 137.4715  28.5285
340 1611 117.3322, 43.66778
350 150 90.00008: 58.99992
350 1501 89.89993 60.00007
3B0 60.5| 60.26421) 0.2835787
370 34, 32.914211 1.085788
380 8 7.948824 0.050076
380 145 14,6287, 0.128651
400 300 -34.8215) 4821512
400 300 3482230 482228
410 521 -B3.0285 1.020458
420 -66.5! -69.6509 3.150917
430 -81 -84 6867 3.686655
440 -9t 981387 7.136674
450 98 -110.001: 11.00097
450 -89, -110.0011 11.00097
AN ne 4477 RRQ 40 PRR1A
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Sheett

480 -88; -108.887; 20.88679
480 -88. -108.886 20.88609
490 -801 -96.5374, 16.53742
500 -70; -83.1199: 13.11984
510 5851 88,6336, 10.13364
520 -40] -53.0785 13.07852
530 -261 -36.4546. 10.4546
540 =10 -18.7619; 8.761853
550 100 -0.0003: 10.0003
550 10, -0.0003, 10.0003
560 22 18.898531 3101467 |
570 38| 37.00197 0.998027
5380 55 54.3104 0.689603
590 71 70.8238; 0.176197
800 87 8654219 0.457809
610 1021 101.4656] 0.534437
620 116 115.5939 0.408084
830 129 128.8273 0.072747.
640 142, 141.4656| 0.534428
650 1551 153.2089 1.791127
660 169 1641572, 4.842842
670 180 174.3104 5.689576
875 185 179.0889 5.911074
6875 1851 179.0894 59106338
680 192 183.4162, 8.583843:
690 200 189.9557| 10.04428
700 202! 193.6766, 8.323403
710 200! 194.5788 5421226
720 1931 192.6623! 0.337742
730 188, 187,927 0.072954
740 180.5, 180.3731] 0.12686
750 17251 170.0005, 2499462
750 172.5 170 1
760 167, 158.0706; 7.929431
770 160 149.8463; 10.15374
780 151.5] 142.327) 9172954
790 1451 136.5129| 8.487074
800 140, 132.4039 7.596101]
810 134 130, 4.000034

Bike path along the Yarra River bank.

Series
Serie




Sheetd

Mode! 2 .
y f(x) y-f9 Total distance=
0 24 -25 11 409.2913!
10 -20 -21.8 1.8 Average distance over 810m=
20 -15 -18.2 3.2) 0.505298
30 -14 -14.2 0.2
40 8.7 -9.8 0.1
50 -5 -5 0
60 1 0.2 0.8
70 6 5.8 0.2
80 12 11.8 0.2
90 20 18.2 1.8
100 25 25 0
110 33 322 0.8
120 40 39.8 0.2
120 40 39.8 0.2
130 49, 4673846 2.261539
140 55| 53.67692! 1.323077
150 62 60.61538] 1.384616
160 70! 67.55385| 2.446154
170 79! 74.49231: 4.507692
180 85! 81.43077, 3.569231
190 93! 88.36923, 4.630769
200 100] 95.30769 4.692308
210 107 102.2462, 4.753846
220 113} 109.1846| 3.815385
230 120! 116.1231, 3.876923
240 126] 123.0615] 2.938462
250 130 130; 21E-07
250 130 130 0
260 136| 134.875, 1.124999
270 140 139.7857 0.214285
280 150, 144.7321) 5.267856
290 154 149.7143, 4.285713
300 160! 154.73211 5.267857
300 160; 154.7322 52678
310 162 1561715 5.828511
320 165.5, 150.4179 15.08208
330 166 137.4715 28.5285
340 161 117.3322| 43.66778
350 1501 90.00008 59.99992
350 150| 89.99993! 60.00007
360 60.5| 60.26421] 0.235787
370 34 3291421 1.085788
380 8 7.949924 0.050076
390 145 -14.6287] 0.128651
400 230 -34.8215| 4.821512
410 -521 526287 0.62866
410 521 52397, 0.397049
420 6651 -67.9617 1.461736
430 -81, -81.23491 0.2348934
440 -91) -91.9342! 0.934211
450 -100 -100 0
460 -08; -104.681| 6.681276
470 -05, -105.964 10,9642
480 -88: -103.5431 1554347




Popendix @ Sheet

Distance between guadratic and cubic.

X d=7.1 d=6.5 d=7.15 d=7.2 d=7.155
-5 -3.15 -31.5! -0.7875 1.575! -0.55125
-4 -2 -20 -0.5 1 -0.35
230 -1.16667| -11.6667! -0.29167 0.583333, -0.20417
-2 -0.6 -6 -0.15 0.3 -0.105
-1 -0.25 -2.5, -0.0825 0.125, -0.04375
0] -0.06667, -0.66667] -0.01667| 0.033333, -0.01167
1 -8.9E-16 0 0 0 0
2! -89E-16 -8.9E-16 0 0 0
31 -0.01667| -0.16667; -0.00417 0.008333] -0.00292
4, -B9E-161 -8.9E-16 0 0 0
5 0.1 1 0.025 -0.05 0.0175
total dis= 7.35 735 1.8375] 3.674999! 1.28626
average dig 0.735 735 0.18375 0.3675| 0.128626




Sheetd
f(x) y-F(x) Total distance=
0 -24 -25 11 409.2913]
10 -20 -21.8 1.8 Average distance over 810m=
20 -15 -18.2 3.2| 0.505288

30 -14 -14.2 0.2
40 -9.7 -9.8 0.1
50 -5 -5 0
60 1 0.2 0.8
70 6 5.8 0.2
80 12 11.8 0.2
90 20 18.2 1.8
100 25 25 0
110 33 32.2 0.8
120 407308 02
120 40 39.8 0.2
130 49! 4673846, 2.261539
140 55| 53.67692| 1.323077
150 62 6061538 1.384616
160 70| 67.55385| 2.446154
170 79 7449231, 4.507692
180 85 81.43077| 3.569231
180 93/ 88.36923, 4.630769
200 1001 95.30769 4.692308
210 107, 102.2462 4.753846
220 113 109.1846) 3.815385
230 1201 116.1231: 3.876923
240 126 123.0615! 2.938462
2501 801301 21E07
250 130 130 0
260 1361 134.875, 1.124999
270 1407 139.7857 | 0.214285
280 150 144.7321, 5.267856
290 154] 149.7143 4.285713
3001 160,-154.7321 1 5267857
300 160 154.7322 5.2678
310 162| 156.1715) 5.828511
320 165.5: 150.4179 15.08208
330 166, 137.4715] 28.5285
340 161! 117.3322, 43.66778
#4350 50190000081 59.99902
350 150] 89.99993| 60.00007
360 60.5| 60.26421, 0.235787
370 34! 32.914211 1.085788
380 8, 7.949924! 0.050076
390 145, -14.6287, 0.128651
400 -30; -34.8215 4.821512
410 -521:::52:6287 1 0.62866
410 521 -52.397: 0.397049
420 -66.5) 67.9617| 1.461736
430 -81| -81.2349 0.234934
440 91 -91.9342| 0.934211
450 -100 -100 0
460 -98! -104.681| 6.681276
470 -95 105964, 10.9642




Sheetd

500 -70: -86.4613| 16.46135
510 -58.5] -71.2351 12.73509
520 -407 -51.1754 11.17545
~530 -26 26 =BEO7,
530 -26 -26 2.1E-07
540 -10! -10.9167, 0.916667
5580 10| 4.166666 5.833334
560 22 19.25 275
570 38 34.33333 3.666667
580 55 49.41667 5.583334 T
590 71 64.5 8.5
600 87| 79.58333 7.416667
610 102, 94.66667 7.333334
620 116 108.75 6.25
630 129 124.8333 4.166667
640 142! 136.9167
650 155 155, -3.5E-06
660 169 168.7041! 0.295915
670 180! 179.6497 0.350336
680 192 187.8367, 4.163262
690 200] 193.2653| 6.73469
700 202 195.9354, 6.064622
710 200 195.8469 4.153057
720 193 193 -4E-06
730 188 187.3946 0.605438

7400 1805 179.0306| 1.469384

740 180.5; 179.0306; 1.469399

750 172.5] 172.0262| 0.473771

760 167 165.0219, 1.978142
770 160 158.0175; 1.982514
780 151.5! 151.0131, 0.486885
790 145 144.0087| 0.991256
800 140, 137.0044) 2.995628
810 134 130! 3.999999

Bicycle Track 2 on the Yarra.
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