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Abstract

The need for a scale to be ‘acceptable’ and ‘reaable’ in statistical and
computational analysis have been stressed in récé#mes by researchers and
examination bodies such as West Africa Examinatid®ouncil (WAEC), National
Examination Council (NECO) etc. In this work we pved the condition necessary for
the scale factorK which is an element of set of real numbei® (K€ R) to be
‘acceptable’ and ‘reasonable’ as scale. We furthgeveloped a scale choosingformula
that is dependent on the data in question.

1.0 Introduction

In graphical and computational analysis, sihle 3] is normally employed to obtain a scatter [#t In choice of scale,
prime numbers such as 3,7,11 etc. and their megtipt submultiples are not accepfécs]. Hence a number that can be
accepted as scale factor must be an element seth@<... 1,2,4,5,8,10,16,20 ... }. Analysis of scatter points is much
convenient if the plots are well varied on the grapper. And it is true that not every element afa@ give a good
variability of plots. The elements of Q for whichagl variability is obtained are said to be ‘reasbeds — 6].

Graph paper; It is any paper that have vertical and horizogtal lines equally spaced thereby forming squares.
The grid lines are classified into major and m[a|8].
Division; In mathematics, especially in elementary arithmeliiision (+) is an arithmetic operation. Specifically, if
btimes equalsa, written:

a=bXc (1)
Wheré is not zero, thea divided byb equalsc, written:
a+-b=c (2)

In the expression a + b =a&|s called thalividend or numerator, b thedivisor or denominator and the result is called
the quotient. Division is often shown in algebral atience by placing thdividend over thedivisor with a horizontal
line, also called a vinculum or fraction bar, betwehem. For exampla,divided byb is written

a

b
This can be read out loud as "a divided by b",ydbor "a over b". A way to express division afl one line is to write
thedividend (or numerator), then a slash, thendhgésor (or denominator), like this:

a

/b
Division of any number by zero (where the diviserzero) is undefined. This is because zero mudtipby any finite
number always results in a product of zero. Entfysioch an expression into most calculators prodweserror
messag].
Sequencels an ordered list or an ordered set of numhbesjdea of ordering is importda0]. The individual objects in
the list are called ‘terms’ e.g.0,1,2,3,43,, is a sequence with, as thent"
Mappings; The term mapping, function and transformatiorl bé used synonymously. The symifolX — Y will mean
that f is a single valued function whose domairXigind whose range is containedYirsuch that for every € X, the
function f assigns a uniquely determined element= y € Y[11]. The range of will generally be smaller than Y, but
if the range is Y then we say thats a function onto Y of is surjectivg 12].
The Axiom of choice; leC be any collection of nonempty sets, then thei fisnctionf defined onC which assigns to
each setd € C an elemenf(A) in A. The functionf is called a choice function, and its existence fm@yhought of as
the result of choosing for each of the sétis C an element iA[12][11].
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2.0  Methodology
Physics concepts when reduced to symbols allowptheerful techniques of logical and mathematical ipalations as
exemplified in: Boyle's law, Coulomb’s law eft3]

Definition; Letm,n, P,€ Rbe dividend, divisor and quotient of division opéra, we define a successive
division operation in which the quotient becomes niext dividend and the divisor remain constant as;

m>>/n = P (3)
where the simbol >/ is read sucdiv.to mean successive division

and ¢ is the number of successive divisions carried out.

Lemma; if m,n € R, thenm > /n is closed over the set of real numbens+ 0.
Proof;
Since division operation is closed on the set af nembers with the exception of zgt8]then, the proof follows.

Axiom; division of the elements of set of real numier {a;} by a constant € Ri.e.’ /c’ can be regarded as a
function f (/c) which maps elements of a real g8et {a;} to B = {b;}.e.g4 = {1,2,3,4} if c=2 thenB = {0.5,1,1.5,2}

Definition; Let X = {x;},Y = {y;},n € R, then>/n is a function mapping to Y with £ not necessarily being
the sam¥ y;.

Definition: Precision of plots; in scaling an axis, the scalasually written against the major grid of the grap
But the precision of plots is determined by the anigrid[4][5]. In most graph papers, the minor grids5&8é.
Now, choosing: = 5,
Let the functionf =>/5 be considered as a choice function which will ¢#farm set Q%...1,2,4,5,8,10,16 ...} into a set
S={...1,2,4,8,16 ...} for € not necessarily the sarig;.

Lemma; if P, is the quotient of ther > /nthenm =nfP, VvmnPER:n+#0
Proof;
Leta, b, c € R sincea = bc if a/b = ¢[9]then the above lemma also follows.

Consider set S above, it has a sequence wiféserms, = 2™1 vVnezZ
Theorem letK € R : K # 0, if K is a scale then there exis€ Z : |K| = 107*2""15¢
where: € is the number of division carried out on |K X 10*| for which P, < 5
x is the decimal place for|K| <1 and x = 0 for |[K| = 1.
Proof;
First we choose arbitrary number from set of refailclv is a prime such as 3, 7,11,etc. or their mpigs and submultiples,
and in turn we choose any element of Q.
We prove by contradiction.
LetK = 45,
Suppos«K € Q
Then we findn € Z : |K| = 107%2""15¢
. 45> /5=1.8, hencee =2, x=0
Solving forn yieldsn = 1.8480 ¢ Z which contradicts our assumption
HenceK ¢ Q
LetK =50
Suppos&K € Q thenn g Z: |K| = 10727 15¢
~50>»/5=2, hencee=2, x=0
Solving forn yield n = 2 € Z which contradicts our assumption
HenceK € Q end of proof.
From the theorem, the&" term of self > Q can be determined for giverear.

Definition; Furthermore, any element(@®fis considered ‘reasonable’ for a given data ofli allows good
variability of plotd6]. To find such Kthe space provided for graph plotting, lower arel tlpper bound of the data are
considered.

Let: N be the number of major grid on the graph sheet,
U, Lbethe upper and lower bound of the data respegtivel

We define:
R=U-1L
(4)
Z = |U| +|L]|.
If K is reasonable, then;
KN >Z ~K=2/y,
But K =107%2""15¢ (5)
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10—x2n—15€ > Z/N
n—123.32191og (410%/c.), setting

n—12m >33219log(4107/, ..
~ K =107*2M5%
— 2m—x58—x (6)
where ¢ is determine from Zle/N »/5 =P, forwhichP, <5
The scale can be expressedas
where 4 is number of major grid line and it is = 1 if origin of axis is zero (0)

and A = RL if 0< origin <L (7
*/k)

3.0 Results and Application

Consider the table below, we use the above fortautketermine the scale factors, plot the graphcamlpare to
what has been plotted by the author of the[dafa

Table 1: Table of values for the determination ofdcal length of a converging lens.

h,=20.0cm
i x(cm) h(cm) m=h/p m?’ x(cm?)
1 42.0 40.0 2.00 0.500 0.0238
2 28.0 27.0 1.35 0.740 0.0357
3 21.0 20.0 1.00 1.000 0.0476
4 17.0 16.0 0.80 1.250 0.0588
5 14.0 14.0 0.75 1.429 0.0714
Plotting mi* on the vertical and’on the horizontal axis;

Using = 2m-5¢-%, m ~ 3321910 (55), A% /5, 2~ %

K

In the column i,
L=0.500, U=1.429

~ Z=0.500+1.429=1.929,
R=1.429-0.500=0.929
Since Z>1, x=0, N=12

1]
To determine, we do;% »/5=0.16075, ~&e=0

1.929><10°) N

To determine m, we den = 3.3219log( 12x50

W K =2737050-0 =23 =0,125

With axis starting from zero, the scale is giveh: 8s125.
In the column ¥,

L=0.0238, U=0.0714

+ 7=0.0238+0.0714=0.0952,
R=0.0714-0.0238=0.0476

Since Z<1, x=4, N=10

To determine, we do;%zoxw4 »/5=3.808, ~e=2

To determine m, we dan = 3.3219 log(
o K = 22745274 = 272572 = (,01
With axis starting from zero, the scale is giveh: 8901

0.0952><104) N
10%x52
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Figure 1: The graph of m" against x'(cm™)

4.0
1

Discussion
The calculated scale has an advantage in tHatetmines exactly the decimal places; that haeel gontribution on
the data under consideration, which will otherwigeignored, e.g in column fin the table above, the calculated
scale is 0.125 showing that up to tH&d&cimal place has good contribution on the datah®ichosen scale is 0.2
ignoring the 2 and &' decimal places.
The graph Gis the graph plotted on the calculated scaleis, dear that it covers most of the space provifibed
graph work which is the most recommended by exatioimabodie$4][5]but graph G which is plotted on chosen
scale by the author of the dpt&] has fallen short of this recommended standard.
The variation between graph, @nd G is clear hence the physical quantities of intemagth as SLOPE and
INTERCEPT will vary significantly. Therefore, anyoshastic process of the abovedata base on grapgtaiGbe
misleading.
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4  The calculated scale is logical hence easi¢égdach13]; and different candidates can have the same faetiers for
the same data and paper size,than the chosen metiiod is judgmental and different candidates camehdifferent
scale factors for the same data and paper size.

5.0 Summary

Scale factor in graphical and computational analisivery important for obtaining results which ezasonable and
accurate from a data or observation collected dussearch activities.

In this paper we defined and discussed some ofitaé parameters and operational mathematic operdtogive
good scale factors when drawing graphs to reprekerdata or observational values from an experimen

A mathematical expression for determination ofsd¢attor is derived as equation (6) and(7)

Test of the above equations with data obtain framegperiment on light gives a better result comgpatue the
existing process of choosing scale factors at rando

Other advantages of the scale factor formula irelueduction in abstractness associated with theeginof
choosing scale factors to logic which makes it e@syeach and comprehend. It also helps and epsilgerves the
decimal places that are vital in plots which wolgdifficult with randomly choosing method.
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