King Abdulaziz University
Engineering Sciences

Volume 32 Issue 1 ISSN: 1319-1047
o Dimensional Analysis via an Electromagnetically-Oriented Set of Fundamental
Dimensions

Mostafa Ali Rushdi, Ali Mohammad Rushdi

o Radiation Safety While Providing Bedside Care During Portable Radiography
Procedures: Knowledge and Awareness of Respiratory Therapists and ICU
Nurses
K. Alshamrani, R. Humaiyan, A. Alghamdi, G. Alwthinane, D. Tammar,

A. Alzahrani, E. Banogitah, A.Subahi, S. Aldahery, A. Qurashi.

o Dose Measurements of Relatives, together with Dose Mapping of Common Areas
in the Nuclear Medicine Department at KAMC-Jeddah
Lulwah Alsalem !, Rawah Nasser, Dania Karsou, Essam Banogitah, Yasir Albarakati,
Mohammed Maslmani, Ahmad Subahi

o Impressions of the Community of Makkah on the Hajj in the Light of Covid-19
Pandemic: Quantitative and Al-based Sentiment Analyses
Hani A. Aldhubaib

e Enhancing the Safety of Epoxy Flooring Materials in Wet Working Condition.
Khamaj A., AMM lbrahim, Samy A. M., Ameer A. K.






Journal of
King Abdulaziz University
Engineering Sciences

Volume 32  Issuel
2022



Contents

Dimensional Analysis via an Electromagnetically-Oriented Set of Fundamental
Dimensions
Mostafa Ali Rushdi, Ali Mohammad Rushdi 1

Radiation Safety While Providing Bedside Care During Portable Radiography
Procedures: Knowledge and Awareness of Respiratory Therapists and ICU Nurses

K. Alshamrani, R. Humaiyan, A. Alghamdi, G. Alwthinane, D. Tammar,

A. Alzahrani, E. Banogitah, A.Subahi, S. Aldahery, A. Qurashi. 25

Dose Measurements of Relatives, together with Dose Mapping of Common Areas

in the Nuclear Medicine Department at KAMC-Jeddah

Lulwah Alsalem, Rawah Nasser, Dania Karsou, Essam Banogitah, Yasir Albarakati, Moham-
med Maslmani, Ahmad Subahi 33

Impressions of the Community of Makkah on the Hajj in the Light of Covid-19
Pandemic: Quantitative and Al-based Sentiment Analyses
Hani A. Aldhubaib 41



King Abdulaziz Journal: Engineering Sciences, 2022 VVolume 32 No 1 pp.:1-24, O DOL:xx.xxx/

Dimensional Analysis via an Electromagnetically-Oriented Set of
Fundamental Dimensions

Mostafa Ali Rushdi'?, Ali Muhammad Rushdi® "

YFaculty of Engineering and Technology, Future University in Egypt, New Cairo, 11835, Egypt
ZResearch Institute for Applied Mechanics, Kyushu University, Fukuoka, 816-8580, Japan)

E-mail: Mostafa.Roshdi@fue.edu.eq; rushdimostafa@riam.kyushu-u.ac.jp

3Electrical and Computer Engineering, King Abdulaziz University, Jeddah 21589, Saudi Arabia

Abstract. This paper describes the electromagnetically-oriented LTI® dimensional basis that is based on the ref-
erence dimensions of Length (L), Time (T), Electric Current (I), and Electric Potential (@). We utilize this basis
in the matrix solution of dimensional-analysis (DA) problems involving mainly electromagnetic quantities. Rep-
resentations of electromagnetic quantities in the LTI basis (compared with the standard MLTI basis that uses
Mass (M) instead of Potential (@)) are more informative, much simpler, and have salient duality features. Moreo-
ver, DA computations of electromagnetic problems via the Gauss-Jordan algorithm in the LTI® basis are more
efficient, much less error prone, and quicker to detect linear dependencies in the dimensional equations. Both
details and advantages of the proposed method are explored via demonstrative examples, which are of obvious
significance in the learning and teaching of electromagnetism.

Key words. Dimensional analysis, dimensionless products, basis and regime variables, Gauss-Jordan elimination,

electromagnetically-oriented dimensional basis, learning and teaching electromagnetism.

1. Introduction

Dimensional analysis (DA), fundamentally re-
lated to the principle of similitude, is an effec-
tive way to analyze a physical phenomenon
without explicit knowledge of its governing
physical laws, provided we are confident that
such laws exist. In fact, DA can be used along
with experimental data to develop an empiri-
cal mathematical model of the physical phe-
nomenon concerned. The use of DA is justified
by the single premise that the phenomenon
can be described by a dimensionally correct
equation among the pertinent variables. We
do not need or assume pre-knowledge of this

* Corresponding author: arushdi@kau.edu.sa

equation or model, for, otherwise, DA applica-
tion would not be warranted. The prominent
advantage of DA is that it dispenses with any
knowledge of the inner mechanisms of the
physical phenomenon. Dimensional analysis
reduces the number of variables used, thereby
facilitating fitting of equations to data. Another
major advantage of DA is that it can partition
the original variables in a general way into ap-
propriate sets of basis (independent) variables
and regime (dependent) ones, with each of the
regime variables appearing (possibly with basis
variables) in a dimensionless grouping that en-
joys a concrete physical interpretation.

1 https://journals.kau.edu.sa/index.php/JENGSCI


mailto:Mostafa.Roshdi@fue.edu.eg
mailto:rushdimostafa@riam.kyushu-u.ac.jp

King Abdulaziz Journal: Engineering Sciences, 2022 VVolume 32 No 1 pp.:1-24, O DOL:xx.xxx/

Successful DA application necessitates that we
understand the underlying phenomenon well
enough just to identify all the pertinent varia-
bles, which must be all quantifiable. While DA
does not need to know the inner mechanisms
of the underlying phenomenon, it does not of-
fer to explain these mechanisms, either. A
complete model of the phenomenon is not
supplied by DA alone, since DA must be supple-
mented with further information, usually in
the form of experimental data. Direct utility of
DA is limited to product formulas, in which var-
iables are raised to certain exponents.

Dimensional analysis has a long history extend-
ing for several centuries, but it was almost one
century ago that Buckingham laid the mathe-
matical foundation for classical DA [1, 2]. Dur-
ing those centuries electricity and magnetism
were developing as independent phenomena,
and it was only in the nineteenth century that
they were realized to be different manifesta-
tions of a single underlying theory, collectively
called Maxwell’s equations of electromag-
netism (EM). One might observe the existence
of an intimate relation between dimensional
analysis and electromagnetism, even from the
times of their infancies. In fact, dimensional
analysis aided Maxwell, the undisputed father
of modern electromagnetism, in the formula-
tion of his celebrated equations [3]. The utility
of dimensional analysis in solving problems of
electromagnetics is exemplified by an example
in the seminal paper of Buckingham [1]. Cast-
ing Maxwell’s equations in a dimensionless
form facilitates utilizing them in mathematical
proofs [4], and allows their solution without
dealing with very large numbers [5]. A modern
prominent technique in electromagnetics (and
other branches of physics), viz., that of differ-
ential forms, relies heavily on DA concepts to
classify various quantities as volume, area,
line, or none densities or quotients [6-9]. There
are many publications linking DA and EM units
and dimensions [10-29], and many others ap-
plying the most fundamental DA theorem
(Buckingham Pi Theorem) to EM problems [30-
49].

This paper offers a detailed exposition on using
the electromagnetically-oriented LTI® dimen-
sional basis (instead of the mechanically-ori-
ented MLTI dimensional basis associated with
the Sl system of units) for solving DA problems
mainly involving electromagnetic quantities.
We describe transformations between the two
bases, and report novel observations on char-
acteristic features of EM and non-EM quanti-
ties, which are revealed by their dimensional
exponents in the LTI basis. We supplement
the use of this basis by the utilization of a mod-
ern matrix approach for Dimensional Analysis
[49-59] in the derivation of dimensionless
products via the celebrated Gauss-Jordan algo-
rithm [60], which possesses many obvious ad-
vantages for handling linear dependencies,
and for partitioning variables into basis and re-
gime ones. The task of this algorithm is to re-
duce the augmented dimensional matrix into a
reduced row echelon form (RREF). This task is
considerably facilitated when the submatrix
associated with the basis variables is shaped as
closely as possible to a unit matrix, a goal that
can be achieved with the use of the LTI® basis,
provided electromagnetic quantities dominate
the basis variables of the DA problem, and, not
necessarily its regime variables.

Rushdi and Rushdi [54] list many salient fea-
tures of the Gauss-Jordan algorithm that makes
it our unrivaled choice for handling DA prob-
lems (whether in a manual or an automated
fashion). This algorithm acts as a mechanism of
switching from an initial basic set of agreed-
upon fundamental dimensions to a final set of
desirable base dimensions. That role resembles
this algorithm’s role as a part of the Simplex
Method of linear programming. The Gauss-Jor-
dan algorithm does not make any presupposi-
tion of the rank r of the dimensional matrix.
Neither does it need any preparatory work to
determine the matrix rank (for example, by
evaluating determinants via Cramer’s rule as
suggested by Middendorf [33]). This algorithm
integrates the step of rank determination with
its own work. If it encounters a row whose en-
tries are all 0 (an all-0 row) it avoids this row
by interchanging it with a latter row that is not
all-0. The procedure terminates if there is no

2 https://journals.kau.edu.sa/index.php/JENGSCI
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remaining row that is not all-0. The matrix rank
is simply the number of rows successfully pro-
cessed by the procedure (for which, there exist
non-zero pivoting elements). For our manual
solutions here, if the algorithm creates an all-0
row, then we will simply omit it in the next
stage to avoid notorious swapping operations.

The remainder of this paper is structured as fol-
lows. Section 2 discusses the issue of selecting
fundamental dimensions for electromagnetics.
The problem of transformations between the
LTI® basis and the MLTI basis is subsequently
explored, first by scalar techniques (Section 3),
and later by a novel application of the Gauss-
Jordan algorithm (Section 4). Section 5 lists the
dimensional exponents for EM and non-EM
quantities in both the LTI® and MLTI bases,
and points out the superior features possessed
by the LTI1® basis for handling electromagnetic
quantities. Several illustrative examples are
then presented in Section 6 to demonstrate
the effectiveness of the proposed approach
which makes the most of the Gauss-Jordan al-
gorithm through the use of the electromagneti-
cally-oriented basis for the dimensional analy-
sis of EM problems. Section 7 concludes the pa-
per.

2. Selection of Fundamental Dimensions for
Electromagnetics

The fundamental dimensions may be chosen ra-
ther arbitrarily, but, for practical reasons,
should be chosen appropriately, and should be
scientifically justifiable. The first step in the se-
lection of a dimensional system is to choose the
number N of fundamental dimensions. There
are two extreme values for N as it can be as
small as one in a mono-dimensional system,
and it might be large enough to allow all dimen-
sions to be fundamental ones in an omni-dimen-
sional system. Szirtes [43] demonstrates the
possibility and (at the same time) the impracti-
cality of these two extreme systems:

* In a mono-dimensional system, all di-
mensions, except a single fundamental
one, are derived and expressed as posi-
tive, zero, or negative powers of that

single fundamental dimension. Such a
system is totally impractical, suffers
from excessive ambiguities, and it
forces its users to use dimensions
which are terribly inappropriate. It is
particularly inferior to a (moderately)
multidimensional one, since it drasti-
cally undermines the utilization of the
requirement of dimensional homoge-
neity in deriving and verifying formu-
las and in constructing dimensionless
products.

» Inanomni-dimensional system, no am-
biguity is encountered, since every di-
mension is fundamental and none is de-
rived. Therefore, variables of different
dimensions must be measured entirely
independently, and every physical rela-
tion would be a separate scientific dis-
covery requiring at least one mandatory
dimensional ‘constant of nature,” that
would have to be determined separately
so as to make the formula dimension-
ally homogeneous.

Since many drawbacks result from the selection
of too few or too many fundamental or refer-
ence dimensions, the best choice seems to be a
traditional (moderately) multidimensional sys-
tem [43]. A considerable convenience can stem
from using three to five reference dimensions
as rendered feasible by the problem at hand.
Bridgman [61] emphasizes the fact that there is
nothing sacrosanct about the number of refer-
ence dimensions and that dimensional analysis
is merely a man-made tool that may be manip-
ulated at will. This principle of free choice of
the reference dimensions has been widely ac-
cepted, preached and practiced [62]. In fact, the
International System of Units (SI System) uses
seven fundamental dimensions (N = 7), namely
mass, length, time, electric current, tempera-
ture, amount of substance, and luminous inten-
sity. It also employs two supplementary funda-
mental units for two particular dimensionless
guantities, namely: the plane angle
(length/length) and the solid angle (area/length
squared). Treatment of these dimensionless
quantities as fundamental dimensions leads to a
convenient and systematic way of conversion
between different systems [11, 51]. The SI

3 https://journals.kau.edu.sa/index.php/JENGSCI
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system suffers from few ambiguities such as its
assignment of non-distinct designations for
torque and energy or for pressure, normal stress
and shear stress [43].

The Sl system is an outgrowth of the MLT sys-
tem covering the kinetic quantities of Mass (M),
Length (L), and Time (T). This mass-based sys-
tem was competitive with (and more popular,
albeit less efficient than) another three-dimen-
sional system, viz., the FLT system, in which
force (F) replaces Mass as a fundamental di-
mension. The MLT system can express all me-
chanical quantities in a unique way, but it expe-
riences ambiguities with many electromagnetic
guantities [29]. To extend the MLT system to
cover electromagnetic quantities appropriately,
it suffices to add only one additional quantity
[11], which originally was the electric charge
(@) [63], but was later superseded with the elec-
tric current (). Dimensional analysis involving
electromagnetic/electromechanical quantities,
therefore, is typically based on the use of the
MLTI multidimensional system. An alternative
system using the same number of fundamental
dimensions is the LTI1@ system [43, 57, 64, 65],
where @ stands for electric potential or voltage.
Though this system has been known for more
than a century, it has never been fully devel-
oped or adequately utilized. It starts as a system
covering the kinematic quantities of Length (L)
and Time (T), and augments it with the two
electric (or electromagnetic) quantities of cur-
rent and potential. Likewise, in the LTQ® sys-
tem that was proposed by Kalantaroff in 1929
[12, 27, 29], electric charge (Q) and magnetic
flux (®) are taken as fundamental dimensions,
again in addition to Length and Time. All these
modern multidimensional systems use four fun-
damental dimensions, but the split of these four
dimensions to purely mechanical and purely
electromagnetic ones is 3+ 1 for mechani-
cally-oriented systems (MLTQ,MLTI,FLTQ,
and FLTI) and 2 + 2 for the electromagneti-
cally-oriented ones (LTI® and LTQ®). The two
electromagnetic quantities employed in these
two latter systems are dual quantities, where
dual electromagnetic quantities are obtained by
interchanging the dimensions of current and

voltage (or, equivalently, by interchanging the
dimensions of electric charge and magnetic
flux) [64]. A more elaborate understanding of
the concept of ‘duality’ might be secured by re-
ferring to any standard text on electromagnetics
[66-68].

Thomas [64] offers a lucid justification for the
introduction of the LT1@ system that essentially
goes as follows. In a mechanical system, di-
mensional simplification is usually achieved by
employing ‘force’ as a fundamental or basis
quantity. By direct electromechanical analogy,
the electrical analogous quantity for ‘force’,
namely ‘voltage’, is suggested to be a funda-
mental quantity. Since ‘voltage’ acts as the
‘forcing function’ in a series electric circuit, the
‘response’ in such a circuit, namely ‘current’ is
proposed as a second fundamental quantity. Al-
ternatively, one might view a parallel electric
circuit, in which ‘current’ is the ‘forcing func-
tion” and ‘voltage’ is the ‘response’, thereby
coming to the same conclusion. ‘Time’ is an in-
dispensable choice for a third fundamental
quantity, since many electric phenomena are
dynamic, in which many prominent quantities
stand for the time rate of change of other quan-
tities. It is remarkable to note that the product
TI® of the three fundamental quantities chosen
so far stands for ‘energy’, and that many other
important physical quantities of electric circuits
rely solely on the three-element basis of TI@.
However, to extend our coverage from that of
lumped electric-circuit phenomena to that of
distributed electromagnetic phenomena, we
need to add ‘length’ as a fourth fundamental
guantity.

3. Transformation between Two Fundamental
Dimensional Systems for Electromagnetics

The basic liaison between mechanical and elec-
tromagnetic quantities arises from the fact that
mechanical energy and electromagnetic energy
share the same nature and dimension. Now, the
dimension of mechanical energy is given by

[Mechanical energy] = [Mechanical work] =
[Force][displacement] =
[Mass][Acceleration]L = M L*T2, (D)

4 https://journals.kau.edu.sa/index.php/JENGSCI
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while the dimension of electromagnetic energy
is given by

[Electromagnetic energy| =
[Poynting vector][Area][Time] =

exponents for the variables L, T, I, and @ in the
MLTI basis, while the four vectors comprising
the inverse transformation matrix T~1 are the
vectors of exponents for the variables M, L, T,

[Electric field intensity][Magnetic field intensity] L*Ed I in the LTI® basis. In Fig. 1, TT1 =

QL YL I2T = QIT , 2)

The result in (2) could be obtained by employ-
ing a lumped electric circuit rather than a dis-
tributed electromagnetic phenomenon, for then
(2) could be replaced by the dimension of elec-
tric energy, which is [Electric voltage] [Electric
current] [Time], which is again @IT. Equating
(1) to (2) results in

M L2T~2 = @IT. ?3)

Hence, we express the dimension of Mass (M)
in the LT1@ basis, and the dimension of electric
potential (@) in the MLTI basis as

M =L"2T3]¢. (4)

@=MIL>T 31 (5)

Now, we consider an arbitrary physical quantity
Q expressed inthe MLTI and LTI bases by the
vectorsof exponents r = [r; r, r; 1,]7 and
R= [R;, R, R; R,]".Ouraim is to find the
transformation matrix T that transforms the
vector of exponents R in the LTI basis to the

vector of exponents r in the MLTI basis. The
dimension [Q] of Q is given by

[Q] =M™ [T2 T"3 [Ts = LR1 TR2 IR3 ®R4 —

(LT3 1) L2 T [ =

LR1 TR2 IR3 (M L2 T—3 1—1)R4,

and hence, the various exponents are related by
Rl = —21‘1 +T2, RZ = 37"1 +T3, R3 = Tl +

T4, R4_ = Tl' (6)
T1=R4, T'2=R1+2R4,,T3=R2—3R4,
T3 = R3 —R,. (7

These scalar relations can be written as a pair of
matrix equations

r=TR R=T1r. (8)

The two matrix equations (8) are conveniently
displayed in scalar form in Fig. 1, in which the
column vector at the right of the square trans-
formation matrix T or its inverse T~1 is written
as a row vector on top of the matrix [49, 53-59,
69], and the equality sign is omitted and implic-
itly understood. The four vectors comprising
the transformation matrix T are the vectors of

T-1T = I, as required.

R, R, Rs R,
" 0 0 0 1
T 1 0 0 2
Ts 0 1 0 -3
T 0 0 1 -1

7 o) T3 7y
R, -2 1 0 0
R, 3 0 1 0
R, 1 0 0 1
R, 1 0 0 0

Figure 1. Convenient display for the transfor-
mations r = TR and R = T~'r from the LTI®
dimensional basis to the MLTI dimensional basis
and back.

The two matrix equations (8) can be used to
construct a table of dimensional exponents for
all electromechanical quantities of interest in
both the mechanically-oriented MLTI dimen-
sional basis and the electromagnetically-ori-
ented LTI1® dimensional basis. Such a table has
appeared earlier in Thomas [64], and is split
here into two tables (Table 2 and Table 3) in
order to give further explanations (in forthcom-
ing sections) of the concept of duality in elec-
tromagnetism.

4. Transformation Derivation via the Gauss-
Jordan Algorithm

Throughout this paper, we consider that a
sought product rr; of a set of physical variables
is dimensionless if, and only if, the exponents
of these variables are a solution of the set of p
homogeneous linear equations (not necessarily
linearly  independent) in  nunknowns,

5 https://journals.kau.edu.sa/index.php/JENGSCI
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expressed in matrix form as [33, 43, 49, 53-59,
62]:

Dz =0, 9)

where D is the p x n dimensional matrix. This
matrix has p rows (p < N), which represent the
adopted fundamental reference dimensions or
elements of the dimensional basis, and n col-
umns, which denote the variable exponents in
the sought dimensionless product, or, with a
gross (albeit common and appealing) abuse of
notation, designate the variables themselves.
We will designate a column twice: (a) by the
correct exponent notation, and (b) by the com-
mon variable notation. A typical entry of this
matrix is the exponent to which a reference di-
mension (row) is raised in the dimensional
product formula representing the particular var-
iable (column).

The vector z comprises the n variable expo-
nents in the sought dimensionless product,
which are unknown constants, yet to be inter-
related (partially determined). The Gauss-Jor-
dan algorithm [60] achieves this purpose of in-
ter-relating the exponents by applying elemen-
tary row operations that transform the matrix D
into a reduced row echelon form (RREF). The
vector of exponents z is not written as a column
vector to the right of the dimensional matrix as
suggested by Eqg. (9), but is written (in a non-
conventional way) as a row vector on top of it
[53-59, 69]. In addition, the equality sign in Eq.
(9) is omitted and implicitly understood, while
the zero vector in the R.H.S. of Eq. (9) is added
as an extra vector for D resulting in an aug-
mented matrix, to whose entire rows we apply
the same elementary row operations in the tab-
leaus of the Gauss-Jordan (GJ) algorithm. Such
operations are explained by assignment opera-
tions written in the leftmost column of the algo-
rithm tableaus, wherein E;® denotes the equa-
tion of augmented row i at stage k of the algo-
rithm. The structure so obtained constitute
standard Gauss-Jordan tableaus and is exempli-
fied by the tableaus in Tables 1 and 4-11.

As a prelude to employing the Gauss-Jordan
procedure in solving DA problems, we report
herein an unusual application for it as an

alternative instructive means for deriving the
transformations in Eqgs. (6-8). Table 1 uses the
Gauss-Jordan procedure for moving from the
mechanically-oriented MLTI dimensional basis
to the electromagnetically-oriented LTI® di-
mensional basis and back. The table involves
six exponents (m, [, t, i, f and q), which corre-
spond to the variables M, L, T,I, @ and Q, and
hence it covers all variables of the MLTI and
LTI@ bases as well as the quantity of interest Q
(not to be confused with the electric charge).
The table consists of five stages, of which each
of stages 0, 2, and 4 has a specified dimensional
basis (while each of the remaining stages lacks
such a basis). Stage 0 (and also its identical
stage 4) is characterized by the MLTI dimen-
sional basis, since the submatrix of D under the
M,L, T, and I variables is a unit matrix, while
stage 2 is characterized by the LTI® dimen-
sional basis, since the submatrix of D under the
L, T,I and @ variables is a unit matrix. There-
fore, the column under the variable of interest
Q is its vector of dimensional exponents, which
is 7 in stages 0 and 4 (of the MLTI basis) and R
in stage 2 (of the LTI@ basis).

Table 1 elegantly recovers the transformations
in Egs. (6-8) that are displayed in Fig. 1. In fact,
it does so twice, consistently giving the same
result. On one hand, the scalar values expressed
in the Q@ column recover Eq. (6) at stage 2 and
recover Eq. (7) at stage 4. On the other hand,
going in column Q from r at stage 0 to R at
stage 2 amounts to a left multiplication of the
entire matrix by the inverse transformation ma-
trix T~1, and going in the same column from R
at stage 2 to r at stage 4 amounts to a left mul-
tiplication, again of the entire matrix, by the
transformation matrix T itself. Therefore, the
submatrix of D under the M, L, T, and I varia-
bles (which is a unit matrix in stage 2) is the
transformation matrix T in each of stages 0 and
4 (highlighted in pale bluish-green). Likewise,
the submatrix of D under the L, T, I and @ vari-
ables (which is a unit matrix in stages 0 and 4)
is the inverse matrix T~ in stage 2 (highlighted
in pale orange).

This present situation is reminiscent of the ini-
tial and final tableaus in the Simplex Method

6 https://journals.kau.edu.sa/index.php/JENGSCI
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used for solving linear-programming problems
[54]. In the Simplex Method, the MLTI varia-
bles depart their list of basic variables in stage
0, so that the LTI@ variables can enter this list
(replacing them one by one) in stage 2. The only
difference between the two situations is that: in
the present case these entering and departing
variables are known a priori, while in the lin-
ear-programming case, each entering or depart-
ing variable is selected at a specific step, ac-
cording to rules dictated by some objective
function [54].

We stress that though Table 1 outlines a spe-
cific procedure that is apparently of a limited
value (one for moving from the MLTI dimen-
sional basis to the LTI® one, and vice versa),
that table can be modified to handle the matrix
transformation and inverse transformation (if
any) between any two dimensional bases.

5. Dimensional Exponents for EM and non-EM
Quantities

The electromagnetically-oriented LTI® dimen-
sional basis is a four-dimensional basis that de-
votes two of its four reference dimensions to
two electromagnetic (EM) quantities, electric
current and electric potential (or voltage),
which happen to be dual. As a result, this basis
relates the LT1@ vectors of indices

R* = [R;* R,* R3* R,%]" and RP =

[R,® R,” R;” R,”]" of two dual EM quan-
tities a and b as follows

R\*=R,?, (10a)
R,* =R,?, (10b)
R;* =R,”, (10c)
R,* = R5P. (10d)

Equations (10) indicate that any two dual EM
guantities have identical L and T exponents,
and swapped I and @ exponents in the LTI ba-
sis. Table 2 displays dimensional exponents of
pairs of dual electromagnetic quantities in the
mechanically-oriented MLTI dimensional basis
and the electromagnetically-oriented LTI® di-
mensional basis.

A physical quantity such that
r, = 0, or equivalently,
R3 == R4‘7 (11)

is a self-dual quantity (in the electromagnetic
(EM) sense), i.e., a quantity that lacks an EM
dimension genuinely or through cancellation. A
self-dual quantity might be

a) A genuine non-EM quantity, such
as any of the six fundamental quan-
tities of mass, length, time, temper-
ature, amount of substance, lumi-
nous intensity, as well as many
quantities composed solely of these
six quantities. Note that the afore-
mentioned six fundamental quanti-
ties are precisely the seven funda-
mental SI dimensions with the elec-
tromagnetic dimension excluded.

b) A product of two dual EM quanti-
ties, such as eu, LC,VI, E x H and
Q® (see Table 2), where each of the
original EM quantities violates each
of the two equivalent conditions
(11). Note that two dual quantities
of exponents R* and R? satisfying
(10) have a product of indices
2R:% 2R,% R3*+ R, and R,* +
R;%, and hence it satisfies each of
the two equivalent conditions of
self-duality (11).

In Table 2, the exponent R, for the length di-
mension in the LTI@ dimensional basis is such
that:

e R; =0 for the lumped quantities
ILLV,L,C,Z,R,Y and G, in addition
to the quantities Q and @ which are
the time integrals of the fundamen-
tal quantities I and @.

7 https://journals.kau.edu.sa/index.php/JENGSCI
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Table 1. The Gauss-Jordan procedure for moving from the mechanically-oriented MLTI dimen-
sional basis to the electromagnetically-oriented LTI® dimensional basis and back.

M r e Q
Stage Number
m i f q

E,© 1 0 1 7 0

E,© 0 0 0 2 Ty 0

E,© 0 0 -3 3 0

E,© 0 1 -1 Ty 0

E,® « E,© 0 0 2 Ty 0
E,® « g,© 0 0 -3 T3 0
Es® < g,© 1 0 1 -1 Ty 0
E,® < £,© 1 0 1 T 0
E,® « E® 2E,® -2 0 o Ry=-2r+r, |0
E,® < £,® 4 35, 3 0 o0 Ry=3r+r; |0
E,® < 5,0 4O 2 1 1 0 Ry=r1 +1, 0
E,® <« E® 1 0 1 Ry=n 0
E,® <« E,® 1 0o 1 R, 0
E,®  E,® -2 0o 0 R, 0
E,® « £,® 3 3 0 0 R, 0
E® < £,® 1 1 0 R; 0
E,® < O 1 0 1 |n=R, 0
E,® « E,® +2E® 0 0 2 =R, +2R, 0
E,® « E,® _3E® 4 0 0 -3 | 3,=R,—3R, 0
E®cE®_(® 0 1 -1 rn=Rs—R, |O

R, = —1 for the per-line quantities
H,E,u and €. Among these, the
vector quantities H and E fre-
quently appear in the form H.dl
and E.dl (with dldepicting

infinitesimal length), which are
conveniently represented as 1-(dif-
ferential) forms Hdl and Edl, or as
integrands over curves (quantities
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that can be integrated along a one-
dimensional curve) [6-9].

e R, = —2 for the per-surface quanti-
ties B and D. These frequently ap-
pear in the form B.ds and D.ds
(with ds depicting infinitesimal
area), which are conveniently repre-
sented as 2-(differential) forms Bds
and Dds, or as integrands over sur-
faces (quantities that can be inte-
grated over a two-dimensional sur-
face) [6-9].

e R, = —3 for the per-volume quanti-
ties B.H and D.E. These fre-
quently appear in the form B.H dV
and D. E dV (with dV depicting in-
finitesimal volume), which are con-
veniently represented as 3-(differ-
ential) forms BHdl and DEdI, or
integrands over volumes (quantities
that can be integrated over a three-
dimensional space) [6-9].

Table 2. Dimensions of pairs of dual EM quantities in the mechanically-oriented MLTI dimen-
sional basis and the electromagnetically-oriented LTI® dimensional basis.

Physical Quantity Symbol The MLTI Dimensional Basis | The LTI® Dimensional Basis
1 T2 T3 L R4 R, R; R,
Electric current I 0 0 0 1 0 0 1 0
Electric voltage /4 1 2 -3 -1 0 0 0 1
Magnetic field intensity H 0 -1 0 1 -1 0 1 0
Electric field intensity E 1 1 -3 -1 -1 0 0 1
Permeability u 1 1 -2 -2 -1 1 -1 1
Permittivity € -1 -3 4 2 -1 1 1 -1
Magnetic flux density B 1 0 —2 -1 —2 1 0 1
Electric flux density D 0 -2 1 1 -2 1 1 0
Magnetic flux L] 1 2 —2 -1 0 1 0 1
Electric Charge Q 0 0 1 1 0 1 1 0
Inductance L 1 2 —2 —2 0 1 -1 1
Capacitance C -1 -2 4 2 0 1 1 -1
Impedance, resistance or | Z, R or 1 2 -3 -2 0 0 -1 1
Admittance, conductance | Y, G or -1 -2 3 2 0 0 1 -1
Magnetic dot product B.H 1 -1 —2 0 -3 1 1 1
Electric dot product D.E 1 -1 -2 0 -3 1 1 1

In line with the observations above, Thomas
[64] point out that the LTI® dimensional basis
justifies the unit names of farad/m and henry/m
assigned to permittivity € and permeability u
when compared with the unit names of farad
and henry given to capacitance C and induct-
ance L. Likewise, this basis justifies the unit
names of field intensities: H (ampere/m) and E
(volt/m), as well as those of flux densities: B
(weber/m?) and D (coulomb/m?).

Table 3 displays dimensional exponents of self-
dual physical quantities in the MLTI dimen-
sional basis and the LTI@ dimensional basis.
The quantities in this table are partitioned as

mass-independent quantities with rather simple
LT1@ exponents (highlighted in pale blue) and
mass-dependent ones with rather non-simple
LTI® exponents (highlighted in pale orange).
According to Eq. (11), these quantities do not
need an electromagnetic dimension (r, = 0),
and can be described in the MLT basis (which
was sufficient before the era of electricity and
magnetism). For all quantities in Tables 2 and
3, the absolute value of each of the two electro-
magnetic exponents is bounded and does not
exceed one (R3, R, € {—1,0,1}).

Tables 2 and 3 clearly indicate that representa-
tions of electromagnetic quantities in the LTIQ
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basis (compared with the standard MLTI basis)
are more informative, much simpler, and par-
tially self-checking (thanks to the boundedness
of the two electromagnetic exponents and the
inter-relations (10) among exponents of dual
guantities). Our thesis herein is that the LTI®
basis should be the one of choice in the matrix
solution of dimensional-analysis problems in-
volving predominantly electromagnetic quanti-
ties.

The following section demonstrates, by way of
examples, that DA computations of electro-
magnetic problems via the Gauss-Jordan algo-
rithm in the LTI® basis are more efficient,
much less error prone, and quicker to detect lin-
ear dependencies (if any) in the dimensional
equations.

6. Various Examples Comparing the LTI® and
MLTI Dimensional Bases

6.1. Transient analysis of an RL parallel circuit

This subsection deals with a problem of elec-
tric-circuit theory, which models the lumped
special case of the (generally distributed) elec-
tromagnetic phenomena.

Let us consider the situation in which a DC cur-
rent source of constant value I is imposed for
time t = 0 on a parallel combination of a re-
sistance R and an inductance L (Figure 2).

The transient voltage v(t) on this parallel com-
bination is required for time ¢t > 0, and hence
the variable v must be a regime variable [53,
54, 70], and it is placed last in a proposed di-
mensionless product

m=k L' R" I' t* vV, (12)

where k is a dimensionless constant. The most
important variable among the remaining varia-
blesis t, and it is placed immediately before v.
Table 4 demonstrates the Gauss-Jordan proce-
dure for solving this problem in the LTI® di-
mensional basis, while Table 5 demonstrates
the same procedure for solving this problem in
the MLTI dimensional basis. Here,p = 4, n =
5, and r = 3. The same final solution is ob-
tained in both tables. However, the LTI1®-based
solution is obviously more efficient, entails
simpler numbers (all of which are integers be-
longing to {—1,0,1}), and hence it is less error
prone, and it also detects linear dependency
(manifested by an all-0 row) from the outset.
The operations involved in the two tables
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include the following operations (arranged in
decreasing complexity): floating-point row
computation (f), row summation or differenc-
ing (s), row negation (n), and row assignment
(a). The LTI@-based solution requires 2 stages
beyond the initial stage involving (3s + 3a)
operations. The MLTI-based solution requires
also 2 stages beyond the initial stage involving
(3f + s +n+ 2a) operations.

L .
T =0 v

= I1) RE L

Figure 2. An electric circuit with a con-
stant current source imposed at time 0 on
a parallel combination of a resistor and
inductor.

At the last stage of each solution, the p X n di-
mensional matrix D would be changed to an
r X n matrix that is partitioned into two parts.
The left part is an r X r unit matrix (shaded in
light blue) and the right partisan r x (n —r)
matrix C (shaded in dark blue). We now con-
struct a full-rank (n — r) X n matrix K of ex-
ponents depicting the dimensionless products
as shown at the bottom of Table 4 and Table 5.
This product matrix is comprised of two juxta-
positioned matrices: (a) the negative transpose
—CT, an (n— 1) x r matrix (shaded in dark
green), which is obtained by negating and trans-
posing C (the right part of the last stage of the
dimensional matrix after implementing the
Gauss-Jordan algorithm, of course, after re-
moving the all-zero row), and (b) an(n —
r) X (n — ) unit matrix (shaded in light green)
[54]. The matrix K is called the nullspace or
kernel of D, and is such that rank(K) = (n —
r) is the nullity or defect of D, the (n —r) by
p matrix KD is a zero matrix, and the (n —r)
rows of K form a basis for the nullspace of D
[54, 62]
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Table 3. Dimensions of individual self-dual (r, = 0 or R3 = R4 € {—1,0,1}) physical quantities
in the MLTI mechanically-oriented dimensional basis and the electromagnetically-oriented LTI®

dimensional basis.

Physical Quantity Symbol | The MLTI Dimensional Basis | The LTI@ Dimensional Basis
L] L) T3 Ty R4 R, R3 R,
Mass M 1 0 0 0 -2 3 1 1
Length L 0 1 0 0 1 0 0 0
Time t 0 0 1 0 0 1 0 0
Wavenumber k 0 -1 0 0 -1 0 0 0
Frequency v 0 0 -1 0 0 1 0 0
Area A 0 2 0 0 2 0 0 0
Volume %4 0 3 0 0 3 0 0 0
Moment of inertia I 1 2 0 0 0 3 1 1
(Volumetric) density (of p 1 -3 0 0 -5 3 1 1
Area density of mass Ps 1 -2 0 0 —4 3 1 1
Linear density of mass o) 1 -1 0 0 -3 3 1 1
Specific volume v -1 3 0 0 5 -3 -1 -1
Humidity n 1 -3 0 0 -5 3 1 1
Mass flow rate m 1 0 -1 0 -2 2 1 1
Volumetric flow rate q 0 3 -1 0 3 -1 0 0
Velocity v 0 1 -1 0 1 -1 0 0
Angular velocity w 0 0 -1 0 0 -1 0 0
Acceleration a 0 1 -2 0 1 -2 0 0
Angular acceleration W, 0 0 -2 0 0 -2 0 0
Momentum P 1 1 -1 0 -1 2 1 1
Angular momentum L 1 2 -1 0 0 2 1 1
Force F 1 1 -2 0 -1 1 1 1
Pressure or stress Poro 1 -1 -2 0 -3 1 1 1
Dynamic viscosity U 1 -1 -1 0 -3 2 1 1
Kinematic viscosity u 0 2 -1 0 2 -1 0 0
Work or energy E 1 2 -2 0 0 1 1 1
Torque T 1 2 -2 0 0 1 1 1
Power P 1 2 -3 0 0 0 1 1
Volumetric density of en- U 1 -1 -2 0 -3 1 1 1
Planck’s constant h 1 2 -1 0 0 2 1 1
Gravitational constant h -1 3 -2 0 5 -5 -1 -1
Hubble’s constant H 0 0 -1 0 0 -1 0 0

Each of the two identical versions of the matrix
K at the bottom of Tables 4 and 5 indicates that
there are two products:

m; =tR/L =t/(L/R) and m, = v/RI, which
constitute a (non-unique) complete set of di-
mensionless products. These two products are
called regimes for the regime variables v and ¢
[53, 70]. According to Buckingham Pi Theo-
rem, these two dimensionless products are
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related by an arbitrary function @ equated to

zero, namely:
(o) (T[l ) 7T2) = O (13)

Finally the mathematical model of the transient
voltage v can be stated by expressing its regime
1T, as an arbitrary function ¥ (to be determined
experimentally) of the other regime, namely

My = ¥ (my). (14)
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It is known (outside the scope of dimensional
analysis, through the theory of first-order linear
ordinary differential equations) that the func-
tion ¥ is a decaying exponential, namely.

v/RI = exp (—t/(L/R)). (14a)

This result is usually referred to as the exponen-
tial relaxation of a first-order (single-time-con-
stant) linear circuit or a first-order linear ordi-
nary differential equation. The transients in the
circuit in Fig. 1 are described by a single time
constant (t = L/R), where [t] =[L]/[R] =
(To/h/(@/1) =T, ie., by a parameter t,
which has the dimensions of time, indeed.

In retrospect, we might have not insisted on tak-
ing voltage and time as regime variables. Table
6 shows an alternative ordering of variables for
the LTI@-based solution in Table 4, in which
the regime variables are taken (arbitrarily, and
ignoring the problem requirements) as the in-
ductance and resistance. Here, the Gauss-Jor-
dan algorithm does absolutely nothing beyond
constructing its initial tableau. Now, we obtain
two products: w3 =IL/vtand m, = RI/v
which constitute another complete set of di-
mensionless products. This new complete set is
related to the old one via

3 = 1/(my1y), 74 =1/m,, (159)

m, =1/m,.  (15b)

Ty = T4 /T3,

Table 7 shows yet another ordering of variables
for the LTI@-based solution in Table 4. Since
the rank of the dimensional matrix is now
known to be 3, this ordering suggests that the
variables are partitioned into a set {t, L, R} of
basis variables and a set {v, I’} of regime varia-
bles. An advantage of the Gauss-Jordan algo-
rithm is that it detects the impossibility of this
partitioning and corrects it en route. Contrary to
widespread belief, the Gauss-Jordan algorithm
does not necessarily partition D into two matri-
ces such that the first of which is a unit matrix.
Generally, the Gauss-Jordan algorithm replaces
D by its reduced row echelon form (RREF)
[54], an example of which is shown in the sec-
ond stage of Table 7. In this more general (al-
beit less appealing situation), the algorithm em-
ploys two correct sets of basis and regime vari-
ables as {t,L,v} and {R, I} by swapping the
roles of the variables R and v as basis or regime
variables.

Table 4. The Gauss-Jordan procedure for solving the circuit problem of Sec. 6.1 in the LTI® di-
mensional basis. The final stage of matrix D is shaded in blue (partitioned into a unit matrix in
light blue, followed by € in dark blue), while the matrix K is shaded in green (partitioned into the
negative transpose of matrix € in dark green, followed by a unit matrix in light green).

l i r T vV
L 1 R t v
E,© 0 0 0 0 0o |o
E,® 1 0 0 1 0 |o
E;©® -1 1 -1 0 0 0
E,© 1 0 0 1 0
E,V « E,©® 1 0 0 1 0 |o
EW e« £+ E©® 0 1 -1 1 0 0
E,®Y «E®_ EO© 0 0 1 -1 1 0
E,? « E,™ 1 0 0 1 0 |o
E,® « E,WyE,® 0 1 0 0 1 |o
E, D« E® 0 0 1 -1 1 0
m -1 0 1 1 0
m, 0 —1 —1 0 1
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Table 5. The Gauss-Jordan procedure for solving the circuit problem of Sec. 6.1 in the MLTI

dimensional basis.

l T i T vV

L R I t v
E,© 1 1 0 0 1 0
E,® 2 2 0 0 2 0
E,© -2 -3 0 1 -3 |o
E,©® —2 —2 1 0 -1 |0
E,® < E© 1 1 0 0 1 0
E,Y <« E®_2F®©® 0 0 0 0 0 0
E,W « Y+ 2E©® 0 -1 0 1 -1 |o
EW < E©42EO© 0 0 1 0 1 |o
E,®« E® 4+ E® 1 0 0 1 0 |o
E;® « —E® 0 1 0 -1 1 0
E,® < E® 0 0 1 0 1 |o
m -1 1 0 1 0 |o
m, 0 -1 -1 0 1 |o

Table 6. The Gauss-Jordan procedure for solving the circuit problem of Sec. 6.1 in the LTI di-

mensional basis with an alternative ordering of variables.

T i vV l T

t I v L R
E,© 0 0 0 0 0 |o
E,©® 1 0 0 1 0o |o
E,© 0 1 0 -1 -1 |0
E,© 0 0 1 1 1 0
s -1 1 -1 1 0
T, 0 1 -1 0 1

Now, the three basis variables ¢, L, and v are not
assigned to consecutive columns, and though
the matrix under them is, in fact, a unit matrix,
it might not readily appear as such (due to lack
of visual adjacency). In the lower part of Table
7, we interchange the columns for R and v so as
to place all columns with pivots consecutively
at the left to form an identity matrix. Both parts
of Table 7 yield the two products: 75 =
tR/L and mg = IL/vt, which constitute yet an-
other complete set of dimensionless products,
again related to the earlier sets, since 5 and g
are equal to m; and 5, respectively. The total
number of complete sets of dimensionless prod-
ucts is at most (here strictly less than) the num-
ber of choosing two regime variables out of five
variables (without order or repetition), which is
ten [53].

The non-uniqueness of the complete set of di-
mensionless products is occasionally cited as a
limitation of dimensional analysis [54].
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However, we note that Eq. (14) is the desirable
solution of the problem, and it can be reached
in a variety of ways, such as directly from Table
4, or via Table 6 together with Egs. (15b).

Results similar to those of this subsection are
obtained by Middendorf [33] and Rushdi &
Rushdi [57] for the dual problem in which a DC
voltage source of value IV is imposed for time t
> 0 on a series combination of a resistance R
and a capacitance C, and wherein the transi-
ent current i(t) is required. For both problems,
the dimension of length L is dispensable with,
in the sense that (a) the dimensional basis
LTI® can be replaced by its TI® subset, since
each of the pertinent variables has a zero ex-
ponent for the dimension of length L, and (b)
an all-0 row appears right from the outset in
the initial stage of the Gauss-Jordan algorithm.
Generally, for circuit problems, the LTI®
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dimensional basis (orits TI@ subset) has a def-
inite advantage.

A very famous problem in electromagnetics is
the problem of Coulomb, in which one seeks
the inverse square law for the dependence of the
far-field intensity of the electric field E on the
distance from the origin r, at which a point
source is located. To demonstrate the elegance
and power of DA solutions, we solve a general-
ization of this problem. Specifically, we give a
DA solution of a problem that comprises six
primitive problems, one of which is the afore-
mentioned problem of Coulomb. We will con-
sider a general electric source S, located at (or
in the vicinity of) the origin (practically located
at the origin under the far-field assumption).
This source has a dimension of [S]=1 T L/,
and it might be

6.2. Far-Field Observations due to an Electric
Source at the Origin

1. A point electric charge (monopole)
S=Q (=0, [S]=1T), located at
the origin (0,0,0).

2. An electric dipole of moment S = Qa
(=1, [S]=1TL), comprising two
charges of equal magnitudes and op-
posite signs: a positive charge (+Q) lo-
cated at (a/2,0,0), and a negative one
(—Q) located at (—a/2,0,0), where
a KLr.

3. Anelectric quadrupole of moment S =
Qa? (j=2, [S]=1 T L?), compris-
ing four charges of equal magnitudes
and alternating signs: a positive charge
(+Q) located at (a/2,a/2,0), a nega-
tive one (—Q) at (a/2,—a/2,0), a sec-
ond positive charge (+Q) situated at
(—a/2,—a/2,0), and finally another
negative charge (—Q) located at (—a/
2,a/2,0),where a < r.

4. We also consider an observed quantity
0 of dimension [0]= QL =
M L1274 T=3 171, where this quantity
can be the electric potential @ (i = 0),
or the electric field intensity E (i =
1). The variable O must be a regime
variable, and it is placed last in a pro-
posed dimensionless product

5. 1=k rR P §5 0°, (16)

6. where k is a dimensionless constant.
Table 8 demonstrates the Gauss-Jor-
dan procedure for solving this problem
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in the LTI® dimensional basis, while
Table 9 demonstrates the same proce-
dure for solving this problem in the
MLTI dimensional basis. The same fi-
nal solution is obtained in both tables.
However, the LT1@-based solutions is
obviously more efficient, and hence
less error prone, and it is, once more,
quicker to detect an all-0 row in the di-
mensional matrix. The LT1@-based so-
lution requires 2 stages beyond the in-
itial stage involving (f +4s+ 2a)
operations. The MLTI-based solution
requires also 2 stages beyond the ini-
tial stage involving (4f +s+n+
2a) operations.

7. Each of the two versions of the matrix
K at the bottom of Tables 8 and 9 in-
dicates that there is a single dimen-
sionless product Ty =
k r1*i+ ¢l §=1 0. According to
Buckingham Pi Theorem, this product
must be a constant, and hence the ob-
served quantity is

8. 0= kl] S/(E T1+i+j ) (17)

9. The far field potentials @ due to a
charge (S = Q), a dipole (S = Qa),
and a quadrupole (S = Qa?) are
koo Q /€T, ko, Qa /er?, and
ko, Qa%/ er3, respectively, while
the corresponding far electric field in-
tensities E are k,o Q / €72, ky; Qa/
er3,and ky, Qa?/ e r*, respectively.
These results are in agreement with
those derived by analytic techniques of
electromagnetics [71]. In particular,
we recover the celebrated inverse
square law (E = k,q Q / € %) of Cou-
lomb.

6.3. The leakage current through the elec-
trolyte on a wet contaminated insulator

Piah and Darus [41] employed Dimensional
Analysis to model the leakage current (I) due to
the electrolyte formed on a wet contaminated
insulator. The other variables included in the
analysis were: the electrolyte conductivity (o),
the electrolyte volumetric flow rate (Q), envi-
ronmental pressure (P), humidity (H), and the
applied electric field (E). The variable I must
be a regime variable [53, 54, 70], and it is
placed last in a proposed dimensionless product

m=k o5 Q1 PP H" E¢ [}, (18)
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where k is a dimensionless constant. The most
important variable among the remaining varia-
blesis E, and it is placed immediately before I.
Table 10 demonstrates the Gauss-Jordan proce-
dure for solving this problem in the LTI® di-
mensional basis, while Table 11 demonstrates
the same procedure for solving this problem in
the MLTI dimensional basis. The same final so-
lution is obtained in both tables, and it is in
agreement with the one obtained earlier in [41].
However, the LTI@-based solution is only
slightly more efficient, and hence somewhat
less error prone. The LTI@-based solution re-
quires 4 stages beyond the initial stage involv-
ing (7f +4s+2n+ 3a) operations. The
MLTI-based solution requires also 4 stages be-
yond the initial stage involving (10f + 3s +
2n + 2a) operations. The computations for this
problem are dramatically more complex than

those in the earlier subsections, and in this case
the dimensional matrix is of full rank. The su-
periority of the LTI®-based solution is less pro-
nounced in the present case (compared with the
cases in the earlier subsections), since the pre-
sent problem is not dominantly an electromag-
netic one. Anyhow, the superiority of the LTI19-
based solutions for dominantly electromagnetic
DA problems was extensively verified by con-
sidering such problems in many and diverse re-
cent publications [72-80].

In passing, we observe that the dimensional ba-
ses associated with the international system of
units (SI system) have been claimed (criti-
cized!) to suffer from inherent redundancy [22,
81].

Table 7. The Gauss-Jordan procedure for solving the circuit problem of Sec. 6.1 in the LTI® di-
mensional basis, repeated twice for two different orderings of variables.

T l T vV i

t L R v I
E,© 0 0 0 0 0 |0
E,® 1 1 0 0 0o |o
E;© 0 -1 -1 0 1 |0
E,© 0 1 1 1 0 |0
E,V « E,©® 4 E,© 1 0 -1 0 1 |0
E,® « —E© 0 1 1 0 -1 |0
E.® «E® 4 E,© 0 0 0 1 1 |0

s 1 -1 1 0 0

g -1 1 0 -1 1

T l %4 r i

t L v R I

1 0 0 -1 1

0 1 0 1 -1

0 0 1 0 1

s 1 -1 0 1 0

T, -1 1 -1 0 1
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Table 8. The Gauss-Jordan procedure for solving the far-field problem of Sec. 6.2 in the LTI®
dimensional basis.

R p s 0

r € S 0
E,© 1 —-1 j —i 0
E,©® 0 1 1 0 0
E,© 0 1 1 0 0
E,©® 0 —1 0 1 0
EW « E©+E©® 1 0 1+ —i 0
E,V « E,© 0 1 1 0 0
EsW « ;O E,© 0 0 0 0 0
E,® « E,9+ E,© 0 0 1 1 0
E® « EO—+1DEM 1 0 0 —i—1-j |0
E,® « E,V —E,® 0 1 0 -1 0
E,® < E,® 0 0 1 1 0

s 1+i+j 1 —1 1

Table 9. The Gauss-Jordan procedure for solving the far-field problem of Sec. 6.2 in the MLTI
dimensional basis.

p R S 0
€ r S 0
E,© -1 0 0 1 0
E,® -3 1 j 2—i 0
E,© 4 0 1 -3 0
E,© 2 0 1 -1 0
E,® « —E© 1 0 0 -1 0
E,M «E,® -3 ©® 0 1 j —1—i 0
EW <« E,©44E© 0 0 1 1 0
E® < E®42E© 0 0 1 1 0
E,® « EW® 1 0 0 -1 0
E,? « E,® - jEW 0 1 0 -1—-i—j |0
E,® « E,® 0 0 1 1 0
E,® < E®_E® 0 0 0 0 0
m, 1 14+i+j -1 1
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Such redundancy is manifested in many prob-
lems with electromechanical/ electromagnetic
problems, in which the dimensional matrix in
the MLTI or LTI® is not of full rank (see, for
example, the problems in subsections 6.1 and
6.2). However, no redundancy appears in the
problem of our current subsection, with the di-
mensional matrix being of full rank. To miti-
gate the purported redundancy, several authors
suggested the use of a dimensional basis of
three fundamental quantities only [22, 81]. One
such basis uses the three quantities of length,
time, and energy as fundamental quantities, and
assumes ‘voltage’ to be dimensionless [22].
This basis shows no redundancy in handling the
problems of subsections 6.1 and 6.2, as it pro-
duces full-rank matrices. However, it fails to re-
produce the solution obtained herein by either
the MLTI basis or the LTI basis.

We have demonstrated that the LTI basis is
the basis of choice in the matrix solution of di-
mensional-analysis problems involving pre-
dominantly electromagnetic quantities. Inter-
estingly, the basis of choice in the matrix solu-
tion of dimensional-analysis problems involv-
ing predominantly mechanical quantities is not
the familiar MLTI basis, but seems to be a me-
chanical basis that is analogous to the LTI® ba-
sis. In ‘direct’ electromechanical analogy me-
chanical force F is represented by voltage or
potential @ and mechanical velocity v by elec-
tric current I, and hence, mass M is represented
by inductance #£ and length L by electric

charge Q,while time T is left intact [82-84].
This means that the QTvF basis can be
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proposed as an efficient one for predominantly
mechanical systems [64]. However, in ‘inverse’
or ‘indirect’ electromechanical analogy, me-
chanical force F is represented by electric cur-
rent I and mechanical velocity v by voltage or
potential @, and hence mass M is represented
by admittance € and length L by magnetic flux

®, while time T is again left intact [82-84]. This
means that the ®TFv basis can be another effi-
cient one for predominantly mechanical sys-
tems. Unfortunately, the use of mass as a fun-
damental quantity in the familiar MLT basis is
analogous to using inductance or admittance as
a fundamental quantity in an electromagnetic
dimensional system.

7. Conclusions

This paper proposed a novel approach of Di-
mensional Analysis, which makes the most of
the Gauss-Jordan algorithm through the use of
an electromagnetically-oriented basis (the LT1®
basis) for handling EM problems. The paper
starts by investigating the issue of selecting fun-
damental dimensions for electromagnetics. The
problem of transformations between the LTI®
basis and the MLTI basis is subsequently ex-
plored, first by scalar techniques, and later by a
novel application of the Gauss-Jordan algo-
rithm. We list the dimensional exponents for
EM and non-EM quantities in both the LTI®
and MLTI bases, and point out certain supe-
rior features possessed by the LTI® basis. Sev-
eral illustrative examples expose the details of
the proposed method, and demonstrate its
merits and effectiveness.
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Table 10. The Gauss-Jordan procedure for expressing the leakage current of Sec. 6.3 in the LTI®
dimensional basis.

s q P h e i

o Q P H E 1
E,© -1 3 -3 -5 -1 0o |o
E,® 0 -1 1 3 0 0 |0
E;© 1 0 1 1 0 1 |0
E,©® -1 0 1 1 1 0 |o
E,® « —E®©® 1 -3 3 5 1 0 |o
E,®W « E,©® 0 -1 1 3 0 0 |0
E;®W « E,© 4+ E© 0 3 -2 -4 -1 1 |0
E® cE©®_ (O 0 -3 4 6 2 0o |o
E,® «E®_3E® 1 0 0 —4 1 0 |o
E,® « —E,® 0 1 -1 -3 0 0 |0
E;® « E,W43E,® 0 0 1 5 -1 1 |0
E,® «E®_-3E,® 0 0 1 -3 2 0 |0
E,® «E® 1 0 0 —4 1 0o |o
E,® « E,® + E,® 0 1 0 2 -1 1 |o
E;® « E,® 0 0 1 5 -1 1 |o
E,® «E,® - E® 0 0 0 -8 3 -1 |0
E,® «E®+4g,®W 1 0 0 0 —4/8 4/8 |0
E,® «E® —2E,® 0 1 0 0 -2/8 6/8 |0
E;® « E,® —5E,® 0 0 1 0 7/8 3/8 |0
E,® «E®/(-8) 0 0 0 1 | -3/8 1/8 |0

m, 4/8 2/8 -7/8 3/8 1 0

T, —4/8 —6/8 —-3/8 —1/8| 0 1
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Table 11. The Gauss-Jordan procedure for expressing the leakage current of Sec. 6.3 inthe MLTI

dimensional basis.

S q D h e i
o 0 P H E i
E,© -1 0 1 1 1 0 |o
E,© -3 3 -1 -3 1 0 |0
E;©® 3 -1 -2 0 -3 0 |o
E,© 2 0 0 0 -1 1 |0
E,®W « —E© 1 0 -1 -1 -1 0o |o
E,V « E,® _3E©® 0 3 —4 -6 -2 0 |o
E,W e« E,®4+3E© 0 -1 1 3 0 0 |o
E,®M < E,® +2 E© 0 0 2 2 1 1 |o
E,® « W4+ E® 1 -1 0 2 -1 0o |o
E,® <« E,® +4E® 0 -1 0 6 -2 0 |o
E;® « E,® 0 -1 1 3 0 0 |o
E® <E®_2EW 0 2 0 —4 1 1 |o
E® «EP-E® 1 0 0 —4 1 0o |o
E,® « —E,® 0 1 0 -6 2 0 |o
E;® « E,® —E,® 0 0 1 -3 2 0 |o
E,® « E,® +2E,® 0 0 0 8 -3 1 |0
E,®W «E®4+4E® 1 0 0 0 | -4/8 4/8 |0
E,® < E®+6E® 0 1 0 0 | -2/8 6/8 |0
E,®™ « E,® +3E® 0 0 1 0 7/8 3/8 |0
E® < E®/8) 0 0 0 1 | -3/8 1/8 |0
m 4/8 2/8 -7/8 3/8 1 0
, -4/8 —6/8 —3/8 —-1/8| 0 1
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Radiation Safety While Providing Bedside Care During Portable Radiog-
raphy Procedures: Knowledge and Awareness of Respiratory Therapists
and ICU Nurses
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Abstract Respiratory Therapists (RTs) and Intensive Care Unit (ICU) nurses are at a potential risk of
undesirable exposure to ionizing radiation when providing bedside care to patients requiring portable
radiography. This study aimed to investigate RTs’ and ICU nurses’” knowledge of radiation safety and
their attitude towards portable X-ray examinations. A total of 71 RTs and 29 ICU nurses were recruited
in this cross-sectional descriptive study using non-probability convenience sampling during September
and November 2020. The study setting was at King Abdulaziz Medical City, Jeddah, Kingdom of Saudi
Arabia. Eight-item questionnaire were used. An expert panel confirmed the content validity of the
guestionnaire. The outcome of the study shows that; the level of awareness to the ionizing radiations
potential risk amongst the RTs and ICU nurses was in a good comparable level. Due to the fact that
79.3% of ICU nurses and 87.3% of RTs did not take previous radiation safety educational course. 55.2%
of ICU nurses and 78.9% of RTs never read an article pertaining to radiation safety. The radiation pro-
tection knowledge was limited as 51.7 % of the participating ICU nurses and 77.5 % RTs were not
aware of the minimum safe distance to maintain during exposure without an intervening barrier.
Hence, this study highlights the need for in-service educational programs and radiation protection
training for both RTs and ICU nurses.

Keyword Radiation safety, Knowledge and Awareness, Respiratory Therapists, Nurses, Portable X-
ray
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1. Introduction

lonizing radiation has continuously been used
for a variety of diagnostic and therapeutic
purposes [1]. For healthcare personnel, being
aware of the potential hazard associated with
exposure to ionizing radiation as well as the
proper radiation protection practice is of high
importance [2-3]. In September 2019 and out
of all diagnostic radiological examinations
performed in England, radiography (i.e., X-
rays) were the commonest accounting for 1.86
million X-rays performed [4]. The bedside
(i.e., portable or mobile) chest X-ray is still
one of the most frequently sought tests for the
diagnosis and monitoring for Intensive Care
Unit (ICU) patients [5]. ICU nurses and
Reparatory Therapists (RTs) most often work
with radiation sources from either mobile

radiographic or C-arm fluoroscopy units.
Although ICU nurses and RTs are considered
non-occupationally exposed as they do not
routinely and regularly work near radiation
sources; however, they should have an
appreciation and better understanding of
concepts related to radiation safety precautions
and how to implement the “As Low As
Reasonably Achievable” (ALARA) principle.
Some of these precautions include recognizing
radiation sources (i.e., recognizing the
international  ionizing radiation hazard
symbol), reducing exposure time through
proper planning so that the procedure is
completed as quickly as possible, increasing
distance from radiation source as the farther
away you place yourself, the less exposure to
radiation according to the inverse square law,
and using lead shields when available (i.e.,

wearing lead apron and lead gloves) [6].
Inadequate radiation safety awareness, limited
knowledge of radiation protection practice,
and negative attitude towards radiation safety
policies and procedures have been reported
previously among nurses, operation theaters’
healthcare workers, physicians, fellows,
residents, interns, medical students, medical

technicians, and support staff [1, 3, 7-13].
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Reports regarding evaluating radiation safety
awareness towards portable X-ray
examinations in particular within  King
Abdulaziz Medical City, Jeddah (KAMC-J),
Kingdom of Saudi Arabia (KSA), and for
exclusively ICU nurses and RTs do not exist.
Thus, this study aimed to investigate RTs’ and
ICU nurses’ knowledge of radiation safety
precautions and their attitude towards portable

X-ray examinations.

2. Material and Methods

This is a cross-sectional, and prospective ques-
tionnaire study conducted at KAMC, Jeddah,
KSA. Of the all 140 RTs and ICU nurses working
at KAMC-J, a total of 71 RTs and 29 ICU nurses
were recruited using non-probability conven-
ience sampling during September and Novem-
ber 2020.

Eight structured close-ended multiple-choice
guestions (MCQs) were developed. The ques-
tionnaire encompassed two sections: (a) De-
mographic section included three questions
pertaining to gender, profession (i.e., RT or ICU
nurse), and experience (b) Knowledge and atti-
tude section consisted of five questions per-
taining to participants knowledge of ionizing
radiation associated risks, knowledge of the
minimum safe distance to maintain during ex-
posure without an intervening barrier, fre-
quency of portable X-rays encounter, and
whether or not participants previously took
any course or read any article related to radia-
tion safety precautions. The developed ques-
tionnaire was piloted by expert panel consist-
ing of three radiology technologists, two med-
ical physicists, one nurse and one RT to ensure
the validity and reliability of its contents, and
to ensure that the questionnaire is concise and
has clear focus and purpose. The questionnaire
was then translated into an electronic format
via a survey administration application (Google
Forms) and distributed directly to the partici-
pant’s emails, and responses were exported
into Microsoft Excel sheet for further analysis.

Institutional Review Board (IRB) approval form
the local authority was obtained prior to
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collecting data. Confidentiality and anonymity
were maintained throughout.

Data were analyzed using statistical package
IBM SPSS (version 24). Initial descriptive analy-
sis (i.e., frequency and percentages) was gen-
erated. Chi-squared test was used to examine
the differences in the level of awareness be-
tween categorical variables (i.e., RTs and ICU

nurses). P-value of less than 0.05 was consid-
ered significant.

3. Results

Out of the total 29 ICU nurses included, 3 (10.3
%) were male, and 26 (89.7 %) were female;
while for the 71 RTs included 39 (54.9 %) were
male, and 32 (45.1 %) were female as shown in

(Fig. 1).

Gender H Male HFemale
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40

30

20

COUNT
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ICU Nurse

RT

PROFESSION

Fig. 1. Gender distribution among population

The analyzed data showed that 19 (65.5 %)
of ICU nurses had less than 1 year of expe-
rience, 4 (13.8 %) had between 1 to 3 years
of experience, and 6 (20.7 %) had more
than 3 years of experience. On the other
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hand, 55 (77.5 %) of RTs had less than 1
year of experience, 9 (12.7 %) had between
1 to 3 years of experience, and 7 (9.8 %)
had more than 3 years of experience as
shown in (Fig. 2).
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Fig.2. Years of experience among population

There was no significant difference in the level
of awareness for ionizing radiation potential
risks between ICU nurses and RTs (p = 0.258),
as 26 (89.7 %) of ICU nurses and 57 (80.3 %)
of RTs were aware of the ionizing radiation as-
sociated risks. This indicates that both ICU

Count

ICU Nurse

Profession

nurses and RTs have comparable knowledge of
ionizing radiation associated risks.

Overall, RTs had more bedside portable X-rays
encounters, compared to ICU nurses as illus-
trated in (Fig. 3).

X-ray
contact
[ <15 Times
M 15 Times
20 Times
B > 20 Times

Error bars: 95% CI

Fig.3. Number of Portable X-rays encounters among population

As reported in table 1, 23 (79.3 %) of ICU
nurses and 62 (87.3 %) of RTs did not take
previous radiation safety educational course.
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Moreover, 16 (55.2 %) of ICU nurses and 56
(78.9 %) of RTs never read an article pertain-
ing to radiation safety.
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Table 1. Population response to questions pertaining to taking previous course or read-
ing articles about radiation safety precautions

ICU Nurses Respiratory Therapists
(n=29) (n=71)
Yes No Yes No
n (%) n (%) n (%) N (%)
- Taking previous course related to |\ o 74y |23 (70306) | 9(12.7%) |62 (87.3 %)
radiation safety precautions.
- Readanyarticle related to radia- | 15 44 505y |16 (5520%) | 15 (21.1%) |56 (78.9 %)
tion safety precautions.

As reported in Table 2 and considering the rec-
ommended minimum safe distance of 2 meters
to be maintained during exposure without an
intervening barrier, about a half of the ICU

nurses (51.7 %) either did not know the answer
or chose the wrong answer. On the other hand,
roughly three quarters of the RTs (77.5 %) ei-
ther did not know the answer or chose the
wrong answer.

Table 2. Population response to question pertaining to the minimum safe distance to
maintain during exposure without an intervening barrier

Distance from X-ray source (Meters)

5 2 1 | do not
know
ICU Nurses (n = 29) 7 (24.1 %) 14 (48.3 %) 2(6.9%) |6(20.7%)

Respiratory Therapists (n = 71)

36 (50.7 %)

16 (22.5 %) 4(5.7%) | 15(21.1%)

4, Discussion and Conclusion

In this study, we investigated and compared the
level of knowledge and awareness regarding ra-
diation safety among RTs and ICU nurses at
KAMC- J. The main finding is that the level of
awareness to ionizing radiation potential risks
was in a good level of comparability among RTs
and ICU nurses. Although still considered defi-
cient, ICU nurses may have more radiation pro-
tection knowledge compared to RTs as 48.3 %
of ICU nurses were aware of the minimum safe
distance to maintain during exposure without an
intervening barrier compared to 22.5 % for
RTs, as a distance of roughly 2 meters is recom-
mended [3, 14].
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The deficiency in radiation protection
knowledge may be attributed to the lack of ex-
perience as 65.5 % of ICU nurses and 77.5 % of
RTs had less than 1 year of experience. Another
potential reason is the low enrollment in
courses and low interest in reading articles per-
taining to radiation safety precautions among
both ICU nurses and RTs.

The findings of this study are in agreement with
previous work reporting limited knowledge of
radiation protection practice among nurses, op-
eration theaters’ healthcare workers, physi-
cians, fellows, residents, interns, medical stu-
dents, medical technicians, and support staff [1,
3, 7-13].
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To our knowledge, this is the first study report-
ing radiation safety awareness and knowledge
of radiation protection practice for exclusively
respiratory therapists’ cohort in Saudi Arabia.

The limitations of this study may stem from the
low sample size, which may have affected sta-
tistical significance. This highlights the need
for future multicenter work within Saudi Arabia
to include more ICU nurses and RTs sample.

In conclusion, awareness of ionizing radiation
risks as well as knowledge of radiation protec-
tion practice are essential for all healthcare pro-
fessionals. This study highlights the need for in-
service educational programs and radiation pro-
tection training for both RTs and ICU nurses.
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Abstract. The enormous hazard that radiation has on public in The Nuclear Medicine Department
(NM) has necessitated the Nuclear Regulatory Commission (US-NRC) to set limits for the public
doses. Regardless of the consequences of radiation, a small quantity of hospitals such as the Princess
Noura Center at King Abdulaziz Medical City in Jeddah in Saudi Arabia does not have an estimated
dose measurement for the NM department’s areas nor public (patients’ relatives). Therefore, the pur-
pose of this study is to measure the doses for patient relatives and dose map the areas in the NM de-
partment. The data were measured in the form of Equivalent doses using OSL dosimeters. The meth-
odology of collecting the data for relatives is based on three common procedures which are cardiac,
bone, and renal scans. While collecting the data for the areas was fixed in seven positions which are
two corridors, two waiting areas, two toilets and an injection room. A comparison between the data
and US-NRC regulations were mainly based on the duration and the category. The date for the patient
relative’s category resulted in 74 samples size while the dose mapping measurements resulted in 7
readings. The public regulation for the US-NRC is 0.002 mSv per hour, while for the area is 1.6 mSv
per month. This study showed that the areas and public do not receive dose that exceeds the limits
which is recommended by the regulations of US-NRC. Furthermore, several recommendations have
been suggested in order to lower the dose for patient relatives and in the common area of the NM de-
partment.

Keywords. Nuclear Medicine, Radiation Protection, OSL, Radiology, Dose, EqD.
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1. INTRODUCTION

Nuclear Medicine (NM) is a branch
of medical physics that utilizes radioactive
materials in order to diagnose treat certain
diseases [1]. The radioactive materials are
active substances that can be injected, in-
haled or ingested to evaluate the body’s bi-
ological functions [2]. Moreover, these ra-
dioactive materials emit electromagnetic
waves that can be detected by the gamma
camera in order to build the images [1,4].
There are many procedures that are per-
formed in the NM department such as
bone, cardiac, and renal scan. NM func-
tions by using radioactive materials that
emit high ionizing radiation, which can be
harmful to the population like patient rela-
tives in the NM department [1]. Therefore,
the Nuclear Regulatory Commission (US-
NRC) publicized a restricted regulation
for which is 20 mSv per year to ensure es-
tablishing the principle of ALARA that
stands for (as low as reasonably achieva-
ble) that is defined as a safety principle
designed to maintain the equivalent dose
(EqD) and keep it low as possible [5,6].
However, estimating the amount of ioniz-
ing radiation that the relatives of the pa-
tient, and areas in the NM receive from pa-
tients with radioactive sources is unspeci-
fied. Since, they are not provided with do-
simeter devices such as OSL (optical stim-
ulation luminescence), which is used to
calculate the equivalent dose [7]. The
equivalent dose (EqD) is known as a meas-
ure of the absorbed dose that a person or
an area receives, and the unit for the EQD
is milli-sievert [8]. It is important to mon-
itor the dose measurements for relatives
and dose mapping for areas that are un-
sheltered from radioactive patients to fa-
cilitate the process of lowering the dose
rate. Therefore, many studies have been
conducted for the purpose of maintaining
the dose rate within the range limit in the
NM department. For example, in May
2018, Kinsey Smith performed a research
study in Indiana University Purdue Uni-
versity Indianapolis in the United States of
America, on calculating the radiation
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exposure to visitors to NM department
waiting areas. The study has been per-
formed in three different hospitals with
different NM departments waiting areas.
The calculation methodology was ob-
tained by placing two OSL on the walls of
each waiting areas’ room for three months,
at the end of each month the areas’ moni-
tors will be sent to be read, and to docu-
ment the radiation exposure dose rates.
Next, the total visitors dose rates for all the
three hospitals were compared to the 20
microsievert US-NRC limit regulation
dose rate, the study’s results calculations
were less than the US-NRC limit regula-
tion [1]. Nevertheless, since the result of
the study depends on the hospital waiting
rooms designs, the population and the
methodology used for calculating the radi-
ation exposure it is crucial to be aware of
the doses. Hence, the purpose of our re-
search is to calculate the dose measure-
ments of relatives together with dose map-
ping areas in the NM department at
KAMC-Jeddah, by using the OSL dosim-
eters and compare the readings to the US-
NRC regulation limit to confirm that the
equivalent doses are within the dose limi-
tation.

The use of radioactive tracers in pa-
tients undergoing procedures in NM present
a concern on the safety of the patients and
their relatives [10]. Therefore, it is crucial
to conduct further research in KAMC-Jed-
dah to measure and estimations of the rela-
tives of the patients, and to reduce their
doses with time spent in the NM depart-
ment. In brief, using radiopharmaceutical
source for patients undergoing procedures
in NM, might also affect people who are in
the same area, such as relatives and work-
ers.

2. METHODOLOGY

The study area is located in Jeddah, Saudi
Arabia, King Abdulaziz Medical City
(KAMC). The study was conducted in the
Nuclear Medicine (NM) department. The
research was performed within four months
(16 weeks).

https://journals.kau.edu.sa/index.php/JENGSCI



King Abdulaziz Journal: Engineering Sciences, 2022 Volume 32 No 1 pp.:33-40, O DOL:xx.xxx/

A total of 336 adult patients’ relatives who were
subject to NM procedures were included in this
study. [11] This study was conducted in the Nu-
clear Medicine Department at KAMC-Jeddah,
Saudi Arabia. The OSL dosimeters were used
to measure the patients’ relatives’ equivalent
doses along with the areas in the NM depart-
ment. Furthermore, the OSL provides a wide
range of sensitivity for detecting the lowest lev-
els of radiation, hence it provides accurate read-
ings. For that reason, it is used internationally
by the Radiology Departments’ workers as a
safety regulation.

A Wilcoxon test is a non-parametric test that is
used to show the difference between two sta-
tistical data’s as shown here between the fe-
male and male category as shown in Table 1.
The Wilcoxon was used specifically since our
data weren’t normally disturbed.

The data is analytic cross-sectional.
The data was obtained from the OSL in the form
of Absorbed dose(D), furthermore these ab-
sorbed doses were converted into EqDs which
is calculated by Absorbed dose(D)x weighting
factor(wR) the unit is millie-sievert. After that
the mean of all equivalent doses was analyzed
and calculated using the JMP analysis software
[12].

3. RESULTS

A group of 74 relatives of patients who
were injected with radioactive materials were
given the OSL dosimeter device, along with
dose mapping 7 areas which are two corridors,
female waiting area, female restroom, male
waiting area, male restroom, and the injection
room at the NM department at KAMC-J.

Table 1 shows that the males were 46
participants who represent 62.2% of the whole
74 sample, while the females were 28 partici-
pants who represent 37.8% of the whole 74
sample.

The cardiac represented 39 procedures which is
52.8% from the whole procedures performed,
and the number of the bone scan procedures is
29 and it represents 39.1% from the whole per-
centage of the procedures. Moreover, the num-
ber of the renal scan procedures are 6 which is
8.1% from the sum of performed procedures.
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Table.1 Frequency distributions obtained
from Wilcoxon test that represent the number
of the EqDs for each gender.

Characteristic of the Participant and their Percent-

age (N=74)
Gender Number Percentage
Male 46 62.2%
Female 28 37.8%

Table.2 Frequency distributions obtained
from Wilcoxon test that represent the number
of EgDs per hour for public in each type of

procedures.
Characteristic of Procedure and their Percentage
(N=74)
Procedure Number Percentage
Cardiac 39 52.8%
Bone Scan 29 39.1%
Renal 6 8.1%

Table 3 shows that the mean for equiv-
alent doses for each participant is 0.116, the
standard deviation is 0.046. The standard error
resulted in 0.003, and the median was 0.11
while the interquartile range is 0.04. The maxi-
mum was 0.4 and the minimum is 0.04.

Figure 1 shows a schematic diagram of the NM
department layout and the OSL dosimeters po-
sition assigned to the 7 locations to evaluate the
dose map. In Figure 2, the EgD for corridor 1
was 0.18 mSv while in the injection room the
EgD was 0.24 mSv. Moreover, the male toilet
EgD was 0.26 mSv followed by corridor 2
which was 0.4 mSv. The female toilet was 0.41
mSv and the male waiting area was 0.53 mSy,
in addition to the female waiting area which
was 0.82 mSv.

In Figure 3, the cardiac scan procedure
had the highest mean, center, variation, and it is
the only category with outliers. Additionally,
the bone scan is the second. The comparison be-
tween the average of the EqDs per hour of the
relatives is 0.04 mSv and the public EqD per
one hour for NRC is 0.002 mSv (0.002 > 0.04),
showed that the EqDs for the public is 4% of
0.002 mSv NRC limitation per hour. The
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second comparison was between the NRC reg-
ulation for restricted areas per month which is
1.6 mSv and the average of the EgDs of the

areas is 0.405 mSv. As a result, (1.600 > 0.405),
which shows that areas average EqDs is 40.5%
of 1.6 mSv NRC limitation per month.

Table.3 Descriptive statistics of the equivalent dose for each participant.

Characteristics of the Equivalent Dose per Participant (N=74)

Interquartile

Mean td Dev  Median Max Min
ea Std De edia Range a
0.116 0.046 0.11 0.04 0.4 0.04
| P | = | = Scnfoom || Dea
{ (D O)‘} Female l'.‘DYc:I('( > 66 (qﬂ j
/(D G) oile Male Console |
\ ~\ / t Waiting Roorh
0.82 mSv male Waiting Area /\) Area I—
ichainisbitiont hioto BT / \ -
— /" Corridor 2 - ;
0.41 mSv Py — [J 0.26 mSv 0.53 mSv 3
Console - Ay —— = \ ‘
Room ,8
— — E 0.40 mSv
8 o]
o

0.18 mSv

J SPECT l

4

L

@D

Injecting Room

71‘ 0.24 mSv

Recaption

e

Figure 1 Map of the NM department at KAMC-J

4. DISCUSSION

The radiation exposure at the NM department
can be a risk hazard to the relatives of the pa-
tients, since they spend 2-4 hours near patients
injected with radioactive materials in the wait-
ing areas [13]. Therefore, US-NRC has set reg-
ulations for public dose which is 0.002 mSv per
hour while for the areas” EqDs 1.6 mSv per
month.

This study aims to measure the EqDs for the rel-
atives along with dose mapping seven areas in
the NM department at KAMC-J. The null hy-
pothesis (H,) states that the average public

36

doses per hour is exactly 0.002 mSv per hour.
Whereas the alternative hypothesis (H)) states
that the mean of the public EqDs per hour is dif-
ferent from 0.002 mSv per hour. Therefore,
based on the t test results, the P-value is less
than (P > 0.05). Thus, there is a significant dif-
ference suggesting the rejection of the null hy-
pothesis. The results also show that the average
of the EqDs for the patient relatives represent
4% from 0.002 mSv per hour as recommended
by the US-NRC.
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Figure 2 Bar Chart that demonstrates the relation between the EqDs for each area
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Figure 3 Comparison by the Box Plot graph based on center, variation and outliers of the
EqgDs in each procedure

Regarding the areas’ average radiation
exposure, the Ho states that average of the areas’
EgDs per month is precisely 1.6 mSv per
month. On the other hand, the H, states that the
average of the areas’ EqDs per month is differ-
ent from 1.6 mSv per month. Hence, based on
the t test results, the P-value is less than 0.05
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(P> 0.05). Which shows significant difference
indicating the rejection of the H,. In addition,
the result shows that the average of the EqDs
for the areas is 40.5% from the US-NRC regu-
lation, which is 1.6 mSv per month.
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There has been a similar study con-
ducted in the NM departments of three different
hospitals in order to compare the measured
doses to the US-NRC regulations. In the Kinsey
Smith study on Radiation Exposure to Visitors
in the NM Department’ Waiting Areas, the
study sample was conducted by dose mapping
the waiting areas only in the NM department.
However, this study is mainly focused on the
waiting area, which does not show accuracy in
estimating the EqDs that the public receive,
since relatives are constantly present in differ-
ent areas in the NM department to accompany
patients. Therefore, in our study we dose
mapped seven different areas in the NM depart-
ment. The Kinsey Smith study resulted in an av-
erage for the waiting area that is less than the
US-NRC regulations limits which shows corre-
spondence with our results for the waiting areas
[5]. However, our study’s result for the areas is
less than Kinsey Smith study’s result when
compared to the NRC restricted areas limita-
tion.

The limitations in this study were ma-
jorly due to shortage of time, the specificity of
the data and the poor relative education. The
duration of the data collection period was insuf-
ficient, since the majority of the patients present
to the NM department without relatives. Also,
the data were acquired from three specific pro-
cedures; however, that were not performed
daily. As a result, two months of data collection
were not enough to reach the preferred sample
size. Also, the unfamiliarity with the insignifi-
cant size of the OSL caused the relatives’ pa-
tients to dismember passing back the dosimeter
which resulted in affecting the readings of the
data.

A high restriction of radiation protec-
tion procedure in the NM department is an es-
sential element. Therefore, it is recommended
to separate the patients and relative’s waiting
areas. In the case of disabled patients, it is rec-
ommended that the relatives should leave the
NM every few minutes to minimize the contin-
uous exposure to radiation. Finally, it is also
recommended to put fixed sign boards on the
toilets in the NM department to demonstrate the
restrictiveness of this area and that it is only
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permitted to patients along with guide maps that
guide the relatives to the nearest safe restroom.

5. CONCLUSION

The results of this research states, the
public and the areas in the Nuclear Medicine
Department in Princess Noura Center at King
Abdulaziz Medical City do not receive doses
that exceeds the regulations of the US-NRC.
Thus, the dose measurements show compliance
to US-NRC regulations which confirm that the
NM department at KAMC-J lies under excel-
lent criteria for high quality protection.

Furthermore, and according to the lat-
est technology of radiation online dose monitor-
ing, which can measure dose and location. It is
advisable to make it available in the NM depart-
ment to monitor radiation dose to the patient
relatives of pediatric and elderly patients, and
unmonitored workers to improve the quality of
radiation protection in NM at KAMC- Jeddah.
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Abstract. Throughout history, the community of Makkah has been known to make every effort to serve
the Muslims who come to perform the Hajj ritual (Pilgrimage), the fifth pillar of Islam. However, the
Hajj of 1441 H (2020) was different due to the outbreak of the new Coronavirus (Covid-19). This effect
caused numerous changes in many aspects of human life in various societies, including the community
of Makkah. While the people of Makkah were preparing to provide what they used to do every year to
support and facilitate services for pilgrims, they had to follow the instructions of the Ministry of Health
to implement many precautionary and preventive measures to avoid infection of Covid-19; most im-
portant of which is staying home. This study mainly aims to observe and analyze social-related changes
that may be present or absent for the first time in the community of Makkah during the Hajj of 1441 H.
Two main methods were used: Al-based sentiment analysis for a sample of tweets as well as a ques-
tionnaire for a random sample of Makkah residents.

Keywords: Covid-19, Hajj, sentiment analysis, Twitter

1. Introduction

Since late 2019, the outbreak of Covid-19 has
had adverse effects on almost all sectors, in-
cluding economic, health, educational and so-
cial [1], which significantly impacted many as-
pects of life, including the Hajj. In the Hajj of
1441 H, a limited number of pilgrims were al-
lowed to perform the Hajj rituals, adhering to
the instructions issued by the Ministry of Health
following specific preventive and precaution-
ary protocols to prevent the spread of the
Covid-19. This incident had a significant effect
on the feelings of individuals who found social
media platforms, particularly Twitter, as free
spaces to express their emotions, impressions,
and opinions. Several techniques have been
used in the literature to investigate the impres-
sion and feelings of individuals in social media,
one important of which is sentiment analysis.

Recently, there has been a growing interest in
sentiment tracking and analysis of news and
commentary on various social media platforms,
which has targeted several subjects of human
life, including, for instance, health [2]-[4], dis-
asters [5], [6], tourism [7], [8], political [9],
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[10]. Analysis of this data helps understand the
behavior and thoughts of individuals and soci-
ety about specific events and issues and predict
future trends. Many studies in the literature
have discussed numerous topics related to
tracking and sentiment analytics; nevertheless,
research studies addressing this subject in Ara-
bic have been relatively modest compared to
the English language [11]-[13].

This paper studies the feelings and impressions
of the Makkah residents towards the Hajj of
1441 H (2020), considering the changes associ-
ated with the Covid-19 pandemic. The data was
collected using two primary methods: Twitter
and guestionnaires. More than 14 thousand Ar-
abic tweets were collected and classified ac-
cording to positive, neutral, and negative clas-
ses using the sentiment analysis (SA) method
described in section 3. Finally, the impressions
of the Makkah community were obtained and
discussed according to several issues closely re-
lated to the Hajj and Eid days. These Islamic
festival days begin on the tenth day of Dhu Al-
Hijjah month (the twelfth and last month of the
Islamic Calendar).
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The remainder of the paper is as follows: Sec-
tion 2 provides a brief review of the related
studies. Section 3 describes the methodology
used in this paper, and a discussion of the re-
sults is given in section 4. Finally, Section 5
concludes this paper.

2. Related literature

Social media has become very popular and fast-
growing globally, such as Twitter, Facebook,
and Instagram. Due to the technological-related
evolution that changed how information is ex-
changed globally, the public uses social media
platforms to express their opinions. Although
many challenges are associated with social me-
dia data, social media has become the primary
source of obtaining and the most influential in
forming public opinion. Several reports and
studies discussed this issue in the literature, in-
cluding [14]-[17]. In the fourth quarter of 2021,
the average monetizable daily active users
(mDAU) reached 217 million worldwide [18].
In Saudi Arabia, about 9.9 million people use
Twitter regularly, ranking the fourth-highest
usage percentage in the world [19]. Twitter has
become one of the most popular social network-
ing sites that allow users to express their feel-
ings, opinions, and ideas. Many other uses have
enabled users to benefit from Twitter in differ-
ent aspects, for example, education [20], man-
aging business [21], socialization [19], and oth-
ers [22]-[24]. Given the great importance of
Twitter in societies, many researchers and sci-
entists have used the Twitter platform to con-
duct many studies and research in various sci-
ences. Many research attempts dealt with Hajj
and Umrah system applications from other dis-
ciplines and research areas [25]-[28]. The liter-
ature survey of this paper addresses studies that
focused on the use of social media in general
and Twitter in particular to support and develop
the Hajj and Umrah system.

Al-Sadiqg and Ahmed [29] studied the attitudes
and motives of pilgrims for using the social me-
dia websites of the General Presidency of Ha-
ramain (GPH). The authors used a question-
naire distributed among a sample of 400 pil-
grims who use GPH's social media, including
Facebook, YouTube, Twitter, Instagram, and
Google Plus accounts. The study indicated that
84.75% of the 400-pilgrim sample found that
GPH's social media helped them know the ser-
vices provided by GPH, which shows the
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significance of social media platforms to facili-
tate the performance of pilgrims' rituals.

Many techniques can perform sentiment analy-
sis (SA) for Twitter tweets [30]. Twitter tweets
were tracked, and the sentiments of the tweeters
were analyzed in various fields. For example,
[31], [32] explored sports fans' feelings on
Twitter during football matches and how their
feelings were affected by the different events
during the game. Bati [33] discussed the most
prominent big data tools and techniques used in
the SA field to collect, analyze, and represent
data related to Twitter users' feelings and im-
pressions and use these impressions as feed-
back to develop and improve the services pro-
vided. In another research, Zahrani et al. [34]
collected and analyzed nearly five million Ara-
bic and English tweets to monitor Twitter users'
impressions of the Hajj of 1437 H (2016). Ac-
cording to specific keywords related to Hajj, the
analyzed tweets were classified into two main
categories, spatial and temporal. The analysis
results showed a significant discrepancy in the
impressions of the tweeters between positive,
negative, and neutral due to many events that
occurred during the pilgrimage, including spir-
itual and faith values that represent positive im-
pressions. In contrast, the stampede in Mina,
which caused some deaths, represents negative
impressions.

The above-discussed studies show the im-
portance of using social media to observe indi-
viduals and communities' opinions, percep-
tions, and feelings, which can support recom-
mendations to decision-makers and officials.
Due to the changes caused by the Covid-19 that
had a significant impact on the whole world, the
Hajj season is not immune to these changes.
Therefore, this paper mainly aims to investigate
the social-related changes that occurred during
the Hajj season of 1441 H within the commu-
nity of Makkah.

3. Methodology

The research methodology used in this paper
mainly consists of four steps summarized in
Figure 1. The first step begins with reviewing
the literature and previous studies related to
tracking and analyzing the impressions and
feelings of individuals in societies. Data collec-
tion is the second step that uses two methods to
collect data from the Makkah community. The
first was conducted through a questionnaire,
and the other by collecting tweets from the
Twitter platform. Data analysis is the third step
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in which appropriate analysis procedures are
applied. Finally, the last step includes the
presentation of the results and discussion. An
additional explanation for each step is given as
follows:

3.1. Reviewing the literature

Reviewing previous research studies is an es-
sential part of starting any research. It allows
the researcher to investigate the last steps to

~ Questionnaire

handle similar problems and determine the re-
search gaps. The previous section of this paper
discussed some of the studies related to this pa-
per's topic.

Reviewing Literature

Data Collection

Tweets 3.2. Data collection

The data collection process consists of two

in methods:
Data Analyses main methods

The first method is based on a 12-item ques-
tionnaire in which a random sample of 155 peo-
ple from the Makkah community voluntarily
participated. The questionnaire covers some in-
formation about the aspects of Hajj 1441 H,
given in Table 1.

Results and Discussion

Figure 1. Methodology

Table 3. Questionnaire items

Item
% Nationality
S | Gender
o
g’ Educational level
a Age
The similarity in the attendance of Eid prayers for the Hajj season of 1441 H compared to previ-
ous years
The similarity of family gathering for breakfast on Eid for the Hajj season of 1441 H compared to
previous years
The continuation of the Eid celebration activities during the days of 11-13 Dhu al-Hijjah for the
= | yearof 1441 H
§ The similarity of Eid celebration in the Hajj season of 1441 H compared to previous years
©
T The degree of traffic congestion in Makkah during the Hajj season of the year 1441 H compared
§) to previous years
The presence of volunteers in Makkah to serve pilgrims in the year 1441 H compared to previous
years
The extent to which Makkah residents are interested in purchasing Eid-related goods in the Hajj
season of 1441 H compared to previous years
The presence of street vendors during the Hajj season of 1441 H compared to previous years
43 https://journals.kau.edu.sa/index.php/JENGSCI
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The second method is based on collecting
tweets from Twitter users within the holy city
of Makkah using the Twitter application pro-
gramming interface. The number of tweets used
in this paper was about 45,000 tweets collected
during the first 20 days of Dhul Al-Hijjah
month, using a set of keywords including
(e s_)LL:é}“ ‘?L;j cc\.;ﬂ\ ¢ 3.5):: ¢ );.'d\ ¢ aalill
cJ:ud\ 3ha g c&‘)\}ﬁ: SZ\.:\M‘ ‘Géj‘ ‘?-);j‘-

3.3. Data analysis

Pre- Text

processing

eData cleaning

representation

Data analysis is the third step of the methodol-
ogy used, in which appropriate analysis meth-
ods were applied to analyze the data, and ex-
tract and visually present the results. Firstly, the
questionnaire data were analyzed using essen-
tial statistical tools from which results and in-
formation were obtained and then visually rep-
resented using statistical charts.

Secondly, the collected tweets were analyzed
using three main stages: preprocessing stage,
text representation stage, and model architec-
ture stage, as shown in Figure 2 [12], [13].

Model

architecture

*CNN

oSkip-gram

*Word embedding *LSTM

eSoftmax layer

eLetter normalization
*Elongation Removal

Figure 2. Components of the applied system

Stage 1. Data preprocessing:

The data preprocessing stage (also referred
to as data normalization) is the primary
stage in all SA methods. It includes a set of
operations to process the source data in an-
other format that allows it to be processed
effectively. The procedures applied in this
stage are identified according to the nature
of the data and the application [18]. How-
ever, the preprocessing steps involved in
this work are as follows [13]:

e Data cleaning: meaningless words and
symbols are removed, including URLS,
punctuation marks, special characters,
and diacritics.

o Letter normalization: In this step, the
different forms of letters are recognized
and unified, such as the letters {I,) J }
are mapped to {'}, {3 } is mapped to {o
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} and {s} is mapped to {s}, as dis-
cussed in [23].

e Elongation Removal: Repetitive char-
acters and letters are removed, such as
LI a8l WY VY,

Stage 2. Text representation:

The skip-gram model is used to construct a
new word embedding. The texts are
represented as a 2D matrix mxn, where m
is the number of words and n is the

embedding dimension, set to 300.

Stage 3. Model architecture

This stage presents two consecutive
phases, Convolutional Neural Networks
(CNN) and Long Short-Term Memory
(LSTM) models. CNN model is used to
extract features that are not expressed by
the embeddings, whereas LSTM model
detects the correlation between extracted
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features. The output of LSTM is entered
into softmax layer to generate the
probability distribution of sentiment
classes (i.e., positive, neutral, and
negative). More details of the applied
system components can be found in [12],
[13].

3.4. Results and discussion

The result and discussion section is the last step
of the research methodology used in this paper,
where the obtained results are presented and
discussed.

4. Results and discussion

This section provides the impressions of the
Makkah community for the changes associated
with the Hajj of 1441 H.

4.1 Questionnaire analysis results

The questionnaire data was collected for 155
participants during the Eid days in ten different
locations in the holy city of Makkah. The re-
sults of the questionnaire were analyzed using
essential statistical functions.

4.1.1 Demographic data

Figure 3 and Figure 4 show the nationality and
gender of individuals who participated in the
study questionnaire, respectively. Saudis repre-
sented 83.9% of the participants, whereas
16.1% were non-Saudis. The participation of
females was more extensive with 62.6%, com-
pared to males, whose participation did not ex-
ceed 37.4%.

w Sauch citizens
® Non-Saudi citizens

Figure 3. Percentage of participants according
to nationality

45

u Miale

u Female

Figure 4. Percentage of participants according
to gender

The results show that the most significant pro-
portion of the participants were university grad-
uates with 60%, followed by post-university
with 28.4%, as shown in Figure 5.

M Bachelor

Figure 5. Percentage of participants according
to educational level

Figure 6 shows that 79.5% of the participants
were between 20-and 50 years old, while only
1.3% were under 20-year-old.

iR
M GGl 260500

LR

Inadifa

I 10

B 320%
[ e | I
[T | —
Lesstham 2030 3040 40-50 A0-50 Mare than
20 years G0 venrs

Figure 6. Percentage of participants according
to age
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4.1.2 A comparison between the attendance
for the Eid prayer of Hajj 1441 H and
previous years

Figure 7 illustrates the participants' perception
of the similarity in the attendance for Eid pray-
ers in Hajj of 1441 H compared to previous
years. Results show that 2.6% strongly agree
that the attendance of the Eid prayer of Hajj
1441 H is like previous years, whereas 25.8%
strongly disagree. The results indicate an in-
crease in the attendance to Eid prayers for the
Hajj of the year 1441 H compared to the previ-
ous years. This increase is because most of
Makkah's people were not busy serving the pil-
grims that year due to adherence to Covid-19
precautionary measures.

Noresponses [N 31.0%
Strongly Agree [l 2.6%
Agree [N 3.4%
Undecided NN ©.7%
Disagree [N 22.6%

Strongly disagree |GGG 25 8%

00% 5.0% 10.0% 150% 20.0% 250% 30.0% 35.0%

Figure 7. Participants' perception of the simi-
larity in the attendance of Eid prayers in 1441
H compared to previous years

4.1.3A comparison between the gathering of
families for breakfast on Eid for the
Hajj season of 1441 H and previous
years

Figure 8 shows that most of the participants be-
lieve that the gathering of families for breakfast
on Eid for the Hajj of 1441 H is different than
previous years, with a total of 54.9%. These re-
sults denote a significant social-related change
in the society of Makkah for the first time. Be-
cause of allowing a limited number of pilgrims
to perform Hajj in 1441 H, families of Makkah
society had the opportunity to have their Edi's
breakfast together this year, which rarely hap-
pened in the previous years.
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Strongly Agree [N 11.6%
Agree [N 19.4%
Undecided [ 14.2%
Disagrec NI 28.4%

Strongly disagree  [IEENEGEGEGEGEG—_—_— 26.5%

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

Figure 8. Participants' perception of the simi-
larity of family gathering for breakfast on Eid
days in 1441 H compared to previous years

4.1.4A comparison between the continuation
of the Eid celebration in Hajj 1441

Figure 9 shows that the most significant per-
centage of participants (72.3%) did not extend
the celebration of Eid in 1441 H to several days
after the day of Eid. The limitation of the Eid
celebration to only one day could be due to the
continued spread of the COVID-19 pandemic.

B0.0%

72.3%

TO0%
G0
F0.0%
J0.0%%
30.0%%
20.0%
10.0%

0.0%

Yes M
Figure 9. Participants' perception of the contin-

uation of the Eid celebration in 1441 H com-
pared to previous years
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4.1.5A comparison between the Eid celebra-
tion of Hajj 1441 H and previous years

Figure 10 shows the percentage of those who
noticed the presence of celebration manifesta-
tions in Makkah during the Hajj of 1441 H. A
total of 17.4% (for both: "yes definitely" and
"yes, to some extent™) believe that the celebra-
tion manifestations during Eid days of Hajj
1441 H are similar to previous years, while the
most significant percentage of participants,
53.5% believe that there were no celebration
manifestations. This result is consistent with the
analysis of the previous question that the cele-
brations did not extend to the rest of Eid days.

Yes, definitely [JJj 5.8%

Don'tknow | N 29.0%

vo I <5

Yes, to some extent - 11.6%
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Figure 10. Participants' perception of the pres-
ence of celebration manifestations of Eid of
Hajj 1441 H compared to previous years

4.1.6 A comparison between the degree of
traffic congestion in Makkah during
the Hajj season of 1441 H and previ-
ous years

The results indicate that 83.2% of the partici-
pants found that the traffic congestion was
lower than in previous years, as shown in Fig-
ure 11. In contrast, about 3.2% of the partici-
pants believed that the degree of traffic conges-
tion was the same or greater than the previous
years.
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Same | 1.3%

Don’tknow [ 13.5%

Less |, s5.2%

More | 1.9%
0.0% 200% 40.0% 60.0% 80.0% 100.0%

Figure 11. Participants' perception of the traf-

fic congestion degree in Makkah during the

Hajj season of 1441 H compared to previous
years

4.1.7 A comparison between the presence
of volunteers in Makkah to serve pil-
grims during the Hajj of 1441 H and
previous years

The results illustrate that 47.1% of the partici-
pants believed that the presence of volunteers is
less in Hajj 1441 H compared to previous years,
as shown in Figure 12. The results show that
49% of the participants are unaware of the pres-
ence of volunteers who serve pilgrims, which is
due to the adherence to the instructions of the
Ministry of Health to stay at home.

Same [ 1.3%

Don’tknow | 9.0%

More [ 2.6%

Less N 7 1%

0.0% 10.0% 20.09 30.0% 40.0% 50.0% 60.0%

Figure 12. Participants' perception of the pres-
ence of volunteers in Makkah to serve pilgrims
during the Hajj of 1441 H compared to previ-
ous years

4.1.8 A comparison between the interest of
Makkah residents to purchase Eid-
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related goods in the Hajj season of
1441 H and previous years

Figure 13 shows that 45% of participants be-
lieved that the interest in purchasing Eid-related
goods in the Hajj season of 1441 H is less com-
pared to previous years. This observation re-
sults from the fear of many people from being
in public places due to the outbreak of Covid-
19. The results also show that 47% were una-
ware of the difference.

Same I 2%

Don'tinow [, a7

More - 6%

0% 10% 20% 30% 40% 50%

Figure 13. Participants' perception of the inter-
est to purchase Eid-related goods in the Hajj
season of 1441 H compared to previous years

419 A comparison between the presence
of street vendors during the Hajj sea-
son of 1441 H and previous years

The results in Figure 14 demonstrate that the
most significant percentage of the participants,
49%, are unaware of whether there are street
vendors. However, 46.5% of the participants in-
dicated that the presence of street vendors was
lower than in previous years.
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Same 3.9%
Don’tknow 49.0%
More = 0.6%
Less 46.5%

0.0% 10.0% 20.0% 30.0% 40.0% 350.0% 60.0%

Figure 14. Participants' perception of the pres-
ence of street vendors during the Hajj season
of 1441 H compared to previous years

4.2 Tweet's analysis results

Several keywords were used to collect tweets
from the Twitter platform. The collected tweets
are then analyzed, and SA values are extracted
according to the method used in [12], [13]. It
should be noted that the average SA score for
all tweets is between 1 and 5, where 1 repre-
sents the minimum sentiment value of "not
quite satisfied" and 5 represents the maximum
sentiment value of "extremely satisfied."

4.2.1 Analyzing tweets using specific key-
words related to Hajj
4.2.1.1 Analysis of the tweets of Makkah
people for the keyword "4é e
(""Arafa).
During the Hajj days of 8-13 Dhu Al-Hijjah
1441 H, the number of tweets collected that in-
clude the keyword "4 =" within the city of
Makkah was 977, 59% of which were rec-
orded on the 9" of Dhul Al-Hijjah, as shown
in Figure 15. Results show that the SA rate
ranged between 4.02 to 4.75, and the overall
average was 4.38 for all days, reflecting the
happiness of the tweeters, especially on day 9.

Figure 16 shows the sentiment classes rate of
tweets for the keyword "4é = " which were
categorized into three classes: positive, neu-
tral, and negative. The results show that posi-
tive tweets recorded the highest rate in all Hajj
days, while negative tweets were the lowest.
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Figure 15. SA rate for tweets that include the keyword"4é =" ("Arafa ")
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Figure 16. Sentiment classes for tweets that include the keyword "4 =" ("Arafa")

4.2.1.2 Analysis of the tweets of Makkah
people for the keyword ""glaall"
("Al-Hujaj")

For the keyword "gléaﬂ," 169 tweets were col-
lected during the Hajj days (8-13 Dhu Al-Hi-
jjah), 55.6% of which were recorded on the 8™
of Dhul Al-Hijjah, as shown in Figure 17. The
results show that the SA rate ranged between
3.4 and 4.8, with a total average of 4.15,
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indicating the happiness rate and satisfaction of
the tweeters on most Hajj days.

Figure 18 shows that the rate of positive tweets
was the highest on all Hajj days except for the
tenth day, where the neutral tweets were the
largest due to the emergence of some news re-
lated to the movement and transportation of pil-
grims.
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Figure 17. SA rate for tweets that include the keyword "zl ("Al-Hujaj")
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Figure 18. Sentiment classes for tweets that include the keyword "zsal" ("Al-Hujaj")

3.2.1.3 . Analysis of the tweets of Makkah
people for the keyword ""aad)"
("Eid"™)

Regarding the keyword "=l the number of
tweets collected was 12,165 recorded during
the days of 9-14 Dhu al-Hijjah. The largest per-
centage of tweets was recorded on day 9 of
Dhul Al-Hijjah with 42%, as shown in Figure
19. The results show the SA rate was between
3.69 and 4.33, with a total average of 3.97 for
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all Hajj days, indicating high satisfaction and
happiness of the tweeters in the celebration of
Eid.

Figure 20 shows the rate of tweets categorized
as positive, neutral, and negative tweets for the
keyword "Eid". The figure shows that positive
tweets were the most common on all days of
Hajj except for days 12 and 13, where neutral
tweets were the most.
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Figure 19. SA rate for tweets that include the keyword "x=1I" ("Eid")
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Figure 20. Sentiment classes for tweets that include the keyword "x=1" ("Eid")

3.2.1.4. Analysis of the tweets of Makkah
people for the keyword "'zl
(""Hajj*)

Figure 21 shows the percentage rates of 1,442

tweets collected for the days of 1-13 Dhul Al-

Hijjah, including the keyword "z~!1". The rec-

orded results show that days 8 and 9 Dhul Al-

Hijjah were the largest, with 31.5% and 23.2%,
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respectively. The results show that the SA rate
before day 8 (i.e., before starting Hajj rituals)
was between neutrality and satisfaction de-
grees. In contrast, the SA rate changed on day 8
from less than satisfaction degree (3.59) to
higher than satisfaction degree (4.28). In other
words, the start of the Hajj rituals shows a pos-
itive impact on the emotions and feelings of the
tweeters, which reflects their happiness.
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Figure 21. SA rate for tweets that include the keyword "z~I" ("Hajj")
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Figure 22. Sentiment classes for tweets that include the keyword "z~I" ("Hajj")

Figure 22 presents the sentiment classes rate of
tweets that include the keyword "z~1I" ("Hajj")
for the days 8,9 and 10 Dhul Al-Hijjah. The re-
sults show that the positive tweets achieve the
highest rates on all days, which indicates the
happiness and positive impression of the Mak-
kah people for the coming hajj days, especially
on the days 8 and 9 Dhu Al-Hijjah.

Moreover, most tweets under the neutral senti-
ment category include news related to Hajj
events, instructions, and regulations. Most of
the negative impressions of the tweets include
feeling sad about not being able to see roads,
shops, hotels, restaurants, and other places as
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crowded with pilgrims as they were in the pre-
vious years.

3.2.2.  Analysis of tweet types

Figure 23 shows the type of tweets in the origi-
nal tweet, retweet, or replied tweet. The most
significant proportion was the response to
tweets among users, with 43% of the total
tweets, which indicates the large volume of par-
ticipation and interaction by replying to original
tweets. The percentage of original tweets and
retweets was 36.2% and 20.5%, respectively.
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3.2.3.  Analysis of tweet source

Figure 24 presents the primary sources through
which the tweets were posted. Most tweets

were posted through iPhone devices with
77.3%, followed by devices running on An-
droid systems with 19.3%, and then Web Apps
with 2.2%.

0% 10% 20% 30% 40% 50%
Figure 23. Tweet types
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Others
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Figure 24. Tweet sources

5 Conclusion and future work

In this paper, the most prominent social aspects
of the Makkah community during the Hajj sea-
son of 1441 H were studied and analyzed, fo-
cusing on the social-related changes in the life-
style of the Makkah community under the cir-
cumstances of the COVID-19 pandemic com-
pared to previous Hajj seasons. Two methods
were used to collect data from the Makkah
community using a questionnaire and the Twit-
ter platform. The results show an increase in the
Eid prayer of Hajj 1441 H attendance compared
to previous years, which is one of the new so-
cial manifestations that does not usually occur.
53

The results also reveal that families are more
interested in tacking Eid of Hajj breakfast to-
gether in 1441 H compared to previous years.
In addition, this paper noticed some other ob-
servations that emerged in Hajj of 1441 H due
to COVID-19, including Eid celebration mani-
festations, traffic congestion, presence of vol-
unteers, interest in shopping, and the presence
of street vendors.

The analysis results for 14,753 tweets showed
positive results for sentiment analysis, where
the overall rate of sentiment analysis ranged be-
tween satisfaction and more than satisfied. Fur-
thermore, happiness was noticeable in the
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tweets during all the days of Hajj, especially af-
ter the start of the Hajj rituals. On the other
hand, some tweets contained feelings of long-
ing and sadness for not seeing the places of
Makkah crowded with pilgrims, compared to
previous years, which were classified as nega-
tive tweets.

Future work may include using data mining
tools to study the impact of COVID-19 on hu-
man lifestyle in the cities of Makkah and Me-
dina. In addition, the study will continue to col-
lect and analyze tweets from the Makkah and
Medina communities and conduct comparative
studies before and after the end of COVID-109.
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Abstract. When a person walks across a floor, static electricity is generated purely by the contact and separation of the soles
of the individual’s shoes from the floor. In many industrial processes, electrostatic charges are fully common. They can cause
breakdowns, damage, fires, and explosions. On the other side, without enough friction between shoes and flooring materials
during walking, a slip is most probable to occur. There is an increasing demand to increase the coefficient of friction between
shoes and flooring materials to eliminate slipping and prevent accidents. The present work aims to improve the frictional
and electrostatic properties of epoxy as flooring materials for different applications. We proposed the iron machining chip
wastes to use as filling materials for epoxy flooring to increase friction coefficient and decrease the electrostatic charge
generated from the friction of shoes against flooring materials. The experimental results revealed that a remarkable reduction
in static charge was noticed in wet sliding conditions. This behavior is referred to that the water helps for disposal static
charge away from the contact surfaces. In presence of shoes “A” with hardness 65 shore A, the maximum values of friction
coefficient values observed at epoxy floor containing 1% and 2% iron powder in wet condition. Meanwhile, 4 % iron powder
was the optimum condition for reducing electrostatic charge. For shoes “B” with hardness 63 shore A, the maximum values
of friction coefficient values were observed at 2% iron powder content. -In presence of shoes “C” with hardness 67 shore A,

the maximum values of friction coefficient values were observed at 2% iron powder content.

Keywords: Epoxy, friction coefficient, electrostatic charge, water, iron powder.

1. INTRODUCTION ion transfer, electron transfer, and material con-
vey [4 — 6]. The metal-to-metal contact electrifi-
cation is successfully explained by the electron
conveys mechanism. When two distinct materi-
als come to contact, electrons convey happens
until their Fermi level equals. Diversity in work
functions between those is the main leading
force, [7]. As for insulators, the electron conveys
only occur on the surfaces of insulators, where
electrons get about from the loaded surface of
one insulator to the vacuous surface of the other
insulator, [8-10]. Few investigators have
dragged up triboelectric series to foresee the po-
larity of the charge that is conveyed from one
surface to the latest, [11]. When two kinds of
materials contact each other, the upper one in the
triboelectric series will bring positively charged

The static charge includes potentially dangerous
electrical shocks that can cause fires and explo-
sions. It can also reason intense damage to sus-
ceptible electronic components. Triboelectric
charging is the conveyance of electrons which
occurs when two materials are in contact and are
then separated. One material gains an overflow-
ing of negative ions and the other an overflow-
ing of positive ions. The charge produced can
be more than 25,000 volts. It is well familiar that
when two various materials contact each other,
they may bring charged. This tribocharging phe-
nomenon is also famous as triboelectrification
when materials rubbing against each other, [1-
3]. The mechanism of charge transfer in tribo-
charging can be explained by three mechanisms:

t Corresponding author: Abdelhalim196@hotmail.com
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and the other one will be negatively charged. It
is attractive increasingly obvious that more than
one of these mechanisms may occur together,
[12].

Safe walking on the floor was estimated by the
static coefficient of friction. Few investigators
paying attention to the electric static charge pro-
duced during walking on the surface of the floor.
It is well familiar that walking and crawling on
flooring can produce an electric static charge of
consistency depend on the material of flooring.
The materials of the floors as well as footwear
can influence the produced charge. The electric
static charge and coefficient of friction of un-
clothed foot and foot onerous socks sliding
against various types of flooring materials were
scrupulous under dry sliding conditions, [13].
The tested flooring materials were marble, ce-
ramic, moquette, rubber, and parquet. It was
found that rubber flooring materials showed the
highest produced voltage between the tested
floorings. The highest voltage values were dis-
played by polyester hosiery, while cotton hosi-
ery showed the lowest one. This monitoring can
assure the emergency of carefully chosen floor-
ing materials. Parquet flooring materials showed
the lowest voltage between all tested flooring.
Charge produced from rubbing amidst shoes and
carpet were discussed, [14-15]. The impact of
humidity was explained on the basis that water
jot on the surfaces transfers charges in the form
of ions to promote charge repose, [16-18]. The
effect of the static charge generation on the am-
biance is affected by the electrical accessibility
of the sliding surfaces.

The influence of the type of flooring materials
on the obstetrics of electric static charge and co-
efficient of friction was examined, [19]. It was
spotted that voltage produced from sliding
against ceramic flooring lightly. The metrical
voltage values showed considerable squander as
well known for the produced electric static
charge, wherever the minimum and maximum
values reached 360 and 850 volts. It is prospec-
tive that an electrical field will be created due to
the electric charge created on the floor surfaces
and footwear. Marble flooring displayed higher
values than that spotted for ceramic flooring. As
the load increased, the voltage increased. Based
on the previous discussion, it can be suggested
to choose flooring materials according to their
impedance to produce electric static charge. The
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voltage produced from sliding of footwear
against parquet ceramic flooring surface was
lower than marble and higher than that produced
from smooth ceramic. It seems that the surface
topography of the parquet ceramic was account-
able for that behavior. Voltage approaching a
considerable increase when footwear sliding
against porcelain flooring, where the maximum
value reached 5995 volts. This behavior can be
a hurdle in using porcelain as a flooring material,
while flag flooring showed the lowest produced
voltage, essentially at low loads.

Experimental results show that, rubber particles
remarkably increased the coefficient of friction.
This attitude concerning to the deformation of
rubber through scratching. The minimum value
of the coefficient of friction spotted for 100%
epoxy was 1.5 at 4 N of applied loads, while the
maximum value was 2.5 showed by epoxy fill-
ing by 10 wt. % rubber of 0.5 - 1.0 mm particle
size, [20]. The examined material is polyester
filled with various contents of recycled rubber 5,
10, 15, 20, and 25 % with various particle sizes.
Experimental results show that, raise rubber
content shows a considerable increase in the co-
efficient of friction for polyester composite. The
maximum value of the coefficient of friction
was (1.75) for polyester composite recorded for
specimens filled by 25 % rubber. While the min-
imum friction value (0.18) was spotted at 100%
polyester specimens. Increasing particle size of
rubber shows a remarkable increase in wear of
polyester composite, [21].

The present work discusses the friction coeffi-
cient displayed by footwear soles sliding against
epoxy flooring materials. The electro static
charge performance was investigated for avoid-
ing the several problems caused by static charge.
Measurement of friction coefficient is, there-
fore, of critical importance in assessing the
proper friction properties of flooring materials
and their suitability to be used in application to
enhance the safety of the persons. The friction
coefficient and static charge displayed by rubber
footwear soles sliding against epoxy flooring
materials filled by the powder of iron chip in wa-
ter-lubricated conditions is discussed.

2. EXPERIMENTAL WORK

The (Ultra Stable Surface Voltmeter) was used
to measure the electric static charge (electric
static field) after contact and separation of the
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specimens against rubber to measure the gener-
ated charge under applied loads, as shown in
Fig. 1. It measures down to 1/10 volt on a sur-
face, and up to 20 000 volts (20 kV). Readings
(Volts) are normally done with the sensor 25
mm from the surface being tested.

Surface DC Voltmeter
Model SVM2

Fig. 1 Electric static charge (voltage) measuring
device.
Friction tests were carried out using a test rig de-

signed and manufactured to measure the friction
coefficient between the rubber test specimens

and the tested flooring tiles by measuring the
friction and normal forces. The tested flooring
tiles are placed in a base supported by two load
cells, the first measures the horizontal force
(friction force), and the second measures the
vertical force (normal load). The friction coeffi-
cient is determined by the ratio between the fric-
tion and the normal forces. The arrangement of
the test rig is shown in Fig. 2 . Test specimens in
a form of a layer of 150 x 150 mm? molded on a
wooden block. The tested materials were epoxy
filled by different contents of iron powder with
5-micron particle size, was added to epoxy with
different content 1, 2, 3, 4 and 5 %. The Friction
test was carried out at different values of normal
load. The sliding behavior measure by use the
rubber shoes with 63, 65 and 67 shore” A” hard-
ness. The friction force measure from load cell
and the normal load measure by variable weight.
The rubber shoes used in experimental was
shown in Fig. 3.

Epoxy Flooring

Fig. 2 Friction tester
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Hardness 63 shore A

Hardness 65 shore A 5’
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Fig. 3. Tested Rubber shoes.

3. RESULTS AND DISCUSSION

The friction coefficient of water epoxy flooring
material filled by the powder of iron chip is
shown in Fig. 4 A. The friction coefficient de-
creases with increasing the normal load. In-
crease iron powder content show a significant
effect in increasing friction coefficient. How-
ever, the increase in the hardness of rubber shoes
shows decreasing in friction value. The mini-
mum values of friction coefficient were ob-
served for 100% epoxy specimens. Meanwhile,
increasing iron powder content up to 3% show

1.2

1.0

0.8

. \

0.6

Friction Coefficient

0.4

4 100 % Epoxy
B1%Iron powder | |
A 2% Iron powder
@3 % Iron powder

0.2

00 S —

0 10 20 30 40 50 60 70 80 90
Normal Load, N

100

Friction Coefficient

1.2

1.0

0.8

0.6

0.4

0.2

0.0

more influence in increasing friction coefficient.
Figure 4, B. shows the relation between friction
coefficient and normal load, for water epoxy test
specimens filled by the powder of iron powder.
It can be noticed that the friction coefficient de-
crease with increasing normal load. Increase the
hardness of shoes in the presence of water can
lessen the friction coefficient values. This be-
havior is referred to intrepid the water in the con-
tact area. The minimum values of friction coef-
ficient are displayed by pure epoxy test speci-
mens

I
B
- N
L n A A
e 3 & A
AR Ve d |
*
L 2
# 100 % Epoxy
W4 % Iron powder | |
A 5% Iron powder
! Il Il
0 10 20 30 40 50 60 70 80 920

Normal Load, N

Fig. 4 Friction coefficient of rubber shoes with Hardness 63 shore A
sliding against wet epoxy floor filled by iron powder.

Figure 5, A shows the relation between friction
coefficient and normal load, for rubber shoes
sliding against water epoxy floor filled by the
powder of iron chip powder. It can be noticed
that the friction coefficient increase with
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increasing iron powder content. This behavior
may be related to increasing the ability of the
floor to prevent sliding. Friction coefficient de-
crease with increasing normal load, this behav-
ior is associated with the shoes type where the
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rubber shoes and all polymeric material friction
coefficient decreases with increasing normal
load. The minimum friction coefficient was ob-
served at 100 % epoxy flooring. The maximum
friction coefficient was observed at 2 % iron
powder. Increase powder of iron powder content
in epoxy flooring is shown in Fig. 5, B. The fric-
tion coefficient shows an increase with increas-
ing iron powder content. On the other hand, the
Friction coefficient decreases with increasing

1.2 T
A
1.0 +—H
AlA |
€ 038 ; v S
= I ——
"qo', .. \'-____ A
O 06 [# + ——
k3]
= 04
[T
# 100 % Epoxy
0.2 W 1% Iron powder
A 2% Iron powder
@3 % Iron powder
00 I I 1 1

0 10 20 30 40 50 60 70 80 90

Normal Load, N

Friction Coefficient

normal load. This behavior is related to the pres-
ence of water in the contact area between shoes
and the floor. Nonetheless, iron powder plays
important role in increase friction coefficient, in
which the iron particles permit the water to pass
over iron powder and leakage out off contact
area. Minimum values of friction coefficient
were observed for 100% epoxy flooring.

1.0

|
B
o \
0.8 -—;_ I.A %
-~ *:_____ ry
06 | & T
0.4

4100 % Epox
0.2 o Epoxy | |

W4 % Iron powder

A 5% Iron powder
0.0 _
0 10 20 30 40 50 60 70 80 90 100

Normal Load, N

Fig. 5 Friction coefficient of rubber shoes with Hardness 65 shore A
sliding against wet epoxy floor filled by iron powder.

The friction coefficient of rubber shoes sliding
against water epoxy test specimens filled by the
powder of iron chip is shown in Fig. 6, A. Fric-
tion coefficient increases with increasing pow-
der of iron chip content. This behavior may be
related to the easy escape of water from the con-
tact area. The maximum value of friction coeffi-
cient was observed at specimens of epoxy filled
by 2 % iron powder. Nevertheless, the minimum
value of friction coefficient was observed at
100% epoxy flooring material. Figure 6, B.
show the relation between friction coefficient
and normal load, for epoxy test specimens at 4%
and 5% iron powder. It can be noticed that the
friction coefficient increase with increasing iron
powder content. This behavior related to the es-
cape of water from contact area and increase
bonding between shoes and floor.

The electrostatic charge of wet epoxy flooring
material filled by the powder of iron chip is
shown in Fig. 7, A. Interestingly, the
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electrostatic charge decreases with increasing
iron powder content. Increase hardness of shoes
exhibited slight increase in electrostatic charge.
This behavior is related to the decrease defor-
mation of shoes and the gap between floor and
shoes this gap allows electrostatic charge gener-
ated. The minimum values of electrostatic
charge were observed at 3% iron powder. Figure
7, B. show the relation between electrostatic
charge and friction coefficient, for wet epoxy
test specimens filled by powder of iron chip. It
can be noticed that the electrostatic charge de-
creases with increasing iron powder. Increasing
iron powder to 4% show significant effect on re-
duction of electrostatic charge. In presence of
water on sliding surface electrostatic charge in-
creased for 100% epoxy floor. This behavior re-
lated to the epoxy is non-conduct and save this
charge on surface of specimens, the iron help for
disposal electrostatic charge to ground.
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Fig. 6 Friction coefficient of rubber shoes with Hardness 67 shore A
sliding against wet epoxy floor filled by iron powder.
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Fig. 7 Friction coefficient of rubber shoes with Hardness 63 shore A
sliding against wet epoxy floor filled by iron powder.
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Fig. 8 Electrostatic charge of rubber shoes with Hardness 65 shore A

sliding against wet epoxy floor filled by iron powder.

Figure 8, A. shows the relation between
electrostatic charge and friction coeffi-
cient, for epoxy filled by the powder of
iron chip, under water as a sliding condi-
tion. It can be noticed that the electro-
static charge decrease with increasing
iron powder content. In presence of wa-
ter, the electrostatic charge decreases to
the minimum values at 3% iron powder
content. This behavior can be explained
as; the water distributes the charge on
surface of floor and iron powder disposal
from this charge to ground. Meanwhile,
the minimum electrostatic charge was ob-
served at 3 % iron powder. The maximum

ootwear
+

alls - K E O RN

Epoxy floor

charge was observed at 100 % epoxy
flooring. Increase powder of iron chip
content in epoxy flooring was shown in
Fig. 8, B. Electrostatic charge shows de-
creasing with increasing iron powder
content. The values of -electrostatic
charge decrease to the minimum value at
4 % iron powder content. This behavior
is related to the more effect of iron pow-
der on the disposal of this charge. Maxi-
mum values of electrostatic charge were
observed at 100 % epoxy floor. The best
content for reducing charge was 4% iron
powder.

water

Fig. 9 The effect of water on reduction the electrostatic charge
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The effect of iron powder on the reduc-
tion of the electrostatic charge generated
from friction between shoes and epoxy
flooring materials, shown in Fig 9. The
iron is good conducting material and
helps for the good distribution of the
static charge on the contact surface. The
water on the contact surface helps for dis-
posal of the static charge from the contact
surface.

The electrostatic charge of rubber shoes
sliding against water epoxy test
specimens filled by the powder of iron
chip is shown in Fig. 10, A. Electrostatic
charge decrease with increasing friction
coefficient. This behavior may be related
to increasing deformation of rubber shoes
and decreasing the gap between shoes
and the floor. Increasing iron powder
content shows a significant decrease in
electrostatic charge generated from
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friction. The maximum value of
electrostatic charge was observed at
100% epoxy flooring material. Figure 10,
B. shows the relation between
electrostatic  charge and  friction
coefficient, for epoxy test specimens at
4% and 5% iron powder content. It can be
noticed that the electrostatic charge
decrease with increasing iron powder
content. Increase iron powder content to
5 % show a reduction in charge value.
This behavior is related to the more effect
of iron powder on the disposal of
electrostatic charge to ground. Where
found the iron powder in sliding surface
help for good distribution this charge and
not collect in any zone. This behavior
helps the water to disposal of the
electrostatic charge. The minimum value
of electrostatic charge was observed at
5% epoxy specimens filled by 5% iron
powder.
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Fig. 10 Electrostatic charges of rubber shoes with Hardness 67 shore A
sliding against wet epoxy floor filled by iron powder
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4. CONCLUSIONS

1. As water sliding conditions the re-
markable reduction in static charge
was shown, this behavior related to
the water helps for disposal of static
charge away contact surfaces.

2. In presence of shoes “A” with
hardness 65 shore A, the maximum
values of friction coefficient values
observed at epoxy floor contain 1%
and 2% iron powder in water condi-
tions. And 4 % iron powder for re-
ducing electrostatic charge.

3. For shoes “B” with hardness 63
shore A, the maximum values of fric-
tion coefficient values were observed
at 2% iron powder content. And 4 %
iron powder for reducing electro-
static charge.

4. In presence of shoes “C” with
hardness 67 shore A, the maximum
values of friction coefficient values
were observed at 2% iron powder
content. And 4 % and 5% iron pow-
der for reducing electro-static charge.
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