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Apstract: Experience
saience and en
pr!nciplQS. It could be in the
thing is that Mmathem
that is what this
language and demor
that qualify it as g n
given to teachers in t
to students, to em
subjects and not be

¢ shows that it is impossible to produce a tangible result in
gineering without the application of some mathematical
i form of proof or outright calculation. The basic
atics must come into play before any assertion is made and
Paper tries to establish. The paper x-rays the characteristics of

'strates how mathematics exhibits some of the basic ones
atural langue for science and engineering. Advice is also
hese fields to demystify mathematics for the students, a!_‘ld
brace mathematics just the way they do their favorite
afraid of it since it is unavoidable in these ficlds.

Introduction

Science is the study of nature and
natural phenomena (Bridgman and
Holton, 1997). Moreover, nature
and natural phenomena have some
layvs that guide their activities. Thus
science cannot do without laws and
principles; not to talk of calculations
which provide the mathematical
path through which these laws and
principles supply numerical values
to scientific quantities. Mathematics
can therefore be seen as the
language of science; and science
cannot do without its language
(Etu, 2013). Engineering, on the
other hand, has been simply defined
as the study of the art of directing
the great sources of power in nature
for the use and convenience of
humans (Barker, 1997]). It seeks to
bring things into being; tr?ere.fore it
requires the creative imagination to
innovate useful applications of
natural phenomena (Etu and Jacl,
2012).Therefore engineering has to
do with the practical application of
scientific laws and principles to
solve human problems.
Furthermore, mathematics is heavily
involved here, as it considers
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standards (that is, quality of product
or service), specification (that is,
accuracy of dimensions and
parameters), time consumption and
cost of production (Etu and
Okekenwa, 2011). In the same vein,
mathematics can also be said to be
the language of engineering and
engineering cannot do without its
language.

Language

Osgood (1998) defined language as
the faculty and ability possessed by
normal human beings and by no
other species, of using a spoken or
writien utterance to represent
mental phenomena or events. The
primary purpose of ianguage is to
communicate among persons.
Language also applies to the
product of the facuity, both spoken
and written. This paper concerns
itself with the written nature of
language since mathematics s
written and not spoken.
Mathematics is a written form of
language used to prove formulae
and solve numerical problems. The
subsequent section shows the
properties of language and how
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mathematics
properties.

possesses those

Some Properties of Language vis-a-
vis Mathematics

According to Osgood (1998),
language consists of a set of 13
properties. However, this paper
concerns itself with only those
properties that are inclined to the
written and academic aspects of
language:

¢ lLanguage is transmitted by
'earning and stabilized by
correction from parents, peers,
teachers, and so on. In other
words, it is not instinctive and
automatic behaviour, like in the
case of honeybees. Nevertheless,
the human brain appears to
incorporate an innate and
perhaps partly instinctive
language capability. This
explains why teachers start by
teaching kindergarten pupils
how to count from 1 to 10 or 20
or 100 as the case may be, and
whenever they make a mistake
they correct them until they
begin to get it right. However,
the innate and instinctive
language capability of the brain
explains why an illiterate can
count money correctly, take
measurements correctly, etc.

e It is used regularly to produce
effects on behaviour by
presenting the mind and will of
the spealer and therefore is not
limited to mere self-expression or
the automatic response to outer
stimuli.

For instance, if the speaker has in
mind to say that, for a force applied
at an angle to an object to move the
object, the angle of application of
the force has to be well chosen; it
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will be difficult for a layman to
understand except by mathematical
demonstration as shown below.

60N

hat

45N

NN NNENN

Fig.1. Force of 60N applied at an angle to an object
of 45N weight.

The vertical component of th(? 60-N
force is determined by resolving as
follows:

F, = Fsinb
=60 sin75°
=60x0-9659
. =57-96N

The horizontal component of the
60-N force is determined by
resolving as follows:

F, = Fcos6

= 60 cos 75°
=60x0-2588
F, =15-53N

It is clear that this 60-N force cannot
move the object in question because
for the object to move, the
horizontal component of the force
(which is responsible for moving the
object) must be greater than the
weight of the object (in this case,
45N). Unfortunately, in this case,
the horizontal component of the
force is far less than the weight of

the object thatis 15.53N as against
45N weight).

By the above example, mathematics
has helped the speaker to easily
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Mathematics: the Language of Scic
nce

.'mdl.-'nglnccrm_r]
express his  mind. i
caker to sun i e, Toe i .
sp marily say that the dertvative o " is

cosx does not sound
except by going througi
as shown below,

Convincing

1 the proof

Letsinx =y

ie,y = sinx

Taking increaments in x an y
’

y + 8y = sin(x + x)

we have

§y = sin(x + dx) — y
= sin(x + dx) — sinx
Recall,sinA —sinB = . o1
sinB =2 cos (A +B) sin (A -B)
This implies, 6y = 2 COS% (x + 0x + x) sin 3 (x + 6x = x)

3 i e P
= 2C0S3 (2x + 6x) smi(é,x)

ox

~ - Sx ~1
= 2 cos(x + —2—) sin—

Dividing both sides by 8x,we have - "

§y _ 2cos(x + 8% sin & g

ox Sx :

Dividing both the numerator and the d
ox

oy Sx i 2

— = cos(x + =) singe

ox 2 e

enominator by 2,we have ‘ j”

Taking lim of both sides
‘ 5x-0 _

ox
' PN oy 2
o _ EX — lim cos(x +) (51;1_1}0 51 %{

lim — = L
sx-0dx  dx 6x—0 .

. sinx __
Recall,lim— = 1
x-0 X

8%
lim sinZ= =
6x-0 Q’E

2
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.d
T dx

= C0SX

=cosx X1

» Language comprises rules of
reference or word definition
more or less agreed upon by the
speakers. The use of rules of
reference is everywhere in
mathematics. Whenever any of
the rules is violated, the result is
a wrong result in practical terms.
For instance, if someone is
carrying a crate of 40 eggs and
by accident he falls and breaks 5,

This implies that a total of 17 eggs
were broken, remaining 23 eggs.
The above example obeys the rule
which states that if a minus sign
precedes a bracket, the signs inside

2Q
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and yet again 12 fall off and
break, to calculate the total

number of broken €ggs and the
remainder, one would have to
first of all add the broken ones.
Mathematically it would be
presented as 40 — 5 — 12
ie,40 — (5 + 12)
40 — 17
ie,23eggs
the bracket would change when the
bracket opens.

Furthermore, let us see the rules
involved in solving for the currents
flowing in the circuit shown below.

2Q

12V —=—

1

I 10V
[12Q 3

D

24V

4Q

Fig.2: A D.C. circuit showing mesh currents

Rule 1: Transform the circuit to a system of linear equations using Kirchhoff's
Voltage Law. From the 1st chamber,

24 —1(l, — 1) = 3( +I3) — 41, = 0
24—, 41, — 3, —3I; =41, =0

24 -8l +1,—31;=0

—81, + I, — 313 = —24

8l — Ip + 3lg = 24+ vov s (1)

From the 2nd chamber,
12“212"'1212_1213_12+11 :O
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L - 151, — 121; = —12 ... ...... (2)

From the 3rd chamber,

10— 3y + 1) — 12(1, + I3) — 21, = Q
10 =36, — 313 = 121, — 12I; — 21, = 0
10—1; — 121, — 171, = 0

-3l — 121, —171; = —10

3 + 121, + 1713 = 10 +ev voe ... (3)

Rule 2: Express the 3 linear equations
811 - Iz + 313 = 24

Iy =150, — 1213 = —12

3+ 121, + 1713 = 10

Rule 3: Translate the linear equations to matrices

8 —1 3\ /Ip 24
1 —15 —12) (12) = (—12)
3 12 17 / \I 10

A B C
Rule 4: Find the determinant of matrix A
8 -1 3
Al=]1 —-15 -—12
3 12 17

The rule of finding the determinant of a 3 X 3 matrix is given by

—15 —12 1 —12] .11 -15
al=81. 47 _1|3 7 1+3l 1
= 8(—15X 17 — 12X —12) + (1 x 17 =3 X —12) +3(1 X 12 — 3 x —15)
= 8(—255 + 144 + ) + (17 + 36) + 3(12 + 45)
(8x —111) + 53 + (3 x57)
—888 + 53 + 171

|A| = —664

Rule 5: Replace the first column of matrix A with the voltage coefficients and
find the determinant of the new matrix (i.e. matrix A;)

24 —1 3
Al =|-12 -15 ~—12

10 12 17
—oq|—15 =12 -12 -12 ~12 =15|
= 24| —1{7 17]+3|10 12

12 17
=24(=15x 17 — 12 x —12) + (=12 x17 =10 X =12 ) + 3(=12 X 12 = 10 X ~15)
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= 24(—255 + 144) + (=204 + 120) + 3(—144 + 150)
= (24 x ~111) 4 (—84) + 3(6)

= —2664— 84+ 18

Ay = —=2730

Rule 6: Calculate 1, by dividing |A,| by|A|.
|A1|
YA
_ —2730
—664
1= 4114

Rule 7: Solve for I, in the same manner; this time, replacing the second column
of A with the voltage cocfficients.

8 24 3
4] =1 —-12 -12

313 7 1
=8/ 1 —24|y 7 |+3l3

=8(—=12x 17 — 10 x 12) — 24(1 X 17 — 3 x —12)
+3(1x10-3x-12) |

= 8(=204 + 120) — 24(17 + 36) + 3(10 + 36)

= (8 x —84) — (24 x 53) + (3 x 46)

= —672— 1272 + 138

[A,] = —1806
) ,______lilz_l
27 4
-1806
T —664
o, =2-724

Rule 8: Solve for I3 in the same manner; this time, repiacing the third column
with the voltage coefficients. .

g -1 24
|45l = |1 =15 —12| .
12 10
3 —12 15

- 8[ 12 |3 l+24l3
= 8(— 15><10—12>< 12)+(1><10—?>< —12)+24(1%x 12 -3 x — 15)
= 8(—-150+ 144) + (10 + 36) + 24(12 + 45)
= (8% —6) + 46+ (24 X 57) ,
= —48 + 46+ 1368
o |As] = 1366
[As]

b=Tar
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By the above calculation
seen that mathematics js
by rules from step to step
normal language.
lr?terlock_lng systems, displaying a
ierarchical organization in which
for example, units of sound at thé
lowest level combine to form units
of word-meaning at the next, which
in turn combine to form syntactic
structures of more complex
meaning at the next which combine
into sentences, paragraphs and
longer discourses at the next.
Grammatical analysis seeks to define
the units and describe their
combination into sentences. In
mathematics, numbers combine
with other numbers and letters
together with mathematical
symbols to form expressions and
equations, from where solutions
could be derived. This can be seen in
the following proof:

it can be
governed
: Jjust like a
It is a system of

2
a. m%‘t_’ =mg — kv
2
b. mvl=mg = kv

‘b’ is more appro
question.

dv 2
mpy—-= —kv

dx mg
d_‘IJ' = _1_(mg é‘ ka)
dx mv

muv
_MV Ay =dx
mg—kv?

M _dv =fdx
mg—kv?

Question: A

particle of mass, m falls from rest at
a height, x above the ground and
the retardation due to air resistance
is kv?> where K is a constant and v is
the speed of the particle at any time,
t. Show that the speed with which it
reaches the ground is

V= \]’1",(—9 (1- en)

Solution: When the particle s
released from rest, the weight (mg)
acts downwards while the air
resistance kv’ acts in opposite
direction. Thus, the effective or
resultant force on the particle is

mg — kv?

Applying Newton's second law of
motion, the options of the
expression to use are:

priate because it contains x (i.e. distance) which is given in the
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v _{ )
mjmdv—Jdl

Since the differentiation of mg — kv? gives a multiple of v(i-e-—2kv), we

accept the method below.

m —2kv av = | dx
T2k | mg—kvz ol

—;:—% In(mg — kv?) = x+ ¢ (1)

whent =0,v = 0and x = 0,eqn (1)will result to
_ -m

g= Wln(mg)

substitute ¢ in eqn (1) above

-m 2 —

ﬁln(mg —kvi)=x-—5 In(mg)

-;—"E[ln(mg) —In(mg — kv?)] =x

m mg ) X
ks — 2 =X
2k In (m_g--l-:v2

In (————mg ) = 2k

mg—kv? m
Recall,e™® =a
This is got by saying
y=e®
logey =X
ety = ¥ = y
LelY =y

Applying it to the problem,we have

mg 2kx
eln(mg-kvf) =em
2kx
mg _ 2=
gk C "

2kx 23&2
mg =mgem™ — kvcem

, 2hx 2kx
kviem =mgem™ —mg
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9

2kx
V.= 2kx T zkx
ke™m ke m
m m —2kx
_mg _mg, =
k
m —2kx
VZ = Tg (1 — BT)

= (- )

Language displays an-
productivity or creativity as g result;
that is, using relatively small means,
a normal language-user to utter or
understand what is constantly and
endlessly new. This property is
demonstrated in the next example
where Gauss-Siedal iteration

iteration method.
method is used to solve a system of

0:9411x; —0-0175x, + 0-1463x3 = 0+ 631+ - (1)
—0-8641x; —0-4243x, + 0071123 = 0+ 2581+ (2)
0-364x, +0-1573%, + 0+ 8642x3 = —0- 7551+ (3)
Solution:

0-631+0-0175x; —0-1463x;
From (1):xqy = — 0-9411

0-2501+ 0-8641x; —0-0711x,
From (2): xz = — —0 - 4243

—0-7551—0- 3641x, —0-1573x3
o TNEes '
From (3): X3 = - 0 - 8642

Assume X3 = Xz = X3 = 0
[ ] la
From the 1st iteration formu

0.631+0+0
_0-631+0+7
%1 =""0.9411
=0.670492

From the 2nd iteration formula

Escaneado con CamScanner

infinite linear equations. In this solution
procedure, it is possible to produce
infinite answers or results and each
of the answers can be useful to the
user. Question: Solve, correct to 4
decimal places, the system of linear
equations using Gauss-Sieldal
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x, =0-670492;x3 = 0

0-2501+ (0-8641)(0-670492) — 0
—0-4243

x, = —1-954919

X2

From the 3rd iteration formula
x; = 0+670492;x, = —1-754919

[0-7551 + (0~ 3641)(0 - 670492) + (0 - 1573)(~1- 954919)]
0 - 8642

X3=—

S Xg = =0-800414
With x, = —1:954919 and x3
— —0- 800414, from the 1st iteration formula

 0-631+4(0-0175)(-1- 954919) — (0 , 1463)(-0 - 800414)
B B 0-9411 -

X1

x, =0+ 758569
With x, = 0- 758569 and x3
— —0- 800414, from the 2nd iteration formula

_ 0-2501+ (0-8641(0 - 758569)) — (0 - 0711)(—0 - 800414)
X2 = N —0- 4243

5y = =2+ 268416 |
Wiht x; = 0+ 758569 and x; = —2- 268416, from 3rd iteration formula

_ —[0-7551+ (0-3641)(0 - 758569) + (0 - 1573)(—2 - 268416)]
X3 = ) 08642

Yo X3 = -0 780459
With x, = —2 - 268416 and x3
= —0 - 780459, from the 1st iteraton formula

_0-631+(0-0175)(=2- 268416) — (0 - 1463)(~0 - 780459)
= 0-9411

~x; =0-749638
With x, = 0749638 and x5
= —0 - 780459, from the 2nd iteration formula
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0-25 :
Xy = 01+ (0-8641)(0- 749638) ~ (0 - 0711)(—0 - 780460)
~0- 4243 T

WX, = —2 246884
Withx; = 0- 749638 and Xy

- = —2-246884, from the 3rd iteration formula
0-75 .
g, = — 07551+ (0-3641)(0 - 749638) + (0 - 1573)(~2 - 246884)]

: 0-8642
~x3=—0-780616
Below are the results so far

X1 X2 X3
0:0000 0-0000 0-0000
0-6705 —1-9549 —0-8004
0-7586 -2 .2684 —0-7805
0-7496 —2-2469 —0-7806

More iteration would generate more
results and the process is capable of
generating infinite new results just
like a normal language is capable of
generating infinite - words,
sentences, paragraphs, etc.
Language operates in time, so that
each utterance has a linear or “left-
to-right”, property. This requires, in
the normal substratum of language,

Question: A body moVes in a straig

the capacity for temporary and
rapid non-linear integration  of
information. This property is seen in
the following example that has to
do with object acting under the
influence of time. The simpie
integration of expression helps to
derive a system of equation for
determining the distance covered
by the object after a time, t.

ht line and its velocity after t seconds is

given by 36—4t. The distance of the body from a fixed point on the time after t

seconds is s metres and s = 40. When

Solution: V = 36 — 4t

but velocity v =

ds __ _
— =36 4t

ds = (36 — 4t)dt
f ds = f(36 — 4t)dt

2
__s=36t_-i*%_+c

t =1, find s in terms of t.
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s=36t—2t*+c
s=40whent=1
40 =36t —2t% +c¢

=36(1)—2+c
40=36—-2+c
nc=40—34
=6

WS =36t-2t2+6

Conclusion

By the foregoing, this paper has
tried to show that mathematics
possesses some key characteristics
of normal language and that it is
indispensable in the world of
science and engineering. All the
calculations done in the paper are
addressing pure science cases or
outright engineering cases, showing
that it is really the day-to-day tool of
these two fields of study. This is akin
to the way language is being used
as a day-today tool in normal living
and communication. It is also the
advice of this paper that science-
and engineering-based students
should embrace mathematics since
they cannot do without it, seeing
that it is only by so doing that they
can be well grounded in their area
of specialization.
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