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8.1. Introduction

A function of controllable form is known as imprecise function. Function, which is not
controllable form, can also be transformed into controllable form with the assistance of
multiplication of some suitable function. In this chapter, the function is multiplied by
cosine function to get the controllable form. This resultant function is known as the
cosine imprecise function. So, the cosine function is called the multiplication factor.
Cosine imprecise function does not pass through the given origin. But sine imprecise
function always passes through the given origin. Thus to represent the behavior of an
object of the form of a function which is not passing through the origin of the axis is
transformed into cosine imprecise function with the assistance of cosine function

multiplication.

Here the algebraic polynomial function is multiplied by a cosine function of angle
lx; ¥V | € Z. Resultant function is a cosine imprecise function. This phenomenon leads to
divert the given algebraic polynomial function from a certain point to oscillation form.
These points are left and right nearest value of the root of a given algebraic polynomial
function. Right nearest value is the average value between the root of the given
algebraic polynomial and nearest greater value for which the given multiplication factor,
cosine function becomes zero. Left nearest value is the average value between the root
of the given polynomial and a nearest smaller value for which the given multiplication
factor, cosine function becomes zero. Later in the discussion, right and left the nearest
value of the x-axis will be called conversion towards positive and negative X-axis
respectively. Always our problem is not expressible in a form of algebraic function. In
the most time, we obtained it in the form of imprecise function. For example, a receiver
is getting a response of sound through the frequency of wave comes from the main
place called server. This frequency of wave has an imprecise function character. When
this activity is imprecise function form, then the given system will be controllable. If it
Is not an imprecise function, the system needs to modify. The phenomenon is called a
controllable or non-controllable form of function. When the situation is uncontrollable,
then it suggests to minimize the force produces from the device so that it can be
transformed into a controllable form. This experiment is done available in the many

fields of science and technology.
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To identify an imprecise function of a particular place, the algebraic polynomial
function is converting into an imprecise function with the assistance of the finite
number of points. Then, with help of those points, we can identify a controllable
function known as imprecise function. Coefficients of the variable are defined
according to the rule of the elementary transformation of the matrix. This area of the
imprecise function gives us information about the variation effect of impreciseness of
any object occurred under various intervals. Where impreciseness is a membership
value of indicator function obtained by the effect of the activity of any object for the

definition of imprecise number.
8.2. Conversion of polynomial function into Cosine imprecise function

According to the information of graph, we found that most of the algebraic polynomials
are freely floating without repeatedly coming back to the ground level. So it is called an
uncontrolled function. For the example, first degree and second-degree algebraic
polynomials are the functions which are meeting the ground level or real line at most
one and twice.
These types of functions can also be transformable into oscillation form with the
assistance of multiplication of the cosine function. Thus the resultant function is the
cosine imprecise function. This function is possible to meet the level of axis repeatedly
from a certain point. This point is known as conversion point. This phenomenon is
occurring due to the multiplication of the other function. This needful multipliable
function is known as a multiplication factor.
To discuss mathematically, let us consider

p1 (1, ¥1), P2(%2,¥2), P3(X3,¥3) wo oo vov . P (X1, Yns1), b€ the (n+1)™ collection of
points which are above and below the given algebraic polynomial of degree n,

Y =Cot X+ X% + C3X3 s et X (8.1)
Graphically this function is not a controllable function. To convert it into controllable
form, we multiply this polynomial by a cosine function.
Thus, ¥* = (co + c1X + cux% + c3x3 + -+ oo oo Fepx™cos(x); leZ ..o . (8.2)
is a cosine imprecise function.
To obtain standard cosine imprecise function passing very close to those points, this

problem is expressed in the linear simultaneous equations with matrix form. Then we
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follow the rules of transpose of the matrices and the multiplication of matrices as
follows.
By the law of roots given points p;, Py, . cox cov een e oo . Pnyq @re satisfying the equation

(8.2). Thus, we get (n+1)" set of simultaneous linear equations having arbitrary

COETfICIENtS C(, €1, €2, wev vuv vee vue wue we we wer, € S TOIlOWS.
Y1 = (Co + c1x1 + C3x1% + €313 e iev et et et e e e+ Cx ™) c0s(Ix4)
Y2 = (Co + C1x2 + X2 + C3%33 v vt G ™) cOS (L)
y3 = (Co + €13 + X352 + c3x33 v v et e e e+ C3X3™) COS(L3)
— 2 3
Yne1 = (Co F C1Xns1 + CoXni1” + C3Xng1” v v e e vt e e e e F CX 1) COS(IX 0 41)

The matrix form of equations is

Vi cos(lx;) x;cos(lx;) x12c05(1x;) e vene e x1™c0s(lx))]rCo
Y2 cos(lxy) x5 cos(lxy) x32cos(1xy) .. ... v xp"cos(lxy) || 1
Ys | = cos(lx3) x5 cos(lx3) %32 cos(lxz) e - o X3"cos(lx3) || €3
lyn+1J cos(Ixp41)  Xp1€0S(IXn41)  Xp412c0S(IXpyq) v weer e Xpyptcos(lxyiq)1ton
= AX = B (SAY) cer cer ee et ee ve e e et e e i e e e e e (8.3)

[cos(lx,) x;,cos(lx;) x.2c0s(lx;)  eevene Xq"cos(lxy)

cos(lxy) x5 cos(lx,) x,2cos(lxy) ... ... . Xpcos(lxy)

Where, A = cos(ix,) x5 cos(lx3) x32cos(lxz) o o X3™cos(lx3)
cos(Ixpy1)  Xn41€0S(IxXny1) Xppr2cos(lxyi1) oo e o Xppqprcos(Uxniq)

Co [ Y1 ]

011 Y2 |
c3| and B=| Y3

I M

To obtain the solution of arbitrary constants, equation (8.3) is multiplied by a transpose

X =

of matrix AT. Thus,
ATCAX) = ATB.ooooo e, (8.5)

TA — ..
Where, A"A = (alj)(n+1)><(n+1)

ATB = (bi)(n+1)x1
Such that,
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(X, 7% {cos(1x)}?]

m
al-j =
k=

m .
b= [rbcos(ba)lil <6 < (n+ 1)

Here, ‘n’ is the order of algebraic polynomial and ‘m’ is the number of the collection of
points such that x; and y; are ordinates and abscissa of the given points.

Solution of arbitrary constants cy, ¢, €2, .. vee vev et ev en e e, €, CAN DE Obtained with the
assistance of Gauss-elimination method. The rule of row elementary transformation

occurred in this method is obtained in the following general form.

S xay; 2<i<n41),A<j<n+1) . (8.6)

Ri=Ri= A(i-1)(i-1)
Steps of transformation will be done as follows.
2<i<n+1whenj=1)
B3<i<n+1whenj=2)
G+1<i<n+1whenj=n);neN
Above operations help us to get upper triangular matrix. By backward substitution the
solution of the arbitrary constants can be obtained. So, any polynomial is possible to
transform into controllable form with the multiplication of cosine function. The

resultant function is a cosine imprecise function.
8.2.1. Cosine imprecise function for polynomial of degree one

Here the polynomial of degree one is transformed into imprecise function with
multiplied by a cosine function. This new function is called a cosine imprecise function
for polynomial of degree one. And cosine function is called the multiplication factor of
angle multiple one.

Example-1 (Cosine imprecise function of angle x)

LBt Y = €0 T C1 e e (8.7)
be a degree one algebraic polynomial.
In particular,

Yy =(co+crx)cos(x);forl="T.....cooiiiiiiiiiiiiiiiiiiiiiiiiiininnn (8.8)

is a cosine imprecise function for polynomial of degree one.

137
<<<<<<A STUDY ON THE APPLICATIONS OF IMPRECISE NUMBERS>>>>>>




STUDY ON THE BEHAVIOURS OF COSINE IMPRECISE FUNCTIONS

To obtain the value of coefficients of the equation (8.8), let us consider (1,0.5), (2,-
2.5),(3,2),(4,-4),(5,3.5),(6,-6),(7,7) be the points which are situated above and below the
given imprecise function. So,
X, =1,x,=2,x3=3,x,=4,X5 =5,x,=6,x;, =7
y1 =05y, = =25,y3 =2,¥4 = —4,y5 =3.5,¥s = —=6,y; =7
According to the laws of roots, these points always satisfy the equation (8.8) to have
linear simultaneous equation with matrix form.
Form the equations (8.3), (8.4) and (8.5), we have
AX =B
=> (ATA)X = A"B

TpA — ..
Where A"'A = (all)(n+1)x(n+1)

ATB = (bi)(n+1)><1

X = [Cl]
Such that,
m
;= z x,l;rj_z{cos(xk)}2
k=1
m .
b, = Yixpcos(xp);1 <i,j<(n+1)
k=1

Here, m=number of points=7 and n= degree of the polynomial=1

ATA = (aij)zxz and A"B = (by)2x1

Where,

7

i+j—2
a; = z 22 cos () )

k=1
7 .

b; = Z Yixpcos(xg);1 <i,j <2
k=1

7

an = ) 1 {cosCa)?

k=1
= cos?(x,) + cos?(x,) + cos?(x3) + cos?(x4) + cos?(xs) + cos?(xg) + cos?(x)

= 6.9574
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7

Qi = A1 = z xy {cos(xx)}?

k=1
= x;¢05%(x1) + x,¢05%(x3) + x3c08%(x3) + x4c05%(x,) + x5c05%(x5) + x5C05°(x6)
+ x,c08%(x;)

= 27.76207

7

az = ) xi{cos(x)Y

k=1
= x;2c05%(x1) + x,2c05%(x,) + x3%c0s%(x3) + x4%c0s%(xy) + x5%c0s?(x5)
+ x¢2cos?(xg) + x,%cos?(x;)

= 138.58,

7
b, = Z Vi Xk cos(xy)
k=1

= y1x1 €0s(x1) + Yox5 c0s(x3) + Y3x3 cos(x3) + Yaxy cOS(xy) + Ysxs5 cOS(x5)
+ Y6X6 €OS(Xg) + y7x7 cos(x7)

= 15.79910

7
b, = z VieXx” cos(x)
=1

= y121% cos(x1) + ¥2%,% €05(xz) + y3x3% cos(x3) + yaxs? cos(xy) + Ysx5” cos(xs)

+ yexe2 cos(xg) + y,x,2 cos(x,)

= 157.430
C
Thus [267.?756 12378..7568] ] = [11557'.7493
From the formula (8.6), we have
R{—»Ri—anU; 2<i<2),1<j<1)

AGi-1)(-1)

5 T -

=> 6.95c, + 27.76¢, = 15.59,27.69¢, = 95.43
S0, ¢; = 3.44, ¢y = —11.49
SO, ¥* = (—11.49 + 3.44X) COS(X) e cer ver wrv vt vte ver e wen weevvoe (8.9)
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Fig.8.1. Graph of y = (—11.49 + 3.44x) and y* = (—11.49 + 3.44x)cos(x)

Here, cosine imprecise function (8.9) meet the x-axis only at the condition y = 0.

For this reason we have, x = % = 3.340 such that §< 3.340 < 3?” and x =

% and 3?” are the nearest two values of 3.340 for which cos(x) =0

3.340X2+4+3m

So the graph start to oscillate from a point x = =~ 4,067 (approx.) towards

3.340X2+m

the positive x-axis and x = ~ 2,456(approx) towards the negative x-axis

which is shown in the Fig.8.1.
So, <w (—11.49 + 3.44 (W)) cos (MD is called conversion
4 4 4

point along the positive x-axis.
Thus the given function y* = (—11.49 + 3.44x)cos(x) cuts the real line/X-axis
repeatedly to meet at the ground level again and again. So, it is a cosine imprecise
function.
Example-2 (Cosine imprecise function multiple of angle 2x)
Let y = ¢y + ¢, x be a polynomial of degree one.

In particular, For1 = 2,y = (co + ¢1%) COS(2X) ...voviniiriiiiiii e (8.10)
Is an imprecise polynomial of degree one.
To define the imprecise function, example of (8.8) is used for the equation (8.10)

S0, x;=1,x,=2,x3=3,x4 =4,xc =5,x6 =6,x7; =7
y1 =05y, ==25y3=2, y4=-4Y5=35Yys=—6y;=7

By the law of roots this imprecise function satisfies the given collection of points to
have linear simultaneous equation of the matrix as follows.
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Form the equations (8.3), (8.4), (8.5), we have
AX =B
=> (ATA)X = A"B
Where, ATA = (a;;)

(n+1)x(n+1)

A"B = (bi)(n+1)><1

r=[

€1
Such that,
m
a;j = Z x, 2 {cos(2x;)
k=1
m .
b; = YiXp cos(2x,);1 <i,j<(n+1)
k=1

Here, m=number of points=7 and n= degree of the polynomial=1

ATA = (ay), , and A"B = (b)2x

Where,
7
;= Z x,lc”_z{cos(Zxk)}2
k=1
7 .
P = YiXpcos(2xy);1 <i,j <2

k=1

Now,

7

an = Z xx® {cos(2x)}?

k=1
= c0s?(2x;) + cos?(2x,) + cos?(2x3) + cos?(2x,) + cos?(2xs)
+ cos?(2xg) + cos?(2x;) = 4.85559

7

a1 = A1 = z Xk {COS(Zxk)}Z

k=1
= x,¢05%(2x1) + x,c05%(2x,) + x3c05%(2x3) + x4c05%(2x,)
+x5c05%(2x5) + xgc05%(2x6) + x7c05%(2x7) = 27.05897

7

az = ) x{cos(2x)Y?

k=1

= x,2c05%(2x;) + x,%c05%(2x,) + x3%c05?(2x3) + x4%cos?(2x,)
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+x5%2c0s?(2x5) + xg2c0s%(2x4) + x,%c0s%(2x,) = 134.39326,

7
b, = z Yic Xk €0 (2xy)
k=1

= y,X1 €0S(2x1) + V,X5 c0S(2x5) + Y3x5 cos(2x3) + Yax4 cos(2x,)
+ ysx5 cos(2x5) + Yexg cos(2x¢) + V,x5 cos(2x,) = 15.20003

7
b, = Z VX2 cos(2x) = y1x,2 cos(2x,) + y,x,2 cos(2x,) + y3x32 cos(2x3)
k=1

+y4x42 c0s(2x4) + Ysx52 cos(2x5) + Yexe? c0s(2x6) + V7x,2 cos(2x7)

= 152.75052
485  27.057[C] _ [ 15.20
Thus [27.05 134.39] ] = [152.75
From the formula (8.6), we have
R:
Ri-R ——1—xa; 2<i<2),(1<j<1)

AGi-1)(i-1)

-

=> 4.85¢¢ + 27.05¢; = 15.20,—16.47¢; = 67.97

67.97 _

S0, ¢, = — 227 = _412
16.47
_ 1 (15.20 — 27.05¢;) = 27.69
Cop = 4.85 . . c1) = .
S0, y* = (27.69 — 4.12x) COS(2X) v e vv eee ve vee e e e e (8.11)
__ ‘H-H\H
\: it ;Fb"\m_::/\\ et a—
1 3 5 (=3 7 ‘B—wﬂ-“‘l 12 1= a4 15 .
—
[= Era = ]

Fig.8.2. Graph of y = (27.69 — 4.12x) and y* = (27.69 — 4.12x) cos(2x)

Here, the given cosine imprecise function meet the x-axis only when y = 0.
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For this condition we have, x = % = 6.720 such that %” < 6.720 < %ﬂ and x =

7T

” and %” are the nearest two values of 6.720 for which cos(2x) =0

6.720 X4+91

So the graph start to oscillate from a point x = =~ 6.8950(approx.) towards

6.720X4+7m

the positive x-axis and x = =~ 6.109(approx) towards the negative x-axis

and is shown in Fig.8.2.

So,(w, (27.69 + —4.12 (w)) cos (m» is called conversion
2X4 2X4 4

point of the positive x-axis.
Thus the given function y* = (27.69 — 4.12x) cos(2x) cuts the real line or the X-axis
repeatedly to meet level again and again. So, it is a cosine imprecise function.

In general for the cosine imprecise function, y* = (a + bx) cos(lx) ;L € Z* the

conversion point is depending on the value of x = —%

8.2.2. Cosine imprecise functions for polynomial of degree two
Here the polynomial of degree two is transformed into imprecise function by the
multiplication of cosine function of angle of lx; [ € Z. Resultant function will be known
as cosine imprecise function for polynomial of degree two. And the cosine function is
known as multiplication factor.
Example-1 (Cosine imprecise function multiple of angle x)

Let y = o+ C1X F CoX2 oo (8.12)
be a polynomial of degree two.
In particular

y* = (co+ c1x+ cpx?)cos(x); forl=1.......cccccciiiiiiiiinnn. (8.13)
is an imprecise polynomial of degree two.
Let us consider (1,0.5), (2,-2.5),(3,2),(4,-4),(5,3.5),(6,-6),(7,7) be the data collection of
points.

S0, x;=1,x,=2,x3=3,x4 =4,xc =5,x6 =6,x;, =7

y1 =05y, ==25y3=2, y4=-4y5=35Yys=—6y;=7
Form the equations (8.3), (8.4) and (8.5), we have
AX =B
=> (ATA)X = ATB
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TA — .
Where, A"A = (al])(n+1)><(n+1)

ATB = (bi)(n+1)><1

Co
X = C1]
C2
m
;= Z x,l:”_z{cos(xk)}2
k=1
m .
b, = yexpcos(xg);1 <i,j<(n+1)
k=1

Here, m=number of points=7 and n= degree of the polynomial=2
Thus,

ATA = (aij)3x3 and ATB = (bi)3><1
Where ,

7

a;; = z x,l:”_z{cos(xk)}2
k=1
7
P = ykx,i(cos(xk); 1 <i,j<3
k=1

7

a1 = Z xko {COS(Xk)}Z

k=1
= cos?(x;) + cos?(x,) + cos?(x3) + cos?(x,) + cos?(xs)

+ cos?(xg) + cos?(x;) = 6.9574

7

Q12 = Q1 = z Xk {COS(Xk)}Z

k=1
= x,¢05%(x;) + x,c05%(x3) + x3c08%(x3) + x4c05%(x,) + x5c052(x5)
+x5c052(xg) + x7c08%(x;) = 27.76207
7

Qzz = Q13 = A31 = Z x> {cos(xy)}?

k=1
= x,2c05%(x1) + x3%2c0s?(xy) + x3%c052(x3) + x4,%cos%(x,)

+x52c0s?(xs) + xg2cos?(xg) + x,2cos?(x;) = 138.58
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7

ap3 = A3 = Z xks{COS(xk)}z

k=1
= x,3c0s%(x1) + x33c0s?(xy) + x33c052(x3) + x,3cos?(x,)
+ x53cos?(xs)
+x¢3c0s?(xg) + x;,3c0s%(x;) = 775.200717
7

ass = ) xHcos(x)Y

k=1
= x;%c0s%(x1) + x3*cos?(xy) + x3%cos?(x3) + x,*cos?(x,)

+ x5*cos?(xg) + xg*cos?(xg) + x,%cos?(x;) = 4619.94474
7
b, = Z VX €0S(Xy)
k=1

= ¥1%; €0s(x1) + y2x;, cos(xz) + y3x3 cos(x3) + Yax, cos(xy)
+ ysxs cos(xs)

+V¢Xe cos(xg) + y7x7 cos(x;) = 15.79910

b, = Z VieX 2 cos(xy) = y1%1% cos(xy) + y2x,% cos(x,) + y3x3% cos(x3)
k=1

+y,x42% cos(x,) + Ysx52 cos(xs) + Yexg2 cos(xg) + y,x72 cos(x,) = 157.430

b = ) yen cos() = 3”05 + %, c0s(x) + yxs? cos(x;)
k=1

+y,%43 cos(x,) + ysxs3 cos(xs) + yexe> cos(xg) + y7x73 cos(x;) = 1309.09
Thus the simultaneous equation is converted into following matrix form.
6.95 27.76  138.58 ] [Co 15.97
27.76 138.76  775.02 ||¢1]| =] 157.43
138.76 775.02 4619.94 1309.09
From the formula (6.6), we have

R/ > R; — L xa;;(2<i<3,1<j<2)

Aai-1)@-1)
(695 27.76  138.58 1[Co 15.97
If j=1,then2<i<3 =| 0 27.69 221.67 94.36
| 0 221.67 1856.71 994.24

[6.95 27.76 138.58 15.97
If j=2,then3<i<3 =| 0 27 69 221.67 94.36
L 0 82.12 238.84
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=> 6.95c, + 27.76¢; + 138.58¢; = 15.97
=> 27.69¢, + 221.67c, = 94.36
82.12¢; = 238.84
By Backward substitution, we get ¢y = 9.11, ¢; = —16.19, ¢, = 2.90

Thus y* = (9.11 — 16.19x + 2.901x2)C0OS(X) «.vvvvrrineiiaeannen. (8.14)
IS a cosine imprecise function for polynomial of degree two.
v A

} 1 A——
S
/ e
400 1
- G S01TEZE - 16 15 + 511

- 2O s 15 15 - 511
cos* 2. 901 "2 - 16.159%x + S.11)

=100

- Z o012 _ 16.15°x = ©.11 |
| - cos(x)}(2.901%2 - 1618 = 9.11)

Fig.8.3. Graph of y = +(9.11 — 16.19x + 2.901x?) and y* = (9.11 — 16.19x +
2.901x?)cos(x)
Here, the given cosine imprecise function meet the x-axis only when y = 0.
For this condition we take the solution of the given equation 9.11 — 16.19x +
2.901x2 = 0 as follows.

 —(~1619) +/(~16.19)? + 4 x 9.1 x 2.901
= 2 % 2.901
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= 4.94(approx.),0.63(approx.)
We observed that x = 4.94 and 0.63 such that —g < 0.63and 4.94 < 57” . And x =

—g and 57” are the nearest two values of x = 4.94 and 0.63 for which cos(x) = 0.

4.94%x2+5m

So, the graph start to oscillate from a point x = =~ 6.40(approx) along the

0.63X2—1

positive x-axis and x = ~ —0.468 (approx) along the negative x-axis which

is shown in the Fig.8.3.

4.94X2+5 4.94%x2+5 4.94%X2+5 2 4.94%x2+5 .
So, (T” (911 — 16.19 (*22255) 4 2,901 (2222E) )cos(T”)) is

called conversion point towards the positive x-axis.
Thus the given function, y* = (9.11 — 16.19x + 2.901x?)cos(x) cuts the real line or
X-axis repeatedly to meet the ground level again and again. So, it is a cosine imprecise

function.

Example-2 (Cosine imprecise function multiple of angle 2x)
Lety = ¢y + c1x + ¢, x? be a degree two polynomial.

In particular, y = (co + c1x + ¢;x?) cos(2x);forl1 =2 ..., (8.15)
IS a cosine imprecise function for polynomial of degree two.
Let us consider, (1,0.5), (2,-2.5),(3,2),(4,-4),(5,3.5),(6,-6),(7,7) be the data collection
points.

S0, x;1=1,x,=2,x3=3,x4, =4,x5s =5,x = 6,x;, =7
y1 =05y, ==25y3=2, yp = —4,Y5 =35y = —6,y;, =7

Form the equations (8.3), (8.4), (8.5), we have

AX =B
=> (ATA)X = ATB
Where, ATA =

(aij)(n+1)><(n+1)

ATB = (bi)(n+1)x1
Co
€1
C2

X = . Now,

m

a;j = Z x,i:rj_z{cos(Zxk)}2

k=1
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m .
b; = X cos(2x);1 <i,j<(n+1)
k=1

Here, m=number of points=7, n= degree of the polynomial=2
ATA = (a;), , and A"B = (b)sx1
Where,

7

a;; = Z x, % {cos(2x,) )
k=1
7 .
b, = YiXpcos(2x);1 <i,j<3
k=1

7

a; = z xi° {cos(2x;)}?

k=1
= c0s?(2x;) + cos?(2x,) + cos?(2x3) + cos?(2x,) + cos?(2xs) + cos?(2x¢)
+ cos?(2x,)
= 4.85594

7

A1 = Ay = z Xk {COS(Zxk)}Z

k=1
= x,€05%(2x1) + x,c05%(2x,) + x3c08%(2x3) + x,c05%(2x,) + x5c05%(2x5) +
x6C0S%(2x¢) + x5c05%(2x7)

= 27.05897

7

Q2 = Q13 = A31 = Z xi*{cos(2x,)}°
k=1

= x,2c05%(2x;) + x,%c05%(2x,) + x3%c05%(2x3) + x4%c0s?(2x,) + x5%cos?(2xs)
+ x¢2c0s?(2x¢) + x72c0s%(2x,)

= 134.39326

7

a3 = A3y = Z xk3{cos(2xk)}2

k=1
= x,3c0s%(2x;) + x,3c0s%(2x,) + x33c05%(2x3) + x43c0s%(2x,) + x53c0s%(2x5)
+ x¢3c0s?(2x¢) + x73c0s?(2x;)

= 749.24443

7

azz = Z xi *{cos(2x;,) ¥

k=1
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= x;*c0s?(2x1) + x,*c0s?(2x,) + x3*c0s?(2x3) + x4*cos?(2x,) + xs*cos?(2xs)
+ xg*cos?(2xg) + x;*cos?(2x;)

= 4454.68738

7
b, = z Vi Xk €0s(2xy)
k=1

= y;%1 €0S(2x1) + V,X5 c0S(2x5) + Y3x5 c0S(2x3) + Yax4 cOS(2x,) + Vsx5 coS(2x5)
+ yexg cOS(2x6) + y7x7 cos(2x;)
= 15.2000

7
b, = z YiXi” cos(2x)
k=1

= ;%12 €0s(2x1) + y,x,% cos(2x;,) + V3x32 cos(2x3) + yax42 cos(2x,)
+ ysx52 cos(2x5) + yexe? cos(2xg) + y,x52 cos(2x7)

= 152.75052

7
bs = z YiXi® cos(2xy)
k=1

= ;%13 €0s(2x1) + y,x,3 cos(2x;,) + y3x33 cos(2x3) + yax4°3 cos(2x,)
+ ysx53 c0s(2x5) + yexe> cos(2xg) + y,x53 cos(2x;)
= 1273.59811
Thus the simultaneous equation is expressible into the following matrix form.
4.85 27.05 134.39 1 [Co 15.20
27.05 134.20 749.24 ||¢1]| =] 152.75
134.39 749.24 4454.6811¢1 1273.59
From the formula (8.6) ,we have
R
Rl >R ——1—xa;;(2<i<31<j<2)
A(i-1)(i-1)

[4.85 27.05 134.39][C] [ 15.20]
If j=1,then2<i<3 =| 0 —-1647 —0.29|(|¢1|=]67.97
L 0 —-0.29 730.8311¢11 1852.40.

[4.85 27.05 134.39][C] [ 15.20]
If j=2,then3<i<3 =| 0 —-1647 —0.29(|¢1|=]67.97
A0 0 730.581L¢c1l  1851.181

=> 4.85¢, + 27.05 + 134.39¢, = 15.20
=> —16.81¢; — 0.29¢, = 67.97
730.58¢; = 851.18
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Thus, by backward substitution, we will get ¢, = —5.91, ¢; = —4.14, ¢, = 1.16
S0, y* = (—=5.91 — 4.14x + 1.16x2)Cc0S(2X) «.oivireieieieieiei, (8.16)

IS a cosine imprecise function for polynomial of degree two.

<
=

/
\

in
[=]

|
!
|I
|
|
|
l

3
/

/ cree T \\
-_— 1 162 — 4. 1487 — 5 51
-_— ] 1EENZ s AT+ 5050
—cos(FEm el 1. 1ETe T - 8 1a e+ 5.51)

| b

- | 16°x"2 - 4.14%% - 5.91 |
- _cos(Z%x) (- 1. 1652 + 4.14%x + 5.91)

Fig.8.4. Graph of y = +(—5.91 — 4.14x + 1.16x?) and y* = (—5.91 — 4.14x +
1.16x%)cos(2x)
Here the given cosine imprecise function meet the x-axis only when y = 0. For this

condition we take the solution of the equation —5.91 — 4.14x + 1.16x2 = 0 as follow.

_ —(—4.147) + /(4.147)* + 4 x 1.16 x 5.918
*= 2% 1.16
= 4.66(approx.),—1.0918(approx.)

We observe that, x = 4.66 and —1.0918 such that ‘%ﬂ < —1.0918 and 4.66 < E[T” .

And x = —%” and %’T are the nearest two values of 4.66 and -1.0918 for which

cos(2x) =0.
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4.66X4+5m

Here, graph starts to oscillate from the value x = =~ 4.29(approx) along the

—1.0918%X4-3m

positive Xx-axis and x = .

=~ —1.72 (approx) along the negative x-axis

which is shown in the Fig.8.4.
4.66X4+5 4.66X4+5 4.66X4+5 2 4.66X4+5 .
So, (% (~5.91 - 414 (R0 | g 16 (2o00M) )cos(#)) is

called conversion point along the positive x-axis.

Thus the given function y* = (=5.91 — 4.14x + 1.16x?)cos(2x) cuts the real line or
X-axis repeatedly to meet the ground level again and again. So, it is a cosine imprecise
function.

In general, cosine imprecise function y = (co + ¢;x + ¢;x?) cos(2x) ;1 € Z has the

—-b+./(-b)%2-4ac

conversion point which is depending on the value of x = ”

From the same point, cosine imprecise function will return back to the original
polynomial function. So this point is also known as a diversion point of the imprecise
function with respect to the multiplication factor cosine function.

Thus, from the above calculations, we have observed that if the angle of trigonometry
function is increased, then conversion point become come closer to the origin of co-
ordinate axis system. It means that considered experiment starts to oscillate within the
short time period to have shorter wavelength and larger energy in the system.

For example, if the wings of a generator moves more angle then speed is increased and
the energy output will be larger due to shorter wave length and the closer conversion

point.

8.3. Area bounded by Cosine Imprecise Function for Polynomial of

degree one

For a cosine imprecise function y* = (¢, + ¢;x) cos(x),l = 1, we have the imprecise

numbers, [E;n; 3—”], [3—n;2n;5—” , [5—n;3n;7—n], [7—”;471; 9—”] ........................... etc.
2 2 2 2 2 2 2 2
within the interval E,(m;’nn], having indicator function as follows.
. p1(x); (zn;)” <x<nm
ON-() = 4 e (8.17)
¢ p2(x); n < x < &0
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such that p, ((2" 1)”) = p, ((2n+1)n'

2

)=0 and  pi(am) = py(nm)

Here, function has maximum level at the point x = nm and the minimum at x =

2n-1=m and x = @n+1)m

2 2
So, [E;n,;3—n], [3—n;2n;5—n], [S—H;BE;Z], [7—n;4n;9—n ........................ etc. are

2 2 2 2 2 2 2 2

imprecise numbers.
Similarly, y = (c¢o + ¢1x) cos(2x); forl =2 , we have the imprecise numbers,
[553—”],[ ]5—"3—”7—"[ 20T | etc.
4" 2 4-

T (2n+1)n’

within the interval [ ] having indicator function as follows.

(2n nr nm
p1(x); =x < Y

Pn-(X) =4
Ne pz(x);7SxS@

whivt p (2225) = 5, (2522) =0 s, (2) = s (2)

Here, function has maximum level at the point, x = T;—" and minimum value at x =

2n-1)n and x = (2n+1)7t
4 4
T, 3T 51r 3t 7w
So, [4 > ] [ ] = —] [— 27r = etc. are
imprecise numbers.
In general, for = (co + c1x); leZ ,we have the imprecise numbers,
m W 31 31 271' 51r 51 311 7] |7 4w 97‘[
[2—1,7 ] [ ] [ ][ T S| etc.
within the interval [” (2n- 1)”] having indicator function as follows.
(Zn 1)11' nm
p1(x); Sxs—
pn.(x) = (L) e e e (8.19)

p2(x); T S T

such that p; ((Zn 1)11') = P2 ((Zn;l)n) =0 and p; (Tll—n) = P2 (nl—n)

Here, function has maximum level at the point x = nl—" and minimum value at x =

2n-U)m Cn+)m
—and = ——.
l and l
T 311' 3m 2m 5w 5m 3w 7w 7T 4m 91
So, [21 T [Z'T'Z]’ [Z'T'Z]’ [Z' IEET] IRRCRRERIEREERREPREPRERS etc. are the

imprecise numbers.
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Indicator function of imprecise number has the membership function and the reference
function. Thus the area of cosine imprecise function will be measured separately for the
respective imprecise numbers. After that, we will collect all the areas of imprecise
numbers for the same function to obtain the total area of cosine imprecise function.

Thus the area of the given cosine imprecise function y = (cy + ¢;x) cos(lx) ;L € Z is

nm

I
ZnCO Cq -

I=f(co+clx)cos(lx)abc=T+l—2 [2k—1)r];vneN,leZ

0

k=1

Here, cosine imprecise function has maximum value at x = nl—"
To prove the equation (8.20) let, 1=1,2,3,........cccevvivininnnn. SO on.

8.3.1. Cosine imprecise function of angle multiple one

T

2
c,(m—2)
10 = f(co + C1X) COS(X) dx = co + T
0
[ 2
cq(m +
I = J(Co + c;x) cos(x) dx = —cy — %
T
2
3T
2
c;(3m —2)
12 = f (CO + C1X) COS(X) dx = —Cy — T
T

2T
c,(3mr+ 2
13 = J (CO + C1X)COS(X)dx =Co+ %
3

2

5
2
Iy = f (co + c1x)cos(x)dx = cy + ——
21
3m ; ,
ci(om +
15 = f (CO + Clx) COS(X) dx = —Cy _¥
51

2
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7n
2
c(7m— 2
lg = f (co + ¢1x) cos(x) dx = —cy — %
3
41 7 2
c1(/mT +
I; = f (co + ¢1x) cos(x) dx = ¢y + %
71T
2
ot
H 9 2
c,(9m —
Ig = f (co + c1x) cos(x)dx = ¢y + %
41

SO on.
Here, negative sign is showing lower part area bounded by cosine imprecise function.

Area of membership of the given cosine imprecise function is I, = I; + |I3| + Is + |I]
4
= e, + %2[(21« — D +2(4)]
k=1
Area of the reference function of cosine imprecise function is Iz = Iy + |I|+1, + |I6]
4
= (@ +5 ) [(2k = D = 2(4)]
k=1

Area of this cosine imprecise function in an interval [0, 4] is I = I, + I

41

= ] (co + c1x) cos(x) dx = 00(8)+clgz 2.2k — 1)]
k=1

0
nkzzl(Zk - 1)]

Here, cosine imprecise function has a maximum value at point x =

=co(8) + ¢4

Thus the area of cosine imprecise function in an interval [0, nx] is

nrm

Z(Zk—l)];VneN

k=1

1
f (co + c1x) cos(x) dx = cy(2n) + ¢y
0

8.3.2. Cosine imprecise function of angle multiple two

154

<<<<<<A STUDY ON THE APPLICATIONS OF IMPRECISE NUMBERS>>>>>>



STUDY ON THE BEHAVIOURS OF COSINE IMPRECISE FUNCTIONS

-2
(co + c1x) cos(2x) dx = C2_°+ M

~
(=}
I
— IR

8
0
T
‘ 2
c c(m+
I = f(co + ¢1x) cos(2x) dx = —?O — %
T
4
3
Co C1(3TC— 2)

4
I; = f (co + c1x) cos(2x) dx = -5 =
s

2

T
C c,(3mr+ 2
I3 = f(Co + c;x)cos(2x)dx = 70 + g
3

8
4
51
7
co c¢(5m—2)
Iy = f (co + c1x) cos(2x) dx = 7_|.T
T
3T
H 5 2
C c,(5m +
Is = f(co + c1x) cos(2x) dx = _70_¥

5m
4

7T

4
c ci(7m— 2
I = j (co + c1x) cos(2x) dx = _?°_¥
3n
2

2T
C c,7m+ 2
I; = j (co + c1x) cos(2x) dx = ?O + IT)
71T

4

on

4
¢ ¢1(9m—2
Ig = j (co + c1x) cos(2x) dx = ?O + ¥)
21

SO on.
Here, negative sign is the sign of the lower part area bounded by the given cosine
imprecise function.

Area of membership function of the given cosine imprecise function is I, =

|11|+I3 + |I5| + 17

155
<<<<<<A STUDY ON THE APPLICATIONS OF IMPRECISE NUMBERS>>>>>>




STUDY ON THE BEHAVIOURS OF COSINE IMPRECISE FUNCTIONS

c

4
-2y %Z[(Zk ~ D+ 2(4)]

k=1

Area of the reference function of cosine imprecise function is I = Iy + |I,|+1, + |I¢]
4
C C
= (4)7" + §12[(2k — D1 —2(4)]
k=1

Area of the given cosine imprecise function for the interval [0, 47"] is I =1Iy+Iy

4
2 4
= bf (co + c1x) cos(2x) dx = 62—0(8)+c1 g; 2.[(2k — 1)]

4

YA
=2 ®)+ei5; ) [k = D]

k=1

- - - - - s
Here cosine imprecise function has maximum value at x = >

Thus the area bounded by the cosine imprecise function in an interval [0, "2—”] §

nm

n

f (co + c1x) cos(x) dx = CZ—O(Zn)+01 ;T—zkz:[(Zk —1)]; forl=2
0 =1

Thus, area bounded by a cosine imprecise function of degree one algebraic polynomial

y = (cy+cix)cos(lx);LE€Zis

E
l n
2ncy  Cq
I = j (o + 1) cos(lx) dx = == + l—ZZ[(Zk —1nl; VneNandl€Z
0

. . . . - nm
Here, cosine imprecise function has maximum value at x = -

8.4. Area Bounded by Cosine Imprecise Function for Polynomial of

Degree Two

Here, we will discuss how to obtain the area of cosine imprecise function for
polynomial of degree two in the summation form. In general area bounded by cosine

imprecise function y* = (cq + ¢;x + cox?) cos(lx) ;1 € Z is
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nm

1
I = f (co + c1x + cox?) cos(lx) dx
0

2ncy ¢q - co |? -
== +z_2 [(2k — 1] +z_3 - E(Zk— 1)% + 2n(m — 2)|;
k=1 k=1
VvneN,leZ
..................................... (8.23)
Here, cosine imprecise function has maximum value at the point x = "T"
To prove the equation (8.23), we have considered I=1,2,34,..................... SO on

8.4.1. Cosine imprecise function of angle multiple one

T

2
T 77;2
Iy = f(co + ¢1x + ¢c,x%)cos(x)dx = ¢cq + cl(E —1D+c, (T — 2)
0

i
i mw?
I, = f(co + ¢c1x + ¢c,x?) cos(x) dx = —¢y — Cl(E +1)+c, (T + 2w — 2)
s

92
(co + c1x + cyx?)cos(x)dx = —¢cy — ¢4 (7 — 1) —-c <T —2m — 2)

—
N
I
B T[S

21
5 3w 92
I3 = | (co+ c1x + cpx*)cos(x)dx = ¢y + ¢4 <7+ 1) +c; e + 41 — 2
31T

2

5
2

5m 25m?
I, = f (co + c1x + c3x?) cos(x) dx = ¢, +c1(7— 1) +c, 2 — 47 —2

21

3
3 5w 25m?
Is = f (co + c1x + c3x?) cos(x) dx = —co — ¢4 <—+ 1) —c|\— + 6m — 2

2

51
2

7T

2

7T 4972
Ig = | (co+ c1x + cx2) cos(x)dx = —cy — ¢y (7 - 1) ] 61 — 2

3n
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4T
7n 4972
I, = f (co + c1x + c3x?) cos(x) dx = ¢y + ¢4 (7+ 1) +c, 2 + 8w — 2
7T
2
on

2

97 81m?
Ig = .f (co + c1x + c,x2) cos(x) dx = ¢q +cl(7—1> +c, 2 —8mr —2

41

SO on.

Here, negative sign is the sign of lower part area bounded by cosine imprecise function.
Membership function area of the cosine imprecise function is given by

Iy =L+ 1+ |5 +1;

4 , 4 4
s T
=) 2k-1)+4 — > Rk—-1?%*+2m ) k— 2(4)]

Reference function area of the cosine imprecise function is given by

IR=IO+|12|+I4+|16|

- 4 7_[2 4 4
Ekzzl(Zk 1) -4 T;(Zk —1)2 -2z ;(k —1)- 2(4)]

Area bounded by a cosine imprecise function in an interval [0,4m] is I = I, + I

41T

J ((co + €1 + c3x?) cos(x))dx
0

= C0(4) + C1 + Cy

= C0(4‘) + (o8] + Cy

=co(8) + ¢4

- 4
Ekz:l{(mc—1)+(2k—1)}—4+4

+c,

7'[2 4 . . 4
TkZl{(Zk—n + 2k —1) }+2n;(k—k+1)—2(4+4))

8

= ¢o(8) + can(Zk -1 +c

k=1

2
k=1

72 (o )
7{;(% ~1) } +8(n—2)

Here, maximum value of the cosine imprecise function is found at x = nm; Vn € N

2 4
7T—Z(Zk —1)2 4+ 81— 2(8)]

8
= ¢o(8) + can(Zk 1D +e
k=1

Thus, area bounded by a cosine imprecise function in a given interval [0, nr] is
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nm

f ((co + €12 + c3x2) cos(x))dx

n
=co(2n) + ¢y Z(Zk—l) +c; >

n
2 1.2
T
Z(Zk — 1%} +2n(mr - 2)
=1 k=1

k

8.4.2. Cosine imprecise function angle multiple two

n
4
2 Co s 1 7T2 1
Iy = j(co + c1x + cy;x)cos(2x)dx = > +cy (§ - Z) + C1(§ - Z)
0

s
2
Co T 1 m? w1
I =J(co+clx+c2x2)cos(2x)dx =-5 "G <§+Z)_C1(§+Z_Z)
2
3
4
L= (ot o) vdy = 0 (Sn 1) 9n? mw 1
2—n Co + c1x + cyx%)cos(2x)dx = > cy 3 2 61(32 2 4)
2
Vs
5 Co 3mr 1 on? 2m 1
I; = j(co + c1x + c,x%)cos(2x)dx = > +cy (? + Z) + C1(§ + 7 Z)
3
4
51
4
I_j( N t 6x?) cos(2) d _C0+ (57r 1)+ 25m% 2m 1
4 = Co + c1x + c,x%) cos(2x x—2 cq 3 2 c1( 32 2 4)
T
31
2
G (57r+1) 25n2+3n 1
- algty)alzm 779

Is = j (co + c1x + c3x?) cos(2x) dx 5
51

4
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7n
Co 7 1 4912 3w 1
_ 2 __o_ (It _Z\_ ot 2
16—f(co+clx+c2x)cos(2x)dx— > C1<8 4> (53 2 4)
2
21
5 Co 7 1 49?2 4m 1
I, = f(co+clx+c2x )cos(2x)dx=?+c1(?+z>+cl( 32 +T_Z)
4
o
4
5 Co ot 1 81n? 4m 1
Iy = f(c0+clx+c2x )cos(Zx)dx—?+c1<?—z>+c1(?—7—z)
2T

SO on.

Here, negative sign is showing lower part area bounded by the cosine imprecise
function

Summation of the membership function of a cosine imprecise function in a given
interval is |I;| + I5 + |I5| + I,

k—-1)+4 —1)2+2m ) k—2(4)
5 > k-200)

Summation of the reference functions of a cosine imprecise function in a given interval

C2

= 2@+ e

iS IR:I()+|12|+I4+|I6|+18

=%<4>+%[§;<2k—1>—4 Z(Zk_l)z_znz(k_l)_z(4)]

Area obtained for the cosine imprecise function in an interval [O, 7”] is I =1y+Iy

_2
8
4m

J ((co + €1 + c2x?) cos(2x) )dx

_% a|r _ — 1 —
—2(8)+4 ZZ{(Zk D+QRk—-1}—4+4

_2
8

Z{(Zk— 12 + (2k — 1)? +2nZ( k—14k) —2(4+4))

=29 +—nZ(2k ~D+2

Z 2.(2k —1)% + 87 — 2(8)]
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- —(8) + {Z(Zk - 1)}

{Z(Zk —1) } +8(m— 2)]

forneZ

Here the given cosine imprecise function has a maximum value at the point, x = "2—”

Thus, the area obtained for the cosine imprecise function in a given interval [0, "Z—n]is

nm

f ((co + €1 + c3x?) cos(2x) )dx

0
n

2 2
= 2w+ Z(Zk—n + 254D k- 17+ 2nr - 2)|;
k=1

(ST

23

Thus the result is true for 1=1,2.

So, it is true for positive integers.

Proceeding in the same way we get the result is true for negative integers.
Thus the resultistrue VI e Z

8.5. Conclusions

Defining a general form of Cosine imprecise function and the identification of the
conversion point of the imprecise function in different situations is one of the objectives
of this chapter. So the cosine imprecise function is framed with the assistance of the
multiplication factor and the finite numbers of data collection of points. For the
different angle of the cosine function, we have obtained a different conversion point.
Later to obtain the area of different cosine imprecise functions, we have defined
different summation formulae with the assistance of integration. Maximum and
minimum Points of imprecise numbers are used as the limits of the integration for the

cosine imprecise function.
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