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Problem:

In this study Project we shall Extend Euler’s theorem for Homogeneous function of three variables
and we state some equations containing third order partial derivatives using Euler’s theorem for
function of two variables.We shall verify above statements by taking examples.

1. Introduction: The Euler’s theorem on Homogeneous function is a part of Differential Calculus
which is a course in mathematics for undergraduate students of semester-1. If Z is a Homogeneous
function of x and y of degreen’, then the theorem is useful for finding the values of expression of

2 2
type xZ + yZy, X Zxx + nyny +y Zyy etc.

In this study project we shall extend this theorem to a Homogeneous function of
x, y & z variables of degree ‘n’. I.e we shall extend Euler's theorem to a Homogeneous function of
three variables.

2. Euler’s theorem on Homogeneous function of two variables:

Definition: a function f(x, y) is said to be a Homogeneous function of degree ‘n’ if

f(kx, ky) = k"f(x,y) Fork > 0

2.1 Euler’s theorem: If Z is a Homogeneous function of x, y of degree ‘n’and first order partial
derivatives of Z are exit then xZ Lt yZy = nZz.

Corollary 2.2: If Z is a Homogeneous function of X, y of degree ‘n’and first and second order partial

o . . 2 2
derivatives of Z are exit and are continuous then x Zxx + 2xnyy +y Zyy =nn — 1)Z.

Corollary 2.3: If f is a Homogeneous function of X, y of degree ‘n’and first, second and third order
partial derivatives of f are exit and are continuous then

3 2 2 3
xfxxx+ 3xyfxyy+ Sxyfxxy+yfyyy= nn — 1)(n — 2)f.
Proof:

Given that f is a Homogeneous function of x, y of degree ‘n’and first, second and third order
partial derivatives of f are exit and are continuous.

By 2.2 Corollary we have xzf + 2xyf + yzf =nn—1Df .......... (1)
xx xy vy
Differentiate equation (1) partially with respect to ‘x’ on both sides then we get

o(rrzf ') amam—vyr
0x - dx

2 2 _ of
x fxxx + foxx + Zy(xfxxy + fxy) +y fxyy =nn — 1)W ................ (2)



Differentiate equation (1) partially with respect to ‘y’ on both sides then we get

o<, +2xyf, +'F, ) _ (nm=1)f
dy o ay

2 2 — _ 1\9L
Xf o zx(yfxyy + fxy) +yf, t2f == Dgr (3)

Multiply equation (2) with ‘x” and multiply equation (3) with ‘y’ then we get

3 2 2 P
x fxxx + 2x fxx + ny(xfxxy + fxy) + xy fxyy = n(n - 1)x_6xL ........... (4)

2 3 2 _ B of
Kyf o+ 2xy(uf HF )+ Y, A 2, = ne = Dy 5)

Adding equation (4) & (5) then we get
3 337 3, 3 252 5 ) 2
Xf b3 Y+ 2(x o+ 2xf o+ 2x0f + )
9 d
=nn — 1)(x—axL+ y—ayL)
3 2 2 3
= X fxxx + 3xy fxyy + 3x yfxxy +y fyyy + 2n(n — 1)f = n(n — 1)(nf)
3 2 2 3 2
=x f _+ 3xy fxyy + 3x yfxxy +y fyyy =n(n - 1Df — 2n(n — 1f

=>x3fxxx + 3xy2fxyy + 3x2yfxxy + y3fyyy =n(n - (n - 2)f
Hence the theorem.

Now we apply this theorem to Homogeneous function of three variables.
3. Euler’s theorem on Homogeneous function of three variables:

Definition: a function f(x, y, z) is said to be a Homogeneous function of degree ‘n’ if

f(kx, ky, kz) = k"f(x,y,2) Fork > 0

Euler’s theorem 3.1: If f is a Homogeneous function of x, y & z of degree ‘n’and first order partial
derivatives of f are exit then xf + yfy + zf = nf.

Proof:
Given that f is a Homogeneous function of x, y & z of degree 'n and first order partial derivatives of

f are exit then f(x,y,2z) = X f(%, %)

= f(x,y,2)= xnf(u, 17) IV (1) Where u = -XL, v ==

X

Differentiate equation (1) partially with respect to ‘x’ on both sides then we get



of _
@W_
af n af ou af v n—1 ' ,
o Y ( ou ox T av E)‘l' f(u, v)nx (since u = = then —— =
z 9 2
v=— then%: _x_Z)
9 _ _L Lz
:>Bx_x( (= )+ - ( ))+f(uv)nx
of n—2 of n—2_ of n—1
Sy =X Yo —x Zoot fwvnxe @)

Differentiate equation (1) partially with respect to ‘y’ on both sides then we get

_ aixnmu,vz
= 2

f _ " AU w))

= ay dy
of _ nf Of ou of v ‘ ) _
= ay X ( du dy + v ay) (since u = = then % =

z Jv
v = then oy = =0)

=>%yL _BuL( )+0

of _ .n=10f

=>W=X I VRRERREE 3)

Differentiate equation (1) partially with respect to ‘z’ on both sides then we get
of _ Bjxnﬁgu,vz
0z 0z

of _ . n i(fwr)
dz 0z

du

of _ n{( df ou of v , B B
=>—a =X ( 34 o7 F™ az) (since u = thena——
= Z v _ 1
v=-"then—-= )

:—L—xn—L( )+ 0

du

0



e B ceeesenese
Now
n—2 of n—2 _of n—1 n—1 af n—1 9f
xfx+ yfy+ zf = x(—x Voo —x z4-+ fuv)nx )+ yx -+ zx ==
_ n—1£ _ n—1i n n—1i n—1£
= xfx + yfy + ZfZ =—yx - zx -t xfuv)+yx oS-+ zx -

=xf +yf +z2f, = x"f(u, v)
= xfx + yfy + ZfZ = nf

Hence proved.

Corollary 3.2: If f is a Homogeneous function of x, y & z of degree ‘n’and first and second order
partial derivatives of f are exist and are continuous then

2 2 2
xf +vy fyy +zf + nyfxy + 2yzfyz + 2xzf = n(n — 1f.
Proof:

Given that f is a Homogeneous function of x, y & z of degree ‘n and first and second order partial
derivatives of f are exit and are continuous.

By 3.1 Euler’s theorem we have xfx + yfy + ZfZ =nf (1)

Differentiate equation (1) partially with respect to ‘x’ on both sides then we get

oxf +yf Fzf ) _amf)
ox - ox

=>xfxx + fx + yfxy + foz =nf ... (2)

X

Difterentiate equation (1) partially with respect to ‘y’ on both sides then we get

a(xfx+yfy+zfz) _amp)

ay dy

:xfxy + fy + yfyy + nyz = nfy ........... (3)

Differentiate equation (1) partially with respect to ‘z’ on both sides then we get

a(xfx+J/fy+Zfz) _anf)
0z - 0z




:>xfxz + yfyZ + ZfZZ + fZ = nfz ........... 4)

Multiply Equation (2) with ‘x’, (3) with ‘y’ and (4) with ‘z’ then we get
2
X fxx + xfx + xyfxy + xzfxz = nxfx
2
xyf,, *yf,+v [, +yef , =nf,

2
xzfxz + yzfyz +z fZZ + sz = nzfz

Adding above three equations then we get
2 2 2
xf tvy fyy tzf + 2xyfxy + 2yzfyz + 2xzf + xf + yfy + zf

= nxfx + nyfy + nzfz

2 2 2

=>xf +v fyy tzf + 2xyfxy + 2yzfyz + 2xzf +nf =n(xf + yfy + zf )
2 2 2 2

=xf +y fyy tzf + nyfxy + 2yzfyz + 2xzf =nf —nf

2 2 2
=>xf +v fyy +tzf + nyfxy + Zyzfyz + 2xzf = n(n — 1)f

Hence proved.

Corollary 3.3: If f is a Homogeneous function of x, y & z of degree ‘n’and first, second and third
order partial derivatives of f are exit and are continuous then

3 3 3 2 2 2 2 2 2
Xf e ¥V, ¥ 2, 30y [ +3xyf +3xz'f +3xzf +3yzf +3yzf +6xyzf

Proof:

Given that f is a Homogeneous function of x, y & z of degree 'n and first, second and third order
partial derivatives of f are exit and are continuous.

3.2 Corollary we have xzfxx + yzfyy + szzz + nyfxy + 2yzfyz + Zfoxz =nn - 1Df ..
(1)

Differentiate equation (1) partially with respect to ‘x’ on both sides then we get

2 2 2
xfxxx+foxx+yfxyy+zfxzz+zy(xfxxy+fxy)+zyzfxyz+22(xfxxz+fxz)



Differentiate equation (1) partially with respect to ‘y” on both sides then we get

2 2 2
xfo v 2vf +vf +2f +2x(yf +f )+ 220f, +f )+ 2xzf

Differentiate equation (1) partially with respect to ‘z’ on bothsides then we get

2 2 2
Xf vV, t2f, +22f +2xyf 42y +f)+ Zx(zfoZ + fxz)

Multiply Equation (2) with ‘x’, (3) with ‘y’ and (4) with ‘z’ then we get
ngxxx + 2x2fxx + xyzfxyy + xzzfoZ + 2xy(xfxxy + fxy) + 2xyzfxyz + 2xz(xfxxz + fxz)

= = DXf_ oo 5)

2 2 3 2
yx fxxy + 2y fyy +y fyyy + yz fyzz + 2xy(yfxyy + fxy) + 2yz(yfyyz + fyz) + nyzfxyz

= (0~ DYf, oo (6)

2 2 3 2
o'f oy f,  +7f, +22f, +2xysf  +2yzaf | +f )+ 2xz(zfm + fxz)

Adding equations (5), (6) & (7) then we get

3 3 3 2 2 2 2 2 2 2
X fxxx +y fyyy +z fZZZ + 3xy fxyy + 3x yfxxy + 3xz foZ + 3x foxz + 3y nyyz + 3yz fyZZ + 2(x ij

=nn — 1)(xfx + yfy + zfz)

3 3 3 2 2 2 2 2 2
=X fxxx +y fyyy + z fZZZ + 3xy fxyy + 3x yfxxy + 3xz foZ + 3x foxz + 3y nyyz + 3yz fyzz + 2

3 3 3 2 2 2 2 2 2
=>x fxxx +y fyyy + z fZZZ + 3xy fxyy + 3x yfxxy + 3xz fxzz + 3x foxz + 3y nyyz + 3yz fyZZ = nf



3 3 3 2 2 2 2 2 2
=>x fxxx +y fyyy + z fZZZ + 3xy fxyy + 3x yfxxy + 3xz fxzz + 3x foxz + 3y nyyz + 3yz fyzz + 6x
Hence proved.

Now we shall verify above corollary for one Homogeneous function of three
variables.

Problem (1): verify corollary 3.3 for the function f(x, y, z) = X+ y3 +z

Sol:

Given that f(x,y,z) = X+ y3 27 (8) Is a Homogeneous function of
degree ‘3’ then

By corollary 3.3 we have

3 3 3 2 2 2 2 2 2
x fxxx +y fyyy +z fZZZ + 3xy fxyy + 3x yfxxy + 3xz fxzz + 3x foxz + 3y nyyz + 3yz fyyz + 6xyz

3 3 3 2 2 2 2 2 2
=X fxxx +y fyyy +z fZZZ + 3xy fxyy + 3x yfxxy + 3xz foZ + 3x foxz + 3y nyyz + 3yz fyyz + 6x;
SXf  +Yf  4Zf  +3xy’f 4+ 3xyf  +3xzf +3xzf + 3yzf +3yzf +6

x f XXX y f yyy z f 77z xy f xyy Xy f xxy Xz f Xzz x Zf xxz y Zf yyz yz f yzz ’

Differentiate equation (1) partially with respect to ‘x’,’y’ & ‘z’ on both sides then we get

fo=3x ...(10)

Differentiate equation (10) partially with respect to ‘x” on both sides then we get

fo=6x .(13) Similarly f_ =6,f =0f =0f_ =0f_=0f =0,

XX XXZ Xyz

Differentiate equation (11) partially with respect to ‘y’ on both sides then we get

f =6y..... (14) Similarly fyyy = 6, fyyz =0,f =0,

VzzZ



Differentiate equation (12) partially with respect to ‘z” on both sides then we get

f o=6z.... (15) Similarly f =6

zZZ

Now

3 3 3 2 2 2 2 2 2
Xf oo ¥V, 7S, 32y [ +3xyf +3xz'f +3xzf + 3yzf +3yzf + 6xyzf
3 3 3 2 2 2 2 2 2
X fxxx +y fyyy +z fZZZ + 3xy fxyy + 3x yfxxy + 3xz foZ + 3x foxz + 3y nyyz + 3yz fyZZ + 6xyzfx

From equations (9), (16) we say that corollary 3.3 verified

Problem (2): verify corollary 2.3 for the function f(x, y, z) = X+ y3

Sol:

Given that f(x,y,z) = X+ y3 ............ (17) Is a Homogeneous function of degree ‘3’
then

By corollary 2.3 we have
Fo+3xyf 43y +Yf =nn - 1@ -2
Xf o+ 3%V +3xyf 4V = nn - D - 2f
’ 3xy” 3x° =33 -13 -2
=>xf T3S, +3xyf +yf, =368 -1DE - 2)f

3 2 2 3
=>xf L F 3y f 4 3XYf Y =6f (19)

Differentiate equation (1) partially with respect to ‘x’,’y’ & ‘z’ on both sides then we get

fo=3x ... (0)

Differentiate equation (10) partially with respect to ‘x” on both sides then we get

f,=6x ...(23) Similaly f =6, fxxy =0, fxyy =0

XX

Differentiate equation (11) partially with respect to ‘y’ on both sides then we get

f =6y..... (24) Similarly fyyy =6



Now

3 2 2 3 3 3
xfxxx+ 3xy fxyy+ 3x yfxxy+yfyyy— 6x + 0+ 0 + 6y

3 2 2 3
Xf e P33V S A3V AV, =06 (25)

From equations (19), (25) we say that corollary 2.3 verified
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Problem:

In this study project we have obtained data of worldwide usage of electric vehicles for the last 8
years from 2012 to 2019 from Statista website. We shall find which curve is best to represent this
data and using this function we shall estimate future usage of electric vehicles.

Our motto is to find a suitable model for the following data and to estimate the future usage
electric vehicles

Worldwide number of battery electric vehicles in use from 2012-2019

Year 2012+ 12013 2014 2015 2016 2017 2018 2019
[n millions | 0.11 0.22 0.4 0.72 1.18 1.93 3.27 4.7
Tablel
Source:Statista
Tablel can be represented as discrete points on the graph.
: o
¢
2 ‘ ©
faamg =
e — — — 1| : : !
o
| - ? B o 10 1" 12 13
Figurel
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n

Since ¥ = n.From the given data, we compute all the sums. We solve these equations for a and
i=1

b. The required approximation is f(x) = a + bx.Equations (6) and (7) are called “the normal
equations” for fitting a straight line to a given data.
Linear Curve fitting-Fitting a Quadratic curve

In this session, we present a method to fit a parabola to a given data of n points (xi ,yi),

i = 1,2,3,...., 0 in Xy-plane. A parabola is a second degree polynomial and hence 1s a

nonlinear curve.
We write the quadratic approximation in the form

f () =1a) +1bxEk sz .............. (8)
The error of approximation is
2
Ek = f(xk) S i bx, 4 €X, = Y, e (9)
The method of least squares requires that the sum ot squares of errors is a minimum.
[ 9 50
S(a,b,c) = Y (a + bx, + cx, — V) ° = MINIMumM. o (10)
k=1

The necessary conditions for the existence of a minimum are

n
ds _ 2. 2
= ﬂzglca + bxk + cx, yk) = ()

1

G é %
= _2;21 x, (@ + bx, 4 cx, = y) =0,

T
S 2 2 <
= 2121 xk(a + bx, + cx, yk) 0.

Simplifying, we obtain

Zyk=na+b2xk+ r:Zxk, ............ (11)
2 : 12
ZxkykzaZxk+bek+ CL X s v (12)
y = 2+b£} 3+r:Zx4 (13)
XA a)x, X, e
G " :
Since ¥ = n.These equations are called “the normal equations” for fitting a parabola. From the
i=1 |
given data, we compute all the sums. We solve these equations for a, b and c. The required

2
approximation is f(x) = a + bx = ext

Scanned by TapScanner



Fitting an exponential curve

Many practical problems in Science an
growth processes of exponential nature. The approxim
data should reflect the same, that is. They should show
important to consider fitting of an exponential curve to a data

Now, let us fit a curve of the form

Y= fO) = et (14)

d Engineering are based on decaying processes or
ation to the functions representing such
exponential decay/growth. Therefore. It is

by least squares method.

to a given data at n points (xl_ ,yi), i = 1,2,3,....,n.Taking logarithms on both sides. we

have
In f(x) = lnau+ A X e R({D)

Where the natural logarithm is taken. This equation (15) can be written as
Y= A R B, (16)

Where Y = Inf(x),A = Ina, and B = a_This equation is a straight line in terms of the

variables x, Y. Therefore, we fit a least squares straight line to the new data (xi, Yi). We
. . A :
determine A and B, and then obtain a = e and a, = b. Using these values of a and a, we

obtain the exponential curve fit (14)

We first fit straight line to the data and see whether it is a appropriate fit or not

Let the straight line fitting be p(x) = A + BX-------- [0]
Number of given data values are N = 8

Normal equations are given by

8 8
84+ BY x =3yl
=1 i=1
8 8 2 8
A x+BX (x) = L xy~—]
i=1 i=1 =1

Scanned by TapScanner



[
49 ‘}Fﬁk M

Substituting summation values in equation [1] and [2] we get

8A + B36 = 12.53------ (3]

A36 + B204 = 82.6------ [4]
Solving [3] and [4] we get

A= — 1.2425,B = 0.624167

Keeping these values in equation [0] we p(x) = — 1.2425 + 0.624167x

Figure 2

Scanned by TapScanner



Analysis:
Figure 2 is representing data points and straight |
o only two data points. This fitting is not appropriate L0 repres

ine fit p(x).Itis clearly noted that p(x) is near

ent the tablel.

Now we fit the quadratic function to tablel.

2
Letitbe g(x) = A + Bx 4 Cx -—==-- [5]
Normal equations are

8 8 8
2
BA+BY x +CY (x) = X y-~-[0]
iI=1 . =1 =1
8 8 8 8
2 3
AYx+BY (x) +C3 (x) =X xy-~—~—T]
=1 =1 =] =1
© 2 ; 3 ? 4 ’ 2
AT (2] +EBE &) +CF (x) = J (x) = [8]
i=1 i=1 i=1 (=1
Y, x, (x)’ (x)'y, ey (x)"
0.11 0.11 1 0.11 1 1
0.22 0.44 4 0.88 8 16
0.4 1.2 9 3.6 27 81
0.72 2.88 16 11.52 64 256
1.18 5.9 25 29.5 125 625
1.93 11.58 36 69.48 216 1296
3.27 22.89 49 160.23 343 2401
47 37.6 54 300.8 512 4096
: i) {1 g ) b : H B
2: v = :_'HJ Z .]*F, 135 Z X _,V. i H.’.} ( .2‘! {_,Er_] — :ﬂ’”a Z‘ ‘:.‘fr\}hf“ — E;""h ‘l: L"L)J - ng ,:;1 l;‘:.' .] .. HFF}
=1 =1 = o T =1 " ). i |

Substituting summation values in equation-[6] , [7] and 8] we get
84 + B36 + C204 = 12,53------ [9]

A36 + B204 + (1296 = 82, 6--—-nr[10]
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AEASsEBA 296 + C8772 = 576, 12-accee [11]
Solving [9] .[10] and [11] we get

= 0.603036,B = — 0.483155,C = 0.123036

Keeping these values in equation [5] we get q(x) = 0.63036 — 0.483155x + 0. 123(}3#5.0:E

Figure3

Analysis:
Figure 3 is representing data points and quadratic fit q(x).It is observed that q(x) is passing
through only two data points.This fitting is not appropriate to represent the tablel .However we

can say it is a better approximation than p(x).

Now we fit the exponential function to tablel.

Letit be r(x) = Ae  —----[12]

We linearise it by taking logarithm on either sides
Y = A' + B'x--------- -[13]

Where Y = In(r(x)),In(A) = A,B' =B

Scanned by TapScanner



The equation is a straight line in terms of variables x, Y.we fit a straight line to the new data

(I[., }’!_).u-fe find A", B' then A = EA', B =8

Normal equations are

8 8
Bt 4 B o T Vs [14]
i=1 © =1 °
8 8 ; 8
AYx+BY (x) =3 xY-—II5)
i=1 =1 =1 !
Y = lny. 2
x: y: ‘ (x:') xiyt
1 0.11 221 1 2291
2 0.22 -1.51 4 3.02
3 0.4 -0.92 9 -2.76
4 (). /2 -0.33 16 -1.32
5 1.18 0.17 25 0.85
6 .03 0.66 36 3.96
7 3.27 148 49 8.26
8 4.7 1.55 64 12.4
: ] ‘ B B g
211: 3 Zyl_:li ZY;:" 1. 4 Z(:{I:Z{ E-‘*ﬁ-}’,—: 16. 16
=1 =1 i=1 i=1 =155 “at

Substituting above summations in [14] and [15]
84" + B'36 =— 1.4]------ [14]

A'26 + -B'204 = 16. 18-+ [15]

Solving [14] and [15] we get

A =— 2.59,B' = 0.54

A=¢e" =0.088 =054

r(x) = 0. 08e”>"
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m’: sns'

J;m 4 is representing data points and exponential fit r(x).It is observed that r(x) is passing

th inﬁ,l* h only six data points.This fitting is most appropriate to represent the tablel.We can say it
IS ; etter apprommatmn than p(x), q(x).Hence It is a curve of best fit for the table 1.
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Problem:

In this project we write an excel program to solve system of 10 linear equations with

10 unknowns. This system can be expressed in the following way.
A11X1 + Q13X + A13X3 + Q1aX4 + A1sXe + A1aXg + A17X7 + A1gXg + A19Xg + A110X10 = D1
A21X1 + ApaXy + Gp3X3 + ApaXy + Gz5Xs + AzeXg + Ay Xy + QggXg + Az9X9 + A210X10 = D2
A31X1 + A32X5 + A33X3 + AgaXg + AusXs + AagXg + Qy7X7 + AsgXg + Ag9Xg + A410%10 = D3
41Xy + QapXp + Ay3X3 + AgaXy + AusXs + AaeXe + Qg Xy + AsgXg + As9Xg + Aa10X10 = Da
(51X + AspX; + Ag3X3 + AseXy + AssXs + AseXe + As7 X7 + AsgXg + AseXg + Ag10X10 = D3
Qg1 X1 + Xy + Gg3X3 + AgaXy + AgsXs + AgeXe + Qg7 X7 + AgXg + AggXg + Ag10X10 = Dg
A71X; + Q75X + Ay3X3 + A74X4 + A75X5 + A76Xg + A77X7 + AggXg + A79Xg + A710X10 = D7
g1 X1 + AgaXp + Ag3X3 + AgeXy + AgsXs + AgeXe + gy X7 + AggXg + AggXg + Ag1oX10 = Dg
Qg1 Xy + AgpX + Ag3X3 + 94Xy + AgsXs + AgeXe + Ag7X7 + AggXg + AggXg + Ag10X10 = bg

Ap11X1 + A102X2 + A103X3 + A104X4 + A15X5 + A1p6Xe t A107X7 + A108Xg + A109X9 T A1010%10
= byg

This program would prompt us to enter coefficients of variables

X1,X2,X3, X4, X5, Xg, X7, Xg, Xg, X19 and values of by, by, b3, by, bs, bg, b7, bg, bg, b1 in the entry panel.

Methodology:

We would convert the entered coefficient matrix to row

echelon form by applying series of row transformations. To

do this we write excel coding for each set of row

transformations and output matrix will be displayed after

such transformations. We have written coding for each

iteration. Coding enables us find the solution of the system

without actually solving the system manually. In this project

we are showing only coding for first Iteration.

Complete coding has been given in excel file. Which can be accessed with the following link

Link:

Input:
C

16
25
27
38
40
41
43
42
47
40

W= = | —

10

LI0UnNIA|=00IkLIELEIN|“—

NP WWINIBEPRIN W R

wlaa|NnRr [N, w N

=Rl IN PO IN|= ™M

NI W Rk WIN|O NGO
HlONO|Rr|R[WIN|= T

SN AN WL, IWINO

Wi~d|N|=ILWIRN W=
bnighJwiinninilEB|lWlEL|(E=m

Rl |O| =

First Iteration Coding:

Column C:

IF(SC$6<>0,C6,C15)
IF(SCS6<>0,5CS6*C7-5C57*C6,5C518*C7-SCS7*C18)
IF($CS6<>0,5CS6*C8-5CS58*CH,5CS18*C8-5CS8*C18)
IF(SC$6<>0,5CS6*C9-5C59*CH,5C518*C9-5CS59*C18)
IF(SC$6<>0,5C$6*C10-5C510*Ch,5C518*C10-5CS10*C18)
IF($C$6<>0,5C$6*C11-5C$11*C6,5C518*C11-5CS11*C18)
IF(SCS$6<>0,5CS6*C12-5CS12*C6,5C518*C12-5C512*C18)

IF(SCS6<>0,5CS6*C15-SCS15*Ch,
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Column D:
IF($C$6<>0,D6,D15)
IF(5CS6<>0,5CS6*D7-5CS7*D6,5CS18*D7-5C$7*D18)
IF(SCS6<>0,5CS6*D8-SCS8*D6,5CS18*D8-$CS8*D18)
IF(SCS6<>0,5CS6*DI-SCS9*D6,5CS18*DI-SCS9* D18)
IF($CS6<>0,5CS6*D10-5CS10%D6,5C518*D10-5C510*D18)
IF($CS6<>0,5CS6*D11-SCS11*D6,5CS$18*D11-C511*D18)
IF(SCS6<>0,5CS6*D12-8CS12*D6,5C518*D12-C512*D18)
IF(SCS6<>0,5CS$6*D13-5CS13*D6,5C$18*D13-C$13*D18)
IF(SCS$6<>0,5C$6*D14-3C514*D6,5C$18%D14-C$14*D18)

IF($C$6<>0,5C$6*D15-$CS15*D6,D6)
Column E:

IF(SC$6<>0,E6,E15)
IF(SCS6<>0,5CS6*E7-SCS7*EB,SCS18*E7-$CS7*EL8)
IF($CS6<>0,5CS6*E8-SCS8*E6,5CS18*E8-SCSS*E18)
IF(SCS6<>0,5CS6*E9-SCSO*E6,SCS18*E9-SCSI*E18)
IF($C$6<>0,5CS6%E10-SCS10*E6,3CS18*E10-CS10%E18)
IF(SCS$6<>0,5CS6*E11-SCS11*E6,5CS18*E11-SCS11*E18)))
IF(SC$6<>0,5CS6%E12-SCS12*E6,5CS18*E12-SCS12*E18)
IF(SC$6<>0,5CS6*E13-SCS13*E6,5C518*E13-SCS13*E18)

|F(SCS6€}0,5C$6*E14-$C51-¢1*E6,$C$ 18*¥E14-SCS14* E18)
IF(SCS5¢}0,$C$6*ElS-SCSlE*EG,EGJ
Column F:

IF(SC$6<>0,F6,F15)
IF(SCS6<>0,5CS6*F7-SCS7*F6,5C518*F7-SCS7*F18)
IF(5C$6<>0,5CS6*F8-SCS8*F6,5CS18*F8-SCS8*F18)
IF(SCS6<>0,5CS6*F9-SCS9*F6,5CS18*F9-SCS9*F18)
IF(SC$6<>0,5C56*F10-SCS10*F6,5CS18*F10-$C$10*F18)
IF($C$6<>0,5CS6*F11-SCS11*F6,5CS18*F11-$CS11*F18)
IF(SC$6<>0,5CS6*F12-SCS12*F6,5CS18*F12-$C$12*F18)
IF(5C$6<>0,5C$6*F13-SCS13*F6,5CS18*F13-5C$13*F18)
IF(5C$6<>0,5CS6*F14-5C$14*F6,5CS18*F14-5CS14*F18)

IF(SCS6<>0,5CS6*F15-SCS15*F6,F6)
Column G:

IF(SC$6<>0,G6,G15)
IF(SC$6<>0,5C$6*G7-5C$7*G6,5C518*G7-5CS7*G18)
IF(SCS6<>0,5C$6*G8-5CS8*G6,5CS18*G8-SCS8*G18)
IF(SC$6<>0,5CS$6*G9-5CS59*G6,5CS18*GY-$CS9*G18)
IF($C$6<>0,5C56*G10-5C$10*G6,SCS18*G10-$CS10*G18)
IF(5C$6<>0,5C56*G11-5C511*G6,5C518*G11-5C$11*G18)
IF(SCS6<>0,5CS$6*G12-5C512*G6,5CS 18*G12-5C512*G18)
|F($C$5¢>D,SC$6*613—SC513*GG,$c518*Gl3-SCS13*613]
IF(SC56<>0,5C56%G14-5C514%G6,5C518*G14-5C$14*G18)

IF(SCS6<>0,5CS6*G 15-SCS15*G6,G 6)
Column H ;

IF(5C$6<>0,H6,H15)
IF(5C56<>0,5C56"H7-5CS7*H6,5CS18*H7-$CS7*H18)

IF{SCSEi?UﬁCSG*HB-SCSB*H5,$C518*H8—5C58*H13} |
IF(SC$6<>0,5C56%HI-SCS9*HB,5C518* HI-$CS9*H 18)

e —

l

!
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IF(SC$6<>0,5CS6*H10-5CS$10* H6,5C518*H10-5C$10*H18)
|F(SCSE--::=-D,$CSE:*Hll—SCSll*HG,SC$18*H11—5{:511*HIB}
IF{SC$6-=::=-U,$C$6*H12-5C$12*H5,$C$18*H12-$C$12*H18)
|F($C$6¢>o,$css*H13-$CS13*H&Scsw*Hls-scSla*Hla)
iF{SC55<>o,sC$6*H14-$C$14*H5,$C$18*H14-$cs14*H18)
IF(5C56<>0,$C$6*H15-$C$15*H6,H6)

Column I;

IF(SCS6<>0,16,115)
|F(SC$6-::U,SCSG*|?-SCS?*|5,$c$18*|?-$cs7*t13)
|F($C$5~:>o,$cs5*|3-$c53*|s,sc$18*|3-sc$a*|13}
|F{$C$6-::~U,$C$6*|9-$CS9*|5,$C$18*59-$c59*|13)
|F(scssﬂo,scse*uo-scsm*|5,$c513*110-5c510*|18)
IF(5C56<>0,5CS6*111-5CS11*16,5C$18*111-$CS11*118)
IF(SCS6<>0,5C$6*112-SCS$12*16,5C$18*%112-5C512*118)
IF($C$6<>0,5CS6*113-SCS$13*16,5CS18*113-$C$13*118)

|F[$CSB¢>U,$CSE*IM-$C$14*IE,$C518*I14-$C$14*I18]
IF(SCS6<>0,5CS6*115-SC$15%16,16)
Column J;

IF($C$6<>0,16,)15)
IF(SC$6<>0,5CS6*17-5CS7*16,5CS18*17-$CS7*)18)
IF($C$6<>0,5C56*)8-5C58*16,5C$518*18-5C$8*)18)
IF(5C$6<>0,5C$6*J9-$C$9*6,5C518*19-5C59*)18)
IF($C$6<>0,5C56*J10-5C$10*J6,5C518*J10-C510*)18)
IF(SC$6<>0,5C$6*J11-5C$11*)6,5CS$18*)11-5C511*)18)
IF(SC$6<>0,5C56*J12-5CS512*)6,5C518%)12-5CS512*)18)
IF(SC$6<>0,5C$6*)13-5C$13*)6,5CS18%113-5C513*)18)
IF(SCS$6<>0,5C$6*J14-5C514*16,5C518*)14-5C514*)18)
IF(SC$6<>0,5CS6*J15-5C515*16,16)
Column K:
IF($C$6<>0,K6,K15)
IF($C$6<>0,5C56*K7-SCS7*K6,5C518*K7-5CS7*K18)
IF($SC$6<>0,5C$6*K8-5CS8*K6,5C518*K8-5CS8*K18)
IF($C$6<>0,5C56%K9-5C$9*K6,5C518*K-5C59*K18)
IF($C$6<>0,5C$6*K10-SC$10*K6,5C518*K10-5C510*K18)
IF($CS6<>0,5C$6*K11-5C511*K6,5C518*K11-5C511%K18)
IF($C$6<>0,5C$6*K12-5C$12%K6,5C518*K12-5C512%K18)
IF($C$6<>0,5C$6*K13-5C$13%K6,5C$18*K13-5C513*K18)
IF($C$6~:>D,$CSE*K14-$C$14*I(6,SC518*K14-SC$14*K18)
IF($C$6<>0,5C56*K15-SC515*K6,K6)
Column L:
IF($C$6<>0,L6,L15)
|F($c$5¢>D,SC$6*L?-SCS7*LE,SCSIB*LT-SCS?*LIB]
|F($C$5q:-[},$c.‘$6*LS-SC$8*LEJSC$18*L3-SC$8*1-13}
iF($C56i}U,SC$6* 19-S CSQ*L6,$C513* 19-SC$9*L18)
|F(5c$5{;D,SCS6*LlD-SCSID*LS,SCSIS*L10-$C$10*L13]
sF(scseﬁo,scse*L11-SC511*L6,5c518*L11-5C511*us]
|F($C$6-::>U,SC56*L12-$C$12*L6,$C$18*L12-$C$12*L18)
IF($C$6<>0,5C56*L13-5C5137 16,5C$18%113-5C5137118)
F(SCS6<50,$CS67114-$C514*16,$C5187L14-5C5147L18)

!F(SC$6<:>D,SCSE*L15-SC$15*L6,L6}
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Column M:

IF(SC$6<>0,M6,M15)
IF($C$6<>0,5C56*M7-5C57*M6,5C518*M7-5C57*M18)
IF($C$6<>0,5CS6*M8-3CS8*M6,5C518*M8-5C58*M18)
IF(SC$6<>0,5C$6*M9-SCS9*M6,5CS518*M9I-5C59*M18)
IF($C$6<>0,5C$6*M10-$CS10*M6,5C$18*¥*M10-5C510*M18)
IF($C$6<>0,5C$6*M11-$CS$11*M6,5C518*M11-5C511*M18)
IF($C$6<>0,5C56*M12-5CS12*M6,5CS$18*¥M12-5C512*M18)
IF($CS$6<>0,5C56*M13-SC513*M6,5CS$18*M13-5C513*M18)

IF(SCS6<>0,5CS6¥M14-$CS14*¥M6,5CS$18*M14-SCS514*M18)
IF($C$6<>0,5C$6*M15-SC515*M6,M6)

= R

Output:

C D E F G H | J K L M
1 2 1 1 2 i 1 2 3 2 16
0 1 0 1 7 1) 0 -1 -1 1 9
0 -5 0 5 -4 0 0 -5 -8 -4 | -21
0 -1 2 0 -1 -1 8 4 -2 -3 6
0 1 -1 3 -2 -2 -2 2 -7 0 -8
0 -6 -3 -4 -7 1 4 -9 | -12 | -3 | -39
O (0| 4|6 |47 |3 ]| 4a4a]o0|-1]27
0 | 2 1 2 | 4 | 5 2 | 1 | 8 | =2 | 10
0 -9 -1 -6 | <12 | -1 -3 -6 | -19 | -8 | -65
0 | -12 3 -2 | 14 | -7 -7 12 | -18 | -13 | -88
Final output:

Q

Unique

solution

1

1

1

1

1

1

1

1

1

1

IF(5C56<>0,5C56*C13-5C$13%C6,5CS$18*C13-5C$13*C18)
IF($C56<>0,5C56*C14-5C514*C6,5C518*C14-5C$14*C18)
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INTERPOLATION

When the function Y = f(x) is known explicitly, it is easy to
different values of x Interpolation is art of reconstructing

values of f(x) is available at various x values. Through th
can be approximated with much simple function

find the values of f(x) for
f(x) when f(x) is not given explicitly but

e process of interpolation the function f(x)
like polynomial.

Suppose the following table of x and y are available

X Xy X X5 Xn

Yy = f(x) Yo Y1 Y2

In

Interpolation is the method by which one can fi

between the range [X0,x,] or to find a simple function like polynomial say @(x) which does satisfy
the above table. Evaluating the value of y outside the interval [Xo, x,,] is called extrapolation. In the
area of Numerical analysis, Interpolation is a technique to construct new data points within the range

of a discrete set of known data points. In science, number of data points is obtained by sampling or
experimentation, which represents the values of a function for a limited number

independent variable. It is often required to find the value of the function which is n
value of the independent variable.

nd the value of y for non tabulated values x

of values of a
ot available for

Objectives
I. Understanding what is interpolation.
2. Knowing practical applications of interpolation.
5. Improving the numerical calculations.
4. Learning new software like mathtype, geogebra etc.
o}

How to use Newtons, Gauss interpolation formulae.

4
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Methodology

In the first problem, we have verified interpolated data with the original data. These results
were interpreted in the graphl.l graphs were drawn by using geogebra software. In this case
approximant values have errors by range 0.2%-1.2%. In Graphl.1 the exact data points are

(H,K,L,M,Z,0,P,Q,R,S,T,UV,W,N,Al,By,Cy, Dy, Ey, Fy, Gy, Hy, 1y, J1, K1, Ly, My, Ny, 04, Py)
and approximant data points are (H,/, /).

In the second problem we have taken a class room example. We have collected marks of
second year students. This is represented by (Table2.1) from this we have constructed a cumulative
frequency table (Table2.1) then we interpolated a data and results were interpreted in a graph
graph2.1. In this case approximant values have errors by range 1.3%-9.2%. In graph2.1. exact data
points are (K, L) and approximant data points are (I,]).

In the third problem we have collected share values of a company over 30 days from these
we have taken a few share values of the company at a length of four days. By interpolation we have
found the share values of some missing days and compare with the exact data. We got the results
which were error by range 0.5%-1%.These were interpreted in the graph3.1 exact data points are

(A,B,C,D,E,F,G,H,I,],K,LLM,N,0,P,Q,R,S,.T,U,V,W)

And approximant data points are (Z, By, 4,).
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PROBLEM 1

This problem is dealing about time and temperature. In this problem we have
collected data points of time and temperature from observations made in the lab. First oil was heated

upto 80YC then allowed to cool. While oil was cooling; we have noted a temperature in degree
Celsius for every minute till the 30" minute. These were tabulated in(Tablel.1) which is showing the
temperatures against time. From this table we have taken sub table. (Tablel.2) which consists of
temperatures of cooling oil at regular intervals of time of length 5 minute. Now our aim was to obtain
the temperatures of oil at 4°%,26°® & 16** minutes respectively which are not available in the

(Tablel.2).To do this we need technique of interpolation. After finding the values our aim was to
compare the interpolated result with the experimental result and analyse the errors which were shown

In a graphs.
Time Temperature
(minutes) T( )
0 80
1 78
2 76
3 15
4 73
5 71.8
6 70
7 69.3
8 68
9 66.5
10 65
11 64.8
12 63.5
13 62.5
14 61.8
15 60.9
16 60)
17 59.8
18 58.8
19 58
20 57
21 56.5
22 55.9
23 55.2
24 54.9
25 54
20 53.9
27 53
28 52.3
29 52
30 D1
(Tablel.l)
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Evaluating temperature of oil at time 4" minute i.e. when x = 1

As this time is at the beginning of the difference table (Tablel1.3) now we do need Newton's
forward interpolation formula.

Newtons forward interpolation

e, 22 =l oy PR NP2 5 | KPP D = 2Xp- D pty 2N =Dp=3Xp =8 5, 4

2! 2. 3 4! e 51
P(P'D{P“:}(P‘H(P—‘U(P—S)as ;
6! Yo

x=4x=0h=5

x-x, 4-0 4
S 5 5

8)(- 8)(-0.2)(- 8)(—02)(~1.2X-22 0.8)(-0.2)(-12)(-22)(-32

=30 (08)(-82)+ O} ¢, OOV ;) O0NCAN2Y ) O 122G
(0.8)(-0.2)(-12 ;}-Ef DN ) 5

v=80-656-0.112+0.0416+0.0669 + 0.0788 +0.0891

y=73.604

Therefore temperature of the oil at 4°* minute i.e. y(4) = 73.6044°C.

Error in the approximation is.

E , = |Truevalue—approximatevalu]

E, = 13- 73.6044]

=0.6044°C

Error analysis

Numerical error of the interpolated data is 0.6044° C. The Point H is obtained by interpolation and the
pont Z is true data point. The deviation is evident in the graphl.1.The approximate value is error by 0.82%

i.e. 1%
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Evaluating temperature of the oil at 26" minute i.e. when X = 26

¢ difference table (Tablel.3) now We do need Newton’s

As this time is at the end of th

backward interpolation formula.

Newtons baclkvard interpolation

. ppt (p+2)(p+3)p+9) ¥y, +

pp+ D@+ D@ +3) g4 :
w N "!

I

H +2) o3
P(P'J’l}v-r,, +.ﬂtp+1)1(,v )iy +
2 i 3!

p(p+D(p+D(p+3Hp+3)(p+ 3) vty
6! o

I|=:F:"',‘q-.rjt?:r"‘:-'-

24

. ) —0.8)(0.2)(1 2)(2.2
_~.*=51.5+(-ﬂ.3)(-15)+':‘U'SE(M) (0.5)+ " D'S)':';h“")(—n_qﬁ 08)(0)ADC2) 14

(0.9)0DADCDCD) 454 (—D-E){D.l}(l_.:.}{2.2){3.1}(4.2) -113)
120 720

y=3515+2-0.04+ 00128+ 0.0195 +0.0484 + 0.0891

y = 53.6298

= 26is y (26) — 53.6290CC.

Therefore temperature of the oil at 26 minutes 1.€. X
Error in the approximation is

E , = |Truevalue—approximae valué|
E,=[53.9-53.6298]

—0.6298°C

Error analysis

Numerical error of the interpolated data is 0.6298°C. The Point [ is obtained by interpolation and the

pont Ly is true data point. The deviation is evident in the graph1.1.The approximate value is error by 1.2%
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Evaluating temperature of the oil at 16" minute i.e. when x = 16

As this time is in the middle of the difference table (Tablel.3) we do need gauss
central difference formula.

Gauss central difference interpolati on

=) = : ~D(p-2) , 50N (P
Y, = o + péyﬂ+p(‘z_; . ) a2y, 4+ PP 13{(?"’”5_1._1;,"“’ EU’ 2 pdals 1;@ L8yt

T S
p(p 1)(Pﬁl D -3) AT

x=16,%=15,h=5

_x—x _16-15 1

= =02
h ST S

P

=609+ (02)(=3.9)+ (0'3)(2"0'8) (0.2) + (0'3)(;0'96) 0.7)+ ‘:”*3)(‘0,;2‘5)("'8) (3.2)+
(02X-096)(396) _, 5 . (02)(-0.96)(-3.96X-29

113
120 720 )

v=609-0.78-0.016-00224 +0.04608-0.02724 + 0.033411
y=60.153851
Therefore temperature of the oil at 16 minutes i.e. x = 16 is y (16) = 60.1338510C.

Error in the approximation is

E , = |Truevalue— approximatevalug
E, =|60-60.13385]]

=0.133851°C

Error analysis

Numerical error of the interpolated data is 0.133851°C. The Point / is obtained by
interpolation and the pont By is true data point. The deviation is evident in the graphl.l.The

approximate value is error by 0.2%
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PROBLEM 2

. s AT TYYIT ! | J“’
|E‘-.|; i'-'}-'g y —}'-'l'zl'-i“-lt }!EI -,|I{-" |EEE-|?{' .'L-""_iiili: j;.*'_‘:‘-r”:: .!‘:.L"‘I[%:EI::;_.-:: ( "-. ::1 | 'L.-_j"_‘.! 'EE ;E_a_i'_i i?['} i'-i jflL\ 5_,;( ” ﬂ'&:’{;h . ents nf
In this problem we have COlICUILL A3 T S

i B DT T S o6 far th
Class MPCS, ‘-.Gfe.ﬁ._ﬂ,?g,,;:u{qﬁ MPC 11 of a col ‘.v"’s 3 10IH

t

> academic uf,,,, J’]ru?} ﬂﬂlfaﬂri '-!-l- ﬂ'l ':':dﬂtﬂ

we have extracted grouped frequency distribution table (Table 2.2) and then cmi{latwe
b AR E . - o '
@‘a”' i-jlf-w L,},’l 1 this prob L,,-E-,,-,.h_,._f_i,_-.,;_-.__;-}.;.:_umg. 1g to calc uﬂxuau I Huﬂ {lu( dents who

S— pp——— SN o i e e ] ot
compared with the exact data

———

Ot

l:.ll"\--\!lu

____: Sl e AP — ..___.JL

1
|
1
|

a
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7 60-70 06
8 70-80 05
Cumulative frequency table
S.No. Marks less No. Of students
than< x with < x marks
y = f(x)
I 10 21
2 20 36
3 30 50
4 40 79
5 50 95
6 60 104
7 70 110
8 80 115
(Table 2.3)

To interpolate data we need to construct the difference table(Table 2.4)

X y Ay A’y A’y A'y Ay A’y Aly
10 21
15
20 36 -1
14 16
30 50 15 =i
- 20 =R 78
- 3 114
'?g. - I 3 J‘q'
% 16 6 -38 150
50 05 7 -2 36
9 4 :
60 104 -3 -2
6 2
70 110 2l
5
80 115
(Table 2.4)
7
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< is at the beginning of

-

r -

).5)(=15)=2.5)=3.5)(~4 5)(=5.
: et W=435)( 55){15 }
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Error analysis

Numerical error of the interpolated data is 3.23. The Point / is obtained by
interpolation and the point K is true data point. The deviation is evident in the graph2.1.The

approximate value is error by 9.2%

Finding the number of students with less than 75 marks. As this mark is at the end of the
(Table 2.4) hence we do need Newton’s backward interpolation formula.

Newtons backwvard interpol ation

¥ ik 2 ] _'|.
i e AL S +p£p+1)::p+23 ¥y +p(p+n(p; D@ +3)gs, , P+ DT Schp+J><p+ ) ¥y +
R v N « R 3‘ w B 11 |

p(p+1Xp+ E}KPG:* NP T) o6 F1 p(p+)(p+2)p + ?;)l(p + (2 +5)P +0) o,

x=75,x, =80

(0.5)(03) . (F05)0H(AI,  (0HOHHQI
)

y=115+(-0.5)> + (=1) g 54

("0‘53(0'5)(1'5)(2‘5)(3‘5}24'5}36 X (-0.5)(0.9(.5}2.5)(33)(32)0-9) 5
720 5040

y=115-25+125-0.125+007812 —-0.73828 -2.41699

y=110.54785

Therefore number of students who secured marks less than 75 is equal to 111

The error in the approximation 1s
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1 1

145 The Point L is obtained by
jeviation is evident in the graph2.1.The

1
.

i .,'_* pe.
of WIPRO Company er30 days from

| - - SHL E e fp= = - b
e 1a s BN D o4 % B gy ires BvAave DT ¥al-: =Tl =
._aII”.l.. B | = Ao 5 I 1 = L | |

it Il Y 1] 1 ! R Fa @ e R
oAV e A i LY 1 - +

a share values for every four days as shown in
Table3.2) N > of the company in intermediate days. We have
e ok e ate Valiesionidas 1av 26 and day 15.Results were compared with the existing
nterpolated company Sinalrc valuts OIL Ud] - da) and ady o\ b

1Y
-
THe " ! Li (=3
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13/11/16 NA

14/11/16 NA

15/11/16 44235
16/11/16 447.95
17/11/16 445 3()
18/11/16 438.30
19/11/16 437.50
20/11/16 Holiday
21/11/16 437.15
22/11/16 441.80
23/11/16 450.40
24/11/16 448 .90
25/11/16 450.75
26/11/16 - 464.75
27/11/16 NA

28/11/16 464.75
29/11/16 460.60
30/11/16 460.15

(Table3.1)Source: TOI newspaper

From the above table following table has drawn

Day(x) Share value(y)
04 447.60

08 450

12 442.35

T 447.95

11
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Finding the share value of a company on day 7 as this is at the beginning of the (Table3.3) we do
{-m ard mterpulatlnn formula.

,;cn“r

g
=
e T .
vewtons forward interpolation )

I':F' " b

Il-._ ..J- e -
e > F | —
e o i , 4
_"', _.;: LE’ , . | —
- 1 i ~roT
N =
1 R

W= 075 !
N 50 & ?5](2—0 25) 0.5 QIS0 :5)( 125) (55 759, OIS0, 1:);-1 25(225) 3 47,

.. n 75) FJJ '5)(-1 25)(-2.25)(-3.25)(-4. 25)( 248) [
T 720

.“ .:
.q,

% !+ﬂ 984375 +0.92773438+1.1733399+1.742431+2.508911133

g Therefore share value of the company on 7 day ¥(7) = 456.73572(R s)
i H-“-E--: ;

The error in ﬂ:m appruxlmatmn 1S

= |Trueva . '—amuxmatewdu
j ﬂ+1 g+ 0.084375 +§1 07773438 = 1.1733399 =1 742431+ 2508011133

lr

.. . q f the interpolated data Is 4,23 The Point £ is obtained by interpolation and the pont
Nun E::rvi BITOI‘ 0

; : 10
> da mne 0] { The deviation is evident in the graph3.1.The approximate value is error by 1%

13
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it r."‘ kﬂ on

15,X, =12, h = 4
Ty

X- 5‘12-1-
e R RE

1{;}{; (5.6) + = ©. 5}( 0.25) (13.25) + (0.75)(=0.25)1.75)

(-29.65) « (0-73)(-0.4375)(-1.25) , .
—3.4375) (u 15)(-0.4375)(3 4375) X bR
_..— - 5Y = I3

i L “'-'_" _

XZ = 4Xp-3) ¢

— A
Ol o Vs

1' 12421875 -1.621484375 -0.9125976563
5

=1.146728516 - 0.8741455078

ff'46045

o e

-

??llerefam share value of the company on 15 day W(15) = 444.794(Rs)
error in the approximation is

J_J

—

:;F.

Truevalue— approximateval ue|

Error analysis

Numerical error of the interpolated data is 2.444. The Point Ay is obtained by interpolation and the
S true pomt The deviation is evident in the graph3.1.The approximate value is error by 0.5%.

13
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Converting data into Polynomials using
newton’s Forward interpolation formula

15 Hypothesis

[n engineering and science, one often has a number of data points, obtained by
sampling or experimentation, which represent the values of a function for a limited
number of values of the independent variable. It is often required to interpolate (ie.
estimate) the value of that function for an intermediate value of the independent
variable. Newton’s Forward Interpolation formula is one of the tools to interpolate the
required value with a better approximation. But when there are many data points, it 1s

difficult to use the Newton’s Forward Interpolation formula manually due to number of

calculations involved in it.

2. Aims & Objectives

The aims & objectives of this project are

1. To develop algorithms to the Newton’s Forward Interpolation formula
which can be executable in any spreadsheet/Ms- Excel which is readily
available to the most of computer users.

2. To covert the data up to 10 points into a polynomial, so the we can draw
graphs and use them to find the required data at any intermediate values.

3. To prepare a user friendly spread sheet program so that the user can

interpolate the data at any intermediate value instantly.

3. Literary review

Numerical analysis is the study of algorithms that use numerical approximation

for the problems of mathematical analysis.

One of the earliest mathematical writings is a Babylonian tablet from the Yale

Babylonian Collection, which gives a sexagesimal numerical approximation of \/2, the
length of the diagonal in a unit square. Being able to compute the sides of a triangle is

extremely important, for instance, in astronomy, carpentry and construction. Numerical

wﬁ
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analysis continues this long tradition of practical mathematical calculations. Much like

the Babylonian approximation of \/_2- modern numerical analysis does not seek exact

answers, because exact answers are often impossible to obtain in practice. Instead,

much of numerical analysis is concerned with obtaining approximate solutions while

maintaining reasonable bounds on errors.

Numerical analysis naturally finds applications in all fields of engineering and
the physical sciences, but in the 21st century also the life sciences and even the arts
have adopted elements of scientific computations. Ordinary differential equations

appear in celestial mechanics (planets, stars and galaxies); numerical linear algebra is

important for data analysis;
Interpolation

In numerical analysis, interpolation is a method of constructing new data points

within the range of a discrete set of known data points.

[n engineering and science, one often has a number of data points, obtained by
sampling or experimentation, which represent the values of a function for a limited
number of values of the independent variable. It is often required to interpolate (i.e.
estimate) the value of that function for an intermediate value of the independent
variable. Newton’s Forward Interpolation formula is one of the tools to achieve this

goal.

Newton’s Forward Interpolation formula

p(p— 1) p(p—-1)....(p=n+1)
y = f(x) =yo +P-&Y0 + —; A’yo + .ot =) A%yo
here p = x':“ > 0, and x is the value at which we need to estimate the

iiiiiiii

values of x. Corresponding values of f(x) are denoted by yo,¥1,Y2Y3......Yn

Ayor A%yo, A%y, ...... Ay, can be obtained by the difference table using the

following formulas.

Ayo =Y¥1— Yo = f(x + h) — f(x),

GDCW Nalgnn;ia: Student Study_PrnTect_RepErt [h_dath;maﬁcs)_ P;ge 7

Scanned by TapScanner



Ay, =y, =y, = f(x+ 2h) — f(x + h),

Ay, = y; — y, = f(x + 3h) — f(x + 2h),
AYn-1 = Yn — ¥n-1 = f(x + nh) — f(x + (n — 1)h)
And

52)’(1 = Ay, — Ay,

A3y, = A%y, — A%y,

Ay, = A" ty; — A"y,

Using the above Newton's Forward Interpolation formula one can convert the
data obtained into a polynomial and interpolate the data at which sampling /

experimentation was not done. This method gives better approximation when x is near

to Xo.

But, when there is more number of data points it 1s difficult to calculate the
results manually. Even with the help of a calculator, it is not an easy task. Software’s

like MATLAB are required to convert the data into Polynomials, but they are costly to

the common man.

Spreadsheet

A spreadsheet is essentially a matrix of rows and columns. Consider a sheet of
paper on which horizontal and vertical lines are drawn to yield a rectangular grid. The

grid namely a cell, is the result of the intersection of a row with a column. Such a

structure is called a Spreadsheet.

A spreadsheet package contains electronic equivalent of a pen, an eraser
and large sheet of paper with vertical and horizontal lines to give rows and columns.
The cursor position uniquely shown in dark mode indicates where the pen is currently
pointing. One can enter text or numbers at any position on the worksheet. One can

enter a formula in a cell where he/she want to perform a calculation and results are to

be displayed. A powerful recalculation facility jumps into action each time whenever the

ﬁ
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cell contents with new data were updated. MS-Excel is the most powerful spreadsheet

package brought by Microsoft.

Microsoft Excel

Microsoft Excel is a commercial spreadsheet application, written and distributed
by Microsoft for Microsoft Windows and Mac 0S X. Microsoft Excel is a spreadsheet tool
capable of performing calculations, analyzing data and integrating information from
different programs. By default, documents saved in Excel 2010 are saved with the .xIsx

extension whereas the file extension of the prior Excel versions are xIs.

MS- Excel is available as one of the application in the popular package MS- Office
of Microsoft. Many of the computer users are familiar with MS-Excel , which is user
friendly. Freeware spreadsheet programs like Libreoffice Calc are also available, in

which most of the features of MS-Excel are available.

Keeping in view of the importance of the Newton Forward Interpolation
formula, difficulty in calculating the same when there are more number of data

points and features and advantages of MS-Excel, a program in Excel to estimate any

intermediate value of a data is very useful to the society/needy.

4. Methodology

As there is need to create a program in Excel to estimate any intermediate value
of a data practical method is used to create set of algorithms to compile the program. By
default each Excel file contains three sheets and the same can be increased as per our
need. More than one Billion cells are available in each sheet of Excel. Each cell can be
converted into a calculator by typing “=" symbol. Hence, there are more than one billion
calculators in a single Excel sheet. Further many powerful functions such as Paste link,

CONCATENATE, VLOOKUP ,HLOOKUP are available in Excel. Hence oné can interlink

these calculators to create powerful programs.

As the MS-Excel is user friendly and readily available to the most of the computer
users the program prepared in Excel with algorithms will reach many people easily.

Further similar algorithms will execute the program even in the non commercial, free

softwares like Libreoffice Calc.

—————————————— = ==
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Practical Method is adopted to create the algorithms as detailed below.
Step:1  Creating Data Input Panel

.  Opened a new Excel file
ii. In the sheet opened, selected a range of cells to enter the data of the given
problem and change the background of selected cells using cell styles under
Jome Tab to distinguish them from other cells. 1“1 coloured cells are used
to enter the input data. Hence the user has to fill |- "l coloured cells only.

As the Newton’s forward interpolation formula is used to evenly spaced
intervals, it is enough if first two “x” values are entered. The remaining “x” values
can be auto filled by using the formulas shown below. The values of “h” and “p”

which will be used in Newton’s forward interpolation formula can also be

Newton'’s forward interpolation formula.

A B pCid e o DocalinnBunt i F R I b, R s S N v oM
1 | Data Panel .
2 | X | |=D24%1%5 |=E245155 |=F245155 |=G2451%5 =H243155 =|z+$t$§ =J_%+$IS_5_I ;ﬂz}_:sl;?_
5 X=| s h=|=D2-C2| ~ p=|=(C5-C2)/15 |
6 it s a MO Bl 5. . | e g iz 2 BTt e e Lo 0 WU
! ! . |
An empty Data Panel looks like as follows
Wl D o b G i P et ) o
1 Data Panel
2 e o [ o | o
2 i il | _
68 | | | |
x—_—l—_—l—ﬂ-——'l—-___ - S—

P e Lo b E Eidiai ol H | K e M. ]
Data Panel

X 3 6 g 12 15 18 21 24 27 30

y 10 g -3 FELHCT6 S T D -1 6

x=| 4.2 h=|3 p=|0.4

—_— e S —
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Step:2  Creating Difference Table

I By using the formulas noted in each cell as shown below Difference Table can be

obtained. For example enter “ =C2 " in cell B14, enter “ =G22-G20 " in cell H21.

il.  For “n” data points we have to get n(nz_ﬂ first and higher order differences to

complete the difference table. Hence for 10 data points we have to get 45 first

and higher order differences to complete the difference table.
ill.  “n” formulas are needed to auto fill “x” values and “n” more formulas are needed

to auto fill “y” values. Thus totally “2n” formulas are needed to auto fill “x” and

“y” values in the table. Hence 20 formulas are needed for 10 data points.

iv.  Total formulas needed to auto fill the difference table for “n” data points =
n(n-1)
2

2n +

BNt 3nin(n;E3)
T e 2

In the present case, where 10 data points are used 11::(1:+3)

= 65 formulas are

used as shown in each cell.

F . G H |

= | ' - ==

12 . Difference Table 3

13 37 |y | A 7 | S | Ty | R A O | Ry a'y aly aly oy

4] -2 -C3

15 ~C16-C14

16 D2 -D3 =D17-D15 C

. B ~C18-C16 -E18-E16

18 -E2 €3 -D19-D17 ~F19-F17

19 | =C20-C18 ~E20-E18 -G20-G18

20 =F2 =F3 =D21-D19 =F21-F19 =H21-H19

21 =(22-C20 =E22-E20 =G22-G20 =122-120 vl

22 -G2 =G3 =D23-D21 =F23-F21 =H23-H21 =123-121

a2 ~E24-E22 =G24-G22 -124-122 =K24-K22

E =H2 =H3 =p25-D23 “F25-F23 =H25-H23 =)25-123

25 =C26-C24 =E26-E24 =G26-G24 =126-124

26 | =12 -13 =D27-D25 =F27-F25 =H27-H25

il =C28-C26 —£28-E26 =G28-G26

28 =12 =13 =D29-D27 =F29-F27

29 | =C30-C28 =E30-E28

10 =K2 -K3 -D31-D29

b1 =C32-C30

32 =12 =3 A1

Q3 m )
ﬁ
GDCW Nalgonda: Student Study Project Report (Mathematics) Page 11
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v. Using the formulas we can get the Difference Table as follows for the following

data given at step-I.

=

b dleco Taoiul e & Jour Ll oGadoan UL o . . K L)
Data Panel |
| 3 6 9 12 15 18 21 24 27 30 .
[y |EsStolssisso 23 7 6 -5 8 1 -1 6 |
| ' | | | |
\ x=| 4.2 | h=|3 p=|0.4 |
|
9.
4 P TG R N 7 PO [T VSO ([ S e [ R | |
BN i e (88 ) IR e e N IR T i Ll bnddes |
12 : : Difference Table |
B | y Ay ay | by By Oy | ay | Ay 8y Alyal
4l |omS 10 |
15| 1
6] 6 9 11 |
17 12 33
18 9 3 2 66 '
19 10 -33 100
20| 12 7 11 34 -101
21 1 1 1 9
22 15 6 10 33 1110 377
- I 11 34 111 368 1240
24| | 18 5 24 78 258 863 i
s | 13 a4 147 495 &
26| 21 8 20 69 237
271 7 25 90
28 24 1 5 21
29 -2 4 B
30, 27 1 9
31 7
521 |SSS0R L
3 |

vi. If we change the data in “Data Panel”, the difference table will be generated
automatically using new values.

vii., We can extend the above difference table to any number of points using similar
formulas.

viii., We can use copy, paste functions carefully to create large tables quickly.

Step-3 Finding the required value

i. Using Newton's Forward Interpolation formula

y = f(x) = yo + P-4y +

p(p—1)..=(p—n+ 1)
X Yo ® T o =r ﬂnyu

i
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and carefully linking the data we can get the required value.

i, First prepare a table for factorials using the formulas as shown below.

A M N 0 | p
)|

14 4 W FACTORIALSH|
15 wer: B =FACT(N15) bk
- RO =FACT(N16) B
o TR “FACT(NIZ)I |
R et oy B =FACT(N18) Mo ia
19 5 =FACT(N19) |

7 S Wl =FACT(N20) 4

ot 7 =FACT(N21) |

v i =FACT(N22) [
-+ [ EAGT(N23) |
24 |20 =FACT(N24) E

— [ T ——————————

N _FACTORIALS.

Do e m—

720
5040
40320
362880
3628800

iii. Using the following formulas in B37 and C37,
Formula in E5:

—CONCATENATE("f(",C5,")=")

H

-G_DC‘:"J N_algnada:-gtucient S_tudyFrujeERepnrt (Mathematics) Page 13
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Formula in F5:

=C14+L5*D15+L5*(L5-1)*E16/016+L5*(L5-1)*(L5-2)*F17/017+L5*(L5-1)*(L5-
2)*(L5-3)*G18/018+L5*(L5-1)*(L5-2)*(L5-3)*(L5-4)*H19/019+L5*(L5-1)*(L5-
2)*(L5-3)*(L5-4)*(L5-5)*120/020+L5*(L5-1)*(L5-2)*(L5-3)*(L5-4)*(L5-5)*(L5-
6)*]21/021+L5*(L5-1)*(L5-2)*(L5-3)*(L5-4)*(L5-5)*(L5-6)*(L5-
7)*K22/022+L5*(L5-1)*(L5-2)*(L5-3)*(L5-4)*(L5-5)*(L5-6)*(L5-7)*(L5-
8)*L23/023

We will get the final out put as

Bl Bl Gl o0 b Bl oo Gl e Memehuunlose s IEMRIDINEN oo X il o L M
1 Data
2 X T3 = G 9 12 15 18 21 24 2 30
3 [y 10 7549 R Ty 5 5 8 1 1 6 |
q R -
5 x=| 4.2 f(4.2)= -0.65667 - h=|3 p=|0.4
o R o
iv. While hiding the remaining part we can display the data panel and result
only on the screen. Now the screen appears as shown below.
Ay o B T T T A R T ] T PR Y P T T O R T e T, §
1| Data
2| X B 6 9 12 15 18 21 2 27 30
7 ¥ 10 e P e B B S N A e e S | R R R L6 S S
.4 _ WREEWW i e 1O LT e SRS 1 n . a8
= x=| 4.2 f(4.2)= -0.65667 {
S |
V. Thus one can get the result of intermediate values instantly, after entering

the data and the value at which result is required.
Step-4 Finding the Polynomial Equation

i. To find out the polynomial equation to the given data first we prepared
the following factor multiplication table.

4111 =2 A1 =B41 :

a2 |1 —D2 =E41%C42 =E41%*B42+C427F41 |=F41%B42 . * |

43 11 =E2 =E42°C43 =F42°C43+E427B43 |=G42°C43+F42°B43 [=G42°B43 <7 s

44 |1 =F2 -£43°C44  |-F437CA4+E43%BA4 [-G437C444F437B44 |=HA3°C444G437B44 |=H43%B44

45 |1 =G2 CFa4*Ca5  |=F44%CA5+EG4*BAS |=G44*CA5iFA4%B45 [-H44%C45+G44°B45 |=144%C45+HA4%B45

46 |1 =H2 “E45CA6  |-FAS*CAG+EA57B46 |=G45°CA6+F45°B46 |=HA5*C46+G45%B46 |=145*C46+H45%B46

a7 1 =12 —EAG*CA7.  |-r46*C47+E46°BA7 |=G46%C47+F46%B47 |=HA6%C47+G46*B47 |=146%C47+H46%B47

a8 11 =2 ZE47%CA8 —F47%CA8+E477B48 |=G477C48+FA7*B48 |-H477C484G473B48 |=1477CAB+HA7*BAS

49 |1 =—K2 =F ~ |=Fa8*C494E48*B49 |=G4B*C49+F48%B49 |=H48*C49+G48*B49 |=14B*C49+H4B*BA4Y
=SUM(F41:F48)  |=SUM(G41:G49) =SUM(H41:H49)  [=SUM(141:149)

M

GDCW I\-lagonga: Stzlden-l-:_Study_P’ruject Eepurt [Mati;matics) Page 14
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% R = 5 ik sl e I B r g = i Fr = -
Eiist | S eI i | Ao S xS et | SRR 1 0

45 |=144*B45
46 |=145%C46+145%*B46 [=145*B46
47 |=146*C47+146*B47 |=K46*C47+]46*B47 |=K46*B47
48 |=147%CAB+147*B48 |=K47*C48+)47*B48 |=L47*C48+K47*B48 |=L47*B48 .
49 |=148%C49+148*B49 |=K48*C49+)48¥B49 |=L48*C49+K48%B49 |=M48*C49+L48*B49 |=M48%B49
S0 [zSUM(141:149) . |=SUM(K41:K49) =SUM(L41:149) =SUM(M41:M49)

=SUM(N41:N49)

The output of the above table will be as follows

1
-9
53

-1350

- -428652
7 9526572|  -3191076| = 548289
 -239660208|  86112396| -16350012
6735365136| -2564694900| 527562720
6504823783( -2481647813|  511741888|

muummh{wmlh-l
1o e e L L Ll R

ii. Using the values in the above table, we constructed terms of Newton’s
Forward Interpolation Formula with the formulas noted in each cell as

shown below.
G i H 1 ; J ] K L ‘ M N
ﬂi_*r;m Er. o : X2 X3 X x*5 x*6 %7 8 =

| =C14
2 =GA1°USS  [=Fa1°USE
£ =E42°US9 =F42*5U59 =G42°5U59
14 =E43°U60 =F43*UE0 =G43*SU60 =Ha3*SUE0
5 =£44°U61 =F44"U61 =GA4"5U61 =H44~5U61 =$34" SU61
6 =E45°UG2 =F45°U62 =GAS*SUS2 =HA5"SUS2 =145°5U62 =J45"SUS2
53l7 =E456°U6) =F46°U63 =G46"5U53 =H45"SUE3 =145 °5U63 =J46°SUE3 —XAB"SUE3
B =EAT"USS =FAT UG =GAT"SUS4 =HAT*SUG4 =I47"SU63 SHT U =KAT"5U64 =LA7*SU64
9 =E45°UES =F43*UES TCA3TSUGS  |-H48TSUES  |SM8*SUES =JaB°SUES |=Ke8°SUES  |-LAS"SUSS |=MWSTSUES
110 =£49°U66 =F45°U66 =G45*5U66 =HA9*5U66 =143 5U66 =}45*5U66 =K49*5U66 =L49*5U66 =M49*5U66 =N49*5U66

ﬂJMIEET:Eﬂ[ i:ﬂJHIFE?:E!I ﬁHHjE‘E?:EE!H:SUHWFJﬁ!!

SSUM(LS7-L67) |=SUM([M57:M67|=SUM(NST:N67)|
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B Q. 0l R
= | | S T U
5? : 2
. - h Ay Coefficient
N =FACT(Q58) =15 =D15 -T58/(R58*558)
Ao I =FACT(Q59) -POWER(S$58,Q59) |=E16 —T59/(R59%S59)

L =FACT(Q60) _POWER(S$58,060) |=F17 [=T60/(R60*S60)

61 4 =FACT(Q61) =POWER(S$58,Q61) |=G18 =T61/(R61*S61)

62 |5 =FACT(Q62) =POWER(S$58,Q62) [=H19 —T62/(R62*562)
63, |5 =FACT(Q63) =POWER(S$58,Q63) |=120 =T63/(R63*S63)

64 |7 —FACT(Q54) —POWER(S%$58,064) |=J21 —T64/(R64%564)

65 8 —FACT(Q65) —POWER(S358,065) |=K22 —T65/(R65%565)

66 9 —FACT(Q66) |=POWER(5$58,Q66) |=123 —T66/(R66*S66)

= . ;

iii. The output will be displayed as follows.

(AT £ 5 F G TP TV JFS TN VY N [ SR L ‘ M N

% |Term ¢ X2 X3 e s x*6 7 x'g vy |
_5_7_ 1 100000000000 —
s 2 10000000000] 03333333333

55 3 110000000000 5.5000000000] -0.6111111111

0 s 33.0000000000] 201666666667 _-L.6668656667 02037037037 1
51 5 EE0000000000|  45.8333333333] -10.654444464  L0IES185185| 00338506173 ]
2 5 o ooo0oo000] 7ELLILIN| 208353333333 26234567501 -0.1543208877] 00034283553

8 7 1010000000000 S Asasan| 5312345670] 38186728335 03030692730 0.0121227709) 00001524249

B 8 Soooooon0]  J77SSTIAE|  260sSSSsss6| -OAATGSSISSZ| 00:32038765| -0.02GGSY Q0GOS 0.0000005165

5 |9 770000000000 -MALSH0676150] 1227203152557 -23.3006304484]  2S13901HS| 0IMSITATD 00070030293 -0.0001539127] 0.0000014251 ‘
G | 10| 12:00000000000] 1165306873069 was 2eori1oss| SLo8s0s00s:] 113618527160] 0.8897557537| 0.0M29583%0| -0.0013533432] Q.000024370] -0.00000017R)
&

& T376.0000000000] | +1285.8683862434| 5094570877425 -107.6726337861 13.50510185%] -L0511069197] _0.0511750305| -0.0015140725) ' 0.0000248621 -0.0000001736

57 '- Coefficient _
58 1 3 1| -0.333333333333|
59 2 2 5 11| -0.611111111111
60| i3 5 27 33 0.203703703704|
4 24 81 66|  -0.033950617284|
1 5 120 23] 100 0.003429355281|
] 6 720 729]  -101]  -0.000192424935|
i Sl 5040 2187 9| -0.000000816513|
sl 40320 6561 377 0.000001425118
¥ 5| 362880] 19683] -1240|  -0.000000173607|

To get the polynomial for the given data we use the following formulas

———————————— T page 16
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65| [SSUM(ESZ:E67)  |-SUM(FST.F67) |-SUM(GST:G67) [-SUM(HSZ:H67) [sSUM(IST:67)  |-SUMUIST67)  |-SUM(KSTKG7) I=SUMILST.L6T) =SUM(MS7:M67) _[=SUM(NS7:N67)

69| [=IF(E6850.%4 ") |<IF(F68X0,%+", %) |=IF(668>0,%4", ") |<IF(HE>0,"+""") [=IF(I680,"+","") [-IF(1680,"+""") F(K68>0,4"-") [=IF(L68>0,"4% ") [=IF(M68>0,"", ")
_|=ABS|N68)

70! |=ABS(E6S) =ABS(FE8) =ABS(G68) =ABS(H68) =ABS(168) =ABS(J68) =Aus-;m]' =ABS|(L68) =ABS(M68)

In E72 we used the following formula to get the polynomial

—~CONCATENATE("(",N68,")",N56,M69,"(",M70,")",M56,L69,"(",L70, ")" L56,K69,"(",K70,")",K56,163, ("
170,")",J56,169,"(",170,")",156,H69,"(",H70,")",H56,G69 (" 70,")",G56,F69,"(",F70,")", F56,E69,E70)

Final output displayed as

Ml E bR ol o deiciiae G s Hadeadl ] RN K ' el aaa s
) _
ks o.0000248621|  -0.0000001736

'_mmm DSBS SOIASTSTIALS|  -L07.GTAS3STRGY 1350514188960 -L.0511069197] 0.0511750305)  -0.0015140725

P : : +

S : 3 : ;

—

o || 1360000000000 125886383 SOSASTORTMDS|  MOT.TESTEGL|  13SCS1A18SSE)  1.0SLA069LS] ©oosuTsa0s|  00oislO7s|  0.0coozedsl 00000001734

==

And required polynomial is

(-1.7360705094621E-07)x"9+(0.000024862069758046)x"8-

(0.00151407245314424]x“?+(0.051175 0304831581)x"6-
(1.051106919E?EBB)H“5+(13.5051413395743]1(“4-

' (107.672635786139)X"3+(509.457087742504)X"2-(1288.86838624339)X+1326

. Using the program prepared in this project, one can get the result of
intermediate values instantly, after entering the data and the value at
which result is required.

ii. This project will also give the polynomial to the given data, which is an
algebraic form of the data.

iii. The above algebraic Polynomial can be used to draw graphs and by
finding its derivative we can find local minima & maxima of the data,
which has significant applications like Target and stop loss in stock

market and other financial markets.

W
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V.

For the data used above we got the following graph using the polynomial

of the data.

60
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40

30

20

10

-10

-20

—Seriesl

We can see the local maxima, local minima points in the above graph clearly.
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30
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V.

If we change the data in Data panel, we can get the Polynomial and graphs

instantly.
71 A | B C I P R Tl G st i e s R _q_l
1 Data
2 | B v 6 11 16 21 26 31 36 el 46 I
BEERTE G e 2954 2993 | 2937 |- 30335 | 2977 | 2935 /| 2915 _
. {. (e s o) — ' 1
s | x={- 7 f(7)= 289.33063 h=|5 | p=|1.2
6 | -
_T_.li _ et T 5 Polynomial of the given data 3 e — :
|
l (-1.76747795414463E-09)x 9+ (3.68891428571431E-07)x"8-
(3.24418937566139E-05)xA7+(0.0015645772088889)x6-
(0.0451047279614817)x75+(0.794270542702227)x"4- = |
 (8.3618656672548)XA3+(48.9447753655978)XA2- |
[132..914524??2003]K+3BL:[:B_DBIE?5&431 o oo | ,
s 2 | - _ S
vii.  The graph of the above data is shown below.
o N s
270 —_——— - - —=
——3Seriesl
i
250
230 |
220 | —re
viii.  This is a single sheet Excel Program and occupies below 200kb size.
Hence the file may be shared through WhatsApp, mail, Google Drive etc.,,
to any body and the needy will not hesitate to store it in his memory of
the phone/Memory card because of the tiny size and importance of the
programmed file.
iX. The above can be converted into a mobile application adding some more
features to it.
X.

With the above simple spreadsheet algorithm we can instantly get any

f(x) value for x € (Xo,Xg) Whenever we have a table of values (x;,y,)i =

0,1,2,....9 of any function f(x)

e e e
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Xi. Using the above algorithm we can accommodate exactly 10 (x;, y;)s only.

We need to extend the above algorithm if more or less (x;, y;)s available.

6. Conclusion

One can instantly find out any intermediate value of any data using the above

spreadsheet based programme. The program can be executable in MS- Excel or any
other similar software’s like Libreoffice calc.

The above program is executable even in smart phones where spreadsheets are
available. It occupies below 200kb space and hence it can be used in any android/smart
phone without consuming much space. Thus the Excel file programmed through this

project is very handy and gives instant results at the fingertips of the needy.
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