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Abstract

Lie group theory is a very useful mathematical tool and it can be used in solving a variety of
problems in applied mathematics. It’s rich, very interesting and in broad sense a topic of active
mathematical research. Efforts to obtain solutions to a variety of differential equations by use of
Lie symmetry have been in existence for quite a long period of time [1]. The numerical methods
applied in obtaining solutions provide approximations which depend on certain initial and
boundary conditions. This in itself is a limitation which can be dealt with by obtaining an

analytical solution. In this study we seek to obtain an equation which is an identity inx, y, y', y”

and y" of the fourth order Non-linear equation y“ = (y)™y'y”which is harmonic in nature. It’s

from this equation that we obtain partial differential equations known as determining equations
[4] which are used to get the generator G of infinitesimal transformation.
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1. Introduction

Many differential equations of practical interest evolve on Lie groups or on manifolds acted upon
by Lie groups [5]. A Lie group or symmetry group is a group of transformations which maps any
solution of the system to another solution of the same system [7]. The retention of Lie-group
structure under discretization is very vital in the minimization of numerical error which arises
when numerical methods are applied. This work seeks to get a differential equation which
enables us to obtain the Generator G of infinitesimal transformation from which one can obtain

the solution to the differential equation.

2. Obtaining the differential equation which is an identity in x, y, y’, y"and y”
This is a differential equation which holds for any arbitrary choice of

X, Y, Y, y"and y”

4) — =Ly
Let’s consider our equation Y =) VY 1)

Our equation is of fourth order and so we will use
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Which is the fourth extension of G .[6]

Now G acting on the differential equation (1) will yield

G [y(“) —-(y)™ y'y"’} Which on expanding gives us
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This produces the equation
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Substituting values of (4) into (3) we obtain
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Or equivalently

ayyy? +ayyy —ayty?y" —ay?yy? —ayyy" +ayy?y”

Y YY" =AYy ey Yy = BTy Y + 3y YY"
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Substituting y“ =(y)™y'y" into (6) we get

m =1\ ,m ,m
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ay Yy (Y Yy ) +ay Yy —ay*(y)’y
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On opening the brackets we have
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Which we simplify to have
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Remember that the primes in (9) represent the total derivatives [3]. We express the first, second,

third and fourth total derivatives of « and g in terms of partial derivatives as follows
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The same is applied to g, 8", f"and B so that we have the first, second, third and fourth

+3y [2]
derivatives of both « and g .Then we substitute «, 5 and their derivatives into
ﬂy—z yfym_ﬂry—lym+a!y—1yrym_ﬂmy—lyr +3ary—1yrym +3a”y—1y/yr/
+amyfl(yl)2 +’B(4) _4aryflylym i 6a”y"' _4amyn _a(4) y! - 0 (9)

So as to obtain
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Now replacing y® = y'y’y" into equation (11) above we obtain

-2 r m_ —1 m éﬁ =1\ ,n,m ﬁ —1. o/t m =1\, 12\,m 6 a =1,,r 6 Sﬁ
6 iy =L -

1o DR S 05 o O, 0%p
_3 1,12 3 1y, 0" s 1,0 ,m A 3 1,,73 = 3 1,02,
yy PYEY y'yy —6x8y yyy oy yy —axayz y'y y_ay2

LG . . ) o’a
A +3 1y ,n,m +3 1,02 ,m +3 AN +6 1,02 ,m
yy_6y3 yyya yyyay yyyax yyyaxay

o’ oo O’a o’a
+3 =1,,13\,” +3 /!2 =1,,r2 +3 -1,,73 +3 =1\ ,02\,m
y'y y_ay2 yyYy ay +yy e y'y —axzay y'yy —6x8y

. oa . ... Oa o*a 8o o'B 0B
+ 1,02 ,m +3 1,14 +3 13,1 -1,,/5 + +4 i
y'yy Py y'y 8x8y2 yyyay yy_ayg o y8x36y

o°p ol B .98 i o' o°p o°p
+6 " +4 m + nm 3 ’ +9 n" +4 nm
oy milee @ bllew D U vl e

14 82 84 ’ ”63 ! 64 n" 83 ’ 84
2—'f+4y p ——+6Yy"y P +3y" ?_ﬂz +3y'y —"i+y4—€
oy oxoy’ oy’ ox“0y oxoy oy

ol oa o’a o’a o’a
4 =1\ ,n,m =1\ ,02\,m 6 " 12 ",m 6 12\ ,m
yyya yyyay y8x2 yy@@y yy_8y2

3 3 2
" a 4yﬂ a 12y!yﬂ a _12y!12 a o _4yﬂyma_a
oy Ox*0y X0y oy

3 2 3 4 4 3
_12y72 yr/ a 12y/yr/2 a_?_4yr3yn a 0; _ yr a i( _4y72 8305 _ (A aza
oxdy”® oy oy X ox’oy ox2oy

+3y

_6 y"y

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [®JIEEELL as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering & Scientific Research
http://www.ijmra.us



June
2016

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

M Volume 4, Issue 6 SSN: 2347-6532
2 4 3 2
_4y/ym a o _ y—1y¢2yma_a_3y¢3 azaz _9y12y” a az _4y12yma_?
Ooxoy oy ox oy OXoy oy
2 4 3 4 3 4
_3y!yﬂ2 a ?_4y/4 a a3 _6y!3yﬂa_(31_3y13 aza = — 12 ,n a az _ y/5 a ?
oy oxdy o X2y oy ) oy
(12)
Conclusion

Clearly equation (12) is an identity in x, y, y’, y” and y” , i.e.it holds for any arbitrary choice of
X,y,Y,y" and y"[4]. From equation (12) we can easily obtain our determining equations that

would be used in getting the generator G of infinitesimal transformation for our fourth order

non-linear equation. The transformation helps in obtaining the solution to our nonlinear equation.

This is of great significance in mechanics.
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