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PLANE WAVE SOLUTIONS OF FIELD EQUATIONS R;j=0 IN Vs
WITH THREE TIME AXES

L. S. Ladke

Department of Mathematics Sarvodaya Mahavidyalaya Sindewahi , INDIA

Abstract:- The plane wave solutions of the field equations R;=0 five dimensional Space-time V; with three time axes
for general theory of relativity are given by g isatisfying

Np,; +Mo,, =0, a,p=12.345.
Which further breaks into

V=Vpa[3 +v_Vc5mB =0,
(T)lpoc[i +(|_)1Goc[3 =0,
(I=)2p(xB +(|_)2Ga[3 =0,
(I=)3p(x[3 +4_>30a[3 =0,

GaPop + 4_)40043 =0

Z Z Z, Z,
where ¢1=—’1,¢2= 'z, ¢3:_31 ¢4=_4
Z’5 15 Z’5 Z75

W=0,X" =Y+ 0,2+ oty +dyt, +13

f N

1
Pop = 0o PpL +E[¢apﬁ +0pPy ],

-1
Cup = Pag +Z[¢G¢B|—1 — 2L, (doPp + OpPy) +20,Pp]

If Zis independent of the variable y the work regarding the plane wave

Solutions in five dimensional space-time Vs having three time exes demonstrated in
the paper refer it to Thengane (2003) can be deduced.

Keywords: Plane Wave , Field Equations , dimensional .

INTRODUCTION:

In the paper referred it to Thengane (2003) ,he has obtained the plane wave
field equations R;; =0 in five dimensional space-times Vs having

three time axes by reformulating Takeno’s(1961) definition of plane wave as follows :

Solutions gjof the

Definition A plane wave ( jisa non-flat solution of the field equations

Golden Research Thoughts | Volume 3| Issue 12 | June 2014



Golden Research Thoughts
ISSN 2231-5063
Impact Factor : 2.2052 (UIF)

Volume-3 | Issue-12 | June-2014 Available online at www.aygrt.isrj.net

Rij =0, (I, J :1a2!374’5) (11)

in an empty region of the space-times such that

9,=9;(2), Z=Z(x), X'=yztt.t

(1.2)
in some suitable co-ordinate system such that (1.3)
i 0z
7,2, =0, 2,, ===,
g J axl
Z=2(y,z,t,t,,t,) 2,,#0, Z,,#0, Z,;#0, Z,,#0,Z,,#0 (1.4)
In this definition, the signature convention adopted is
g, <0, r=12
g g
1 150, 93>0, g4 >0, g >0 (1.5)
921 92

[ not summed for r =1,2] and accordingly g =det(g;) >0. (1.6)

The field equations R;; =0 then yield

Pi :gijo =0

Np.s + Mo, =0, «a,f=2345.

Which further breaks into
V=Vpa[3 +v_vc5aﬁ =0,

(I=)2paB +<|_)2Goq3 =0,

(I=)3paB +(|_)36a[3 =0,

GaPop + 4_)40043 =0
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Where
W=¢axa =¢22+¢3t1+¢4t2 +ts
b, b3 by 1
Z’ __l Zl :_l Z’ __l Zl =
Y Y Y Y
_Z,2 _Z,3 _Z,4
¢2_Z,5’ ¢3_Z,5’ ¢4_Z,5

M :V_V_@zz +Esstl +€;4t2)

N :V=V_(¢2Z+¢3t1 +Zzltz)

1
Pop =0 sl +E[¢GPB +0pPg ]

- 1
Cup = Pap +Z[¢Q¢BL1 -2L, (d)ap[} + ¢Bpa) + ZPQPB]
It is to be noted that the format of the mathematical expressions derived by Takeno (1961) in V, is

retained even in five dimensional space-time Vs with three time axes.In the present paper, we confine ourselves to
the same space-time Vs having three time Axes but relax the conditions (1.2), (1.3) and (1.5) with assuming.

Z=2(y,z,t,t,,t;) 2,,#0, Z,,#0, Z,;#0, Z,,#0,Z,,#0

(1.7)
We get some interesting result in GR theory

2. Solutions of field equations

From the equations (1.3) and (1.7)
907 +29 910, + 2970105 + 29010, +29¢; + 9705 +29% 0,05 + 290,04

+29%0, + 92035 +29% 050, +29%0; + 9M05 +29%¢, + 9> =0

(2.1)
Z, Z,, Z,, Z,,
Wh == =—<, =—= = 2.2
ere ¢, Z, b Z, b3 Z, by Z.. (2.2)
which further yield
W= X" =1y + o7 + sty +dyt, +15 (2.3)

where w is an arbitrary function of Z.
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Differentiating partially (6.2.9) with respect to y, z,{;, t, and t5 respectively, we obtain

¢l ¢2 ¢3 ¢4 1
Z’ - ’ Z! - Zl =, Zy = ’ Z, =— 2.4
1M 27\ 3T M Y 5 (2.4)
Where M:v_v—(|_>ax°‘:v_v—(d_)ly+d_>zz+d_>3tl+$4t2). (2.5)

From equation (6.2.11), we obtain

N - N - N -
M’lzﬁ(bl_d)l' Mizzmd)z_(l)zr M’3:V¢3_¢3'

N — N
M,4:M¢4—¢4, M’SZV (2.6)
Where N :v=v—<|=>ax°‘ =v=v—(d=>ly+d=>zz +q=>3t1 +<|=>4t2) (2.7)

and a bar (-) over a letter denotes the derivative with respect to Z.
It is interesting that all the results are in the format of Takeno (1961).

The Christoffel’s symbols of second kind assume the values as follows:
2MIy; =2¢,g" alj —gyW'
2MI, :2‘1)29”521‘ —gpW,
2MIy,; = 2¢3gij§3j — gaW',
ZMFJM :2¢4gij§4j _544Wi'
2MIls =29" gg; — gesW',
2mry, =g" (4)251,' +¢l§2j)_§12Wi'

2Mr1i3 =g ! (¢3§1j + ¢l§3j ) —513Wi ,

Golden Research Thoughts | Volume 3| Issue 12 | June 2014



Golden Research Thoughts
ISSN 2231-5063
Impact Factor : 2.2052 (UIF)

Volume-3 | Issue-12 | June-2014 Available online at www.aygrt.isrj.net

2MIY, = 9" (0194; +049y;) — GpuW',
2MIs =" (9y; +¢105;) — GysW',
2MIys =" (930, +9,035;) — 9peW',
2MIy, = 9" (§40,; +9294)) — 9puW,
2MI55 = 9" (0, +0295;) — GosW',
2MI, =9% (9304 + ¢4 93;) — QoW
2MI3 =g (63]' + ¢3§5j) —535Wi'

2MIs = 9" (94 +0495;) — G sW'

(2.8)

where W' =0, 9% =d,9" +¢,9% +30% +¢,9% +g°. (2.9)

Noting w' , the equation (6.1) reduces to

W =W + bW + daW + bWt + W =0. (2.10)

The field equations Rij =0 thenimply

Np,s + Mo, =0, o,p=12.345. (2.11)

Substituting the values of M and N, equation (2.11) reduces to

V_Vp(xB +_V\baﬁ =O,
d)lpocﬁ +d—)160c[3 =O’

(I)Zpa[i + 4_)26(1[3 = O’

¢3paﬁ + 4_)36043 =0 ’

PaPop + 04045 =0 (2.12)
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which are again in the format of Takeno (1961).

1
where Pap :_(I)a(i)B L2 +E[¢apﬁ +¢Bpa]l
- 1
Cup = Pap +Z[¢Q¢BL1 —2L,(dopp +0ppy) +2p,pp]
i o+ I[e2L, — AL 2p?
Ie. G611 = Pn + 4[¢1 1 201P1 +2p1 ],
= 1. 2
G =Py +Z[¢2L1 —4L,0,p, +2p5],
= 1.5 2
O33 = P33 +z[¢3 L, —4L,03p3 +2p3],
= 1. 2
Cus =Pus +Z[¢4|—1 —4L,04p4 +2p5],
_ 1 )
G55 = —Pss +z[|—1 —4L,ps +2p5],
- 1
G =—P12 +Z[¢l¢2|—l —2L,(d1p2 +92p1) +2p1 P51,
- 1
G113 = P13 +z[¢1¢3 Ly — 2L, (d1p3 + d3p1) +2p1p3l,
- 1
Oy =—P1a +Z[¢l¢4|—l —2L,(d1p4 +O4p1) +2p1 P4l
- 1
O15 = P15 +Z[¢l L, — 2L, (d1p5 +p1) +2p; P51,
- 1
G =Py +z[¢2¢3|—1 —2L,(d,p3 +d3p2) +2p,p3],

- 1
Cos =Py +Z[¢2¢4 Ly = 2L, (2p4 + dap2) +2p,p4],

Golden Research Thoughts | Volume 3| Issue 12 | June 2014



Golden Research Thoughts
ISSN 2231-5063
Impact Factor : 2.2052 (UIF)

Volume-3 | Issue-12 | June-2014 Available online at www.aygrt.isrj.net

— 1

O2 =P2s +Z[¢2L1 — 2L, (92p5 +P2) +2p,ps],
— 1

O34 =Pz +Z[¢3¢4 Ly — 2L, (3P4 + 04p3) +2p3p4l.
— 1

O35 = P35 +Z[¢3 Ly — 2L, (93ps +P3) +2p3ps],

- 1
Oy5 = Pass +z[¢4|—1 — 2L, (¢4ps +p4) +2p4ps],

P11 = _(I)f L, +1pg,
P22 :—¢§|—2 + P2,

P33 :—¢§ L, +bzps,
Paa :_¢421|—2 + 4Py,

Pss =—L, +ps,

1
P12 =—010,L, +E[¢1p2 + P11,

1
P13 =—0193L, +§[¢1p3 +dzpy],

1
P =—010,4L, +E[¢1P4 + 4Pl

1
P15 =—0;L, +E[¢1ps +p1l,

1
P2z =031, +E[¢2p3 +d3p,],

1
P2 =—0,0,L, +E[¢zp4 +4p21,

1
P2 =—0,L, +§[¢2ps +p,l.

1
Pag =—P304L, +E[¢3P4 +d4p3],
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1
P35 =—d3L, +E[¢3p5 +ps3l,

1
Pss =—0,4L, +§[¢4ps +Py4]

with p; =§i,-W", |—2:|09\/§r L :gijgklgikgjl'

It is to be noted that all the results follow Takeno’s (1961) pattern.

CONCLUSION 1

We conclude that the plane wave solutions exist in higher five dimensional space-times V5 having three

time axes and are given by i satisfying equations (1.2), (1.5), (2.10) and (2.12).
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