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Abstract: In this paper we study a homothetic vector field of a Bianchi type-V model based on Lyra geometry. The aim of
this paper is to get the components of homothetic vector field in Lyra geometry for Bianchi type-V, compare between it and
the case of Bianchi type-I. Using ordinary method and Computer program to get the components of the vector . The results
are compatible in the two methods and get the condition that the results tends to the case of Bianchi type-l. The cases
when a displacement vector is a function of t and when it is constant are considered. In both two cases we investigate the

equation of state.

Keywords: Bianchi type-V; homothetic vector field; Lyra geometry; Christoffal symbols; Riemannian Geometry.

I) Introduction:

The theme of symmetries of space-time is nearly as old as the outset of the theory of General
Relativity. Symmetries play an important role in the study of space —time, because of their interest from
both geometric and physical viewpoints. Symmetries have been studied in the theory of General Relativity
based on Riemannian geometry. In the theory of general relativity different kinds of symmetries like
isometry, homothetic, conformal, Ricci collineation and matter collineation have been extensively
studied.[1- 8]

Lyra geometry [9] has proposed a modification of Riemannian geometry by introducing a gauge
function into the structure less manifold that bears a close resemblance to Weyl's geometry. Several
authors have studied cosmological models based on Lyra’s manifold with constant and time-dependent
displacement vectors . The paper is organized as follows: In the next section we summarize some of the
basic concepts of Lyra Geometry, which will be used though this work’ Section 3 deals with the model and

evaluating the homothetic vector field. In section 4 the Maple results are shown.

Problem statement and objectives:

Where studying some of the models of metric space times in the Lyra geometry it is difficult to get
homothetic equations as well as to get solved. In this paper we calculate the equations in the ordinary
method as well as using a computer program and compare the results to be able to use computer

programs in difficult models.
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Methods: In this paper we get homothetic equation by equation (2.4). We solve the partial differential

equations by separate variables and use Maple 17 program for getting the homothetic vector field.

I1) The version of model and homothetic field in Lyra’s geometry

An n-dimensional Lyra manifold M is a generalization to the Riemannian manifold [10],[11]
For any point p € M we can define the coordinate system {Xu}ﬁzl. In addition to these coordinate
there exist a gauge function x° = xo(x“)ﬁzl which together with {x“}}}:l form a reference
system transformation (XO,XM)Zzl. In Lyra geometry the metric or the measure of length of
displacement vector (¥ = x°dx* between two points p(x”)z=1 and q(x* + dx”)z=1 is
given by absolute invariant under both gauge function and coordinate system written as:

ds® = g,,x° dx*dx°dx"”

a
.UV}’ but also by a function (]5”, which

Where gm, is a metric tensor as in Riemannian connection {

arises through gauge transformation and it is given by
a 1 ap
{'uv} =39 (.gpv,u + Gouv — guv,p) (2.1)
1 (* 1
F;ﬁ/ = (xo) ! {MV} + 2 (6;11(]51/ + qubu - guvqba) (2.2)

Where ¢ is called a displacement vector field and satisfies % = gaﬁ ¢ﬂ , we consider ¢) to
be a timelike vector where
¢, = (B(¢),0,0,0) (2.3)
Throughout the paper M will denote a 4-dimensional Lyra manifold with Lorentz metric g which
is a generalization to the 4-dimensional Riemannian manifold [12],[13]

As in Riemannian geometry , a global vector field { = C*(t, X, y, Z)ﬁ=1 on M is called homothetic

vector field if the following condition

Lnguv = gpvva + guvaTIp = zw.guv (2.4)
holds where 1 is constant (the homothetic constant Jon M, L denote a Lie derivatives and V is the

covariant derivative such that:
1
D _ v Vv 7a
VulP = = 0,0" + Tl

1
Vilp = ;au(p — [ivda

Where Flﬁ, is a Lyra connection form given by (2.1) in equation (2.2). where \/ is a constant, then Eis

(2.5)

called homothetic vector field and equation (2.4) called homothetic equation. If \y =0, then (2.4) is called

Killing equation and € is called a Killing vector field on M.

Homothetic Motion in a Bianchi Type -V Model in (52)

El-Sabbagh, Gad, Abd El-Bsseer & Moustafa
Lyra Geometry



Journal of Natural Sciences, Life and Applied Sciences - AJSRP — Issue (4), Vol. 1 - December 2017

I11)The model and homothetic vector field
Consider the space time metric Bianchi type —V of the form:
ds? = dt? — Adx? — e?™*[B%dy? + C?dz?]
Where A, B and C are functions of ralone,and m is constant.
Wherex? = t,x1 = x,x2 =y,x3 =z
The study of homothetic vector fields, ¢ = (” (t, XY, Z)ﬁzl, we choose the normal gauge x° =1,

we get the connection form in Lyra geometry from (2.2) as:

dA dB
g = 52 % = A 52+ 52 a2(t) I, = B2 +
% emeBZ(t)
0 _ _2mx dc(t) | B 2mx 2 1 _ 1 dA@®) | B@®) 1 _
[33 = "™ C(t) ——+=-e ™ C*(t) o1 = 20t 5 52 =
__omx BA(®)
me ™
1 _ omux C2(0) 2 _ 1 dB®) , B®) 2 _ 3 3 _
I35 = —me mxAz_(t) 02 = B at > I =Tz=m Io3 =
1 dc(t) + B(t)
c(t) dt 2
AtfB(t) = 0we get the Christoffal symbol of 2" kind in Riemannian geometry
Now we use equation (2.4) to deduce the following system equations in Lyra geometry :
B
{8 +E<O =l/) (3.1
C1— A= (3.2)
(% + —B%e*™mX(2 =0 (33)
{3 —C?e®™X3 =0 (3.4)
1, AL B0
it G+ =y (35)
B2e?mX73 + A20% =0 (3.6)
C2e?™X73 + A%(3 = (3.7)
B B
GHGE+)0+mit =y (8
C*{3+B*(5=0 (3.9)
G+C+H+mit =y o
In the case of § = 0 we get the homothetic system equation in Riemannian Geometry.
By solving equation (3.1) as a linear equation we get:
1 1
(0 = [f lpegfﬁ(t)dt dt + CO] eEf—B(t)dt , Cg is the constant of integration (3.11)
Use (3.11) into (3.2):
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1 1
6*([] lpeifﬁ(t)dt dt + C, ezf_ﬁ(t)dt} 2 6{1 o

dx ot

—A%0¢t = 0;

f d¢! = constant function with respect to t; {1 = F,(x,y, 2),

By the same method use (3.11) into (3.3). (3.4) we get:

{* =F,(xy,2), {® =F(xy,2)

where F; (x,y,2), F5(x,¥, 2), F3(x, Y, Z) are arbitrary functions which are to be determined.

Differentiating equation (3.5) with respectto t:

A E)O_.(é E) 0 _.(é E)_i
(A+2 o =0;f(5+3)dl® = constant=a (5 +3 =%
using (3.11) we get:

1 dA(t) |, B(t) _ a _ a (312)
A(t) dt 2 g0 [flpe%fﬁ(t)dtdt_i_co]e%f—B(t)dt ‘
Use (3.12) back into (3.5)we get
agt
(i+a=y.{i=¢p—a ——Y-a
(=@W-a)x+c (3.13)
Differentiating equation (3.8)and (3.10) with respect to t we get:
1 dB(t) . B(t) b b
B(t) dt 2 g - 1 d Lr_gwa (3.14)
[f pezt BOdt g, ¢ a2/ -BOAL
1dc | B® _ d _ d 515)
c(t) dt 2 1 [f pez) BOAL g, +C0]e%f—s<t)dt ’

from (3.14),(3.8) and (3.13):

b
05+ 00 +m[(Y —a)x+c;] = Y;

ZO
¢ ={(W—=Db)—m[(y—a)x+c ]}y +c; (3.16)

Then ZZ is a function depends on'y and x
from (3.15), (3.10) and (3.13):

C={@-d-m@-ax+tcallztc, (3.17)
Zg is a function depends on z and x, Where Cq, C» and C3 are constants of integrations .

Without loss of generality, we assume that Cg = C; = C, = C3 = 0 therefore from equations

(3.11),(3.13), (3.16) and (3.17) we obtain the following homothetic vector field
= [ wer! PO® ae] €2 PO 5t 4 ( — a)x o
HW =b) —m[(Y —a)x]}ydy + {(¢ —d) —m[(Y —a)x][}zdz  (3.18)

Now we discuss the case when the displacement vector is constant (B = constant).
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From (3.6)

{0 = Ulpe%fﬁdtdt+co]e%f_ﬁdt= %J%,&pe%ﬁ”dt+c{) e%f_ﬁdt
5B

0o_2¥
¢ B

Then the homothetic vector field from (3.18)
g =220t + ( — a)x0x-{( — b) — m[(W — )]}y Ay + {(¥ — &) -
m[(y — a)x]}z 0z

PutCy = 0 then

From (3.12)
1 dA(t) pB a
A(8) 5= 1 Bt
At) dt 2 (%eiﬁt-kco)e_T
Bt
jdA(t)Jr B at j €7 g+l
- - 1 nao
A(t) 2 (%efﬁt +C0)
a
A(t) 2y 1lg, v B
In a —ln(FeZ +co) _Et
a
2y 1 v B
A(t) = a, (%J e2ft 4+ CO) e 2"

dp ., bo, kO is the constant of integration

If a=b=d in (3.12), (3.13) and (3.14) anday = by = ko'we get

2a
1 il

AZ(t) = B2(t) = C2(t) = a, (% ezt + co)"’ e Bt (319

So in Lyra geometry if a displacement vector is constant, a Bianchi-type V space time with scalar factors are
functions of t only is a Friedman, Robertson-Walker (FRW) Models in Cosmology with scalar factor

behaves as (3.19) :[14-16]
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To compare our results with that obtained in general relativity based on Riemannian geometry, we put
B = 0andassume Yy = 1 for simplicity, from (3.18) the homothetic vector becomes

(=tiot+ (1 —a)xdx{(1—-b) —m[(1—a)x]}ydy +{(1—d) —

m[(1 — a)x]|}z0z (3.20)

where m=0

{=tdt+ (1 —a)xdx+(1—b)ydy + (1 —d)zoz (3.21)

We can not compare the results with that obtained in G.R, because in this case the components ZO tends

to infinitywhen 3 = 0

IV) The results by using Maple 17:
In maple (With differential geometry ): with tensor: we get the Christoffel symbol of first kind, Christoffel

symbol of second kind, Killing vector and Killing equations hence the ten homothetic equations in
Rumanian geometry where (Fl, F2,F3, F4) = ((0, (1, (2, (3), and program solve the ten

equations as a system which gives many sets of solutions see Appendix(1), as:

_ JCi(=2mty + Cy * Cy)

Cl. —_—
A = =3 B(®) = C(0) = -

P2t
F2 = x + — + C3
C1

F3 = —Cymy + ¢y (C;—I” +1) + Crz+C

C
F3=—C,y +myz (C—Z— 1) + Cy
1

Where [ is a positive integer Ci are arbitrary constant.
We use maple 17 to solve the homothetic equation in Lyra geometry see Appendix(2)

By choose a suitable simultaneous PDF Which give many solution as:

1 1 1
At) = \/F7(t)'B(t) B _\/ezmxao(t)’c(t) T JeP™iE (o)

B
F1 = {f lljefgdthFz(x,)/,z)}ef_gdt
F2 =F(x,y,2z) + j F,(t)F1,dt
F3 = Fg(x,y,Z) + j Flo(t)Fl’ydt

F4 = Flz(x,y,Z) + j F13(t)F1’Zdt

F; are arbitrary functions
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V) DISCUSSION

In this paper we get the ten homothetic equations for Bianchi type-V in Riemann geometry and in Lyra
geometry and solve these ten equations by science of partial differential equation and also by Maple17
program and get the homothetic vector in the Riemann geometry and in Lyra geometry, from equation
(3.1) and (3.11) CO is a function of t, from equation (3..13) {1 is a function of x, from equation (3.16)
Zz is a function of x,y and from equation (3.17) Z3 is a function of x, z which is different in the case of

Bianchi type-l, when m=0 in the equation (3.20) the homothetic vector field be as of Bianchi type-I.[17]

VI) CONCLUSION

The component homothetic vector field in Bianchi Type —V Model in Lyra Geometry has more variables
than homothetic vector field in Bianchi Type —I and it will be the same like Bianchi Type —I if the

constant m equal zero..

VII) RECOMMENDATIONS

It can be study the same equations for Bianchi type-V in teleparallel geometry and using maple to get the
homothetic equations and its solution for more difficult models
Appendix(1)

> with( DifferentialGeometry) : with( Tensor) : Remian Geometry

Remian Geometry

> DGsetup([t, X,y,z], M)

frame name: M

M > g == evalDG( dt &tdt -A%(f)dx &tdx -e2"* B(1)dy &tdy — 2" *C?(f)dz&t dz)

gi=dtdt— A(t) dx dx — " B(t)>dydy — ¥~ C(t)* dz dz
> H = InverseMetric(g)

-2mx -2mx

H:=D tD t— 1 D xD x— D yD y— 3
C(1)

A T T B@)?

D zD z

M > CI = Christoffel (g, "FirstKind")

CI1:=A(1) A(f) dtdx dx + 2" B(t) B(¢) dtdy dy + €2"* C(t) C(¢) dtdzdz — A(t) A(t) dx dtdx
—A(1) A(f) dx dx dt + m 2" B(t)2 dx dy dy + m 2™~ C(#)* dx dz dz — 2" * B(¢)
B(#) dy dtdy — me™* B(8)* dy dx dy — e2™* B(¢) B(t) dy dy dt — m 2"~ B(£)* dy dy dx
— "X (1) C(1) dzdtdz — me*™  C(8)* dz dx dz — ™ C(¢t) C(2) dzdz dt
—meX"* C(¢)2 dzdz dx

M > C2 = Christoffel (g, "SecondKind")
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C2:=A(f) A(t) D_tdx dx + 2" B(f) B(t) D_tdydy + "~ C(f) C(f) D_tdzdz + ;‘E—gp_xdtdx
AW b geg B g MW e BO b
Al - A(n)? - A(r)? - B(1)
B(1) C()
+mD_ydxdy+WD_ydydt+mD_ydydx+WD_zdtdz—i—mD_zdxdz
(1)
+ cr) D zdzdt+mD _zdzdx

M > K1 = KillingVectors(g);

1
KiI = [ m D x—yDy—zD z, -D z,-Dy
M > LD = LieDerivative(K1, g)

LD :=[0dtdt, 0 dtdt, 0dedt)
M > pde = KillingVectors(g, output=""pde" );

0, I (—ezmxB(t)(%B(!))_F](t,x,y,z)A(l)z+me2'”xB(t)2_F2(t,x,y,z)

pde :=
A(1)?

— (-t (g €0 ) _Fittxy. ) A0?

+ (gr 3 | 40?), A()

dy

0
+ mezme(t)z_FZ(ta X, 1, z) + (a—z_F4(t, X, ¥, %) ) A(t)zj’

y 25w Pty + (5 P ) ) € + (- _F1xn ) ) €

1 o —
2 C(1) ’
iFZ:‘ At+iF1t A(t) —2 iAz‘ F2(t
L (ar=ratexnn)) 4 + (g _Fiexp) ) 4 —2 (5 A0 ) _r2expo)
2 A() ’
9 F3( ))B(t)—Z iB(t) F3( ) + 9 FI(t, ))B(t)
L [ o — LX,y,2 ( dr j_ LX,y, 2 ( ay _ b X Vs T
2 B(1) ’
d 9 1 O 1 O
() (57 AW ) 150 3) + 5 F2ax02). 5 o _FA6xp2) + 5 5o F3(a
m_F3(s + L2 + L2 p m_F4(s
X, y,2), —m_F3(tx,y,z) 2 ox — (tx,p,2) 2 oy - (tx,y,2), —-m_F4(t,x,y,z)

+1 2 gy +1 2 S
2 ox TG 2) + o5 o F2(6x,y,2), o (t,x,y,z)}
M > ( Remian geometry)
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M >

[_emeB(t) (%B(t)]_Fl(t’x,y,z)A(t)2—I—mezmxB(t)z_FZ(t,x,yaZ)

N [%_F3(t’x,y,z))A(t)2)=—2\|1e2mxB(t)2, A(lt)z (

0
-e2™* C(¢) (% C(t) j _FI(t,x,5,2) A()* + me*™* C(1)®_F2(t,x,y,2) + (a—z_F4(t, X,

2) j A(t)z) =-2 ye2"™*C(r),
d

12

0 0
i OO )_Faaxy2) + (G _Poax2) | €0 + (57 _Flx2) | €

2 )
0 d d
oL (E_FZ(Lx,y,z)jA(t) +(a_Fl(t,x,y,Z)JA(t) —Z(EA(t)J_FZ(t,x,y,z)
2 ()
o L ( or —F3(t’x’y’z)j B(e) -2 ( ar B(t)j_F3(t,x,y,z) + [ o _Fl(t,x,y,z)) B(1)
2 B0

d 0 1 0
=0,-4(0) (g AW ) _FIx00) + 5o _F26xna) = 2w A0, 5 - _FAtxne)

1 0 1 9 1 90
+3 % _F3(,x,y,2) =0,-m_F3(t, x,y,z) + > ox _F3(t,x,,2) + 2 o _F2(t,x,y,z)

1 0 1 0 0
_0’_m_F4(t’x’y7z) + 2 ox _F4(tax’y’z) + 2 90z _Fz(t,x,y,z) _0’ ot _Fl(t)x’y’z)

M > pdsolve(sys2)

1 m+y 78_C2m\|l+m2

2m_C2(2yt+_CI) y_C2

A1) = ,B()=(2yt+_CI) !
m+ -8_C2my+m

1 m+y —8_C2m\|l+m2

_G5,C(y)

4 ()
=(2yt+_cI) V- _C6,_FI(t,x,y,2) =2yt+_CI, F2(t,x,,z)
1 m+y —8_C2m\|l+m2
2 C2
1 C1 V-
= 2(2yt+_C1)% _F3(tx,p,7)=_C3 (t+7—_ ] e2mx
1\

1 m+y —8_C2m\y+m2

2
_F4(t,x,y,2)=(2yt+_CI) v-e

c4e*m>

(2yt+_Cl)m
y
=2yt+_CIl,_F2(t,x,y,z) =0,_F3(t,x,y,2) =0,_F4(t,x,y,z) =_C2 (2 \|lt—|—_C1)2e2'”x

A(f) = —% ,B(t)=_C3(2yt+_C1),C(t)=_C4 (2yt+_CI),_FI(t,x,y,z)
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CL piy=- J_Cl(-2myt+ CI_C4)

A(t) = -——, B(t ~Ci , C(1)

v
_J CI(-2myt+_CI_C4)

, FI(t,x,y,z)=_Clx+wyt+ _C2, F2(t,x,y,7)

C1
2 C2m
—yx+ % + C3,_F3(t,x,0,2)=- C3my+ % +wyy+ C7z+ C8,
_ o _
_Fd(t,x,p,7)=- C7y— C3mz+ ——'C"I‘"z tyzt €9
1 m_
2 oty
A(f)=_C3(2yi+_CI),B(t)=_C4 |2 (2yi+_CI) vit+ (2t
1 m_C2 1 m_C2
2 oty 2 oty
+_c1) c1],c)=_c5|2(2yi+_cl) vit (2t

m_C2

2
+_CI) —C3"’_ClJ,_Fl(t,x,y,z)=2wt+_C1,_F2(t,x,y,z)=_C2(2wt+_C1)2,

V2 /(G —ay)m _C2 (2yt+_CI)
C3—4vy
3

_F3(t,x,y,2) =0, _F4(t,x,y,z) =0|, |A(?) = )

G 1
4

_C6(2yt+_CI)

<Ja

1
B(=cs(2yi+ c)t Y, cw

,_FI(tx,y,2) =2yt
1.

+ Cl, F2(tx,0,2)=C2(2yi+_CI)%_F3(tx,p2)=(2yi+ c1)> ¥ _caem,
_F4(,x,p,2) =0]

Appendix(2)

M > nops(pde);

11
M > nops(list);
1

M > with( PDEtools, casesplit, declare) ;

[ casesplit, declare]

M > with( DEtools, gensys) ;

[gensys]|
M >INLYRA GEOMETRY

M > declare( (F1, F2, F3,F4) (¢, x,y,2), B(¢));
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M >
sl o= [AZ( (5 P22 | = (gr Fllexn ) | =0, (g5 _Flexs2) | -5

1)
-ez’”x-[a% 3(t,x,y,z))=0,[a—az_F](t,x,y,z)j—Cz(t)-ez’”x-(i 4(t,x,p,2 )) 0,

it
1 d B(_t)) K (L d
[A 7 df A(t) + > _FI(t,x,y,z) + ax _F2(t,x,y,2) =V, B() dr B(1)
ﬂ] _FI( ) +m_F2(t )+i F3( )= [#icm
2 t9x9y9z m_ 9x9y9z ay _ t7x9y9z ‘|l9 C t) dt
0
+ (2t) ) _Fl(t,x,y,z) + m_F2(t,x,y,7) +a—z_F4(t,x,y,z)=\|I,B2(t)-e2mx
0 0
_ 2 — — a2mx
(G F3texna) | + 40 5 _F2ex2) =0, G0 a _Fi(6x,3,7)
+ A1) E,%_FZ(t,x,y,z)=0,1.'32(t)%_w(t,x,y, + ) L F3(4x,3,2) =0,
)
o _FI(t,x,y,z) +B(2—t)_FI(t,x,y,z)=\v];

A
sysl = [A(t)z_pzt ~_F1.=0, FI — B(#)* "™ _F3,=0,_FI_— C(1)* &"*_F4 =0, [ A(;)

1 _y [ B 1
+5 B]_Fl(t,x,y,z) +_F2x—w,[3(t) > ﬁ]_FI(t,x,y,z) +m_F2(t,x,3,2) +_F3,

C
_ ot 1 _ 2 2mx
v, [ o 2 BJ_FI(t,x,y,z) +m_F2(tx,y,2) +_F4 =y, B(1)" "™ _F3_

+A(t)2_F2y=0, C(1)* ™ _F4_ +A(t)2_F27=0,B(t)2_F4y+ C(1)*_F3.=0,_FI,

1
3 BoFI(6x50) =]

M > nops(sysl);

10

M > for_eqinsysI do_eq enddo;
2 -

A(0)?_F2,— _FI =0

_FI - B(1)* ™ _F3,=0

FI.— C(t)* ™ _F4,=0

th\‘

A0 J _FI(t,x,p,z) +_F2 =y

t
C(1)

B(0)? "™ _F3_+A(1)?_ F2,=0

4L
*t3
t 1 _
[B P 3 ] _FI(tx,y,2) + m_F2(tx,y,2) +_F3 =y
+ L
*t3

] _FI(t,x,y,z) +m_F2(t,x,y,z) +_F4 =y

z

C(0)* ™ _F4_+A(1)*_F2 =0
B(t)z_F4y+ C(1)?_F3,=0

1
Fl+ 5 B_FI(tx,y,2) =¥

M > pdsolve(sys1)

[Length of output exceeds limit of 1000000]
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0 0
M > = 2 _ = =0
pdel == A(¢) or _F2(t,x,y,7) o _FI(t,x,y,7) =0;

pdel :=A(t)*_F2, —_FI1 _=0

0 0
M> pe2 = o Flsxy,2) = B(1)? "™ — _F3(t,x,y,2) =0;
pde2:=_FI — B(1)* ™ _F3,=0
0 0
M>pde3 == =~ _Fl(5x,y,2) = C(0)* ™ = _F4(5x,y,2) =0;

pde3 :=_FI_— C(1)* "™ _F4,=0

—

A(?) 0
M> = —_— -_ _— = .
pded [A(t) +5 ﬁ(t)j_FI(t,x,y,z) t o 262 =y
d4'=[At +i3] FI( ) +_F2 =
p e4: A(t) 2 — t’x9y9z — x ‘II
M > pdes = (M+Lﬁ(t)] F1(t,x,y,z) + m_F2(t,x z)~|-i F3(t,x,y,2) =y;
p B(t) 2 p— &l ,y’ —_ ’y’ ay — ’y’ b
d5=( 5 +lﬁ] FI(t, ) +m_F2(t, )+ _F3 =
pde B T2 B)-Flbxy.2) +m_F26xy,2) +_F3 =y
M > de6=—(&+LB(t)J F1(t,x,y,z) + m_F2(t, x. z)+i F4(t,x,y,2) =y;
p C(t) 2 — 3y9 —_ 7.}’9 az —_ 9y9 9
de6 := “ +l[3] FI(t ) +m_F2(t, )+ F4 =
pde clo * 2 B)-Flbxyg) +m_F2tx.y,2) +_F4 =y
0 0
M> pde7 := B(t)zezmxa _F3(t,x,y,2) +A(t)2$ _F2(t,x,y,7) =0;

pde7 :=B(1)* "™ _F3_+ A(t)Z_F2y=0

i) 0
M > pdes == C(1)* 2™ F _F4(t,x,y,2) +A(1)? i _F2(t,x,y,7) =0;

pde8 :=C(1)* "™ _F4_+A()>_F2.=0

d 0
M> pde9 == B(1)* o ~FHbxy) + C(1? 27 —F3(6x ) =0;

pde9 :=B(t)2_F4y +C(1)?_F3,=0

0
M>pdel0 = — _Fi(6x,5,9) +5 B(O)_FI(550,7) =v;

1
pdel0:=_F1,+ > B_FI(tx,y,2) =y

M > pdsolve( [ pdel0]);
1

Jwe JBdtdt+_F2(x,y, z)] eHi%B] dt]

M > pdsolve( [ pded, pdeS5, pde6, pdel0])

[ 5]

_FI(t,x,y,2) =
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A1) =A(1), B(1) =B(1), C(1) = C(1), _F1(6,x,3,2) =2_Cl +_C2+ ——,_F2(4,x,,7) =
i |
(24,_Cl_c;+4,_C2_c, +At—A(f)) x

) A() _e, +_FS,_F3(4x,2) = -_FS5(ty,2) m
N 2mxAt_CI N mxAt_CZ N mxAtt Comx ZBt_CI - Bt_CZ - Btt
A(1) A(1) _Alt)  _e B(?) B(1) ¢, B(1)
1 2mxA,_CI mxA,_C2
+I y+_F6(t,x,z),_F4(t,x,y,z)—J(—_FSym)dz+ A0 + 40
mxAt 2C_CI C,_C2 Ct
! t— t— mx ¢
_c, A(1) C(1) C(t) ¢, _¢,Cln) +_c1 z+_F7(x,y), P

B 2y_c, —2
(2_CI+_C2) ¢, +1

M > pdsolve( [ pde7, pde8, pde9, pdel0])

S FoG)
A(1) =A(1), B(r) =0, C(1) = - L —& " _F10(2) A(#)

e2 mx

t
,_FI(t,x,y,2)=_C2+2_CI + —
-1

0
2.0 =_B30) + (| F70n5) ) 100, _F3l05.5,5) =_FS(50),
2 v_e — 2

_F4(t,x,y,2) =_F7(t,x,z) +_F6(t,y,2), B(2) = 2 Cl+ C2) c 41
- ="

_2mx _ 2\ /4
A0 =A(0), Bl == 0 A"),C(t)=—(—F9(Z)mz AL Frgxyz)=_c2

t 0
+2 _CI+ T,_FZ(t, x,y,z)=_F7(t,x) + [Ja _F5(t,x,y) dy] _F9(t), _F3(t,x,y,z2)
-1

2 v_e — 2
(2_c1 —I—_CZ)_c1 +1

J ™ F8(r) Fl1(1) A(f) - J -™ F11(1) A1)

eme_Fs(t) eme

=_F5(t,x,y),_F4(t,x,y,z) =_F6(t, z), B(t) =

A(2) =A(1), B(1) = -

B_Fl(t’x’y’

0
7)=_C2+2_CIl+ %,_FZ(t,x,y,z) = F9(t,x) + UE _F6(t,x,z) dz) _F11(t), _F3(t,
-1

d
xo32) = F5(6,0,2),_F4(t %3, 2) =_F6(t,x,7) + [ J o F5(52) dyj _F8(1), B()

2 v_e — 2
(2_C1+_C2) ¢, tt

M > pdsolve( [ pdel, pde2, pde3])
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1
A(t) =0,B(t) == C(t) =0a_F1(t9x9y9 Z) =_F5(tay)s_F2(t9x9ya z) =_F2(taxsy’

™ F10(r)
d
7), F3(t,x,y,2)=_FII1(y) +J_F10(t) > _F5(t,y)dt+_F8(y,z) +_F6(x,y,z), F4(t,
x,y,z)=_F4(t,x,y,7)

A(f) = - ————  B(1) = ! , C(0) =C(8),_FI(t,x,3,2) =_FS5(t,x,),_F2(,x,

, B(
v _F10() ™ FI5(1)

0
»z)=_F9(yx) +J'_F10(t) E _F5(t,x,y) dt+_F6(x,y,z),_F3(t,x,y,z) =_FI4(y, x)

0
+J_F15(t) a _F5(t,x,y)dt+ Fl1I(x,y,z), F4(t,x,y,z)=_FI16(x,y,z)

1 1 1
At)=-——,B(t) =-——, C() = - —————, _FI(t, x, y,2)
_F7(7) "™ F10(1) "™ FI13(1)
0
=_F1(t’xay’ z)s_FZ(t’ X, Vs z) =_F6(zaysx) +J_F7(t) a _Fl(ta X, Vs z) dts_F3(t’ X, Vs z)
9
=_F9(z,y,x) +J_F10(t) m _FI(t,x,y,z) dt,_F4(t,x,y,z) =_FI12(z,y,x) +
0
J_FI.?(t) — FI(t,x,y,7) dt
0z
1 1 1
A(t)=_—aB(t)= 9C(t)= ’_Fl(tsxayaz) =_F1(t’xa
_F7(2) ™ F10(r) ™ FI3(1)
0
»z),_F2(t,x,y,z) =_F6(z,y,x) +J_F7(t) o _FI(t,x,y,z) dt,_F3(t,x,y,2) =_F9(z,,

0 0
x) +J_F10(t) a_y _Fl(t,x,y,z) dt,_F4(t,x,y,z)=_FI2(z,p,x) +J_F13(t) % _FI(tx,
»,z) dt

M > pdsolve( [ pde7, pde8, pde9, pdel0])
1/4
1(-_Fo(n?) A1)

2 mx
e T P A o - L _FI(tx,3,5) =_C2

e2 mx e

A(1) =A(1), B(1) = -
t 0
+2 CI+ T,_FZ(t,x,y,z) = F7(t,x) + [Ja _F5(t,x,y) dy] _F9(t), F3(t,x,y,z2)
-1
2\|!_cl—2
(2_c1 +_C2)_c1+t

=_F5(tx,y), _F4(t,x,y,z) =_F6(1z),B(7) =

_,2mx _2mx
A0 =(0), B = =5 A = =T AL i xyz)=_c2

t 0 )
+2_CI+ _—CI,_FZ(t,x,y,z) = FI10(t,x) + (J’a _F6(t,x,z) dz] _FI12(1) + [JE

_F5(t,x,y) dy) _F9(t),_F3(t,x,y,z)=_F5(t,x,y),_F4(t,x,y,z) =_F6(t,x,z), B(t)

21|l_c1 -2

(2_CI1+_C2) _c, +t
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