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The well known Bianchi identities produce after

contraction the local conservation laws

gdb  _ rab o, (1)

The solution of equation (1) do not form the general
solutions of Eingtein Field Equations . So that equations
(1) are known as Weak Conservation Laws. From (1) we

write by using the definition of covariant derivative,

b K b
Tap* T, (bkb - T Thp =0 - (2)

This may be written as

b 1 ab a
bt Itap 9 =0 (3)
where we have
3
tap = (-0)% T, . (4) .
we know that
b

is the energy momentum conservation law in Special
Relativity.

Here equation (3) can be interpreted by Einstein
as the energy momentum law of matter in the presence
of gravitational field. We observe that the equation
(3) cannot be intergrated due to presence of the

b

term %Tab ga Kk ® This non-integrability is the main



hurdle in understanding the conservation laws in
General Relativity.

These conservation laws (1) are used to derive

(i) Equation of Continuity
(ii) Equations of Stream Lines
(iii) Geodesic Deviation Equations

(iv) Heat Generating Equations

pertaining to given infinitely conducting Ferrofluid
described by the stress energy tensor (l.2.9).
We know that Bianchi identities yield via field

equations ,

ab _
T b = 0 .

This for infinitely conducting Ferrofluid produces

b

($fr +Mh2).bUan + (%f+ﬂh2)(ua.bu +URLP,
’ 3

i)

- [p+M(1-%§)h2] bgab - M, hhD _mha nb
; ; ;b

]

-M p3n° = 0,

]
iuelg

(4F+mh? vayl & (%f+Mh2)(Ga+6Ua)

)b

- Y ab _ A, papD a b
[p+A(1-5)0%], g /L;bh h”#h?

-Mahb;b = 0 . (6)
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ELECTROMAGNETIC FIELD EQUATIONS :

(i) The Maxwell equations (1.4,.,7) generate the result
when contracted by Ua

b

.
’

b b, a a b .. b
- U U 4= -
/M3bh A‘J h Ua +m{U ;bh a*’ h ; U

e a
b ,Uah

b _a
-U U = .
h sb a] 0

By using (1.2.3) and (l.2.4) in this equation we get

b b a b
Mg FML0T - T U UT) = 0 (7

(ii) If we transvect the Maxwell equations (l.4.7)

with ha’ then we get an interwesting result

2,,b

h2;gbub +A&[Ua;bhahb+h U ; +3h° ub]= 0. (8)

b 3b

By transvecting the energy balance equation (6) with

Ua we obtain

(§F+Mn2), UL + (3F+mh?) (UPU_+eU%U ) .
’ a a a

Aoy 2 ab a, b a b
~[pem(1-%50n7]  9®Pu, - s hFn0u, -and U
-/Lhahb_bua =0 . (9)

y

The unitary character UaUa =1 implies UaUa = 0 so that
the above equation reduces to

(¢fmn)  UP & (2r+anP)e - [pam(1-2)n2], P

-h?d Py =0 . (10)
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By substituting the value Qf = r+p , the equation (10)

gives
b

[F+ptuh2~p-ﬁi1- )h ] U + (r+p)e +Akh h :b

ajb _
+)LUa;bh W =0 . (11)

If we make use of Maxwell equation (8) in the above

equation we get

2, 2
M h b M2 b 2 b
r+ U + (r+p)e - ==h Y h~u =0
L 5 ];b (r+p) 5" b - ‘b ’
fee
[r+ 2 _.tL.J T treple - -2-h2,bUb =0 . (12)

This the equation of Continuity for Infinitely

Conducting Ferrofluid.

REMARKS s 3
(a) If the magnetic permeability is constant then this

result (12) reduces to

b

r+ (r+p)e + %&hz.bu =0 . (13)
s

This result is due to Maugin (1972).

(b) If we putmis equal to Unity then the result matches

with the continuity equation derived by Lichnerowicz (1967)

(c) In the absence of magnetic field the equation (12)
gives the equation of continuity for perfect filuid

obtained by Ellis (1972).




NOTE:
In case of Relativistic Magnetofluid considered
by Lichnerowicz the continuity equation does not
involve magnetic field in the explicit form. But for
infinitely conducting ferrofluid we observe the clear
effects of magnetic field in the eguation of continuity.
When we substitute the equation of continuity in the

equation (6) we get

(%fﬁuh2).bUan + (RFmh2)U2 + e8FUd +mnpau?
b4

_ My 2 ab a b b a b
[p+m(1 2)h j;bg —Axgbh h —£ﬁ¥666; -Mh ™~
_/{/Lhahb'b = O’
Sy

i.ee

o b
(3f4xn°) | URU® & (8ramn®)(® - [r2(1-Mn2] U
? 3

b a2 b 2 b 2
1 - c a M a a, b
+2j(bU Uh ﬁLhCU ;bh U’ = 2h 'bU U - h y/a U U.

[ ?

]
o
-

- M2 ab _ a, b a b anD
[p+m{1 2)h 1,9 M ph h™ h™ " khd3h T
i.eo,

= p 2 .
Lr+prh2-r¥g(17*)haiﬁ% ] buaub+ (S F4h ) U2
3

b c a a2 ab a
My AP [pam(195)n° ] 0% M h?);b -0,

i'e"

Ay 2 ab 2,02 b, c a
[o+m(15)h ];bp + ($Ff+Mh=)U =MUp.chohoh

-Quhahb);b = 0. (14)

These are equations of stream lines for infinitely

conducting ferrofliuid describing the deviation of

1Y



fluid path from geodesic path.

We have the equation of continuity for infinitely

conducting ferrofluid in the form,
: wn? o2
r+ (rep)e + (m-1)¢ 5 +mh”) = 0 . (15)

We recall the relations interlinking the thermodynamical
variables for polorised and magnetised filuid due to Maugin

(1970) as
r=rg (1+¢€) , (16)

L t(149dn2 (17)

- 1y .
TodS = de + pd(ro) T

= 1+6+ % , (18)

where X is the generalised density.

So we write from equation (16)
. a
r=[r,(1+€)] U , (19)
'3
and also
(r+p)® - r (1+€+jL)Ua. =0 - (20)
0] o sd
When we add equations (19) and (20) then we get
r+(r+p)® = (r V) +r € ¥ 4+ r (2Hyud - 0. (21)
o ;a 0 ja osa "o
Further from relation (17) it follows that

2
roTodS = r dé - ?P(-)dro -4 (1-m)dn” . (22)
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Consequently we get

2

Vr Td8 = r vide - (Ji)uadr - iMm(1-MU3dnh" (23)
o 0 0 ro [s)

Ts U= v - (B ud
Fo 0833 roe,a ( ro)r
foee

-4%w«1-th2.aua . (24)
b
We combine this equation with equation (21) to derive

, a a 1 LD a
. P - L - = 0,
v 4+ (r+P)o (rou );a + roTOS;aU 4+ tm(1-mh ;aU 0
(25)
On employing this equation (25) in the equation of

Continuity (12) we obtain

a ‘2M§;2
aU - {(Mmh +-—2-)X

a a 1 - 2
7{(roU );a + roToS;aU + $M{(1-Mh .
x (1=-M=0, (26)

The law of conservation of baryon numbers which
describes the equation of continuity for the rest mass

( Misner and Sharp , 1964 ) is described by ,
(rv®) =o0. (27)
) sa

So that the equation (26) can finally be put in the form

I
F TS U 4+ 3M(1-Mh2 + (Maq)(EDimn ) = O,
00 :a 2
ie@s,
FrTS U2+ MoaWmn® = 0 (28)
0o 0 sa

Here we conc lude that in the space-time of infinitely
conducting ferrofluid following the law of conservation

of baryon numbers, the flow is adiabatic if and only if
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the magnetic permeability is constant,

Hence we conclude that the flow of infinitely conducting

ferrofluid cannot be adiabatic.

NOTE ¢
Following the result (6) we calculate the transvected
ab

equation T
sb

hy = 0 which implies

(§F+mhZ)  URUPh 4+ (RF4mn?) (UPh_+0URh. )-[ p+m(1-2%)n3] X
3b a a a 2 ;b

x g2 h = . n®hh suh® nPhown® hPhun®h? h. - o,
a s b a ;b a ;b a ;b 8

i

ioe¢,

24 ta Ay, 2 b 2.b,.a b
(3F+mn=)0%n_ —[p+/“(1—-?h ];bh + M NERmh® kP g

wheh? -~ o .
sb

This with Maxwell equation (7) gets reduced to

N 2 b h Ay, 2 b b 2
(r+p)U®h_ +mh° [-nP - ...EJ-[p+/L(1--2-)h h? +4 h°h
P a L sb sb ];b ;b

b
2 h 2.b

iees

(r+p)Ush, - [ p+pm(1-2)n?] h? 4+ a4 2 (mb = 0, (29)
a 2 sb 2 sb

3
This result is equivalent to the result obtained by

Asgekar (1978) which states that the acceleration id

orthogonal to the magnetic field if and only if the pressure

is invarient along the magnetic field., (when jﬁ%is constant]
We write the famous Ricci identities with respect to

time-like vector as given in the form

d
Ua;bc - Ua;cb = Rdabc U~ . (30)
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This with simpliification yields

*

2- -
Rbuaub=e+l92+2e’—2w2-ua . (31)
a 3 sa

But for infinitely conducting ferrofluid we have

RabUan = %(r+3p+auh2-ﬂfhg) . (32)

Hence the Ray Choudhri equation for infinitely conducting

ferrofluid takes the form

-

o+

2 -
J_),e = Hre3psamn2-pn?) 26 +aw® ¢ U3, (33)

This equation is known as the RayChoudhri's equation for

Infinitely Conducting Ferrofluid and clearly shows the

effects of kinematical entities on dynamical quantities

of infinitely conducting ferrofluid.

2¢



