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CHAPTER - IX

Charged Perfect Fluid in Hull Electromaantic Field

*• lE&sgfrytiQn t

The properties of relativistic null fluid am 
investigated bp Vaidya (1951)* while tha universes fIliad 
with ralativiatic duat distribution ara studiad by Ossvath 
(1966) • Tha work of Bonnor and Vaidya (1970) is mainly 
concamad only with ralativiatic charged distribution with 
a null currant* Tha apharical symmetry is used in the work 
of Vaidya (1951) whereas, tha homogeneous space times ara 
utilised in tha work of Ossvath* Tha study of stationary 
null electromagnetic field coexisting with dust distribution 
viewed with the angle of pure radiation fields with proro
gation vectors as killing vectors is due to Banarjl (1970)*
A study of ortho no ratal congruences in charged dust is 
carried out toy Oumaste in 1984* This study has become 
feasible due to a tetrad whose members have immediate 
physical significance* This work also explores the Fermi 
Walker transport of the stress tensors of certain known fluid 
distributions*

The main ate of this Chapter is to project some 
characteristic features of the space time filled with charged 
perfect fluid coexisting with null electromagnetic field*
The well known Newman Penrose formalism emboiding a complex
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null tetrad is used in ths tcact of this Chapter*

Ths Section 2 deals with the fore of the stress energy 
tensor of charged perfect fluid in null electromagnetic 
field under the specific choice of time like vector expressible 
in terms of real null tetrad vectors* The comprehensive 
decomposition of this stress energy tensor is also given in 
this section* The Ricci tensor and its N.P. concomitants 
together with Ricci scalars are presented in Section 3* The 
Max»ieil,8 equations and the relevant consequences are discussed 
in Section 4* Zn Section S we give Ricci identities and N*P* 
equations relevant to the charged perfect fluid in null 
electromagnetic field* The next Section 6 contains Bianchl 
identities and associated consequences by keeping in view 
the space time of charged perfect fluid in null electromagnetic 
field* The energy balance equations and equations of conti
nuity are derived in the last Section ?•

2* The form of stress energy tensor i

The special choice for the flow vector i

The time like flow vector u* which is unitary in 

character is expressible through tetrad vectors as their 
linear combination* We mainly use the two expressions given 
by

(A) u* • 2-1/a (1* ♦ n* ) **• (2.1)

- 2-1/2 (** ♦ 5* )(B) u • e e (2.2)
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Note that tha simultaneous use of thesa two expressions 
for tha time lika vac tor u* la ambiguous. wa mainly uaa tha 
typa (A) in all further derivations.

Stress Energy Tensor for Null Electromacnetlc Field $

By tha choice of expreasion (2.1) for tha flow vector 
tha axpraaaion (4.22) of Chapter I for tha atraaa energy tanaor 
for null electromagnetic field ia given by,

(am) * • l Jtff l^ljj « ••• (2*3)

Tha atraaa energy tanaor for perfect fluid i

Tha wall known form of tha atraaa energy tanaor for 
relativiatic perfect fluid ia

Tab <p*f > • C p* ♦ p> - PBab (2.4)

where p ia tha isotropic pressure.
p* is the proper energy density.

This form for the axpraaaion (2*1) becomes

Tab " | (P* ♦ p) 1a1b ♦ < P* ♦ P> B*°b ♦
♦ 2( p* - p) 1(^} ♦ 4p muSb) (2.5)

Bow by coupling together the expressions (2.3) and 
(2.S) for the stress energy tensor for null electromagnetic 
field and relativistic perfect fluid we write the final 
form of the stress energy tensor of charged perfect fluljrfect fluid

Sil^1



25

In null electromagnetic field given by

*ab * | A lalb ♦ B ^"b ♦ c 1(e"b) ♦ 4p *(*%) *•••<2,6)

where A - Utjtfl 2 ♦ p* ♦ p)# ... (2.7)

B • ( p* ♦ p), ... (2.8)
C*»2(p*-p). ... (2.9)

This form (2.6) ie used throughout the future 

calculations.

The decomposition of stress energy tensor i

Following Gnat end Eringen (1966) we have the 

decomposition of the stress energy tensor in the form

•* vs ♦ *; «b ♦ ». ♦ 1 • —
ib

where
; - u*ub ... (2.11)
T •e (2.12)
T" • T 1 Uc ,b c g

Teb
U •

Hote that#

T x 
- c c

-»£ *bc
- <4$ - u**a. >**.

... (2.13)

... (2.14)

... (2.15)
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The physical mailings of thasa components ara as follows i

(i) Kina tic Energy Momentum tan so r s

Tha tan sox’ T u^Ujj appearing in tha above expression 
is tha kina tic anargy momentum. T is than mean energy density ,

Kota that 5 ft T • tJ ,

(ii) Haat flow vector i

Tha 4-vector T* is tha haat flow vector.

(iii) Kon-mechanical momentum i
Tha 4-vector T" is called the non-mechanical

momentum.

<iv) Relativistic stress i

Tha 4-tensor T ^ is tha relativistic stress tensor 

or pressure tensor. Tor tha stress anargy tensor T^, tha 
haat flow vector and non-mechanical momentum ara identical 
as it is symmetric.

Tha values of thasa componants pertaining to charged 
perfect fluid in null electromagnetic field characterised toy 
tha stress anargy tensor (2.6) am as follows

(i) Mean energy density t

T a a a (2.16)
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(11) Heat flow vctor i

| \0\2 Sa ... (2.17)

(ill) Ron mechanical momentum i

*1 - - ifjtfi2 S* ... (2.18)
4 m

(iv) Pressure ttnior i

*•» * ‘ i <*'2 ♦ p) ♦ 2P ... (2.19)

Therefore (2.10) can be written as

*«b - ‘ f* ♦ j <*'* >“.“b - 5<*'2 •(•■faj *

♦ < j l/tf*a ♦ P) Sj^ ♦ 2p ... (2.20)

where _a 8 . i .8 « _ - 2 2 («• . i») ... (2.21)
* IS!

3. Ricci ttnior i»Mi«lon In K.P. version «

To write the value of Ricci tensor for charged 
perfect fluid in null electromagnetic field we use the 
expression (2.6) of the stress energy tensor in the Slnsteints 
field equations given in conventions# so that we have the 
final expression for the Ricci tensor
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ab
-2*1 £( \0\2 ♦ p* ♦ p) lmlh ♦ ( p* ♦ P)na»b + 

♦ 4P l{m%} ♦ 2 ( p* - p) •(.«*, J (3.1)

From this expression we can find the value of ths 
Ricci scalar#

R - ( p* - 3p). ... (3.2)

M utilise the Ricci tensor expression (3*1) and the 
Ricci scaler expression (3.2) to derive ten independent Ricci 
scalers as follows i

*00 * J < p# * P>*

'01 0 #

*10 * 0 *

*02 * 0 •

*20

*11

0#

- C p* ♦ p>8
012

*21

*22

A
i t \0*2 ♦ p* ♦ p )

24r < p* - 3p>

••• (3*3) 

... (3.4) 

... (3.5) 

... (3.6) 

... (3.7) 

... (3.8) 

... (3.9) 

... (3.10) 

... (3.11) 

... (3.12)
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4. Electromagnetic yield Equations s 

Mull electromagnetic field i

F*h - F#«*> • 0 ... (4.1)

where * denotes the dual of the tensor. Under these 

conditions the equation (4.20) of Chapter Z giving the value 

of electnosttgnetic field tensor in terms of Maxwell's scalers 

produces

Jf0 - 0% • 0. 02f O ... (4.2)

Hence the field tensor *ab has the form

pab-jr2 > Ca*bJ * *2 *|sft] ••• (4,3)

i.e* Pab ** ^ ^ fe^hj ^ C.C. ... (4.4)

where 02 » 0

Then by making use of Maxwell's equations

Provides the value of the electric current J in the

form

J* ■ X2 1* ♦ X0*>* - ixd» - Xx «• . ... (4.5)

Here the scalers X^« X2 are source scalers out
of which X0, I2 are real and X^# I^are complex conjugates 

of each other. Xt follows from (4.5)

*0 ■ J*x. * (4.6)
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X_ « ,

lx m J*mm ,
and

J*J# - 2( XQXS - XjXj) .

... (4.7) 

... (4.8)

... (4.9)

Thus whan tha electromagnetic field la null with the 

principle null direction 1* the N.P. version of Maxwell * s 

equations is given toy

D0 - ( p - 2 f )0 - I Xx , ... (4.10)

6 ff - (t - 2fJ ) 0 - | X2 , ... (4.11)

KJS m l i ... (4.12)
2 0

«srjef - | Xj , ... (4.13)

and a I0 ♦ DX2 - 6^ - Sx, « (| ♦ 7 - H - 5 ) XQ ♦

♦ (p - a- i )XX ♦

♦ (p-a-t)^ +(p + p )X2....(4.14)

The electric currant is always conservative 

therefore we write

J ,a - 0, ... (4.15)

This with equation (4.5) yields

X 1*2#a * ♦ XI* ♦ X„ n* ♦ X-n*
2 #• 0/a 0 ia

- X,»* ♦ -a♦ X, m ♦1 la 1/a

X 1l •

-ak, m* f a 0,
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U: (DI2 ♦ Al0 - &IX ♦ 5lx) ♦ (t+?«p-p)X2 ♦

♦ lQ (r+r-x-7) - Xx (5 - a ♦ 3 - T ) ♦
♦ Xx (* - a ♦ 3 - X ) • 0. (4.16)

Lor«nti fource t

The general relativistic Lorents fource Kb has tha 
expression (Brasaan 1978)

(4.17)• • •

If we use aquation (4.5) in this# than tha valua of tha 
Lorents fourca is given by

*b • 3 * lo"b * 51 xo - I * *iH» - i •"<«■«>
THEOREM (1)

Tha Lorents fourca generated by charged perfect fluid 
in null electromagnetic field vanishes if and only if 
XQ - o and 0 Xx - I Ix .

PROOF • necessary Part t Let the Lorents fource produced 
by the charged perfect fluid in null electromagnetic field 
be sero. This with (4.18) after contraction with gives

i.e. IQ - 0, 0 jt o • • • (4.19)

Also by transvecting equation (4.18) with nb we get
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0 1^ - I Ix. ... (4.20)

Hence equations (4.19) and (4.20) give the necessary 
conditions.

Sufficient part i

Let lx • o 
and 0 lx • i

These when substituted in the expression of Lorents 
fource (4.18) we get

*b * °*

Thus the proof is complete.

Freedom condition and Maxwell*s equations •

We start with a reasonable assumption that the null 
congruence 1* is geodesic. This implies that

1* . 1 * 0. ... (4.21)Jb
This in n.p. version becomes

( H h lt - K Ot - K S# • 0. ... (4.22)

Xt follows from (4.22) that the necessary and sufficient 
conditions for the null congruence 1* to be geodesic are

f ♦ f - 0, K - 0. ... (4.23)

Hence for this geodesic null congruence the Maxwell's
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equation (4.12) gives

I0-0.

This value whan substituted in (4*9) wa gat

J*J, - - 2 l Xxl 2 . ... (4.24)

The non-sero source tarn is called a null source according 
as J* is null. Hence for null source we have the condition

Xx * 0# I2 |* O. ... (4.25)

The 4-current vector for such a null source is then can be 
written as

J* - X2 1*. ... (4.26)

Further the Maxwell equation (4.13) under the condition 
(4.25) psovides the condition

ar0 • 0
l.e. o~ m 0 ... (4.2?)

*90/0

Thus the Maxwell * s equations for the null electxoaagnetic 
field with null source are reduced to

k • <r - 0. ... (4.28)

00 - ( p - 2 t ) 0 • 0, ... (4.29)

6 0 - ( T - 28 ) 0 - i X, . ... (4.30)2 4
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Mott * (1) The value of Lorents fource produced by charged 
perfect fluid in null electromagnetic field under source tarn 
as null becomes

Kb • 0 ... (4.31)

Hence the Lorents fource vanishes.

Hots i (2) The expression for the conservation of current 
described by (4.16) following the condition that, the source 
tens is null produces the result

DX2 ♦ X2 ( - p - p ) - 0 ... (4.32)

5. N^P*. Concomitants of Blanchl and Ricci Identities t

(A) Blanchl Identities •

The Blanchl Identities for the charged perfect fluid 
in the null electromagnetic field using (3.3) to (3.12) axe 
given as

(B^) 4y0-Dy1-|4(p*4P) ■ (4a-n) y Q - 2(2 p ♦ f ) y2 ♦
♦ 3K y 2 ♦ i ( p* ♦ P) (I - 2a -20 - K).

(B2) a y Q - 4 y x - Wy - p) y 0 - 2(2T ■•*} y2 *

♦ 2 o- y^ - | ( p* ♦ P) ( A - c )#

(B^) 3( 6 - D y2 ) ♦ | D( p* *► P) - | A ( p*49) •
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- 3 A y 0 - 9 p y2 ♦ £ (a . *) 4 6K y3 ♦

♦ j ♦ P) (jt • 2)i - 2y - 2? ♦ 2 9 - p )#

(b4) 3 (a - 6 y 2) - id ( p* ♦ p) •3 yy0♦ 6(y-i0 y3-

~ 9 ^ ^2 * 6 a 4^3 + p#4*> < T ♦2B-J-2K) -

- | K | 0\2 ,

(b5) 3( 6 - d y 3) ♦ |S ( p* > p) - 6 A - 9 r t^2 ♦

♦ «< t-p)y3 + 3icy4 + i(p* + p)(«»2f-2 y -£)-

♦ * K \0\ 0
4

(®6) 3U - tf y3) ♦ | d( p* ♦ p ♦ ijtfi2) - | a( p* ♦ P) • 

-6 + -t) ^3+3o,y4 +

♦ | ( p* ♦ P) (2)1 - }i + p«2p-2t~2l) ♦

♦ i l^l2 ( p - 2 p - 2t - 2f ),

(B7) J y 3 - © y • 3 A y 2 - 2(o ♦ 2R) y 3 ♦ (4fr - P ) y4+

:,.K
(Bg) A y3 - 6 y4 ♦ i 6 ( »J*|2 ♦ p* ♦ P> » 3 V y2 -

- 2Cy ♦ 2|t> y 3 ♦ (40 ~ T> y4
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♦ i ( p* ♦ P) ( T -20 - 2a - v ) ♦

♦ j \JS\2 ( f - 2? - 2a ),

(Bg) D( p* - p) + J a( p* ♦ P) * ( p* ♦ P) (2r ♦ 2f

(B10) 6 (-2P) » ( p* + P) ( V+ir-T-K) — K \

(Bu) D( Ijtfl2 ♦ p* ♦ P) ♦ a( p* - P) - t*l2t p ♦ p

♦ ( p* ♦ p) (p4-p-ji-|I-2t-2f)

Thi Ricci ld>ntitlti and the 16 K.P. Equations i

The Ricci identity

zi«bc - z\,cb “ zia R^ca . 

in terms of rotation coefficients becomes

*hij)t “ yhiJ|k ~ 7hik»J " rhmJ rik+ rbnk Wi j *

* rhim ( 7mjk * ymkj )#

We cite below a set of eighteen equations (known as 
equations) using equations (3.3) to (3*12)

<NPX) » D o - h • (J2 ♦ o o ) +( ( + ( ) o - K -

♦ | ( o* ♦ P)#

2

- 2t - 2? ) ♦

.. (5.1)

N.P.

K(3«♦?-*) ♦
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(HPj) t D or - 6k « ( p ♦ p ) <r ♦ (3f .(Jo*.

- (!.«♦«♦ 3©)K ♦

(»P3) « DT-AK»<t + *)p+<f + ft)o-+<t-?) -

« K Oy ♦ y ) + #

(NP^) t Do - 6 t • ( p ♦ - 2t )a ♦ 3 O'- pfr • -

• K T ♦ ( ftp) *i

(NPj) i - 6 f * (« ♦ ») cr ♦ { p • I )p • (|i ♦>'#) k -

• («•*)♦ y 3 #

CRP6) t Dy - d t - ( T ♦ 1 )« ♦ ( T ♦ *>p - < T ) y —

- (y ♦ y ) (- ♦TTT 9 - y k*y2-

- -i ( p* • p) ♦ i ( p* ♦ p),
34 1 8 ’

(NP7) t D/\ - In m ( ? x ♦ p p) ♦ »2 ♦ <«-P) - V k -

- < 3 f ~ t ),

■ ( p M )♦**-< t+t)p-

-*<*-£)- V k ♦ v^2 ♦ -i < p* - 3p>,

(MPg) « Dp - 6*
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<np9) • d )/ • a * • (* +?) it + (i +t ) A ♦ (r-r) * -

- (3 k ♦ T ) y ♦ y3 ,

(«p10) • a A - I V • - (^*7 ) - (37-y ) A ♦

♦ (3a ♦ 0 ♦» -T) - Vf/4 .

<NPU> » Sp-U- p (a ♦ 0)- cr (3a -3) ♦ ( p - p ) ♦

♦ (ji, - ji)x - yi #

(B»12> * 8* - 68 * (*i p - A a) ♦ aa ♦ pj) • 2a£ ♦ y( p - p )♦

♦( (p-jl ) - vp2 ♦ L ( p* - 3p) ♦

♦ • ( P* ♦ p)*8 T

wu) . » A-6}i*(p-p) )) + (y - £) * +|i(a ♦ 8) ♦

♦ ^ (a - 3p) - \y3,

(RP^^) 1 6 V - a p • (jt2 ♦AA) + (y + 7)p- V * ♦

♦ (T -3£-a) )«>J(j*a*p*+p),

(np15) 1 67 -8p-(T-a-P>r + iir»o“ V - t V -

• 8(|-7-y)^*<A #

(**PX6 * * * ^ - a <r • (lio-'f/'p) ♦ ( T +8 - « ) -

- (3y - y ) cr - K V •
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(np^7) « a p • 3> T ■ • ( p 5 ♦ cr/l )>(9-«-T)T ♦

♦ly+f ) p ♦ J> * - vf> a - ~ < p* - 3p),

$spi8 ) i y - nr> ♦(?-?)*♦

♦ <5 -T > T - If/3*

Enttov Balance Equation t

The identities

**,b - 0 ... <s.«

for the charged perfect fluid yields the local ‘energy 

balance' equations in the form

|d( jjfl* ♦ p* ♦ P) ♦ A ( p* ~ p) ♦ (p* ♦ p)( 2( ♦ li - p -

♦ p ♦ |i ♦ ♦ Ijfl* (2 2t - p - p )J 1*4>

♦ £ D ( p* - p) ♦ a( p* ♦ p) ♦ Cp* ♦ p) (ptp -2f-2r ) ♦

♦ ( p* - p) < - p - p ) - 2p( p - p )] B* ♦

♦ k ( 0 2 ♦ p* ♦ p) ^ ( p* • p) (»•!)♦ ( p**p) y ♦

♦ 26 p ♦ 2p (Jt-T ) J *»* ♦ C.C. • 0* ••• (5*3)

The equation (5.3) gives the following relations t
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D \f6\* ♦ p* ♦ p) + a( p* - p) ♦ ( p* + p)(2 t ♦ - p -

- p ♦ p ♦ J )+ I^J2 (2 t ♦ 2t • p - p )J • 0# ... (5.4)

D( p* - p) + a ( p* ♦ p) + ( p* ♦ p) (|& + it 2y - 2y ) +

♦ ( p* - p) ( - p - p ) - 2p( p - p ) * 0, ... (5.5)

-4C (\012 ♦ p* ♦ p) ♦ ( p* - p) (* - T ) ♦ ( p* ♦ p) V ♦

♦ 26 p + 2p (* - X ) * 0. ... (5.6)

Sqwtlon of continuity •

The equation of continuity

|p ■ 0. .. (5.7)

in the N.P. version is given by

(D ♦ a) p* ♦ p* ()»♦£♦ t+t-p-p-y-y) ♦

♦p( (-♦t+ii + iI-y-y-p + p)*|D!j0(2-O.

... (5.8)

<2? Amtm «

Ns recall from Section 4 the conditions for geodesic 

null congruence •• follows i

(- ♦ t ■ K ■ a • 0 

Dj6 — ( p - 2 t ) j* • 0

a 0 - ( T -23) H m l i2 ... (5.9)
2 *
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Xf m employ these conditions in the equations (5,4) 

to (5.8) emerging from energy balance equation and continuity 

equation we get

D ( I 012 ♦ p* ♦ p) ♦ a ( p# - p) ♦ ( p* ♦ p) (p + |t • p • p) ♦

♦ f2 ( - p - p ) - 0. (5.10)

D ( p* - p) ♦a ( p* ♦ p) ♦ ( p* ♦ p) (p ♦ JI - 2y - 2f) ♦

♦ ( p* - P) ( - p - p ) -2p ( p - p ) ■ 0# ... (5.11)

(p* - p) (H -TT ) ♦ ( p* ♦ p) v ♦ 26 p ♦ 2p(» -T )-0, ..(5.12)

(o ♦ a) p* ♦ p* (ii + jI-p-^-r-7) ♦ p (ji-ff-y-7- 

- p ♦ p ) ♦ | D \fi\2 • 0. ...(5.13)

6. Special types of flows t

(a) Geodesic Flow i We recall the conditions in H.P. 

version from Chapter X necessary for geodesic flow.

• (- ♦fr+y + 7 *0* ••• (4-D

G4 - G3 - n - k -f ♦ V - 0. ... (8.2)

The equation of continuity for this type of flow gives

(D ♦ a) p* ♦ p* (*i ♦ £ - p - p

p - 2| - 2? ) - 0

2y • 27 ) ♦ P(ji ♦ 7 - p -

A
5960 • • e (6.3)
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(b) Killing Plow i We write the necessary conditions for 

this flow by Chapter X

(* ♦ F • r ♦ 7 *0#

T ♦ )^ *0#

« + 5*»-k - 0#

f - ft ♦ p - ? -0,

<r - ^ • 0. ... (6.4)

Ths aquation of continuity for this typa of flow than bacoroas

(D ♦ a) p* ♦ 2 o p ♦ | D i 0i2 - 0

i.a., (D ♦ a) p* ■ -2 p* p - i D |J0/2 . ... (6.5)

This shows that p* is invariant provided the variation in 

I J0 r is proportional to isotropic prassura p of the fluid. 

Also the equation (5.4) produces

D ( Jjh2 ♦ p * ♦ p) t a ( p* • p) ■ 0. ... (6.6)

Hamms we conclude froai this that, under the regularity 

condition p* » P the quantity (2 p* ♦ 1 Jf I ) is conservative.

(c) Rlold flow • The N.P. version of the necessary conditions 

for this flow are

t ♦?-*-? -0.

ptp-ji-JI " 0#

T ♦ Vtir-Jc ♦ 2C 5 ♦ 6) - 0«
<r - X m o. ... (6.7)
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Vie note that* the continuity equation for the charged fluid 

in null electromagnetic field ha a the same form tinder killing 

flew and Rigid floe of the fluid.

7. Jacobi Deviation Equation s

The expressions relative velocity and relative 

acceleration of the separation vector * of two infinitesi

mally neighbouring curves as measured in the three space 

orthogonal to time-like congruence u* are derived by Hawking 

and Ellis (1973) in the form

JL JL ( y
d s

-L (hb -1
“b 9 C * 9

) m u* JL Vb -' u ib ^ Y *

-1- ye > - - **bcd ± Yc»b“a

(7.1)

♦ *b»b#c± yc^Vyc (7.2)

respectively.

Here is projection operator which projects the 

quantity in three space with the help of three space operator 
• For the choice of time-like vector ua . 2~$ (la+ n*) 

we derive the equations (7.1) and (7.2) in fc.P. version.

Hence the equation of relative velocity (7.1) becomes

<r + 7X1% -!>%)♦

♦ ( f ♦ t) ( 1*1^ ♦ D*U^ + T — (« ♦ ? ) ♦

li 1 Vq . 2-
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♦ ( V • T ) «*lb ♦ ( cr - A ) mV^ ♦ ( p - |*) ■*5b ♦

♦ (* - k)**!^ ♦ (a ♦ S )»*% j ♦ c.cj ... (7.3)

«

The geodesic deviation equation Cor charged perfect 

fluid in null electromagnetic field can be written by using 

N.P. formalism in the following way

< “ “5 ^~X yC> • - 5 [ 'fx {<W *

♦ (1* - n*) s»c^ ♦ c.c. ♦ “c * ♦ «^) ♦

♦ j ♦ c.c. - y3 | (lcnc)m* ♦ (l*n*) mc J - c.c^j±Y 

( - 2 p* + 18 p) 1*1^ ♦ (- 2 p* ♦18p)n*nc ♦

♦ (- 4 p* ♦ 30 p) l®nc ♦ (- 4 p* ♦ 30 p) n*le ♦ 2(4 p* ♦

♦ 3 1012 ♦ 12p) m^* mc)J ♦ £ 6• • 31 (1* ♦ n*)

«b + v] \ *l

♦ ( y+Jt-k-fjJ®* C.C.^

♦ ^ ^(y ^ 7 ♦ C- ♦ F > (l*-n*) ♦ (y«*»-k-T)m* +

1 ,

1_
24

(?♦?♦(-♦(■) (lb - nb) ♦

ivS

♦ c.c.

♦ ( V* « - k -T > C.c. ... (7.4)

Remarks i (1). For the relativistic charged dust the flow 

becomes geodesic and then the equations (7.3) and (7.4) are
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just as ths aquations darivad by Oumaste (1984) for charged 

dust distribution.

(2) Prom aquation (7.4) one can derive the necessary 

and sufficient conditions (kinematicel and dynamitical) for 

relative acceleration to vanish.

8. WKYL YSKSOR FIELD i

We have introduced the concept of vreyl conformal 

curteture tensor C#bcd and the associated scalars. So we 

write Riemannian curvature tensor in terms of Weyl tensor. 

Ricci tensor and Ricci scalars through the relation

R«bcd * Cabcd ♦ 5 <9.eRbd - 9«d Rbc - ®bc R.d ♦ ♦

+ f («.d ®bc * 9«.9bd) «• ••• «•!>

The first term on R.H.s. describes the free gravitational 

field and the remaining terms exhibit the gravitational field 

due to matter. The trace free weyl tensor characterising 

free gravitational field plays an important role in the 

description, algebraic classification of matter fields 

Carmeli (1982).

By making use of weyl tensor some new concepts as 

electric type component and magnetic type component are 

introduced by S.M.Glass (1975). According to him we have 

the defining expression for the electric part and magnetic
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part of weyl tensor are respectively given by

*«e " c«bcd • ••• <8*2)
B„ » c**tcd • ••• <8*3)

i.e. in N.p. forma 11am

tac - ( y2 ♦ y2 ) [v,vc - «u5e)J ♦
♦ ‘ h - vs > [ *<*ne> - ■(."«)]♦

• • ( V|/q ♦ -» c.c.
c. -

••• (8,4)

B <■ Hac ac
- 1 ( y2 - \p2) [v,Vc -

. 1 ( yx ♦ y3 ) [lu»c) - »unc)J

♦ | i (Cj^o - y4> vv + c*c*
- c,c,4- 
... (8,5)

where * denotes dual tensor fiald. Zt follows from these 
expressions that both the defined tensors are symmetric# 
trace free and orthogonal to u*.

The Meyl tensor also can be expressed in terms of 
electric type and magnetic type components by utilising 
the Bianchl identities as

Cabcd " (gabe« gcdiJ " ^CdiJ* u#uA "

’ <gabef **cdij ***abef gcdij * ******** ••• (8.10)

Note • All the above expressions can be rewritten
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»*P* formal ier by replacing tha valuta of tlme»like vector u 
in terms of real tetrad vectors*

9* gravitational Tidal force s

Bon-unlformaties in gravitational fields are called 
tidal forces# these tidal forces prevent the construction 
of global inertial frames* It follows from geodesic# 
deviation equation that the tidal forces of a gravitational 
field (which cause trajectories of neighbouring particles 
to diverge) can be represented by curveture of the space 
time in which particle follow geodesic Schuts (1985)•

The gravitational tidal force has the mathematical 
description as u**u^« Hence the gravitational tidal

force is described by electric type component as defined in 
earlier Section 8*

Claim i If the gravitational tidal force is divergence 
free then

(i) ( \f/2 * vpj > * 0* or 

(ii) ( p ♦ p ) + 2( t ♦ f ) » ♦ js) + 2(y+y)«

Proof « Ne have the divergence relation (Glass 1974) •

^ ♦ n»«R.b - #b *«b ♦ ** B«b

* u« cd Kcd •
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This when contracted with u we get

B® £ ■ ti gr K
ca a v cd ... (9.1)

This is N.P. formalism becomes

8® 8.ca < r2 **2 ’ ( p ♦ p ) • (|4 ♦ ji) ♦2/2

♦ (f+t)-2(ir + T)J
Hence when gravitational tidal force is divergence free then

V* E_ « 0ca

which Interns implies from above equation that

( ^2 4 W ( p + p ) - (|i4p) ♦ 2( (r ♦ i ) - 2(y*?)| -0
i.e. < 4 ^2 * 0 ) or

( p + p ) ♦ 2 ( t ♦ fr ) » (ji ♦ £) ♦ 2(| ♦ y)*

Hence the required result.
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APPSKDIX

(Aj) . Einstein Sealare « We have the value of Einstein 

tensor, 0^ ■ j Rg^. So ve calculate the Independent

acalars for aa

<•> °00 “ - J °«b l**b

- J < p* ♦ p ) .

<W o0l * - 3 °.b ^

- 0 )

(c) Q02 - - 5 mV5

- 0 .

(<5) °10 " | °ab ** “b

■ 0 >

(e) Gu - - i (lV ♦ »* 5b )

■ | < p* ♦ P>#

(*> 0„ - - | n*J*

,

(s> 020 - - | 0^ 5* 5b

0,
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• 0#

<i> C22 - - i »*«b

■ j ( IjtfI ♦ p* ♦ p) • ••• (^x*i)

we observe that* Einstein scalars are same as Ricci 

scalars*

(Aj) (a) Stress energy tensor of perfect fluid in null 

electxomagnetif field for the choice (B)

u* - 2~^2 (m* ♦ i* ) ... (A. ,)
2e A

for above choice

Trt> <«») “ 5 l^,a X»lb • ••• <a2.2>

T«b (p.t ) ’ 5 ‘ P* + f) [ mA, * 5. ^>] -

* *(a®b) ” ^ o**>p) ra(a®*i>)* ... (a2^3)

Therefore stress energy tensor of perfect fluid in 

null electromagnetic field for above choice of u* is given by

*ab - 21 [||f! 2 lalb ♦ < p* ♦ p) (m^ «■ 5^ ) -

- 4p *u“b) - a c o* - p ) «u*b)J ... <*2>4 )

IMB. BALASAHEB KHARBEKAR LIBRA*
WIVAJI UNIVERSITY irn»
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(A2) (b) Ricci tensor expressing in N.P. version for the 
choice of u* ■ 3*^* («§ ♦ 5* ) i

The expression of Ricci tensor for charged perfect 

fluid in null electromagnetic field for above choice of u* 

using Einstein's field equations is given by

•i r 2 • -R^ • - 2 \0\ l#lb t ( p* t p) «b> •

- *< f* - P> *(,%) - 2 ( p* - p) ■(,5bjJ.

***^A2.5 *

- -1/2 -
(a3) Ricci scalar for the choice u ■ 2 (m ♦ » )

From given by (*2.4*

T* - T - R - ( p* - 3p ) ... <a3#x>

we use the Ricci expression given in(A2) and R to 

calculate ten independent Ricci scalars as follows*

*00 " *01 “ *10 " *13 " *21 “ 0#

0O2 • U/4H p* ♦ p ).

J*u - ( - 1/8) < p* ♦ p),

J^20 » (1/4) (p* ♦ p)#

*22* V4 IJfl*

<A3.2*1/24 ( p* - 3p) • e e


