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A STUDY OF ELECTRIC AND MAGNETIC PARTS OF WEYL 

TENSOR IN KERR-NEWMAN SPACE-TIME.

1. Introduction:
The purpose of this chapter is

(i) To exploit the NP tetrad formalism for the analysis of electric and 

magnetic parts of the Weyl tensor.

(ii) To determine explicitly the electric part and magnetic part of Weyl tensor 

in terms of angular momentum and charge of the gravitating body in the 

Kerr-Newman space-time.

(iii) To identify the cause of electric field and magnetic field in the Kerr- 

Newman space-time.

All static space-times are known to be purely electric space-times. There are 

very few known examples of purely magnetic space-times; one such example is due 

to Misra et al. (1968). McIntosh et al. (1994) have proclaimed that there may not be 

purely magnetic non-flat vacuum solution. Haddow (1995) has shown that all vacuum 

purely magnetic solutions are of Petro type I.

By noting the important role of purely electric and purely magnetic space- 

times, Ahsan (1999) has investigated the relativistic problems having purely magnetic 

or electric part of Weyl tensor. He has shown that the Weyl tensor for Godel Universe 

is purely electric but not magnetic. Hasmani et al. (2008) have recently shown that the 

parameter related to the vorticity of the fluid with reference to the Godel universe 

causes the electric field.

The material of this chapter is organized as follows: In the Section 2, we 

exploit the ‘amazingly’ useful Newman-Penrose tetrad formalism to study the Kerr- 

Newman space-time. The tetrad components of Connection 1-forms, Curvature 2- 

forms with respect to the chosen basis vectors are determined. In the next two 

Sections, the tetrad components of Curvature tensor and Weyl tensor that are pertinent 

to study the electric and the magnetic parts of Weyl tensor are described. The 

expressions for the electric and the magnetic parts of the Weyl tensor with reference 

to the Kerr-Newman space-time are obtained in terms of basis of the tetrad in the 

Section 5. It has been shown that both the angular momentum per unit mass and the
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electric charge of the gravitating body are the sources of the electric part and the 

magnetic part of the Weyl tensor. We have seen that if the angular momentum per 

unit mass of a gravitating body is zero, the magnetic part of the Weyl tensor ceases to 

be zero in the Kerr-Newman space-time while the electric part still exists.

2. The Kerr-Newman space-time:
In 1965, Ezra Newman found the axisymmetric solution of Einstein’s field 

equation for black hole which is both rotating and electrically charged. It is 

generalization of Kerr metric for an uncharged spinning point mass which had been 

discovered by Roy Kerr (1963). It describes the geometry of space-time in the vicinity 

of rotating mass ‘m’ with charge ‘e\ It is known as the Kerr-Newman space-time and 

it is characterized by the metric
d2

ds2 =[1-R~2(2mr-e2)]dt2 + 2aR~2 (2mr - e2 )sin2 9dtd<f>------dr2 - R2 d92 -
A

-[(r2 +a2)2 -Aa2 sin2 9]R"2 sin20df-
...(2.1)

where, R2 = R R* = r2 +a2 cos2 6 , R = r + iacos9 ,

A = r2 -2mr + a2 +e2 , R* = r-iacos0.

and m = mass,

a = angular momentum per unit mass, 

e = the charge of the gravitating body.

The covariant components of the metric tensor are given by

gu =1-R~2(2mr-e2) ; gu = aR"2{2mr-e2)sin2 9 ;

; &>=-*’; -P-2)
A

&44 =_[(r2 +a2)2 - Aa2 sin2 0}R~2 sin2 9.

To obtain the tetrad vectors with respect to the given space-time, we express the 

metric (2.1) in terms of the basis 1-forms as

ds2 =20l02 -29204 ...(2.3)

where the basis 1-forms 0a are
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A , 1 , aA . 2 ,,9 =—-dt + —dr----- -sm Odd) ,
2 R2 2 2R2

R2 
A

/a sin#

92 =dt-^—dr-asm

93 =
, i?2 i(r2+a2) . ...

dt+  —dO------ —-sm9d<j) , ...(2.4)
4lR' 42R* 4lR*

z'asin# 7?2 i(r2+a2) . ...
42R 42R 42 R

Now, the definition of basis 1-forms 9a = e\a]dx' and the equation (2.4) gives the 

vector fields of the NP complex null tetrad as 

1/' =-((r2 +a2)8! + A8j2 +a8l) , 
A

1n =
2 R2 

1m =
a/2 R

((r2 + a2)8[-A#' + <*£'), 

(iasm 98{ +8i + icosec&84)

...(2.5)

where 1‘ and n‘ are real null vector fields and m1 is a complex null vector field. The

complex conjugate m’ can be obtained by taking the complex conjugate of ni. These 

vector fields of the tetrad satisfy the orthonormal conditions

I'ri=1 ...(2.6)

and all other inner products are zero.

Solving four equations in (2.4) we obtain,

. (r2 dt =---- + a2)0i ! (r2 +a
A 2 R2

dr = Ol -- A2 02 >
2i?2

d0 = -1
42 U ** J

-92
421 4iT

.(2.7)

a | a nl icosecO 3 icosecO 4
- U----------=r— U ,d<j) = —9l +—r#2+^-_ 

A 2 R2 42R 42R’
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Taking the wedge product of equation (2.7) we get

, . (r2 + ) „i2 /asin0-13 iasmOdr Adt = ----- =—-9U + ^ 9r
_14 /aAsin# /aAsin# „,4
#------ —-rrr 9 + ^ ' __ 6

SR Sr' 2V2 R2R 2V2 R2R

d9 a dt =

dr a d9 -

(r +a)ol3 (r +a)nU (r +a ) n23 (r2 + a ) ^24 _/asin# a34
-# -# #z

JlAR S.AR* 2jl R2R 2jl R2R' R1
-9i

#13 + -9 14 A
9 23 r=7^24,

s[2R Sr' 2V2 R2R 2Sr2R

t ,, a ^12 icosec9 .,3 icosecO _14 i A cosec 9 ^ iAcosecQ dr/\dt(> = —9 +—t=^t-9-----?=—#------—— # +- ^
V2i? V2/T 2SR2R 2SR2R

-92

d9 a d<j) -9 a a g23 a g24 /cosec# „34-#14 -

J2AR SAR' 2-j2R2R 2jlR2R' R1
-#3

, i(a sin9+ {r + a )cosec9) n i(a sin# + (r +a )cosec9) ,4
dt a dm =----------------- =■ —------------- 9 H----------------=——-------------- 9

72 A R SAR'

/(a2sin#-(r2 +a2)cosec9) 23 /(a2sin#-(r2 + a2)coscc#) 24
2^2R2R

-eLi +-
2^2 i?2i?'

#z4 +

+ -^#34 
R2

...(2.8)

These equations will be used for computation purpose in the sequel.

Taking the exterior derivative of the basis 1-forms 9a in equation (2.4) one can 

obtain

d9x = — 
dr

( A A

v2 R2j

( * \
dr a dt + -

89 \2R2 j
d9 a dt-----

dr
aAsin2 6 ^ 

2R1
dr a d(j> ■

d_
89

aAsin2 9
v 2F , d9 a d(j>

Using equations (2.8) and on simplifying we get

d9l =R-4[R2(r-m)-Ar]912+iaos9AR-49M ,

Similarly,

Sa2 sin 9 cos9 ^ V2 a2 sin#cos# „24 2iacos9 
d9 -----------—-------9 +■ '

R2R R2R'
#24 +- #34,

Rz

d03 _ Siarsm9 en +^0n A_g23 (R* cot#-/a sin#) g34
i? 2i?zi? S(R')2
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M‘=^ia™aae»+±e»
r2r r*

A e24 +
2R2R'

(R cot/9 +/a sin 0)
4l (R)2

034

.(2.9)

3. Tetrad Components of Connection 1-Forms ©“p and Curvature 2- 

FormsQ*/?:

To find tetrad components of Connection 1-forms, we start with Cartan’s first 

equation of structure

d0a =~coap a0p a, p = 1,2,3,4. ...(3.1)

where coap are the components of connection 1- forms such that

°>aP + ®Pa =0

=> ©11 = (0 22 = ©33 = ©44

Also „acrco p -rj (0ap

This gives ©*2 =71CX2 = ®22

=> ©' 2 = ©22 - 0

Similarly, we obtain

©'i = -co22 = an ,

0)li = o)42 = ©23 , 

co23 -oo41 - ©,3 ,

©33 — —co44 = ©34 , ...(3.2)

©'4 =6>32 = ©24 ,

0)2A = Gf:\ = ©,4 .

These Connection 1 -forms are defined by 

coap=yapS9s

where yaps = -eg e(‘p) .

It can be shown that

con =-[(£• + e)0l + (y + y)92 +{a + P)9Z +(a + P)04] ,
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o?u = -{k0x + x82 + cr03 + p84) ,

(oX4 = ~(k8x + x Q1 + a83 + p94) , 

co23 = n9x + v 92 + A 93 +p84 ,

<o24 = a0'+v02 + Ad3 + p8c , ...(3.3)

©34 = {s-s)8x +(r-y)02 -{a - p)03 +(a -P)84.

Also from equation (3.1) we obtain

d0l = —Ct)X 1 A 0X — CO12 A 02 —u)13 A03 — ft)14 A04 ,

d02 = -0)2\ A 0X -0)22 a 02 - CO23 A03 - CO24 A04 ,

d&3 = — ft)31 A 0X — O)32 A 02 — (O32, A 03 — OQ34 A 04 , .. .(3.4)

d04 = — ft)41 A 0l — ft)42 A 02 —0)42 A03 — ft)44 A 04 .

To obtain non-vanishing components of Connection 1-forms we choose 

a>\ = Aj0‘ +A202 +A303 +AC04 ,

©S =Bj8l +B202 +B303 +B484 , 

g)14 =Cl0l+C202 +C303 +C404 ,

co22=Dx0x +D202 +D303 +D4&4 , ...(3.5)

a)24 = EX0X + E2&2 + E303 + E404 , 

o)32=Fx0x+F282 +F383 +F484.

where all the coefficients are to be determined. Substituting these values in equations 

(3.4) we obtain

ddx =A20n +(A3 -Bx)013 +(A4-CX)0X4 - B2023 -C2024 +(B4-C3)034 ,

Similarly, we obtain

d02 =At0u -Dx0n -EX0X4 -(A3 +D2)023 -(A4 +E2)024 +(D4 - E3)834 , 

d03 = (E2 -Cx)0n + (E3 -Fx)6X3 + E4 0u + (C3 - F2)023 + C4024 + F4 034, 

d04 =(D2 -Bx)0x2+D3 0n +(D4+Fx) 8'4 +B3023 +(B4 +F2)824 +F3 034 .

...(3.6)
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Now using the equations (2.9) in (3.6) and comparing the corresponding coefficients 

on both sides, we readily obtain

Ax = B2 = B3 = C4 = C2 = Dx = D3 = Ex = E4 = Fx = 0 ,

iasin#
A2=R-*[R\r-m)-Ar]

A=cx =

c

iasin 0 
a/2 (P)2

3 2R1R‘

A3 — By
4i(R)7

B< = 2R R

D2 — E2
iasin G
a/2R1

A

is

F.

R'
E, =

iaA cos6 
R4 ;

(R * cot 0- iasinO)
a/2 (T)2

R

(R cot 6 + iasin 0)
«J2(R)2

Consequently, the non-vanishing tetrad components of Connection 1-forms are:

1 2 n-4r n~i f ^ m2 iasinG _3 iasin# n4
coi=-o)2=R [R(r~m)-Ar]9—^ ^ ^ 6 + , 9 ,

a/2 (R)2 a/2 (R*)2

1 4
CO 3 = CO 2 = - ia sin 0 , A 4

a/2 (R):
-0'

x 3 iasin# x
CO 4 = CO 2

a/2 (R’y
-#'

2R2 R 

A
2R2 R*

04 , 

-#3 ,

2 4 iasin# 2 1® 3 = CO 1 0z+~04,
a/2 i?2 A

...(3.7)

2 3
(0 4 =0) i =- iasin#^2 + ^3

a/2 i?

3 4 ia cos# A© 3 = -<» 4 =-------3--- # +
R4

cot# iasin# ■ + —
a/2 i? a/2 (i?)2

#3 cot# iasin#
,a/2I* a/2(F)2

#4.

Now comparing the coefficients of basis 1-forms #“ of equations (3.3) and (3.7) we 

obtain the spin coefficients as 

K = v- X-a = £ = 0,
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p J. ,

T =
ia sin 6

M =

n = -

2R2R* ’ 

iasinO

a = n - fi , y = ju + 

P coxe

r — m 
2R2 ’

...(3.8)42R2 ’ " 42(R')2’ H 242R

Similarly, to find the tetrad components of Curvature 2-forms Qap, we start with 

Cartan’s Second equations of structure

O"p = d(oap + eoar a (orfi , a, fi, y = 1, 2, 3, 4. ...(3.9)

where from equations (3.7), by taking the exterior derivatives of Connection 1-forms 

we obtain

dco\ =d[IC2(r-m)-R-*Ar]A02 + R'4[R2(r-m)~ Ar]d02 iasinB
42(R)2

d03

ia d
42

On simplifying, we get

sin# „3 ia , sin#
m2\ a# +—.= d

42 .(F)2 _
4 iasm0 4 

a <9 +..h- _—d0
42(R*)2

dco\ ={R-2 -[4r(r-m) + A]R-4 + [4Ar2 -2a2r2 sin2 0]R~6}0n + -l~™0 0°
42{Rf

/a sin# 14
42(R*y

0 + 42 a2 sin#cos# Ar /aAsin#
R6R 242R2(R)3

#23 +

+

+

Ar ia Asin 042 a1 sin#cos# ..— #Z4+
R6R* 242R2(r)

2iacos0R~6[R2(r -m)- Ar] + 2iarcos0R~A + 4/a3rsin2 #cos#iT6]#

Similarly, we obtain

dcoS
/aAsin# ia(r-m) sin (9 0U + iacos0 a2 sin2#

_42R2(Rf 42R2(R)2 _ 2(Rf (I)4
0U +

+

+

+

ia cos 0 a2 sin2 0 (r -m)
2 R2R R2(R)2 R2R

s'1

<1 A2r A2
2 R4R 2 R6R 4 R4(R)2

Acot# 2/a A sin 0

»2 / ~n\2 0U +

+ ■
A2 #24 +

242R2{Rf 242R2(Rf
034
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^S=-iacoAV-toc?lV +
2R R 2 R2R2d*

z'asin# /asin# V2a2sin#cos# cot#
— + •

V2 R2R 42R2R' R4 V2i?2
# 34

dori, = a2rsin2# a2rsin2 0 4/arAcos# 2ia(2r-m)cos0
R*R 4 d *R*R Rc 7T

#12 +

+
/aAsin# iaAsin 0 3V2/aAsin#cos2 0

-I-------——-------------------------—=----------------
r6r

#23 +
V2i?4i? 2V2 i?2(i?)3

/aAsin# /aAsin# V2/a3 Asin#cos2 # 
V2£4F 2yf2R2(R*f 6 D *ir/?

#24 + ...(3.10)

+

1 2iacos0 a2 sin2# 2/acos#
-=— +-----, _ V +•

IT ir/? ir(i?) i?2/u
#34

a2sin2# a2sin2# 2a2cos2 0 
+ R2{R*f R* + R*

From equations (3.9) we obtain for a = /? = 1,

Q'i = dco11 +6)^? /\(or\

Q'i = dct)] 1 + 0)X3 Afl3] +0*4 aco4i 

Using equations (3.7) and (3.10) we obtain

Qli ={R~Z -[4r(r-m) + A]R-4 + [4Ar2 - 2aV2 sin2 #] iT6}# 12 /asin# al3

+

+

iasin0 #13 - ia sin#
j2(R)3 4l{R’y

0H + So 2 sin #cos 0

ft 2 ■ n a Ar , ia Asin 0 V2a sm#cos#—r^ + -
R6R‘ 2yf2R2(R'f

0M +

yf2(Ry 

Ar ia Asin 0
R-R 2V2 R2{If

A A

#° + 

#23 +

2 R2(R)2 2 R2(Rm)2
#34 +

+ [2/acos #J? 6[R2(r-m)-Ar] + 2iarcos0R 4 + 4/aVsin2 0cos0R 6]#34

+
a* sin 0 a sin 0
2 R2(R)2 2 R2(R')2

On simplifying we get

4mr (3r2 - a2 cos2 0)

„u , ia sin0 nU ia Asm 0 n24 ia Asin 0 n22
U H ■—   U-------p= ~U T*   HT"C7

V2 (R’Y 2^2 R4 R 2J2.R4 R*

Qi=-QU =

+ •

R4
2ia cos 0 

~R6

R6
(2mr -e2) 0n +

[2r (2mr -e2)- mR2 ]#34
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Similarly, we obtain

q'3 = q42 = m (2 mr-e2)
g'a,

R2 R R2(R)2

q‘4 = Q32 = m (2 mr-e1)
g'3,[r2 R' R2(R*)2

Q23 = Q4! = m (2 mr-e2)
g2A,

R2 R* R2(R')2

a24 = Q3i = m (2 mr-e2) G23 ,
R2R R2(R)2

...(3.11)

Q33 4 2ia cos G
£2 4 =

6 [imR2 -2r(2mr -e2)]#12 + —----^-^-^-{2mr-e2)G
R R

and all other are zero.

4. Tetrad components of Curvature tensor, Ricci tensor and Weyl 

Tensor:
To find tetrad components of Curvature tensor we start with the definition of 

Curvature 2-forms as

Q.ap =^RaPrS erS ...(4.1)

By giving different values to a, ft, y, S from 1 to 4, equation (4,1) gives

=\r,'° R,„0«

n1. =-Rmlen -R>mea -Raue" -Rm,e” -R,me” -R^e”

Comparing the coefficients of basis 2-forms of this equation with the equation (3.11) 

we get

R\n =-R
4mr (3r -a" cos (9)2, ,11!-—----------^--------(2 mr-e2),
R‘

R'l 34 = R 3 312 = —R\234 =

R6

2iacosG
F [2r(2mr-e1)-mR1]
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Similarly, we obtain

R 1 314 = R 2 423 = R 2314 

R' 413 — R 2324 = -/? 2413

m (2mr - e2)
R2R R2(R)2 ’

m (2mr - e2) 
R2R* ~ R2(R')2

R3334 = i?3434 =i?"6(2wr-e2)(r2 -3a2cos26>) (4.2)

and all other are zero.

Also, we know tetrad components of Ricci tensor Ra/} and Ricci scalar R can be 

defined as

R.,4,

Rap =R\aP2 + ^2ap] ~ ^2a04 ~ ^4afi2

and R = Raprjap ...(4.3)

^ — ^12 + ^21 ^34 ^43

Therefore,
^12 —-^1)22 + ^2121 ^3124 ^4123

— i?12i2 + -^1324 + ^1423

4mr 6mr3 3r2e2 2mral cosz 6 alel cos3 6 2mr.2,2
R\2 = a

R

2 J2

2(2mr -e2) 
^6

R R Re
2 „2____ 2(r -a cos #)

- + ■
R* R

Rn =---- —
R*

Similarly, we get

^34 - ^21 ~ ^43
e ...(4.4)

and all other are zero. 

Thus, Ricci scalar R = 0.
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Now the tetrad components of Weyl tensor are given by

1 R
C-apyS ~ R-apyS + l^itfayRpS + *7 ps^ay ~^aS^Py ~ V py^as) + ~^J1 aS^l Py ~7layTlps)

...(4.5)

This gives the non-vanishing tetrad components of Weyl tensor as follows

1 R
^1212 = -^1212 + ~z(rln^22 + 722^11 —77l2^21 ~ 721 ^12 ) — ~7 (77l2??21 ~rI\\rhl)

6

^1212 “ -^1212 + 2 ( ^21 ^12 )

Q212 ~ -^1212 -^12

c ^ 11212
4mr (3r2 -a2 cos2 0) ?. e2------+ v---------- ---------l(2mr-e2) + ~
R* Rc R'

Similarly,

Gnu = - ^*a~S & [2r (2mr -e2)- mR2 ],
R*

Cv ■
m (2 mr-e2)

23,4 R2R R2(R)2

C
m (2 mr-e2)

24,3 R2R* R2(R*)2
...(4.6)

C3434 = R~\2mr-e2)(r2 -3a1 cos" 0)
R4

We exploit these results for construction of the electric part and the magnetic part of 

the Weyl tensor and study the consequences of angular momentum and charge of the 

gravitating body in causing electric and magnetic parts of the Weyl tensor in the 

following section.

5. Electric and Magnetic Parts of the Weyl tensor:
Consider an observer with a time-like 4-velocity vector. Such an observer will 

measure the electric and magnetic components Ehj and Hhi respectively, of the Weyl 

tensor through the equations

Ehi +iHhl= Qhl =ChijkuJuk ...(5.1)

where Qhi = Qlh ; Qhh = Qh,u‘ = 0 ;
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...(5.2)

and

and

C/tijk ~ Chijk + iChijk

("'* — f mn c
hijk ~~ 2 ./£ ^ himn

mn
where £ is the Levi-Civita permutation symbol.

Here, Chljk is the Weyl Curvature tensor and C*ljk is it’s dual.

Also the electric and magnetic parts of the Weyl tensor Cijkl are respectively defined 

by

and

^ik ~ C yki11J11 

H,k =C]jkluJul

...(5.3)

...(5.4)

The electric and magnetic parts of Weyl tensor are symmetric, u' - orthogonal and 

traceless i.e.

Elk-Ekl, E*uk= 0, Eik g‘k = 0

and Hlk = Hki, Hikuk =0 , Hikg>k = 0. ...(5.5)

The Weyl tensor is said to be purely electric if Hhl = 0 and purely magnetic if Ehi - 0. 

It is known that the Weyl tensor in terms of E and H can be decomposed as 

C// =2ui,Ent‘u,'+S'‘E[\-rj^u,H,vutl ... (5.6)

which can be equivalently written as

c““ = (n"- n“"-g‘"" ur g“" -g<*” ur H„ ... (5.7)

The time-like vector field u‘ in terms of NP tetrad vector fields can be expressed as

1
V2

(/' + n1) ...(5.8)

Consequently, the expressions (5.3) and (5.4) for electric and magnetic parts of the 

Weyl tensor become

Eh/ - 0 Ehjjk U ik

and

where

HhJ =-c;vku ...(5.9)

Uik ={Vlk +Tnk +rilk +n‘nk)

35



Now Weyl tensor can be written as composition of electric and magnetic parts as 

follows

C = F V +F V -FV -F V + — npt,H U ~ — npi!H IJ +—npt'H U hijk ^ik V hj ^ ^hj Y ik ^ij v hk ^hk v ,j ^ ^ '/hi 11 ciju kp ^ ,'h' 11 ‘<k U PI ^ 2 jk “ hi' H

1
2 iq hP

...(5.10)

where VtJ = IJj + 2m(l mrj + nt n;

Hasmani et al. (2008) have defined the tetrad components of electric part of Weyl 

tensor Ehj in to the four real and three complex scalars as

Eu ~EhJlhlj, En = EhjlhnJ

= EhllhmJ,
"13 “ ^hj‘ 

"23 = Ehj >

E22 =Ehjn V,

E„ = Ehi n mJ, En =Ehjmhm J, ...(5.11)

Eu =EhjmhmJ .

Similarly, the tetrad components of the magnetic part of the Weyl tensor Hhj are 

obtained from equation (5.11) just by replacing E by H.

Using equations (5.9) and (5.11) one can determine the tetrad components of electric 

part of the Weyl tensor as 

Eu = EhJlhlJ

^ChiJk(Vlk + Vnk + n'lk +rink)lhlJ 

Chljk(lhl'lJlk +lhl‘lJnk +lhn‘lJlk + /V/V)

2^1111 + *"1112 + *“"1211 + *"1212 )

1 .,
: Tl-"1212

Similarly, we obtain

1
En=-En=E22=-Cm2,

E»=-E2I=~(Cna+Cim),
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-^33 - 2 ^1313 +^2323)’

E» = }(C,321 + C23l4 ) ...(5.12)

Now we express the electric part of the Weyl tensor as a linear combinations of the 

basis of the null tetrad in the form

E^Eyr'eT —(5.13)

Explicitly, we have

E,j=E22lh +E2llinj-E2Jim., - E22l,mj +Enn,lj + Ennln, -

- E^mJj - EuminJ + E^mlm] + £34m,m) - E^m, /, - E^m, nf + EMmt mj +
+ Eyjajn,

Etj = E2il,lj JrEn(hnj+n,lj) + EuninJ-Eu{lim1. + mllJ)-E^{mlnj +nimj)~
~ E2?M, l,)- £,3(m,nj + «, ) + Eumimj + Enm, mj +

+ E34(mi Mj +mi m])

...(5.14)

Using equation (5.12), above equation become 

1
Eij = ^"1^1212 UJj ~2l(inj) + n,nj — 2(C1213 + C\22i)U(imj) ~ mUnj) ] ~

— 2(C12)4 +C,224)[/(,-Wy) — }n{,ft,} j + (C|3i3 + ^2323) mi mj + (Q414 +E'242i)mi mj + 

+ 2(C1324 + C23l4)m()w^}
...(5.15)

Using the set of equations (4.9) in chapter I, equation (5.15) reduces to

Eij = Tj'fcnnUJj ~'2-l(inj) + ninj ] + 2(C]324 + (-2314 )m(j7W2)| ...(5.16)

Likewise the tetrad components of the magnetic part Htj and its expression in

terms of basis of the tetrad are obtained by simply replacing the tetrad components of 

the Weyl tensor by it’s duals in the set of equations (5.12) and (5.16).

However, the tetrad components of the dual Weyl tensor are given by Hasmani et. al 

(2008)

c:pyS=^e/pCaPap ...(5.17)
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This can also be written as

Co.firS ~ 2 SrSr.vTl V PCapap

C'aPrS =2Cap^ySnViaV2P + + * ySU^V'P + S ySjjf* rfP + S ^T]2* 7]*P +

+ ^yS2xVlaVlp +symT]iari'p +ErSnT]iari2p +erS^ariAp +£ymri^n]p +

+w4vp+w4v"j4<x __ 3/0 -

S~1 *
^ afiyd 2 [C ap 2\S ysn +CapnSyS21

- c
- c

ap 23 8 yS 14 

ap 13 8 yS 24

C ap 24 S yS 13 C ap 42 8 yS 31 

C ap 14 8 yS 23 — C afi 41 8 yS 32Cap 32 £ yS 41 

C ap 31 £ yS 42 + C ap 43 £ yg 34 + C ap 34 S /S 43 ]

...(5.18)

By giving different values to the indices a,/3,y,8 from 1 to 4 we can establish the 

following non-vanishing relations between the tetrad components of the Weyl tensor 

and it’s duals as

^1212 — 2 t^'l221£’i212 ^1212^1221 ^1224^1213 ^1242^1231 ^l 223^1214 ^1232^1241

■Cl214£’l223 24l£\232 ■ Cnns1213 °1224
' ^1231^1242 + ^1243 ^1234 ^1234^1243 3

'1243° 1234 ' 1234° 1243 -

...(5.19)

Using definition of Levi-Civita permutation symbol equation (5.19) gives

C\212 ~ ^[^1243^1234 +^1234^1243]

= [ ^1234 —^1234]

C* =- iC'“'1212 ‘'“'1234

Similarly, we obtain

r* =-iC'-'1234 *'-1212 ’ ^1324 _ iC1324 ’ c*'-'3434 -iC3412 ...(5.20)

Using equations (4.6) and (5.20), we obtain the non-vanishing components of the dual 

of Weyl tensor as follows

Qm =~iCm, = -^^-[2r(2mr-e2)~mR2],
'1234 r

c1234
_ 4imr i(3r - a cos d) 2. ie

-1Q212 =—-------------- ^--------- (2mr-e )r r R
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...(5.21), _ _ im i(2mr-e2)
1324 " i?2I* i?2(F)2 ’

C;m =-iCJ412 =-^£f[2r(2mr-e2)-m^].
/C

Now the expressions for £(/ and HtJ with reference to the Kerr-Newman metric 

become

EtJ = ^R~6 {[2mr(r2 -3a2 cos20)-e2(3r2 -a2 cos2 #)][/,/, -2/(;«y) +njnJ]- 

-4[mr (r2 -3a2 cos2 0)-e2(r2 - a2 cos2 #)]m^m^}

...(5.22)

and

HtJ = (-acos6>)i?'6[mr(3r2 -a2 cos2 <9)-2re2][/(/y -2l{inn +ninJ +2m{imj)]

...(5.23)

respectively.

From equations (5.11) and (5.22) we obtain

=~En = E22 =^R~6 [2mr(r2 -3a2 cos20)-e2(3r2 -a2 cos2 6>)] ,

Em =-R^[mr (r2 -3a2 cos2 0)-e2(r2 -a2 cos2 0)] ...(5.24)

and all complex tetrad components of electric part of Weyl tensor are zero.

Similarly, we find

Hu =-Hn =H22 = (-acos0)R~6[mr(3r2 -a2 cos2 0)-2re2] ... (5.25)

and all other complex tetrad components of the magnetic part of the Weyl tensor 

vanish.

At very far distance from the gravitating object i.e. r ->■ c© one can observe that the 

electric and magnetic parts of the Weyl tensor vanish.

6. Conclusion: The expressions for the electric and magnetic parts of the Weyl 

tensor with reference to the Kerr-Newman space-time are obtained in terms of the 

basis of the tetrad. It has been observed that both the angular momentum per unit 

mass and the electric charge of the gravitating body are the sources of the electric part 

and magnetic part of the Weyl tensor. We see that if angular momentum per unit mass
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of a gravitating body is zero, the magnetic part of Weyl tensor ceases to be zero in the 

Kerr-Newman space-time while electric part Ej} still exists.
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