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Abstract 

 
In this paper the Killing vectors admitted by a spherically symmetric Space-

time using a Spherically Symmetric co-ordinate system in wide sense is 

studied. 
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1 Introduction 
 
The concept of spherical symmetry is connected with the group of motion which satisfies 

the Killing equation 

 

Ki;j + Kj;i = 0 (1) 

 

(; represent the covariant derivative.) 

The vector K
i
 is called the Killing vector. As it plays a major role in spherical symmetry, 

it is desirable to identify it. 

 

In this paper we have taken up the most general spherically symmetric line  

 ele ment  

ds
2 = −Adr

2 − B(dθ
2
 + sin

2
 θdφ

2
) + Cdt

2
 + 4Ddrdt, (2) 

where A, B, C and D are the functions of r and t, for the determination of the Killing 

vectors. 
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2 Killing equation 
 
The Killing equation (1) can be written as 

 
K

h
gij,h + gihK

h 
+ ghj K

h 
= 0 

,j ,i 

 

(, denotes the partial derivative) which for the line element (2) gives 
 

A
J
K

1
 + 2AK

1
 + A

˙
K

4 − 4DK
4
  = 0, (3) 

,r ,r 
 

AK
1
 + BK

2 − 2DK
4
 = 0, (4) 

AK
1
 + B sin

2
 

θK
3 − 2DK

4
 

= 0, (5)

2D
J
K

1 − AK
1
 + 2DK

1
 + 2D

˙ 

M
K4 + 2DK

4
 + CK

4
 

= 0, (6)

 

B
’
K

1
 + 2BK

2
  + B

˙ M
K

4
 = 0, (7) 

2
 + sin

2
 θK

3
 = 0, (8)

2DK
1 − BK

2
 + 

CK
4
 

= 0, (9)

 

B
’
 sin θK

1
 + 2B cos θK

2
 + 2B sin θK

3
  + B

˙  M
sin θK

4
 = 0, (10) 

2DK
1
 

— B sinθ K + CK 

= 0,

 (1

1)
 

C
’
K

1
 + 4DK

1
 + C

    M
K

4
 + 2CK

4
 = 0, (12) 

,t ,t 
 

where A
˙ 

= A,t and A
J
 = A,r etc. 

These are ten  equations  in  four  K
i
, i  = 1, 2, 3, 4  which  are  the  functions  of (r, θ, 

φ, t).
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Differentiating equation (4) and (5) with respect to φ and  θ respectively,  we obtain

 
 

and 

−AK
1
,θφ – BK

2
,rφ + 2DK

4
, θφ  = 0,

−AK
1
,θφ − 2B sin θ cos θK

3
,r − B sin

2
  θK

3
,rθ + 4DK

4
 θφ = 0. 

Their K
1
 and K

4
 eliminant yield 

 
2 3 2 3 

−K,rφ + 2 sin θ cos θK,r + sin θK,rθ = 0. 

 

Then using equation (8) we get 
3 
,
r
θ 

+ cot θK
3
 = 0,

which on integration gives  
K

3
 + cot θK

3 = −a1(φ, t). (13)
 

This a1 should be a function of (θ, φ, t) but to avoid the tedious nature of the results, we 

assume a1 = a1(φ, t). [Takeno(1966) has also adopted this view]. 

Equation (13) is the linear partial differential equation in K
3
 with integrating  factor 

sin θ. Therefore its solution is 

 

K
3
 = a1(φ, t) cot θ + a2(r, φ, t)/ sin θ. (14) 

Taking the help of equation (7), equation (10) simplifies to

θK,θ + — sin 

cos θK 

+ sin θK
3
  = 0.

 

Differentiating this partially with respect to φ and using equation (8), we get 

sin
2
 θK

3
   + sin θ cos 

θK
3
 + K

3
 

= 0.

,θθ ,θ ,φφ 

 

Substituting the value of K
3
 from (14) we obtain 

 

a1 = b1 cos φ + b2 sin φ, b = b(t)
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a2 = d1 cos φ + d2 sin φ, d = d(r, t). 
 

Finally we get 
 

K
3
 = (b1 cos φ + b2 sin φ) cot θ + (d1 cos φ + d2 sin φ)/ sin θ (15) 

Now equation (8), when combined with equation (15), gives K
2
 as 

K
2
 = (b1 sin φ − b2 cos φ) + (d1 sin φ − d2 cos φ) cos θ + g, (16) 

where g = g(r, θ, t). 

Now equations (7), (8), (10) and (16) give 
 

g,θθ − cot θg,θ + cosec
2
θg = 0, 

and one of its solution is 

 
 

Then (16) simplifies to 

 
g = − sin θd3(r, t).

 

K
2
 = (b1 sin φ − b2 cos φ) + (d1 sin φ − d2 cos φ) cos θ − d3 sin θ. (17) 

Differentiating equation (7) with respect to θ and then  using  equation  (4),  we 

obtain

(2DB
J
 + AB

˙ 
)K

1
  + BB

˙ 
K

2
 + 

4BDK
2
= 0
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With the help of (17) above equation becomes 

 
Where f = f(r,ψ,t) 
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