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5.8 Kerr spacetime

Next to the Schwarzschild spacetime, the Kerr spacetime is the physically most relevant
example of a spacetime in which lensing can be studied explicitly in terms of the
lightlike geodesics. The Kerr metric is given in Boyer-Lindquist coordinates (r, 7, ¢, 1) as

, [ dr? , 2 oy .2 aa 9 g 2m , .
g = o(r,0)* (3(27) - drﬂ) + (r* + a*)sin®* 9 dyp? — dt* + g(rm;;)z (asin® ddp — dt)*, (118)
where ¢ and A are defined by

o(r, 9)* = r* + a* cos® 0, A(r) =r* = 2mr +d®, (119)

and m and a are two real constants. We assume () <« g < m, with the Schwarzschild
case g = () and the extreme Kerr case a = m as limits. Then the Kerr metric describes a
rotating uncharged black hole of mass m and specific angular momentum a. (The case
a > m, which describes a naked singularity, will be briefly considered at the end of this
section.) The domain of outer communication is the region between the (outer) horizon
at

Ty =m+vm?—a? (120)

and r = oc. It is joined to the region r < r. in such a way that past-oriented ingoing
lightlike geodesics cannot cross the horizon. Thus, for lensing by a Kerr black hole only
the domain of outer communication is of interest unless one wants to study the case of
an observer who has fallen into the black hole.

Historical notes.

The Kerr metric was found by Kerr [181]. The coordinate representation (118@) is due
to Boyer and Lindquist [36]. The literature on lightlike (and timelike) geodesics of the
Kerr metric is abundant (for an overview of the pre-1979 literature, see Sharp [306]).
Detailed accounts on Kerr geodesics can be found in the books by Chandrasekhar [54 »
] and O’Neill [248].



Kerr-Newman metric

From Wikipedia, the free encyclopedia.

The Kerr-Newman metric is a solution of Einstein's general relativity field equation that describes the
spacetime geometry around a charged ( () % 0), rotating (.J % ) black hole of mass m. The Kerr-

Newman metric is:

ds® = -3_ (dt — asin® 26dg)” +

p
A=r?_2mr+a®+ Qz

sin” 9

— [(r* + ) do — adi]” -I—idr-l—p d6>

p° =1 +a’cos’

J

M
The Kerr-Newman metric reduces to the Schwarzschild metric in the uncharged and non-rotating case Q =
a = 0, the Reissner-Nordstrom metric in the non-rotating case a = 0 and the Kerr metric in the uncharged

case Q = 0. The case M = Q = 0 reduces to empty Minkowski space but in an usual spheroidal coordinate
system.

s
Il

As for the Kerr metric, the Kerr-Newman metric defines a black holes only when > + Q3 < M?.

Newman's result represents the most general stationary, axisymmetric solution of Einstein's equations in
presence of an electromagnetic field in four dimensions. Although it represents a generalization of the Kerr
metric, it is not considered as very important for astrophysical purpose since one does not expect that
realistic black holes have an important electric charge.

The Kerr-Newman solution is named after Roy Kerr, discoverer of the uncharged rotating solution named
after him (see Kerr metric) and Ezra Ted Newmann, co-discoverer of the charged solution in 1965.

See also

= Exact solutions in general relativity

Source(s)

= Kerr-Newman Black Hole (http://scienceworld.wolfram.com/physics/Kerr-NewmanBlackHole.html)
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