четыре ссылки 

_http://www.physics.fsu.edu/courses/fall98/ast1002/section4/blackholes/fig11-13/fig11-132.htm:  
Features of a Kerr Black Hole (2)
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The Kerr black hole consists of a rotating mass at the center, surrounded by two event horizons. The outer event horizon marks the boundary within which an observer cannot resist being dragged around the black hole with space-time. The inner event horizon marks the boundary from within which an observer cannot escape. The volume between the event horizons is known as the ergosphere. 
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A black hole forms when an object collapses to a small size (perhaps to a singularity) and the escape velocity in its neighborhood is so great that light cannot escape. The boundary of this region is called the event horizon because any event that occurs inside is invisible to outside observers. The radius of the region is RS, the Schwarzschild radius. 
_http://web.archive.org/web/20010411085556/http://qso.lanl.gov/~bromley/nu_nofun.html: 
Accretion disk image around an extreme Kerr black hole.
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The colors indicate observed photon frequency shift relative to the frequency of an emission line. The white stripe indicates the location of the contour of zero frequency shift. 

The following plot is the observed flux from a disk of constant emissivity as a function of relative frequency shift. 
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_http://web.archive.org/web/20010411085556/http://www.leonllo.freeservers.com/blackworm.html: 
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Kerr Black Holes




What is a Kerr black hole?

The usual idealised "static" black hole is stationary, unaccelerated, at an arbitarily-large distance from the observer, is perfectly spherical, and has a point-singularity at its centre. 

When one of these idealised black holes rotates, it gets an extra property. It's no longer spherically symmetrical , the receding and approaching edges have different pulling strengths and spectral shifts, and the central singularity is no longer supposed to be a dimensionless point. 
The equatorial bulge in the event horizon can be deduced in several ways. 

... as a sort of centrifugal forces effect. Since it's possible to model the (distantly-observed) hole as having all its mass existing as an infinitely-thin film at the event horizon itself (i.e. where the mass is "seen" to be), you'd expect this virtual film to have a conventional-looking equatorial bulge, through centrifugal forces. 

... as a sort of mass-dilation effect. Viewed from the background frame, the "moving film" of matter ought to appear mass-dilated, and therefore ought to have a greater gravitational effect, producing an increase in the extent of the event horizon. Since the background universe sees the bh equator to be moving faster than the region near the bh poles, the equator should appear more mass-dilated, and should have a horizon that extends further. 

... as a shift effect. This tidy ellipsoidal shape isn't necessarily what people actually see - it's an idealised shape that's designed to illustrate an aspect of the hole's deduced geometry independent of the observer's viewing angle. In fact, the receding and approaching sides of the hole (viewed from the equator) might appear to have different radii, because it's easier for light to reach the observer from the approaching (blueshifted) side than the receding (redshifted) side (these shifts are superimposed on top of the normal Schwarzchild redshift). 
If we calculate these motion shifts using either the SR shift assumptions f'/f = (flat spacetime propagation shift) Ч root[1 - vІ/cІ] or the plain fixed-emitter shift law f'/f = (c-v)/c, and then treat them as "gravitational", then by multiplying the two opposing shifts together and rooting the result, we can get the same averaged dilation factor of f'/f=root(1 - vІ/cІ) in each case, and by applying the averaged value, we recreate the same sort of equatorially-dilated shape that we got in the other two arguments. 

Of course, none of these "film" arguments work for a rotating point, which immediately tells us that the distribution of matter within a rotating black hole is important, and that the usual method of treating the actual extent of a body within the horizon as irrelevant (allowing the use of a point-singularity) no longer works when the hole is rotating (a rotating hole can't be said to contain a point-singularity). 
In the case of a rotating hole, the simplest state that we can claim is equivalent to the rotating film of matter for a distant observer is a ring-singularity. 
Notes 

    The idea of being able to treat a non-rotating black hole as either a point-singularity or a hollow infinitely-thin film is a consequence of the result that the actual mass-distribution is a "null" property for a black hole, as long as it is spherically symmetrical. If the mass fits into a Schwarzchild sphere, the usual static model of a black hole allows the hole's mass to be point-sized, golfball-sized, or of any size up to the size of the event horizon. 
It's usual to treat all the matter as being compacted to a dimensionless point, but sometimes it's useful to go to the other extreme and treat the matter as being at its "observed" position - as an infinitely-thin film at the event horizon (see Thorne's membrane paradigm). 

    The idea of being able to treat all shifts as being propagation effects is something that probably ought to be part of GR - in the context of black holes, the time-dilation effect comes out as a curved-space propagation effect due the enhanced gravitation due to kinetic energy. However, there's a slight "political" problem here, in that GR is supposed to reduce to SR, and SR is usually interpreted as having Lorentz shifts which are supposed to be non-gravitational (because allowing the possibility of gravitational effects upsets the usual SR derivations). A GR-centred physicist might not have a problem with this approach of treating all shift effects as being equivalent, a SR-centred one probably would. 

    The "bulginess" of a Kerr black hole is illustrated on p.293 of the Thorne book (fig 7.9). Thorne says that the effect of the spin on the horizon shape was discovered Larry Smarr in 1973. 
_http://www.astro.ku.dk/~cramer/RelViz/text/geom_web/node4.html  Kerr's rotating Black Holes: 

The Schwarzschild reference frame is static outside the Black Hole, so even though space is curved, and time is slowed down close to the Black Hole, it is much like the absolute space of Newton. But we will need a generalized reference frame in the case of rotating Black Holes. Roy Kerr generalized the Schwarzschild geometry to include rotating stars, and especially rotating Black Holes. Most stars are rotating, so it is natural to expect newly formed Black Holes to process significant rotation too. 
The Kerr metric

In Boyer-Lindquist coordinates the Kerr metric is written: 
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where the coordinate functions are given (with G=c=1): 
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the specific angular momentum is: 
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The physical value of J is for a star like the sun: [image: image9.png]J =1.63-10%gem* /s



corresponding to a=0.185 M. If a=0 we have the Schwarzschild case for a nonrotating Black Hole (or star). 

We define FIDucial Observers (FIDOs) as little (experimental) physicists locatedat each point in spacetime measuring all possible physical quantities in their local proper units. They'll get a hard job in the Kerr geometry. To keep their job, they have to follow the geometry which actually rotates with increasing speed towards the center. How can this be? All physical objects are dragged into circular motion by the Black Hole's rotation. Our FIDOs (which are supposed to be at rest) will follow the (absolute) space around the rotating hole. The Boyer-Lindquist coordinates naturally includes this rotating coordinate system, so in the Kerr reference frame, the geometry actually swirls like the air in a tornado. The angular velocity of a FIDO as viewed from infinity is: 
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Figure 8: The coordinate system rotates with the hole (because of [image: image12.png]


). One straight radius is deformed into a spiral after some time. From left to right: a=0,0; a=0,5 and a=1,0.

The redshift factor [image: image13.png]


is given by the coordinate functions: 
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The metric has some general properties which makes it different from the Schwarzschild metric. It has two horizons (where [image: image15.png]


and [image: image16.png]11



becomes singular), and a static limit inside which nothing can remain at rest: 

· The inner horizon:
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· The outer horizon:
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· The static limit:
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The volume between the horizon, [image: image20.png]"H



and the static limit is called the ergosphere. The Kerr horizon has a different value than the Schwarzschild horizon. As the rotation increases, the inner horizon increases (from 0 to 1M) and the outer horizon decreases (from 2M to 1M). They are coinciding when a=1. The static limit depends on [image: image21.png]


and defines a surface which is attached to the horizon at the poles. In the equator plane ( [image: image22.png]


) [image: image23.png]
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Figure 9: The curvature in Kerr geometry depends on a. The horizon decreases from 2M to 1M.

Curvature

The transition from one 3-D space section to another is carried out in the Schwarzschild reference frame by shifting along the time lines orthogonal to the spatial sections. In the Kerr reference frame it is more complicated, and handled by the Killing vector. When looking at just one slice of space, we are again interested in the curvature close to the Black Hole. I will not try to calculate the curvature tensor of the Kerr metric. I will just assume, that the shift in gravitational radius: [image: image25.png]"9 7 TH



holds in the equator plane. If we make this assumption, the curvature is: 
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Celestial mechanics

The equations of motion of particles that move along geodesics are much more complicated in the Kerr reference frame because the lack of symmetry. With the computer program used earlier I will limit the investigation to numerical calculations. If we perform the same experiment as in the Schwarzschild case - sending lightrays towards the Black Hole with different impact parameters - we observe the symmetry is broken: Figure 3.3 shows 6 values of a: 
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Figure 10: Different impact parameters. The rotation parameter a goes from 0 to 1 in steps of [image: image28.png]


. In the first plot (a=0), the geodesics are symmetric from left to right, and stops at the horizon [image: image29.png]


. By increasing a, the symmetry breaks, and the rotation of the black hole (rotating clockwise) "drags" the light in the same direction as the spacetime right outside the hole's horizon. The horizon is [image: image30.png]


for a=1. 

