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What is a black hole?
Places where gravity is so extreme it overwhelms all other forces in the Universe. Not even
light can escape the gravity. Nearest black hole is many light years away so it doesn’t
threaten Earth.
❖ It’s an object so compact, it’s gravitational force is strong enough to prevent light and
anything else from escaping.
❖ Cannot see black holes, but can detect matter falling into black holes and being
attracted by black holes.
❖ If the core's mass is more than 2.8 times the mass of the Sun, the force of gravity
overwhelms all other forces and produces a black hole.
❖ Evolutionary endpoints of stars.

What is a black hole? Continued
❖

❖

If a star that massive or bigger undergoes a supernova explosion, it may leave behind
fairly massive burned-out stellar remnant. Without an outward force to oppose
gravitational forces, remnant will collapse on itself. The star eventually collapses to a point
of zero volume and infinite density, creating a “Singularity”. Around it is a region where
the force of gravity is so strong light can’t escape. The surface is called “event horizon”.
Black hole= NOT A COSMIC VACUUM CLEANER.

Schwarzschild Radius
Once you cross inside the Schwarzschild radius you fall into the black hole. At this radius,
the escape speed is equal to the speed of light, and once light passes through, even it
cannot escape.
The Schwarzschild radius can be calculated using the equation for escape speed:
vesc = (2GM/R)1/2
For photons, or objects with no mass, we can substitute c (the speed of light) for Vesc and
find the Schwarzschild radius, R, to be
R = 2GM/c2
R= Schwarzschild radius
G= Gravitational constant
M=Mass of object
C= speed of light for vacuum

What is a black hole? Continued...
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Mass of a star is more than 2.8 times the sun’s it’s core continues to collapse= black
hole
The escape velocity at the event horizon is the speed of light.
More matter= more massive which means the event horizon grows as well (black hole
gets bigger).
Spaghettification is the vertical stretching and horizontal compression of objects into
long thin shapes in a very strong non-homogeneous gravitational field; it is caused by
extreme tidal forces. (only for stellar-mass black holes).
Black holes warp space-time so much that at the event horizon time eventually stops.

History of Black holes
The existence of black holes was proposed for the first time in the 18th century. This
was purely based on the known laws of gravity. The smaller, more massive an object, the
larger gravitational force felt on its surface. John Michell and Pierre-Simon Laplace both
independently argued that if an object were either extremely massive or extremely small, it
might not be possible at all to escape its gravity.

Who discovered black holes?
❖
❖

❖

Term “black hole” was created in 1967 by John Wheeler (American astronomer).
Albert Einstein first predicted black holes in 1916 with his general theory of relativity.
This showed that when a massive star dies it leaves behind a small, dense remnant
core.
The first one was discovered in 1971.

How are black holes born?
Black hole is born:
❖
an object becomes unable to withstand the compressing force of own gravity.
❖ Stellar-mass black holes form when a very massive star runs out of nuclear fuel.
➢ The star then explodes as a supernova. What remains is a black hole.
❖

We know less about the birth of supermassive black holes.
➢ One possibility is that supernova explosions of massive
stars in the early Universe formed stellar-mass black holes that,
over billions of years, grew supermassive.

How do black holes grow?
❖

❖

❖

Black holes grow in mass by capturing nearby matter. Anything that enters the event
horizon cannot escape the black hole's gravity. So objects that do not keep a safe
distance get swallowed.
A black holes diet consists mostly of gas and dust, which fill the otherwise empty space
throughout the Universe. Black holes can also consume material torn from nearby
stars.
Black holes can also grow by colliding and merging with other black holes. This growth
process is what can reveal the presence of a black hole.

What types of black holes are there?
❖

Astronomers measure the mass of black holes by studying the material that orbits around
them.
❖ Black holes can spin around an axis, although the rotation speed cannot exceed some limit.
❖ Astronomers think that many black holes in the Universe probably do spin.
❖ Astronomers believe that all black holes in the Universe are uncharged.
There are two main types of black holes: Stellar black holes and Supermassive black holes. Then
there are different ones depending on their mass.
❖

❖

Stellar
➢ Range from 5 to several tens of solar masses
➢ Scattered throughout galaxies
Supermassive
➢ Range from hundreds of thousands to billions of solar masses
➢
Located at the center of galaxies

If we can’t see them, how do we know they’re there?
❖
❖
❖
❖

A black hole can accrete matter into itself.
As the matter falls or is pulled towards the black hole, it gains kinetic energy, heats up
and is squeezed by tidal forces.
Heating ionizes the atoms, and when the atoms reach a few million Kelvin, they emit Xrays.
X-rays are sent off into space before the matter crosses the Schwarzschild radius and
crashes into the singularity.

What is at the center of a black hole?
❖
❖

The "singularity,"= the point where extremely large amounts of matter are crushed into
an infinitely small amount of space.
There is a curvature of space or a heightened gravity that scientists have observed in
the presence of very large masses like planets and stars at the center of a black hole.
This curve causes a gravitational pull around the center similar to a rubber band.

What’s inside a black hole?
❖
❖

❖
❖

Current theories predict that all the matter in a black hole is piled up in the singularity.
To properly understand the black hole center requires a fusion of the theory of gravity
with the theory that describes the behavior of matter on the smallest scales= quantum
mechanics.
This unifying theory has already been given a name, quantum gravity, but how it
works is still unknown.
Einstein's theory of general relativity allows unusual characteristics for black holes. For
example, the central singularity might form a bridge to another Universe.

How big is a black hole?
❖
❖
❖
❖
❖
❖

Size of the event horizon is proportional to the mass of the black hole.
Some black holes spin around an axis.
Surrounding space is then dragged around, creating a cosmic whirlpool.
Singularity is an infinitely thin ring instead of a point.
Event horizon is composed of two imaginary spheres.
There is a region called the ergosphere, bounded by the static limit, where you are
forced to rotate in the same sense as the black hole although you can still escape.

How many black holes are there?
Stellar black holes:
❖ Our galaxy= 100 million stellar-mass black holes.
❖ Only about a dozen have been identified.
❖ Nearest= about 1,600 lightyears from Earth.
❖ One out of every thousand stars that form is massive enough to become a black hole.
Supermassive black holes:
❖ Amillion to a billion times more massive than our Sun.
❖ In our region of the Universe= about 100 billion supermassive black holes.
❖ Nearest 28,000 light years away.

What happens when black holes collide?
❖
❖
❖
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They will merge to become one bigger black hole.
No one has witnessed one yet.
Such an event would be extremely violent.
We do know that a black hole merger would produce tremendous energy and send
massive ripples(gravitational waves) through the space-time fabric of the Universe.
Gravitational waves have never been directly observed.
Detecting them would provide an important test of our understanding of gravity.
Also provide important new insights into the physics of black holes.

Newton
❖
❖
❖

1687= Newton discovered that all objects attract each other through a gravitational
pull
He continued on to connect space and time by illustrating the constant speed of light.
Objects distort the space-time continuum resulting in what we see as gravity.
Checked his theories, determined that he was correct and now applying our knowledge
of gravity to black holes.

Einstein
❖
❖
❖
❖

Einstein found a new way to describe gravity.
It was not a force, as Sir Isaac Newton had proposed, but a consequence of a distortion
in space and time, conceived together in his theory as 'space-time'.
Matter and energy exist on a background of space and time.
Objects distort the fabric of space-time based on their mass.

Can a black hole bend light rays?
Light rays that pass close to the black hole get caught and cannot escape. Therefore,
the region around the black hole is a dark disk. Light rays that pass a little further away
don't get caught but do get bent by the black hole's gravity. This makes the starfield
appear distorted. It also produces multiple images. You would see two duplicate images of
the same star on opposite sides of the black hole, because light rays passing the black
hole on either side get bent toward you. In fact, there are infinitely many images of each
star, corresponding to light rays that circle the black hole several times before coming
toward you.
Einstein's theory of general relativity predicts that every object bends light rays
through its gravity. This is called gravitational lensing. For our Sun this effect is very
weak, but it has been measured. For more massive and distant objects in the Universe
much stronger lensing has been seen. However, it has not yet been possible to observe
this effect near a black hole, or to directly photograph the dark disk surrounding a black
hole.

Do black holes live forever?
❖
❖
❖
❖

Black holes evaporate, slowly returning their energy to the Universe.
Stephen Hawking proved this in 1974 using the laws of quantum mechanics to study
the region close to a black hole horizon.
The time needed for the black holes to lose much of their mass is unimaginably long.
If much smaller black holes ever existed in the Universe, Hawking's findings would
have been catastrophic.

What instruments do astronomers use to find black
holes?
The black holes in the Universe do not emit any detectable type of light. However,
astronomers can still find them and learn a lot about them. They do this by measuring the visible
light, X-rays and radio waves emitted by material in the immediate environment of a black hole.
For example, when a normal star orbits around a black hole we can measure the speed of the
star by studying the visible light that it emits. Knowledge of this speed can be combined with the
laws of gravity to prove that the star is in fact orbiting a black hole, instead of something else. It
also yields the mass of the black hole. Alternatively, when gas orbits around a black hole it tends
to get very hot because of friction. It then starts emitting X-rays and radio waves. So black holes
can also often be found and studied by looking for bright sources of X-rays and radio waves in
the sky.

Do black holes obey the laws of gravity?
❖
❖

Yes Black holes obey all laws of physics, including the laws of gravity.
Their remarkable properties are in fact a direct consequence of gravity.

Recent!
❖

November 27, 2015 Astronomers caught a black hole destroying a star.
➢

First time we have witnessed this.

❖

Scientists saw a hot flare of matter escape. (hot plasma burp).

❖

First time anyone has successfully picked up the radio signal produced by this jet of
escaping matter.

❖

They’ve been seen before, but never been directly linked to a star being torn apart.
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