A105 – Stars and Galaxies - Black Holes!

Name _______________________________
A black hole is a region of space where the gravitational pull is so strong that no matter can leave the black hole.   The “edge” of the black hole is also known as the “Schwarzchild radius” or the “event horizon.”  At this radius, the velocity needed to escape from the black hole is equal to the speed of light, the fastest speed any object can travel.  Even light cannot escape the black hole.  That is the source of the name – a black hole looks dark because no light (or anything else) can come from it.

How big is a black hole?  The size of a black hole depends on its mass, and a black hole can have any mass, from very large (billions of times the mass of the Sun) to very small (your mass!).  The size of a black hole is given by a simple formula, shown graphically below.  The graph shows the radius at which a given mass (in solar masses) will become a black hole if all of the mass is compressed into a sphere that size or smaller.  Any object with mass can become a black hole if it can be crushed to a small enough radius!
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1. Estimate the radius at which the Sun would become a black hole.  What common object on Earth is about this size?

2. Estimate the radius at which the Earth would become a black hole (the mass of the Earth is about 1/330,00 times the mass of the Sun).  What common object on Earth is about this size?
A Black Hole Scale Model:  One of the first objects thought to be a stellar-mass black was Cygnus X-1, the first x-ray source discovered in the constellation Cygnus.  Cygnus X-1 is a binary system which contains a supergiant O star and a compact object with a mass probably between 10 and 15 solar masses.  The compact object is surrounded by an accretion disk.
Use the table below to construct an imaginary scale model of the Cygnus X-1 binary system.  Think of common objects to represent the supergiant, the accretion disk, and the black hole.
	Object
	Actual Diameter (kilometers)
	Scale Diameter (centimeters)

	Blue supergiant HDE 226868
	30,000,000
	300

	Accretion disk in Cygnus X-1
	20,000,000
	200

	Black hole event horizon
	60
	0.0006


In this scale, the Sun has a diameter of about 14 cm.  What common object would represent the size of the Sun in your imaginary scale model? 
Black Hole Concepts to Think About:

What is the “event horizon?”  Why is it called that?

Why would an isolated black hole is space be difficult to detect?
Why is Cygnus X-1 thought to be a black hole?

How big is a black hole with twice the mass of the Sun?

How would the period of the Earth’s revolution change if the Sun suddenly collapsed into a black hole? Note that this can never happen! 
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