General Relativity Part II: Gravity is Curved Space

Name __________

1) You walk 10 km south, 10 km west and then 10 km north and you are back where you started. What colour is the bear?

a) brown


b) black

c) white
This could only happen at the North Pole, so the bear must be white.

2) 
Suppose that there is a light at the North Pole. The light radiates in all directions and follows the straightest lines in this space. What will an ant at the South Pole notice?

a) nothing


b) a bright spot
c) a bright ring
The light stays in the space (the surface of the balloon) and comes at the any from all directions - a ring.

3) Try to get a planet to orbit for more than a dozen times on the fabric. How do you do this? 

You need the fabric level, taut, with a large curvature and the ball must be launched slowly and horizontal to the slope.

4) How would an ant explain this orbital motion?

The ant would either say there was a force – gravity – toward the center, or would say that the space is curved.

5) The planet with the greatest precession will be

a) Jupiter, it is biggest



b) Mercury, it is smallest

c) Mercury, it is closest to the sun

d) Neptune, it is farthest

Mercury experiences the strongest gravitational force, so it must also experience the greatest spacetime curvature.

6) Gravity should cause the expansion of the universe to


a) slow down 

b) speed up 

c) remain constant. 
It should slow it down, just as a ball that is thrown up and away from the Earth will slow down.

7) 
As a star’s life ends, it collapses and gets much denser. What would you see if you got close to dense star whose escape velocity was almost c?

a) Light rising and falling

b) Faint radio waves

c) Faint gamma rays

Particles rise and fall as the exchange energy with gravitational potential energy. Light can’t do that. Less and less light gets away and what does escape is seriously red-shifted into the radio region.

8) 
What happens if the escape velocity on a star is greater than c?

a) only gamma rays escape

b) only radio waves escape

c) nothing escapes 


d) nothing escapes so it can’t be detected

Nothing escapes. The black hole can be detected by orbits, lensing, xrays and jets.

*********  End of Lecure. Independentworksheet/homework.   **********

9) The angles in a triangle on a balloon add up to more than 180(. There are other ‘rules’ of geometry that you could use to demonstrate to your fellow ants that you are living on a curved space. Come up and describe two more differences. 


Parallel lines will cross. 

A square will have four equal sides and angles greater than 90(. 

The circumference of a circle will be more than 2 r.

All of these are clearest when you draw a object that is similar in size to the radius. 

10) What evidence is there that our space is curved?


Einstein rings, crosses, arcs and lensing in general. 

11) Why was Einstein’s first calculation of the deflection of starlight wrong?  


Initially he only considered that gravity was like an accelerating frame. When he realized that gravity was curved space, he had to double the deflection.

12) What is the evidence for Dark Energy?


 The expansion of the universe seems to be speeding up - not slowing down.

13) A black hole is so dense, that light can’t escape. How can they be detected?


Gravitational lensing, xray emission from hot accretion disk, jets emitted perpendicular to accretion disks and speeds of orbiting bodies.

14) What is a stellar black hole? What is the strongest candidate for a stellar black hole? What is the evidence?


A stellar black hole is the result of the collapse of a large star, many times more massive than the sun. If the remaing mass is over 3 solar masses, it becomes a black hole. Cygnus X-1 is the strongest candidate. There is a blue supergiant orbiting it at only 1/5 AU and tidal forces are pulling matter off the star and into the black hole. As the matter spirals in it heats up and emits very strongly in x-rays. Calculations from the orbital data suggest that its mass is from 7 to 20 solar masses. The difficulty in determining the mass is that there are two bodies orbiting their mutual centre of mass.

15) What is a supermassive black hole? What is the strongest example of a supermassive black hole? 


Supermassive black holes have masses millions of times greater than the sun. They are found at the centre of every galaxy that has been studied carefully. 

The Milky Way galaxy has really strong evidence from the speeds of stars orbiting near its centre.  The centre is really dusty and can only be seen by infrared light. One star, S2 reached its closest distance to SgrA* (the centre as located by radio emissions) in the spring of 2002, at which moment it was only 17 light-hours away or just 3 times the Sun-Pluto distance. It was then moving at more than 5000 km/s, or nearly two hundred times the speed of the Earth in its orbit around the Sun. The orbital period is 15.2 years. The orbit is rather elongated - the eccentricity is 0.87 - indicating that S2 is about 10 light-days away from the central mass at the most distant orbital point. S2 is an otherwise "normal" star, but some 15 times more massive and 7 times larger than the Sun. Its orbit around the Black Hole is comparatively stable. Even though it moves relatively close to the Black Hole in the present orbit, S2 would have to be at least 70 times closer (about 16 light-minutes from the Black Hole) before it would risk being disrupted by tidal forces. Data from 2005 (semi-major axis of 1680 AU, period of 14.53 years) put the mass at 4.4 million solar masses.

The other really strong candidate is NGC 4258. It has provided amazing data because it is almost edge on, has formed a water maser near the centre with very precise lines and is unusually bright because directed our way. 1000 km/s, 36 million suns, velocity curve showing 1 over square root to 1% error! Density of 100 billion suns per cubic light year. 

16) A star is orbiting what appears to be nothing. Use the equations for circular motion and Newton’s Law of gravity to calculate the mass of this central body if the star is 2 x 1013 m away and moving at 5 million m/s. Give your mass in number of solar masses. 

M = 42 r3/GT2 = v2 r/G = 25 x 1012 x 2 x 1013 /7 x 10-11 = 50/7 x 1036 kg = 3.5 million suns. (This a rough calculation for data in 2002 for the Milky Way.)

17) How could you use the fabric and ball to explain Taylor and Hulse’s results of the double neutron star measurements to a friend who isn’t taking physics?


You could drop the ball on it when taut and when lose to show how energy is transferred to the fabric. Then show how this tautness affects how long the orbit lasts. 

