General Relativity Part I: Gravity is Acceleration

Name ____________

For each question, choose the correct answer and give an explanation.

1) You are in an elevator. Suddenly, the cable snaps and the elevator starts to fall. What happens to you while the elevator falls? You
a) stay the same
 




b) stay on the floor but feel weightless
  c) slowly rise to the top



d) accelerate to the top
2) What will happen to the 
candle? 
The candle will 

a) stay at the bottom. The flame will stay lit

b) stay at the bottom. The flame will go out

c) rise to the top. The flame will stay lit


d) rise to the top. The flame will go out

3) A bottle of water has a small hole in the top and bottom. It is thrown above volunteer A with a large parabolic arch to volunteer B. 
What happens?

a) A gets wet as the bottle goes up.


b) A gets wet as the bottle is near the top.

c) A gets wet as the bottle descends.


d) B gets wet as the bottle is caught.

4) Why are the astronauts on the International Space Station weightless? They

a) are further from the Earth




b) are in freefall.

c) aren’t weightless, they are in microgravity. 
d) 
d) aren’t weightless, it’s an illusion.

5) A tray with a glass of water is whirled rapidly in a vertical circle. What happens to the glass at the top? 
The glass stays on the tray because of

a) centrifugal force 
    b) centripetal force
 

c) inertia

d) something else
6) A laser beam is fired horizontally in a frame on the Earth’s surface .It then

a) continues horizontally
b) curves up

c) curves down

7) What happens to time? Once every second, Ali at the head of an accelerating rocket sends a signal down to Brenda at the tail. Brenda receives these signals separated in time by

a) 1 s 

b) more than 1 s

c) less than 1 s

8) Brenda sends a signal up to Ali every second. 
Ali receives these signals separated in time by

a) 1 s 

b) more than 1 s

c) less than 1 s

9) As light rises in a gravitational field, it gains gravitational potential energy. Therefore as it rises, the light must also

a) travel slower    
b) travel faster    
c) become red shifted

d) become blue shifted

Answer each question fully on another piece of paper.

10) You are talking to some friends about the falling elevator. Your friends say that if they were ever in that situation, they would jump before they hit the ground and prevent getting hurt. 

a) Explain to your friend why they might have trouble jumping.

b) Suppose they did manage to jump up just before hitting the ground after a 25-m drop. How effective would this be? Hint: How high can you jump? 

11) Draw a series of diagrams showing why the balloon popped 

      a) in the Earth’s frame



b) in the Frame’s frame

12) The International Space Station orbits at 350 km above the Earth whose radius is 6.38 Mm.

a) How much bigger is the orbital radius than the Earth’s radius?

b) What percentage of normal g is the gravitational field strength in orbit?

c) Why do the astronauts on the ISS feel weightless?

13) The astronauts on the ISS will experience weightless for long periods of time. This can cause health problems, what are these?

14) You have been asked to design a space station with artificial gravity produced by having it rotate. It will have a radius of 10 m.

a) Draw a scale diagram of the space station. The rooms are 6-m long and he ceilings are 3-m above the floors. Draw a 2-m stick person in a room. Show how far the person could see in the hallways that run all around the station if they look horizontally. 
b) How fast will the space station have to rotate to produce a gravity of 1g?
c) How big will the tidal forces be between your feet and head?
d) Will you put the parking bays at the center or on the circumference? Why?
15) What is the difference between the gravitational red shift and the Doppler red shift? Where is there evidence for the two shifts?
