Spacetime Fabric Demonstration

Equipment: You will need a large (1.5 m x 1.5 m) piece of very stretchy black cloth, such as is used to make dance or exercise outfits. It will be used to form a gravity well. Eight or so students will pull outward. One student will be underneath pulling down on a marble attached the centre of the fabric.  One student will launch a planet so that it will orbit.  The planets should all have a rubber surface for good grip and be of high density – super balls and mouse balls work well.

Predict and Explain: How can you get the ball to orbit many times?
· In groups of 2 or 3, students will discuss and write down their ideas and explanations for their ideas. 

· Each group will suggest one idea to the whole class. 

· After the discussion, the groups can alter their ideas if they wish.

Observe and Explain:

The students should be given at least ten minutes to explore their ideas. It is possible to have the planet orbit over two dozen times! After, experimenting they summarize the techniques that were necessary to get many orbits. Some key points are: 

· The fabric must be taut - not floppy - or energy is lost to the fabric.

· The centre should be pulled down as much as possible for a large central force.

· It doesn’t matter what the mass of the planet is.

· The fabric must be level or the planet will roll off.

· The ball must be launched slowly or it will spiral out.

· The ball must be launched perpendicular to the radius - central force – so that the force just changes the direction of the velocity but can’t pull it straight in.

Other possible small group questions:

How is this similar to orbital motion of the solar system, galaxies? 

· The speed is slower when the orbiting object is farther from the centre.

· The speed is greater when the central force/mass/curve is greater.

· The speed doesn’t depend on the mass of the planet.

· A central force causes the motion.

· A stable orbit requires a match between the velocity, radius and force.

· According to General Relativity, gravity is caused by the curvature of space. 

How is this different from orbital motion of the solar system, galaxies? 

· Energy of the orbiting body is lost to the system. Space is ‘frictionless’.

· Gravity is caused by space-time curvature – not just curvature of space. This cannot be visualized because it is in 4-D. in a similar way an ant on the space-time fabric might have trouble seeing this 3-D curvature. However, like us it could make measurements and calculate how much curvature there is.

