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In Class Assignment October 12, 2004

Old World versus New World Physics

Falling Bodies

Two 4-inch-diameter, smooth spheres, one very massive, one less massive, are dropped out the window from Crosley Tower.  Which sphere hits the ground first?

The hit at the same time.

Why?   The acceleration of gravity is the same for all objects, regardless of their mass.

Motion and Rest

Aristotle felt things needed to be continuously ‘pushed’ to maintain a constant motion (or velocity).  Is this correct?   Y  or  N    What was Aristotle not aware of?

Friction

If you are sitting entirely motionless, does this mean there is no force on you?  Has gravity turned off?

No, gravity never stops.  You are using your muscles and skeletal structure to provide an equal and opposite force to gravity to keep you from accelerating (also, the rock below your feet keeps you from falling, etc..)

Acceleration and Circular Velocity

A planet is traveling in a perfectly circular orbit at a constant velocity around its host star.  Is the planet accelerating?  Y  or  N   Why or why not?

Newton’s first law points out the body stays at a velocity, unless there is a force acting on it to accelerate it.  But that velocity must be a STRAIGHT line velocity.  Curved or circular velocity means a force is always acting on it, accelerating the object in a circle.

Acceleration and Gravity

You bring a scale into an elevator and stand on it.  You notice, as the elevator moves to an upper floor, that you momentarily weigh more.  DO YOU weigh more?    Y  or  N   YES, you do.  Your MASS stays the same, but you weigh more.

Presumably, the scale value increased because of the accelerating elevator.  But how do you know the Earth’s gravity didn’t momentarily increase?  Is there anyway to tell?  No, there is no way to tell, if you are locked up inside of an elevator with now windows, the difference between a gravitational field and an accelerating frame of reference (an elevator that is speeding up). Einstein called this his ‘principle of equivalence’..  

Rocket Thrust and Newton’s 3rd Law

How does a rocket work?  We have all seen the lift off of rockets, with bright exploding exhaust shooting out the bottom.  Explain where the ``push’’ comes from.

It uses Newton’s 3rd law: equal and opposite forces. The back of the engine ‘pushes out’ the spent fuel at a very fast velocity (accelerating it from zero), and this pushes the rocket in the opposite direction with the same force (usually more mass, but less velocity).

Can a rocket work under the same principle when there is no air to ``push’’ on?  How do rockets work in the vacuum of space?

The rocket doesn’t need air to push on.  It works fine with or without ‘air’.

You wish to speed up a rocket weighing 200 tons to 10 meters/second in about 1 minute time.  You have exactly 20 tons of fuel that will burn for 1 minute.  You must design a nozzle such that the speed of the exhaust achieves the rocket velocity above.  What speed must the exhaust leave the back of the rocket?

Hint:  The desired force of the rocket is 200 tons x 10 m/s in 1 minute.  This must equal the force of the exhaust!

The force of the rocket is 200 x 10 x 1 = 2000 (in some crazy units).  As long as we calculate the speed with the same units, 20 tons fuel x ? m/s x 1 minute, it says we’ll need to accelerate the fuel to 100 m/s to get an equal force in both directions.

