Problem 5



Heron of Alexandria  invented the steam jet engine in the first century A.D. One of his many inventions, the one shown below was invented for amusement but employs many concepts not again used until the 18th century. 


A caldron with water in it was heated by fire and the steam generated was fed up and into a hollow spherical container with two spouts on each side. The exiting steam would spin the container at high speeds. We want to estimate the highest rotational speed using the little facts we have about this ingenious device developed almost two thousand years before it was rediscovered as the steam engine.


The spherical container has a radius of 0.2 m and mass of 10 kg. The two spouts can be considered massless but extend an additional 0.1 m above the surface of the container. The container is hollow and do not consider the moment of inertia of the steam contained inside. 
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a) What is the moment of inertia of this container?

               b)  If the pressure inside of the container reaches 1.5 atmospheres what is the angular acceleration of the container? Take the area of the spouts to be circles of radius 0.01 m. (Remember that the outside pressure is 1 atmosphere).

              c) If the energy contained within the spherical vessel is completely converted into rotational kinetic energy,  this will yield the maximum rotation rate of the vessel. What is this maximum value?


d) How fast does it take for the sphere to get to the maximum speed?








Problem 7


Gyroscopes are used in spacecraft and aircraft as navigational aides. A gyroscope is usually mounted on gimbal mounts that allows it to rotate in any direction.  Explain why you think this would make a good navigational device. What is the best shape for the spinning object at the center of the device, why?
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