Energy

A powerful way to think about motion is in terms of energy.  Energy comes in many varieties, including kinetic energy, potential energy, heat energy, and mass energy.

Kinetic energy is energy of motion, and is defined to be KE = ½ mv2.

Potential energy is defined for certain special types of forces called conservative forces.  A system can store energy in the form of potential energy when it is subject to conservative forces (for example, lifting a rock stores gravitational potential energy in the rock.  When I let it go, that energy is converted into kinetic energy.)Gravity and spring forces are examples.  Friction is not a conservative force.  The expression for potential energy depends on the force…for gravity it is PE = mgh.  For a spring, PE = ½ kx2.

Heat energy is generated by many non-conservative forces such as friction and air resistance.  We won’t use a general formula for heat energy in this class.

Mass energy is the famous E = mc2 result derived by Einstein.

The reason energy is useful is that it is conserved: it is neither created nor destroyed, but can be transferred from one object to another, or transformed from one type to another.

1.  Pendulum.  You observed a pendulum earlier this week.  How does energy change from potential to kinetic and back as the pendulum swings back and forth?  Does the pendulum swing to the same height on each side?  Explain how this demonstrates conservation of energy.

When you placed a “peg” in the way of the pendulum, did it still swing up to the original height?  Explain how this demonstrates conservation of energy.





2.  A spring can store energy.  Take the apparatus with the mass hanging from a spring.  Pull the mass down a little, let go, and watch it oscillate.  At which point(s) does the mass have the most kinetic energy?  Where is the potential energy the greatest?  Does the mass have both elastic (spring) and gravitational potential energy?

3.  Inclined plane.  A cart of mass m at a height H will have a potential energy mgH.  After rolling down the incline, the ball will have converted this energy into kinetic energy (1/2 mv2).  If I roll a cart down an incline from a height H, it will convert its potential energy into kinetic energy.  

If I start the cart from twice the height (that is, from a height of 2H), will it have twice the speed at the bottom of the ramp?  If not, how much more will it have?   Make a prediction.
Try it and see.  Raise one end of the track (not too much…maybe 10 cm).  Raise the end that does not have a bumper on it.  Place the motion sensor at the top of the track so it can measure the speed of the cart.  First start the cart from a position about halfway up the track, and measure its speed with the motion sensor.  The speed at the bottom will be the largest value measured before the cart hits the bumper.

Next, repeat this measurement but start the cart from twice the distance up the ramp.  Is the speed at the bottom twice as much as before?  is it 4 times as much?  1.414 times as much?  Can you explain why?
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