Heat and Thermodynamics 3c
3. Energy cannot be created or destroyed although in many processes energy is transferred to the environment as heat.  As a basis for understanding this concept:

c.  Students know the internal energy of an object includes the energy of random motion of the object’s atoms and molecules, often referred to as thermal energy. The greater the temperature of the object, the greater the energy of motion of the atoms and molecules that make up the object. 

[image: image1.wmf]The idea of atoms is very old and often originally attributed to Democritus (c.460—370 B.C.)  Perhaps because these ideas are so old, students seem willing to accept the basic concepts related to atomic motion all too easily.  As late as the 19th century, scientists vigorously debated the reality of atoms.  An observation made by the botanist Robert Brown in 1897 and finally explained by Einstein in 1905 can serve as macroscopic proof of the motion of microscopic atoms.  The observation made by Brown was that microscopic pollen grains were observed to display random motion under a microscope even though they were definitely not alive.

This movie shows different sized grains in different concentration of glycerol and water that clearly demonstrates the effects of Brownian motion.    Another web page suggests an experiment that could be done with grains of India ink under a microscope that should be easily repeated by a student: http://www.science-projects.com/Diffuz.htm
The instructions seem simple and are copied below:

Student activity to illustrate Brownian motion:

1. Take a drop of real "India Ink" (not just any black ink), and dilute it in half with distilled water.

 2. Place a drop of this "solution" onto a slide and cover it with cover slip.

3. Under a light microscope, you should see small black specks that are jiggling around. THAT is "Brownian Motion." It is the basis of diffusion. 

This experiment might give a student an opportunity to experiment with different fluid concentrations and perhaps even the temperature of the fluid.
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 The argument presented by Einstein suggested that even though the pollen grain was massive compared to atoms, their rapid random motion could occasionally cause a larger force on one side of the grain than on the other giving it a small acceleration in one particular direction.  Later, the random motion would cause acceleration in a different direction, which would cause the grain to jiggle around.  On average, the net force would be zero and the larger the grain, the less would be the jiggling.  However, if the grain were small enough, the slight difference that randomly developed on one side of the grain would be large enough to move the drop.  The prediction was that the smaller the grain, the more noticeable the motion. The viscosity of the surrounding fluid as well as its temperature could influence the random motion of the grain.  An excellent movie of this effect can be found on the web at: � HYPERLINK "http://www.physics.emory.edu/~weeks/squishy/BrownianMotionLab.html" ��http://www.physics.emory.edu/~weeks/squishy/BrownianMotionLab.html�











