Addendum to Experiment 3

Since the laboratory notes were written, the brass cylinder has been replaced by a plastic (“Lexan”) cylinder, which is semitransparent and slightly shorter.  Accordingly, the angle of scattering of the alpha particles must be calculated with the new dimensions.

The dimension you need to know is d on Page 3-3 of the notes.  d is the distance from the plane of the gold scattering foil to the surface of the detector.  It is also the distance between the two knurled knobs, one the handle on the plunger and the other the one the rod slides through, less .08 cm.  We have placed a sleeve of length 2.00 cm on the plunger rod (to keep a bump on the can carrying the americium source and the foil from striking the detector), and therefore the shortest d available to you is 1.92 cm.

Why the Lexan cylinder, and these changes?

For reasons I did not understand, Experiment 3 usually produced an exponent in the range of -4.3 to -4.5 instead of the -4 with Professor Rutherford had in mind.  Mark Chalice ’94, asked me two years ago if any of the alp[ha particles which go through the foil undeflected might then strike the brass cylinder wall and be scattered there.  Indeed, most of the alpha particles that strike the foil do go through essentially undeflected, having lost some energy by many collisions with electrons, thus ionizing gold atoms.  These alpha particles enter the brass.  Most spend out their range losing energy in more electron collisions which make up brass.  From the cross-section equation on Page 3-1 of the notes, we see that the scattering cross section depends on Z2.  For gold, Z = 79; for copper, Z = 29, and for zinc, Z = 30.  Accordingly, these brass nuclei are only about 14% as effective as gold in Rutherford scattering, but the path length in the brass can be considerable.  From the same equation on Page 3-1, we also learn that as the alpha particle slows down, the probability of scattering increases.  Thus the cylinder walls in front of the gold foil may constitute a significant second scatterer.  The angle of scattering at which the alpha particle is detected is greater for these brass-scattered alphas, and hence they are no longer much detected as the foil nears the detector.  Accordingly, we are led to believe that the power law is greater than 4.

The solution to the problem is not to use brass, for which the toms in the wall are predominantly carbon, hydrogen and oxygen.  These have at most 1% of the scattering cross section of gold.  Essentially all the alpha particles striking the wall lose their kinetic energy through electron collisions and are not scattered.

