

Laboratory Write-UP Rutherford scAttering

Author’s Name Goes here 

Student number: 111-22-3333

[image: image1.jpg]FLORIDA INTERNATIONAL UNIVERSITY
Miamiks public research university




Rutherford scattering

1. Purpose
Today's understanding of the atom, as a structure whose positive charge and majority of mass are concentrated in a minute nucleus, is due to the -particle scattering experiments conducted by Ernest Rutherford and his colleagues (1909-1914).  The essential features of Rutherford's apparatus are shown in Fig. 1.  -particles emitted from a radioactive source strike a thin gold foil. Most pass straight through the foil, but a fraction are scattered at an angle  into the detector. The smaller the distance of closest approach between an -particle and gold nucleus, the larger is the scattering angle.

Rutherford's theoretical analysis of the scattering process resulted in an expression for the fraction of incident -particles scattered at an angle :
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(1)

where k is the Coulomb constant, Z is the atomic number of the target nucleus, N is the number of nuclei per unit area of foil, Kα is the kinetic energy of the -particles, and the other quantities are defined in Fig. 1.
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Fig 1 Rutherford’s -particle scattering apparatus

In this experiment, you will investigate the dependency of n/n on scattering angle, , and, for a given , compare the scattering by gold and aluminum foils.  Because -particles have a short stopping distance in air, the experiments have to be performed in a vacuum chamber.

2. Procedure

The apparatus is shown schematically in Fig.2.  Carefully remove the transparent lid of the vacuum chamber and note the small silicon photodiode detector attached to the chamber wall.  Connect this by coaxial cable to the input of the discriminator/preamplifier.  Connect the square pulse output to the counter.  Connect the plug-in power supply to the socket jack of the discriminator/preamplifier.
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Fig. 2 Apparatus showing vacuum chamber and electronics.

Using forceps, remove the americium-241 -particle source from the glass container and insert it fully into the socket on the swivel arm attached to the vacuum chamber lid.  Insert the gold foil (WHICH IS VERY FRAGILE) and 1 mm slit into the clamping fixture.  The slit should face the Am-241 source and the foil should be in contact with the slit. (i.e. the circular aperture in the foil holder should be visible and facing the detector.)  Align the plastic cover on the detector so the slot in the cover is parallel with the 1 mm slit.  Align the clamping fixture so that the -particles will be incident normally on the foil.  Orient the auxiliary swivel holder so that it will not interfere with measurements.  Replace the lid on the vacuum chamber so that the locating pin fits into the hole in the lid.  Set the angle on the scale to 0o, thereby aligning the source with the detector, and switch on the counter.  No counts should be observed because of the presence of air in the chamber.

Close the brass stop-cock on the side of the chamber and attach the rubber tubing to the vacuum pump.  Make sure the vacuum breaker valve on the pump is closed.  This can be found just below the intake.  Start the pump.  When the gurgling sound stops, slowly open the vacuum chamber stop-cock.  After a few seconds the counter should begin counting.  Obtain 1 minute counts for  = 5o and 10o, 5 minute counts for 15o and 20o, a 10 minute count for 25o, and a 15 minute count for 30o.  During these measurements, cover the chamber so that the detector is shielded from light, particularly from fluorescent lamps.  Also obtain a 1 minute count for  = -10o.

Close the stop-cock, open the vacuum breaker valve until a gurgling sound occurs and then switch off the pump.  Remove the rubber tubing from the pump.  Align the foil so that it will be parallel to the inflowing air, and then slowly open the stop-cock.  Replace the 1 mm slit with the 3 mm slit and pump down the chamber as before.  Now obtain a 2 minute count at  = 30o and 10 minute counts at 40o and 50o.  Finally replace the gold foil with the aluminum foil and 1 mm slit and, for  = 10o and -10o, obtain 10 minute counts.  At the end of the experiment, the chamber must be vented and the source replaced in its glass container.

3. calculations

Plot a graph of counts per second using a log scale vs scattering angle (positive angles only) using a linear scale for the gold foil.  Use the 1 mm slit results up to 30o.  For the 40o and 50o results, a correction is needed because of the larger slit.  The counts per second at these angles should be multiplied by k, where
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Fit a function of the form y = a/sin4((x-b)/2)) for comparison with your results.  (The parameter, b, is included because inaccuracy in the collimator adjustment or non-central distribution of radiation from the source may cause a shift of the curve in the x direction.)  To do this, plot the counts versus sin4(/2) and then fit it to a straight line.

Note from equation (1) that, for a given ,
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The density of gold atoms is 5.87x1028 m-3, and of aluminum is 5.99x1028 m-3, and the thicknesses of the gold and aluminum foils are 3.1 m and 8.6 m respectively.  Using the averages of the counts per minute at 10o and -10o for both the gold and aluminum, calculate the ratio of the atomic numbers of these elements and compare with the known value.
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