        DETERMINING MASS OF AN ELECTRON (Rev 12/2011)
Purpose: In this lab experiment you will determine the rest mass of an electron using Compton scattering and show that the relation between kinetic energy and mass of electrons is that of Special Relativity not Newtonian physics. 
Preliminary:
Besides this material there will be a handout in the lab room that includes diagram mentioned below and a page on determining T(max). Before starting read background material, such as that in Experiments in Modern Physics by Melissionos, on Compton scattering. Find out what T (max) is. Before doing the analysis you may need to review special relativity mass, energy and momentum relations and how they differ from Newtonian physics. If you want to know how the detector works look up scintillation counter in books by Knoll in cabinet.

SETUP

Leave computer turned off until step 2. You will need a high voltage power supply and amplifier installed in the Nim Bin. If not already installed put in slots in Nim Bin. These should slide in all the way easily. Do not try to force a module in place. You will need to make several connections using BNC cables as shown in diagram. There are several types of cables that may look alike. If the connector does not fit, you may be using a power connector rather than signal connector. Use the 50-ohm (thinner) cable to connect front panel output of amplifier to scope. Use the cable with the large connector on one end instead of BNC to connect detector to HV power supply. The  “Blue” amplifier has been replaced. For the new amplifier use the adapter cable to connect -10v to detector instead of just a BNC cable. 
PROCEDURE

1. Turn on bin power supply. On HV supply turn coarse knob to 500 and fine knob to 400.  Put the Co(60) source on the second shelf of detector shield from top. You may want to put homemade scope hood on scope to block room light. Look at the signal on the scope. Adjust scope controls until you get a signal like that in Fig 2. Highest energy peak must be <10v on scope if using old cards and < 8v for new cards (Zen 5&6). Besides the multiple bright green peaks from the source, you will see other signals coming and going due to cosmic rays and other background sources. You may need to change the pos/neg switch to get a positive unipolar signal. If you cannot get a signal or it does not look right call Instructor.   

2. Turn on computer.  Close any stray boxes that pop up. Click icon to start Gamma Acquisition program (Genie 2000). Under File select datasource.  Select Detector. Highlight DET01or DET 02. Click open. Delete any old graphs that show up by clicking on clear.

3. First you will need to get data to calibrate the display using the unscattered energies. The relation between energy and channel number will not be accurate until you calibrate the Genie 2000 display You will come back in step 7 to measure the items labeled determine in Table I. You will need to set how long program counts to 300 sec (MCA>Acquire Setup>Live Time). Then start the Genie 2000 program counting. You may stop the count early if you have a clear peak. A longer time may be needed for weak sources. If you do not see peaks appear call Instructor.  See examples of graphs of first 3 elements in Table I in the Melissinos’s book. You may need to adjust the amplifier gain to move Co(60) peaks further to the right. You want to spread the display out as much as possible. After you have picked amplifier gain settings do not change amplifier gain settings once you start taking data.
4. To get data for a peak put mouse arrow on peak and click or use arrows to move white vertical line around.  Use scroll bars to change height of peak. Record channel number and energy of the peak listed in table 1 for Co (60).

5. Repeat with other samples using unscattered peak energies in Table 1below. Do an energy only calibration. See Calibrate Menu. Use keV as energy unit. The plastic disc labeled unknown is the Zn (65) plus another element already used for calibration. Some sources may have to be skipped because they have decayed to the point they cannot be easily detected. If so note this in your report or notebook.
6. Verify that peaks have correct energy within a few keV. If not get new channel numbers of peaks and repeat calibration.

7. Get a spectrum for each sample in Table 1, store on computer, and print out for your report or notebook. Use Data Plot in File Menu. Use default settings. Let spectrum run at least 300 sec each time. For some samples you may need to run more than 300 sec. If parts of steps 7 and 8 have to be delayed to another lab period you may need to redo the calibration.
8. For each sample determine the energy of the Compton edge (called T (max) below) and/or peak due to back-scattered photon as indicated in Table 1using the Genie 2000 spectrum. Use Mev as unit. See added instructions on separate page for T (max). Check that sum of T (max) and back-scattered photon energy is close to unscattered photon peak energy. Some values have been provided since some parts of the spectra do not show up clearly especially at low energy or because two peaks or edges overlap.  If you have time attempt the two sources in Table 2. If time permits recalibrate first using only peaks below 1 Mev. Adjust gain so the highest peak in this range (Mn(54)) is close to the right side of display.
9. When finished for the day: Turn the detector power supply knobs back to zero.  Turn off bin power. Turn off scope and computer. Return all samples to red plastic case.
10. When experiment is completed disconnect cables.
                             ANALYSIS       
11. For each sample in Table 1 compute the rest mass of the electron in Mev using formula provided below. You may want to include in your report or notebook a derivation of this equation. Plot your rest mass values versus unscattered energy using Mev as units. Draw a horizontal line representing “book” value of rest mass in Mev. Ideally the rest mass would be independent of unscattered energy and all points would lie on the straight line. Are your points on or close to this line? If any points are way off check math. If no math errors recheck spectrum measurements. 

12. Compute average rest mass and standard deviation. Compute % error. 

13. Are the electrons going fast enough for relativistic effects to be important (v/c > 0.1)? Find out by computing v/c from v/c = (2E-T) / (T + rest mass). E is the unscattered gamma ray peak energy. Then compute the so-called relativistic mass (= T (max) + rest mass) for each sample in Table 2. Compute relativistic mass / rest mass. Then plot this mass ratio (= S.R. Gamma factor) versus v/c. 
______________________________________________________________________________________

Formula for mass of electron:
Mass in Mev =  2 E(unscattered) x E (back scattered) / T (max)
__________________________________________________________________________________
	TABLE 11 I         1
	Energy in MeV
	
	

	Isotope
	Unscattered Peak Energy
	T(Max)
	Back Scatter Peak

	
	
	
	

	Co(60)
	1.173
	determine
	0.210

	Na(22)
	1.275
	determine
	determine

	Na(22)
	0.511
	determine
	0.170

	Cs(137)
	0.662
	determine
	determine

	Zn(65)
	1.116
	determine
	0.208

	Mn(54)
	0.835
	determine
	determine

	Ba(133)
	0.356
	determine
	0.149

	
	
	
	

	Co(60)
	determine after calibration
	1.118
	.214


Note: There are 2 blank lines in table above that can be used by instructor to add other sources such as Am(241) used as alpha source.

__________________________________________________________________________________

Table 2  
Isotope     Unscattered Peak Energy      T(Max)      Back Scatter Peak

Co (57)      determine                             .0394            .0826
Cd(109)     determine                             .0225            .0655 
         

