          X-RAY LAB (Bragg Diffraction)   Rev 7/11/12
PRELIMINARY

Before coming to lab read handout on Bragg Diffraction. Learn how GM tube works.
       SETUP

1. Plug in X-ray apparatus.

2. To open the top the rod in back has to be pushed to one side. This is part of an interlock system to prevent the cover from being opened while the X-ray tube is on. The cover has enough lead in it to stop x-rays.
3. Place round collimator (1mm) in hole in front of X-ray tube with slot vertical. You may need to tape it in place.
4. Place slide type collimator labeled 3mm in slot 13 with collimator slot vertical.

5. Install GM tube support in slot 26.
6. Install LiF crystal. See figure of holder attached. Blue end of crystal goes down. Orient crystal holder so crystal is lined up as in figure 2.
7. Move moveable arm to ~20 deg and close top. Adjust top so rod is centered. 

8. Connect digital voltmeter to gray wires coming from the hole labeled monitor. You will need to monitor the tube current. You will need to convert the voltage reading to current using the relation 5v = 50 microamps. 
9. Turn white timer knob to ~ 50. You may have to turn this back up later depending on how long data taking lasts.

10. Turn power on using key. White indicator light should come on. Wait 5 minutes for X-ray tube to warm up before pushing red button.
11. While waiting plug in rate meter. Connect BNC connector to rate meter. Select Ch 3. Set GM tube to ~450v using small knob on counter.
12. Select Ch 1 on rate meter for counts/sec. Set slide switch on left to t= 15s. The counter counts for 15 sec and gives average counts/sec.
13. Make a table to record angles versus counts/sec.

14. When warm-up complete push red button. Red indicator light should come on and stay on. If it does not call instructor. The position of top may not be exact.

15. The tube current should be between 50 & 60 microamps. If not get instructor to adjust. Keep an eye on this. It may have to be reset after device warms up.
       TAKE DATA

16. Set arm at 25 deg. Make measurements at 1 deg intervals from 25-55 deg. The rate meter counts for a fixed term (green light starts, red light stops). Write down the count immediately. The meter will restart automatically. When you move to a new angle you may have to wait until a partial count is finished and then take result of next full time count.

17. You will find that count rate will fluctuate. The GM tube is responding to bursts of cosmic rays as well as X-Rays. You can hear as well as see what GM tube is detecting. Counting for 15 sec helps smooth out effect of cosmic rays.
18. Use your data to locate strong peak. The peaks are narrow. You will have to take additional data near peaks at 10 min intervals using thumb wheel scale on end of arm to get more exact angle. There is a weaker peak about 5 deg below the strong peak. Take additional data to get more exact angle for weaker peak.  

19. Shut off power to X-Ray device and open top. Put LiF crystal in small tube. Install NaCl crystal. The side with red ink goes on left side. 

20. Collect data from 25 deg to 45 deg in 1 deg steps. Locate two peaks. Take additional data to get more exact angles. 
       SHUTDOWN                   

21. When finished turn off device and unplug. Unplug rate meter. Disconnect and turn off multimeter. Remove collimators and GM Tube and put in box. Put NaCl crystal in small tube.

     ANALYSIS

1. Include in your report a plot of counts versus angle on apparatus (2 theta) for both crystals. Use Excel or other graphing program.

2. Use the LiF large peak to calculate the wavelength of the X-Ray in nm. Note that you are measuring twice the angle used in the formula. The value of 2d is .403 nm for LiF. Calculate the energy in Joules and Kev for this wavelength. Then calculate wavelength (nm) and energy for the weaker peak. Compare your wavelength values with values given on top of X-Ray apparatus by computing % difference.

3. Use the NaCl data and wavelengths given on top of apparatus to find the value of d in nm for NaCl. 

4. Use Internet to find value of d for NaCl and compare with your values.

5. The X-rays are produced when an electron in a copper atom drops to a lower energy level. When talking about X-rays the levels are labeled K, L, M, etc. The longer wavelength X-ray is called K (alpha). The shorter wavelength X-ray is called K(beta). Find an energy level diagram on the Internet and include drawing in your report. How do your energies compare to those found on Internet?
6. How far apart were your instrument angles (2 theta) used to pin down the peaks? Use this as uncertainty in the angles at which peaks occurred. For the large LiF peak compute the uncertainty in the wavelength and energy due to uncertainty in the angle by adding uncertainty to instrument angle and computing new wavelength and energy. Repeat subtracting uncertainty from angle. 

7. How could the cosmic ray background be reduced?

