X-RAY LAB  Rev 08/24/15

(Bragg Diffraction / Fluorecence) 
Before coming to lab read handout on Bragg Diffraction and X-ray Fluorescence. Learn how a GM (Geiger/Mueller) tube and how a semiconductor X-Ray energy detector works.
Additional sources about X-ray fluorescence, start here: https://en.wikipedia.org/wiki/X-ray_fluorescence, but do go beyond that.

In the first part of the experiment you will measure the  energy of X-rays coming from a metal surface that is exposed to an X-ray source. In the second part of the experiment you will measure the intensity of X-rays as a function of the scattering angle with respect to the surface of a crystal.

Procedure (Part-1: X-ray fluorescence) 

       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 is special designed to stop scattered X-rays while the X-ray tube itself is shielded by glass dome with high lead composition.

3. In the center of the device is the object holder. Start with mounting a quarter. Since the thickness of the quarter prevents easy mounting, you may have to use a second quarter to increase the overall thickness of the sample. Also make sure that the sample sticks up above the holder so that X-rays will hit the coin. (Especially not easy for the smaller coins)

4. Adjust movable arm to 90 degrees and install energy resolving semiconductor X-ray detector in position most close to the sample (pos 13). Be careful not to break the gears here. The automatic drive system can be moved a little to the left so that the gears for the drives separate. Then you can freely move the detector arm.

5. Connect the detector via USB to the computer.

6. Make sure the X-ray current meter output is connected to the blue driver box and the driver box is connected to the computer via USB as well.

7. After lowering the cover you have to center is by moving it left or right. Only in this position the X-ray source can be turned on.

8. Turn white timer knob to ~ 50. It is hard to turn. You may have to turn this back up later depending on how long data taking lasts. When the timer knob reaches 0, the X-ray source is automatically turned off if it was on before.

9. 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.
10. While waiting click on the icon to start the program that will display the graph of counts versus energy. Also turn on the Tel-X driver program to monitor the current. 

11. When the filament has warmed up push the button to start X-rays.  Check the current. If not between 50 & 60 microamps, turn off x-rays (push button again) and call instructor. You can switch the X-ray source on/off with the given button, if none of the other safety features prevent you from doing so (cover not centered, timer at zero or key switch in off position).

       TAKE DATA / ANALYSIS

12. Click on clock icon (top left) above graph to start & stop taking readings. If no graph appears after 30 sec, turn off X-ray device and see instructor. The alignment of coin and detector may have to be changed.

13. Obtain and make copies of graphs for your notebook. Label with type of coin and year and number, if a number is written on the back).  Do two types each of pennies, nickels, dimes and quarters. You can turn off the X-rays when the tallest peak reaches counts of around 200. In general the measurement should not take longer than 300s for each sample.

14. Even while the integration is running you can click on the icon on the right of the row of icons to bring up a periodic table. If you click on an element it will display some of the element’s x-ray lines in the spectrum you just take. Make sure that K and L lines are selected (especially for Ag). You can also use the zoom icons to adjust the view on the spectrum if the counts are getting to high.

15. Identify the elements making up the coin. After the first spectrum discuss with the instructor on possible analysis methods and additional samples.

16. Do not forget to save and print your spectra and glue them in your lab notebook including the reference spectra.

       SHUTDOWN                   

17. After all experiment switch of the X-Ray source (red button, key-switch to off and decenter cover). Shutdown computer and disconnect blue driver box and semiconductor X-ray detector from computer (USB). Remove sample and detector.

Procedure (Part-2: Bragg diffraction)

Please read shortly the TEL-2590U Tel-X-Driver Manual to get familiar with the device. Do not perform the described experiments therein)

      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 is special designed to stop scattered X-rays while the X-ray tube itself is shielded by glass dome with high lead composition.

3. Place round collimator (1mm slit) in hole in front of X-ray tube with slot oriented vertical. You may need to tape it in place.

4. Place slide type collimator labeled 3mm in slot 13 with collimator slot vertical.(Later on you might want to use a 1mm collimeter, if you want to increase the accuracy of the measurements).

5. Install GM tube support in slot 26.

6. Connect GM tube to blue box (GM tube/PMT HV).

7. Install LiF crystal in the experiment holder. Blue end of crystal goes down, smooth surface towards the detector.

8. Adjust movable arm to 90 degrees. Be careful not to break the gears here. The automatic drive system can be moved a little to the left so that the gears for the drives separate. Then you can freely move the detector arm. Move the blue box back in position so that gears can grip.

9. Make sure the X-ray current meter output is connected to the blue driver box and the driver box is connected to the computer via USB.

10. Turn white timer knob to ~ 50. It is hard to turn. You may have to turn this back up later depending on how long data taking lasts. When the timer knob reaches 0, the X-ray source is automatically turned off if it was on before.

11. 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.
12. While waiting start Tel-X driver software. With this software you can move the detector arm automatically, take measurement, adjust the detector voltage and save/load/print your data (see Tel-X driver manual – software).

13. Note the detector arm position (listed in the upper left corner of the window). If this matches the actual detector arm position on device, proceed with 16.

14. If the angle you noted in the previous step and the actual detector arm position does not match, open the “Setup” window (button in lower right corner). In the “Arm Position” section, change the angle to reflect the actual position and set “Set Arm Position”.

15. Close the “Setup: window.

16.  Assuming you do not know where to expect diffraction peaks to show up, use the “Region of Interest (RIO)” windowto select a wide range of angles over which to scan, 20 degrees to 60 degrees, for instance. Or if you know the region of interest put in the desired values here.

17. Select a “Time per Step” value. As higher you choose this value as longer the measurement takes but as better the statistic gets. For a fast scan to get an idea where peaks might be located you can choose values as 0.1 seconds, for a precise scan you might choose values as 15s.

18. The speed of the full scan is also determined by the angular step size. If you just want to find the peaks you might choose values as high as 2 degrees, for a detailed scan you might want to reduce the step size to 0.05 degree. To avoid missing a peak or taking to detailed data, it is a good idea to estimate the aperture opening angle introduced by the (3mm/1mm) aperture first. It makes no sense to have a step size of 5 degrees when the aperture opening angle is just 2 degrees and it also is fruiteless to have a 0.05 degree step size, if the the aperture opening angle is much larger than this value. Asked the instructor, if you have problems finding the right combination.

19.  Set the GM tube voltage to ~450v and switch the HV on (program).

20. When the filament has warmed (waiting period as marked in step 11) push the button to start X-rays.  Check the current. If not between 50 & 60 microamps, turn off x-rays (push button again) and call instructor. You can switch the X-ray source on/off with the given button, if none of the other safety features prevent you from doing so (cover not centered, timer at zero or key switch in off position).

       TAKE DATA

21. Take a first spectrum at low resolution and find the region of interest (2 peaks should be in the region). Save/Print the data and write down all used parameters that are relevant as well as their uncertainties.

22. Adjust the region of interest to cover both peaks and some range above and below. Scan the new region of interest now in high resolution (small angular step and larger time integration period) at the same time period. Save/Print data and redo the experiment a second time. 

23. Compare both results. Is is exactly the same? You will find that count rate will fluctuate. The GM tube is responding to bursts of cosmic rays as well as X-Rays. Counting for 15 sec helps smooth out effect of cosmic rays.

24. Redo the experiment again with a much larger integration time per step (~15 seconds or more). This should help to remove the fluctuations because of statistical background noise. Still you will see a noise floor (counts independent on angle that only depend on time of integration). To better identify the position of the two peaks you can do a high resolution scan selecting region of interests around every peak instead of the original region of interest. This can reduce the scanning time drastically while you can still increase the resolution (keep in mid to also use the small aperture slit for this measurement).

25. 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 smooth side towards detector.

26. Collect data from 25 deg to 45 deg in 1 deg steps first and locate the two peaks. Take additional data to get more exact angles as before.

27. Do not forget to save and print your data and to write down all experimental parameters and their uncertainties.

       SHUTDOWN                   
28. After all experiment switch of the X-Ray source (red button, key-switch to off and decenter cover). Shutdown computer and disconnect blue driver box (USB) and GM tube (BNC). Remove samples and put them back in their storage. Remove the GM tube and unplug experiment. Remove collimator and put in box.

     ANALYSIS

1. Include in your report a plot of counts versus angle on apparatus (2 theta) for both crystals.

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. For the calculation above try to make a reasonable error estimation using error propagation calculation techniques by Gauss for all values: the angles, vavelength and the energy in keV (see instructor, if you need help).

4. Use the NaCl data and wavelengths given on top of apparatus to find the value of d in nm for NaCl. Make an estimate of the uncertainty. 

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

6. 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?

7. How could the cosmic ray background be reduced?

