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Try to turn everything on (equipment rack, voltage (900v, not more) to the PMT) and leave it on for 10-15 minutes so that the gain will stabilize (it tends to increase a little from when it is first turned on.)

Carry out Experiment 2K pretty much as written, skipping part D (unkown source). When you have questions, ask me.

Set up as requested. Read the discussion of the SCA in the Green Book to make sure how the dials for E and (E read.  The counter timer is all connected so when you press Start on the timer, it will count for a preset time which you can set, and the results will show in the window of the counter.

Carry out step 1 on p. 3, placing the source in position, and putting the right voltage on the PMT. Display the output of the 485 amplifier in channel A of the scope, triggering on channel A. The 485 input should be positive and its output should be Bipolar. You should be at about 2v/div, and 2 usec/div. You should see a bunch of bipolar pulse with the photopeak as a very thick, bright region with a peak toward the top of the others. You will need to adjust the 485 gain so that the bipolar pulse heights are around 6v or so. {This is what it means when it says : Adjust the amplifier gain until the bright maximum-height pulses are about 6v high.}

To begin with, set E to 1 volt and (E to 1 volt and locate the photopeak by moving E up in steps of one volt. When you know roughly where the photopeak is, adjust the gain on the amplifier so that the photopeak is between 6 and 8 volts. (The scope should show you a bright peak among the others, which  should of course be the photopeak.)

Now set (E to 0.2 v and gradually locate the photopeak value within 0.1 v or so of its true value by adjusting E and seeing what the count rate is at various E values.  When you have a photopeak value in volts, calculate the value in volts for the backscatter peak by using the information in Fig. 4. Then set (E to 0.1v and try to locate the backscatter peak within 0.1v or so. 

Do the same for the 'compton edge' and try to locate that experimentally.

In the red book by Tsoulfanidis, read (or at least skim) chapter 6, on scintillation detectors. Then 

read through the first two sections of Chapter 12, and possibly the 3rd section. Note that the formulas in the book can be obtained from the compton scattering formula (' = ( + hc/(mec2) (1-cos () and E = hc/(.

Two effects are at work:   the compton effect and the photoelectric effect. Both come into play in Fig. 4 of the 2K writeup, and are discussed in Ch 12, especially figs 12.3, 12.4, and 12.5.  Be prepared to intelligently discuss how these two effects interact, and which effect is responsible for what (which effect causes the photopeak, which the backscatter peak, which the compton edge?)

For the values in Fig. 4, calculate both the compton edge and also the backscatter peak and see if they agree with the numbers in Fig. 4.

For the multichannel analyzer (MCA) , we will be using the new ICS-PCI card in the Dell XP machine. This will probably be connected to the network by a cable. If so, you will want to set the realm (3rd line) to kerberos, then log in on the network as you normally would. Then you can save files to your network account.  

If there is no cable connection to the network, you can put a flash drive in one of the USB slots and then set the realm (3rd line in login box) to PHOE-11 and log in as 'student' with password 'PHOE' as it says on the side of the computer. As a student, your writing privileges to the machine are nil, but you can save to a flash or maybe some other external drive.

There is a printed manual for the ICS-PCI card and it should stay right with the Dell XP.
With the new mca card, all the electronics in the rack is bypassed ! !.  You run a cable from the dynode output of the photomultiplier directly to the BNC connector in the back of the Dell. That's it. Click on the ICS-PCI icon which is 2/3 of the way down the lefthand side of the screen (it think it is purplish blue). It's convenient to make the display full screen as soon as it opens.

It opens with a box for high voltage and gain settings. Leave the high voltage OFF. We are getting our own voltage from the supply on the lab bench. Try setting the coarse gain to 32 and set for 2048 channels. 

Under 'Experiment' (see p. 25 in the manual) you can tell it something about the conditions of the experiment. It will save this as part of the data file when you save the file.  The saved data file will include the coarse and fine gains, the total time and live time, and other details, all right there in the file when you bring it back up.

I have been saving files as tab-delimited, and it gives them the extension .tsv.  When I clicked on a tsv file, my computer wanted to know what app should open the file, and I told it Excel. Then when I double-clicked on the file, Excel opened it right away.

Once you massage a file and get a graph and stuff, you may want to save it ax a .xls file in Excel.

You can set a total time for taking data, and lots of other stuff (most of which I have not checked out) in the various menus.

To start taking data, press the green START button in the shape of a diamond. This is at the left just under the bar menu. Just below the start button, is an octagonal STOP button. Just below the stop button is the ERASE button.

The display starts as semi-log. At the righthand edge of the plot you will find a slider with the button all the way down. If you move the button on the slider up, you get various linear scales. To go back to the log scale, just move the slider to the bottom.

For Na-22 you will find 3 photopeaks and not two. The first two are idetified in the writeup. For the 3rd one, (in a higher channel than the other two)  try to figure out what is causing it.

Start with (' = ( + hc/(mec2) (1-cos () and E = hc/(, for gamma rays and show that the energy of a gamma of original energy E becomes (after scattering through an angle () 


E' = E/[1+ E(1-cos(()/mec2]

The maximum energy loss is in a head-on collision where ( = 180o, and then


Emin = E/(1+2E/Eo),

where Eo = electron rest mass energy = mec2 = 0.511 MeV. 

Emin is the energy of the 'backscatter peak'.

The scattered electron could get a maximum of E - Emin = E [2E/Eo/(1+2E/Eo)]. This is the energy of the 'compton edge':


E-Emin = E compton edge = E [2E/Eo/(1+2E/Eo)].

The backscatter peak is fairly well defined in most spectra, but the compton edge (see Tsoulfanidis) is harder to pin down.

Skip part D. (Unknown source.)

Do part E sections 1, 2 and 3.  If we can get the germanium detector up and cold, we may try the Na(Tl) to the Ge(Li) comparison (sections 4, 5, and 6). It'll probably be a single long run for each nuclide, and then everyone will get a copy of the data.

For Experiment 3k, you will need the 'source fraction' for Cs-137 and Co-60. One of these is found in the write-up, and they both can be found in the Table of the Isotopes, 6th Edition. [This is paperbound, with a badly damaged cover.] 

When you are calculating the activity of the source, pay attention to the 3K writeup and graphs. There are a couple of factors folded together in Figure 5, the detector efficiency curves. If you get a wacky activity you may have missed how the factors are involved in Fig. 5.

In-116 is unavailable, and so is Mn-54, so skip parts with those isotopes. You can substitute Na-22 for Mn-54 if you like.

