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References:  University Physics, Sections 43.1 – 43.5; Spectrum Technologies Lab Manual
In this portion of the Experimental Physics Course, we will investigate the properties of nuclear radiation and of the Geiger-Mueller tube used to detect nuclear radiation.  We’ll be carrying out exercises 1-4, and 7-12 of the Spectrum Technologies Lab Manual.  However, the procedures are written for a specific set of equipment/software.  We will be using different equipment and software, so we will have to adapt our experimental procedures accordingly.  Also, we will record data in our lab notebooks rather than on the data pages provided in the Manual.  The background information found in the Introduction to each exercise in the Manual will be useful, as will be the Questions.
Along with the write-ups in the Manual, we will refer to the Chapter 43 in the introductory physics text, University Physics.  That chapter concerns the structure and stability of atomic nuclei, and the properties of the three types of nuclear radiation.  

What follows are notes regarding each of the exercises that we will be exercising.
Lab # 1: Plotting a G-M Plateau  (Manual page 12)

We’ll use the Abacus Scaler and the G-M tube from Atomic Accessories.  These were acquired by the Department in 1960-61, and they still work.  The counting & timing are not automatic, but must be started and stopped manually.  Unlike the modern, software-driven G-M tube acquired more recently from Pasco Scientific, the G-M tube voltage can be varied, which is what is wanted for this exercise.  Plus, using this old stuff will be a novelty.  You will measure the count rate as a function of voltage set on the Scaler.  Start with 800 V, and increase the voltage to  1200 V.  Place the Cs-137 source in the bottom slot of the G-M tube stand.  Count for 0.5 minute at each voltage.  Graph the count rate (particles/minute) vs. voltage.  Verify that the appropriate operating voltage for the G-M tube is about 900V.
Lab # 2:  Statistics of Counting  (Manual page 20)
From this point onward, we’ll use the Pasco G-M sensor and the DataSudio software.  In this exercise we simply record a large number of 1-minute counts, and determine their statistical distribution.  The exercise write-up has a step-by-step instruction for doing the statistical analysis in Excel®.  Print the DataStudio Table, and tape it into the lab book.  Likewise, the Excel® chart.

Lab # 3:  Background  (Manual page 26)

No comment, except to say that all radiation measurements must be corrected for background radiation from now on.
Lab #4:  Resolving Time  (Manual page 30)

A particle that enters the G-M tube while the tube is “recovering” from a previous particle will not be counted.  The recovery time is called the dead time or the resolving time.  Particles entering the tube more frequently than the resolving time will be undetected.  In other contexts, such a time lag in the operation of a sensor might be called the relaxation time.  The count rate reported by the G-M tube has to be corrected by estimating the number of missed particles.
Lab #7 – 12:  (Manual page 48 - 87)
These labs will be done as written in the Manual.  Remember to correct for background and resolving time in every instance.

For Lab # 7, we do not have the “Backscatter Absorber Kit” so we will not perform Part I.  We have Lead and Aluminum in different thicknesses for Part II, so we can do Part II twice, once for Lead and once for Aluminum.

For Lab # 8, we must measure the distances (d) from the source to the G-M tube, rather than rely on the stated distanced between shelves.  Also, we don’t have 10 slots, but only five.  Also, Counts is not a unitless quantity—it’s a number per minute or per second, etc.

For Lab # 9, the alpha source is Po-210.  The source has to be placed very close to the detector, so the stands with shelf slots cannot be used.  Instead, place the source on top of several thin plastic sheets.  Place the detector almost touching the source.  Increase the distance between the source and detector by removing plastic sheets 2 or 5 at a time.
For Lab # 10, we have C-14 sources as well as Sr-90 and Tl-204 as the source of beta particles.

For Lab # 11, find literature citations for the Emax, and record them.  (Not Wikipedia, though it’s OK to start with Wikipedia.)

For Lab # 12, we can do this experiment twice, once for Al and once for Pb.  We should notice that the identity of the material is immaterial; what matters is the areal density:  mg/cm2.
The Cs-137 source produces both gamma and beta radiation.  Therefore, we should not start taking data with no absorber.  We want something to remove the beta particles.
Lab # 13:  Half-life of Radioactive Decay  (Manual page 88)
This is the same exercise as is done in PhyL 104.  However, in PhyL 104 we don’t apply the correction for the resolving (dead) time of the detector.  Follow the Manual instructions to determine the half-life of the Barium 137m, but keep in mind we are using the Pasco detector and the DataStudio software rather than the equipment described in the Manual.
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