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Introduction
You have no doubt heard the word “radiation” before, perhaps without quite knowing what it actually means. The literal meaning of the word is "that which moves radially." Although this doesn’t quite capture the full meaning of the word, it does imply that radiation – whatever exactly that is – moves along a radius of some sorts. A useful picture is to think of radiation as something that emanates from a source point and moves away along a radius of a sphere that has its center at that point. OK, that tells us perhaps how radiation moves, but what is it? Briefly, radiation comes in two general kinds: light and matter.

When we say that “light” is a form of radiation, we don’t only mean visible light of the kind produced by a light bulb that allows you to read this paragraph, but light of any wavelength, possibly invisible to the human eye. For example, radio waves produced by your favorite radio station or infrared light that travels along plastic fibers that permit computers to communicate with one another are examples of radiation. 

The other general kind of radiation is matter composed of pieces of atoms such as protons, neutrons, or electrons. For example, a common source of radiation in your very own home is the seemingly ubiquitous smoke detector, of the kind you can buy at the hardware store for under $10. In the center of the smoke detector is a small clump of the element americium. Nuclei of americium spontaneously transform themselves into nuclei of the element neptunium. In the process, a helium nucleus, composed of two neutrons and two protons bound together, is ejected from an americium nucleus. This helium nucleus, or “alpha” particle, is the radiation.

From this brief discussion of radiation, you may have guessed that there are potentially many sources of radiation. You are correct. From light bulbs to laser pointers to certain kinds of nuclei, there is a wide range of radiation sources.  One source of radiation is particularly interesting from both a physics point of view and even a sociological point of view! That source is the set of nuclei that spontaneously transform themselves into another kind of nuclei, americium transforming itself into neptunium, for example. We call nuclei with this property radioactive and the general phenomenon radioactivity. How do you know if something is radioactivity? In principle, it’s easy. If you have a clump of nuclei of some element, and the number of protons in the nuclei spontaneously changes, either by increasing or decreasing, those nuclei are radioactive. Sometimes the number of neutrons also changes in the process, our americium nucleus is an example, but the key thing is that the number of protons must change since it is the number of protons in the nucleus uniquely identifies an element.

We refer to radioactive elements like americium as “alpha” (symbol () emitters because their nuclei emit alpha particles. There are other radioactive elements called “beta” (symbol () emitters because their nuclei emit electrons, sometimes called beta particles for historical reasons. ( particles are emitted when a neutron inside a nucleus transforms itself into a proton and an electron (plus an obscure particle called a neutrino). This emitted electron is energetic which is why it gets its name attached to the transformation. 

It is too difficult for us to test the entire behavior of radioactive nuclei. Instead, what we can do is to test this idea that if you have a clump of radioactive nuclei, the radiation from these nuclei flies off in a radial manner from the source, as discussed in the first paragraph above. 

We first need some vocabulary to make our explanations easier to follow. Imagine raindrops striking a glass windowpane. Further suppose that you know how many drops per second strike the windowpane and you also know the area of the window. Dividing the number of drops per second by the area of the windowpane is what we mean by the intensity of the falling rain on that particular windowpane. What is important is the ratio of two quantities. Notice that if you made the windowpane smaller or larger, you would change the number of drops striking it but you would also change the windowpane area so that the intensity would not change.

Suppose we have a clump of radioactive matter that emits X particles per second. Under our assumption about how radiation travels, we expect these particles to travel along imaginary rays that have the radioactive clump as their source point and to eventually strike the imaginary sphere surrounding the clump. If no particles get lost between the source and the sphere, then all of the particles strike the sphere. That means that X particles per second strike the sphere. Furthermore, the surface area A of a sphere is A=4(r2, where r is the radius of the sphere. The intensity I of the radiation striking the entire sphere is then:

                                                             I  =  EQ \f(X,4 p r 2)                                                     (1)

Note that from just reading the formula the units of I are:

[I] = counts/[time]-[area],

 or, normally, counts/sec-meter2. 

What equation (1) says in words is that if you have a radioactive source of constant strength, meaning you don’t change the number of particles per second X that it emits, the larger the size of this imaginary sphere, the smaller the intensity I.  So now suppose you wish to measure the intensity of radiation passing through some region of space due to some radioactive source. Your radiation detector is some distance r away from the source. You can imagine that your detector is part of an imaginary sphere of radius r.  You turn your detector on and measure some intensity I. You then change your distance r by moving backwards, say, and re-measure the intensity. Equation (1) says that you should measure a smaller intensity and that intensity should decrease like the square of the distance r. Hence, if you doubled your distance between measurements, the second intensity should not be one-half of the first but one-quarter (1/2 squared). This specific dependence of intensity on distance for point radioactive sources is what we want to test today. In symbols, you say I  EQ \f(1,r2) , intensity is inversely proportional to the square of the distance from the point source. 

Our radiation detector is a gas-filled tube with a thin front window. A wire in the center of the gas-filled part is at a high electric potential. Radiation from our source will enter the window and ionize the gas, producing free electrons. These electrons will feel the electric field produced by the wire and be accelerated toward it. Subsequent collisions between the free electrons and the gas molecules will produce other free electrons and the process will be repeated. Eventually, the whole set of free electrons collects at the wire and this collection is detected by the electronics attached to the tube. Every time there is such a collection, the electronics counts this as one particle detected. This entire device is called a Geiger-Muller (GM) tube, after its inventors.  

We will use the GM tube and a simple ruler to measure r and I to test if the inverse square law is indeed applicable.

Preliminary procedure

Look at the GM tube. You should see:
1.  It has an on-off, volume control switch with which the volume of the audible clicks (counts) may be controlled.  Also, there is an indicator light that will flash when counting occurs.
2.  The device has a range selector that allows the single meter to read a wide range of counts per minute (CPM).  Note the two scales, one ending at 1000 and the other ending at 3000.  You will need to multiply the meter reading by the respective power of ten to get the actual reading.  For instance, if the range is set on the 0-30,000 range, you will read the 0-3000 scale and multiply by 10.
3.  There is a red button which when pressed, causes the meter to read the tube voltage on the red scale.
4.  There is a vertical cm scale with zero at the end of the GM tube.
5.  The GM tube fits between two clamps at the end of the cm scale and should be positioned with its window facing upward and centered on the scale.
6.  The radiation source is very weak and of no danger to you.  The source is imbedded in a plastic disc and the radiation is emitted through a hole in the aluminum mount.  The radiation from the hole is emitted in a hemispherical distribution.  The magnet on the mount allows it to be placed anywhere along the cm scale.
7.  The response control has three settings: slow, medium, and fast.  The slow setting will yield a very accurate reading of counts / sec but it will take a long time to get the reading.  The fast reading will give a less accurate reading, with the needle showing visible fluctuations.  You should use the slow or medium settings.


Data Collection

1.  Do not turn on the counter yet!  Set the tube voltage to zero by turning the voltage control counter-clockwise to its zero setting.  Now you may turn on the counter.  Press and hold down the red button and turn up the voltage until the value reaches the V0 listed at the top of the counter.


2.  Since the Earth is constantly bombarded by cosmic radiation that will also produce counts in the GM tube, you will need to record the value of the CPM with no sources present.  This will give you the reading of the background radiation. This background CPM should be subtracted from all subsequent readings.


3. With the selector on the 0-10,000 range, move the source close to the GM tube until the reading on the meter is nearly full-scale.  Record r and CPM, labeled as I’. Note that CPM, although related to the intensity of radiation striking the GM tube, is not the same quantity as I. The actual relationship is I = CPM /(GM tube window area). Hence,

I x (GM tube window area) = CPM.  

Since window area is constant for all measurements, CPM and I are directly related so we will use I’ as the symbol for CPM to remind us that for this experiment the two are related by a constant. 

4. Move the source away at 0.5 cm increments, recording I’ and r for every position.  When the reading is below 3000, you can change the range setting to get a more accurate reading of the intensity.



Analysis
Since the intensity is proportional to the inverse of the distance squared, the product of intensity and distance squared should be constant.  For each data pair, compute I’r2.

Q0 Plot all your intensity and distance data on a graph and turn it in with your report. Plot I’ along the vertical axis and r along the horizontal axis. Label the axes and include units.

Conclusions

Q1 Summarize your results for this experiment.
Q2 Are the values I’r2 constant?  Did the inverse square law apply here? Explain your answer.
Q3 Did you notice any pattern to the clicks on the counter, any rhythm? Were the counts steady or not? Since the particles are emitted radially, what do you think about the direction each individual particle is emitted?  Is it predictable?
Q4 Look at your graph of I’ v. r.  Does it have a smooth inverse square curve?  Are there any anomalies?  

Q5 What happens when the source is especially close to the tube?  What would happen if the GM tube's reading were not linear (that is, not directly proportional to the actual CPM)?
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Be sure to plot your data!
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