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Half-Life

HALF-LIFE PRIVATE 

OBJECTIVE:  To directly observe radioactive decay as a function of time and determine the half-life of Barium-137.

THEORY:  We model the rate of decay, also known as the activity, of a radioactive isotope to exponentially decrease in time according to the function:
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where Ro is the activity at t=0 and ( is the decay constant.  The activity is measured in number of decays per time.  Common units are the Becquerel (Bq) which is one decay per second or the Curie (Ci) which equals 37 billion Becquerels.  The decay constant has units of inverse time.

The time that it takes for the activity to reduce to one-half of its initial value at t=0 is called the half-life of the isotope and is commonly symbolized by T1/2.  The half-life and decay constant can be related by combining the definition of half-life and Eq. (1): 
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Solving this for half-life gives
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We are going to test Eq. (1) and determine the half-life of the isotope Ba-137 by measuring its activity at different times.  This particular isotope is nice because it has a relatively short half-life and so we can do all of this in our lab meeting.

The barium is produced in the generator through the beta decay of Cesium-157.  The barium is left in an excited state after the beta emission and emits a gamma ray to de-excite.  The generator then has both Cs-137 and Ba-137 inside.  Both are decaying as described by the following decay equations:
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We will pass an etching solution (0.9% NaCl in 0.04M HCl) through the generator which will remove some barium and put it into the solution.  The exiting solution will then have primarily the Ba-137 isotope in it.  This solution will be our source.  We will use the G-M tube to count the gamma rays.  The tube is not as sensitive to gamma rays as to beta particles, but it will still work fine to give relative activities.  In case you're wondering, the decaying Cs-137 will replenish the amount of Ba-137 in the generator to its equilibrium value in about an hour.  
PROCEDURE: 

1. SET‑UP:  The high voltage supply for the tube and the counting electronics are contained in the counter (SpechTech St-350).  The counter and data acquisition is computer-controlled.

1.1. Connect the G-M tube to the counter with the coaxial cable.  Plug the counter's transformer into the socket and turn the counter ON via the toggle switch on the back of the counter.

1.2. Turn the selector knob on the front of the counter to "REMOTE".

1.3. Turn on the computer.  Double click on the "LABLINK" icon on the desk top.

1.4. Click on "OK" on the first screen.  Select COM1 on the next screen.

1.4.1.  Program the counter to make twenty-five 30 second counts.  This amount of time corresponds to just under five half-lives.  This should be more than enough data to see the exponential decay of the activity.  To do this:

1.4.2. Under File, select "New".

1.4.3. Under Presets, select "High Voltage".  Enter the operating voltage for your tube.

1.4.4. Under Presets, select "Time".  Enter 30 seconds.

1.5. Under Presets, select "Runs".  Enter 25.

1.6. At this point, inject a SMALL amount of solution into the generator.  Discard the first few drops that exit.  Direct the next couple of drops so that they land in the planchet.  Place the planchet on a tray under the tube.

1.7. Click "RESET".  Click "COUNT".  The acquisition should start. Wait until it is over. 

1.8. Under File, select "Save".  Provide a file name with no suffix.  The suffix .tsv will be added automatically by the software.

1.8.1. Shut off the tube and counter:

1.8.2. Under Presets, select "High Voltage".  Enter 0 or click "Off" to turn the voltage off.

1.8.3. Under File, select "Exit".

1.9. Turn off the counter's toggle switch and unplug it from the outlet.

1.10.  Remove the planchet and set it aside.  After about 30 minutes, the activity will reduce to an extremely small value and you can dispose of the planchet safely.

1.10.1. DATA ANALYSIS:

1.10.2. Launch Excel on the computer.

1.10.3. Open the .tsv data file that you just saved.  It is in the Lablink folder on drive C .

1.10.4. Generate a time column next to the count column with 0 seconds corresponding to the first count.  Make a plot of Count Rate n (counts per 30 sec) versus Time (s).

1.10.5. Using the best fit tool in Excel, fit the data to an exponential function.  Be sure to choose to display the equation on the plot.  The count rate that you have measured is directly related to the true activity of the sample.  Of course, the tube is missing some of the decays due to its decreased sensitivity to gamma rays and its dead time, and there are statistical fluctuations in the activity.  Nonetheless, we expect the measured count rate, n, to also obey an exponential decay as expressed in Eq. (1).  Does your plot support this claim?  What is the value of the decay constant, (, based upon the best fit to your data?

1.10.6.  Using Eq. (2), find the value of the half-life from your plot.  How does it compare to the stated half-life of 2.6 minutes?

REPORT:
Perform all of the steps and answer the questions as described in the Data Analysis part of the Procedure.
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