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G-M Counter

THE GEIGER-MUELLER COUNTER PRIVATE 

OBJECTIVE:  To study the operation of the Geiger‑Mueller counter.

THEORY:  In 1896, Becquerel discovered the phenomenon of radioactivity when he noticed that uranium salts were capable of blackening photographic plates, even when separated from them by opaque material.  It was found that uranium, and all the heavy elements from Z = 84 to 92, emit radiations which can blacken a photographic plate, ionize gas, and produce scintillations or small flashes of light when they strike a suitable material.  This emission of radiation is accompanied by a gradual transmutation of the radioactive element, known as radioactive decay, in which the atomic number is decreased, finally reaching Z = 82 (lead).

Getting this radiation to pass through a magnetic field reveals them to be of three kinds:  those that deflect one way, those that deflect the opposite way, and those that do not deflect at all in the magnetic field.  From the directions of propagation, field, and deflection we see that these three kinds are:  alpha particles which have a positive charge (they are Helium nuclei),  beta particles which have a negative charge (they are electrons), and gamma rays which are uncharged (they are electromagnetic radiations).

The Geiger‑Mueller counter is a device for detecting radiation.  It gives relative, not absolute, measurements, and records count rates, often reported in counts per minute (cpm).  The operation of the counter is based on the ability of nuclear radiation to ionize gas.  The sensitive element of the instrument is the Geiger‑Mueller tube.  The tube has a thin window on one end and is filled with a gas at a pressure of a few centimeters of mercury.  There is a fine wire mounted along the tube's axis.  The sequence of events leading to the detection of a radioactive particle or quantum is shown in Fig 1 on page 4.

Fig. 1A shows the process beginning as a particle enters the tube. The window is ultra‑thin so as to offer the least possible resistance to the entrance of the particle.  However alpha particles are unable to penetrate even this thin window and consequently the instrument is insensitive to alpha radiation.  The incident particle strikes several gas atoms, knocking loose electrons and leaving positive ions.  The electrons (small black dots) migrate toward the positive anode, which is the fine wire along the axis of the tube.  This phase is shown in Fig. 1B.  As the electrons fly toward the anode, they strike other atoms, ionizing them. This process continues like an avalanche, resulting in heavy ionization in the region of the anode.  The sudden rush of electrons to the anode gives rise to a small pulse of current, or a "count."  This phase is shown in Fig. 1C.  The pulse is cut off by an accumulation of electrons or negative ions in the region of the anode, where ionization is heaviest, which neutralizes  the field of the anode, so that no further electrons are attracted.  Fig. 1D shows the accumulated positive ions as they begin to migrate from the anode to the cathode.  A "quenching vapor" included in the tube prevents the positive ions from starting a new pulse as they move towards the cathode.

The number of counts per minute emitted by the GM tube depends on the applied voltage.  Below a certain threshold voltage, there will be no counts.  Over a certain range of voltage, the number will remain nearly constant as the voltage is varied.  (See Fig. 2.)  Before using the instrument it is necessary to determine this "plateau" and set the voltage in the middle of this range.

After a discharge takes place in a Geiger‑Mueller tube due to an event caused by an incident particle, the space charge around the outer cathode region depresses the field at the central anode so as to make any further multiplication by collision impossible.  A second particle entering the tube at this time will not produce a pulse.  As the space charge moves toward the cathode, the field increases again.  It becomes sufficiently large so that a second particle may produce a small pulse after a certain time (, the dead time, following the passage of the first pulse.  If we let:   



(  = dead time of the G-M tube in seconds [s]


c  = measured number of particles in time interval (t
       
n  = measured counting rate [cps] 

then

      
n  = c / (t

n(  = the fraction of a particle that is missed for each measured particle (n( < 1)


1.1.1. 
1 ‑ n(  = the fraction of a particle that is actually counted for each measured particle


c/(1 ‑ n() = the TRUE number of particles entering the detector in (t
If we let N = the TRUE counting rate (i.e., the counting rate for zero dead time) then,

1.1.2. 
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The dead time, (, may be determined by employing two strong sources of radiation in the following manner:

1.1.3.   a.  using the left source only gives:    
NL = nL / (1 - nL()



(2A)

1.1.4.   b.  using the right source only gives:   
NR = nR / (1 - nR()



(2B)

  c.  both sources in their previous positions gives:

1.1.5. 


      


NL + NR = Nboth = nboth / (1 - nboth()

(2C)

1.1.6. Algebraically solving for the dead time by adding Eqs. (2A) & (2B) and subtracting their sum from Eq. (2C) yields 

1.1.7. 
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which is to be used in the evaluation of the dead time of the Geiger‑Mueller tube.

PROCEDURE: 

2. 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.

2.1. 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.

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

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

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

3. PLATEAU PLOT:  You will first need to generate a plateau plot (count rate vs. tube voltage) to characterize your tube.

3.1. Determine approximate threshold voltage:

3.1.1. Place a source of Beta Rays (such as Tl-204) on a shelf of the G‑M tube holder.

3.1.2. Under File, select "New".

3.1.3. Under View, select "Counts".

3.1.4. Under Presets, select "High Voltage".  Enter a value of 500 V.

3.1.5. Click "COUNT".  If no counts occur, the tube voltage is too low.  Go back to Presets, select "High Voltage", and increase the voltage by about 50 V.  See if the tube counts.  Keep doing this until you find the approximate voltage where the tube just starts counting.  This is the approximate value of the threshold voltage.

3.1.6. Click "STOP".

3.2. Plateau Data Acquisition:

3.2.1. Under Presets, select "High Voltage".  Set the voltage to a value slightly below your approximate threshold voltage.

3.2.2. Under Presets, select "Time".  Enter 60 seconds. (We'll do one minute counts.)

3.2.3. Under Mode, select "Voltage Ramp On".

3.2.4. Click "RESET". 

3.2.5. Click "COUNT".  The counter will now ramp the tube voltage in 25 V steps up to 1200 V, taking a one-minute count at each voltage value.  Wait until the counter is done.

3.2.6. Under Mode, select "Voltage Ramp Off".

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

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

3.2.9. Under File, select "Exit".

3.3. Plotting the Plateau:

3.3.1. Launch Excel on the computer.

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

3.3.3. Select the voltage and count columns to make a plot of Count Rate n (cpm) vesus Tube Voltage (V).

3.3.4. You can save this Excel file and put in on a floppy for use outside of class.

4. PLATEAU ANALYSIS:

4.1.  Determine the threshold voltage from your plot.  This is still an estimate since the voltage was stepped in 25 V intervals.

4.2.  The condition of the tube can be determined by the relative flatness of the plateau.  Calculate the percent rise per 100 V using:




% Rise/100 Volts 
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(4)                          

where n1 is the cpm at the voltage V1  and n2 is the cpm at V2 . These points should be chosen from points on the plateau of the curve. (See Fig. 2.) If your G‑M tube is in good shape, this value should be less than 10%.

4.3. The operating point is the voltage at which you will operate the tube for future experiments.  We normally use a voltage that is 50 Volts beyond the "knee".  Determine the knee voltage (See Fig. 2), add 50 V, and record this operating voltage.

5. DEAD TIME:  You will determine the dead time of your tube using the two-source method.  Use a source that gives at least 2000 cpm in order to obtain an accurate dead time.

5.1. Place both sources on the shelf, side-by-side and centered under the tube.  Set-up and perform a 5 minute count.  To do this:

5.1.1. Under File, select "New".

5.1.2. Under Presets, select "High Voltage".  Enter the operating voltage previously determined.

5.1.3. Under Presets, select "Time".  Enter 5 minutes.

5.1.4. Click "RESET".

5.1.5. Click "COUNT".

5.2. When the counting is done, record the number of counts and calculate the count rate in counts per second (cps).  This is the count rate for both sources, nboth.

5.3. Remove the left source.  Set-up and perform a 5 minute count as before.  Calculate the count rate in cps for the right source, nR.

5.4. Return the left source and remove the right source.  Set-up and perform a 5 minute count as before.  Calculate nL in cps.

5.5. Turn-off the tube and counter.  To do this:

5.5.1. Under Presets, select "High Voltage".  Enter 0 or click "Off".

5.5.2. Under File, select "Exit".

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

5.7. Find the dead time using Eq. (3).

5.8. Calculate the true counting rates in cps using Eqs. (2A-C).  Compare these values with the observed counting rates.

5.9. Verify that the observed counting rates give nL + nR > nboth.  Why is this so?  Then verify that the true counting rates give NL + NR = Nboth.  Why is this so?

REPORT:
Perform all of the calculations and answer all of the questions as described in the Procedure.
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