IM .3. The Geiger-Muller Counter

1. Purpose: Some measurementsin nuclear decay, notions of statistics

2. Apparatus. Scaer-Timer (The Nucleus model 550),
Geiger-Muller tube,
oscilloscope,
radi oactive sources.

3. Introduction:

A typical Geiger-Mller (GM) Counter consists of a GM tube having a thin, mica end-window, a high
voltage supply for the tube, a scaler to record the number of particles detected by the tube, and atimer
which will stop the action of the scaler at the end of a preset interval.

The sensitivity of the GM tube is such that any particle capable of ionizing a single atom of the
filling gas of the tube will initiate an avalanche of ionization in the tube. The collection of the
ionization thus produced results in the formation of a pulse of voltage at the output of the tube. The
amplitude of this pulse, on the order of avolt or so, is sufficient to operate the scaler circuit with little
further amplification. However, the pulse amplitude is largely independent of the properties of the
particle detected, and, therefore, can give little information as to the nature of the particle. In spite of
this fact, the GM Counter isaversatile device in that it may be used for counting alpha particles, beta
particles, and gamma rays with, however, varying degrees of efficiency.

4, Set-up:
Set up equipment as shown in Fig. 1. Scaler, Timer, and High Voltage Supply may well be contained
in one package.
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5. Measurementsto be performed:
5.1 Characteristics of the GM counter:

Put a radioactive source below the GM tube. Put the counter in a counting mode and raise the
voltage until counts are observed. Note the shape of the pulse and what happens as the voltage on the
GM tubeisincreased. Do not exceed 900 volts at thistime. What is the minimum voltage pulse
necessary to activate the counter? After properly triggering the scope, sketch a picture of the pulse
shape. How would you describe it?

Every GM tube has a characteristic response of counting rate versus voltage applied to the tube.
A curve representing the variation of counting rate with voltage is called a plateau curve because of its
appearance. The plateau curve of every tube that isto be used for the first time should be drawn in
order to determine the optimum operating voltage. Find the plateau curve for your tube using the
procedure outlined below.

A. Check to see that the high voltage as indicated by the meter on the instrument is at its

minimum value.

B. Insert aradioactive source into one of the shelves of the counting chamber. Choose shelf

and counting time such that you have at least 1000 counts in the plateau region.

C. Turn on the count switch and slowly increase the high voltage until counts just begin to be

recorded by the scaler. The voltage at which counts just begin is called the "starting voltage" of

the tube.

D. Beginning at the nearest 20 volt mark above the starting voltage, take one-minute

(longer timeif counting rate is too low) counts every 40 volts until avoltage is reached where a

rapid increase in countsis observed. Reset scaler to zero before each count. Tabulate counts

versus voltage.

E. Plot thedataof (D). A plateau should be observed in the curve.

The optimum operating voltage will be about the middle of the plateau, usually some 150 to
200 volts above the knee of the curve. Set the high voltage to this point and record.

The slope S of the plateau of a GM tube serves as afigure of merit for the tube. The slopeis
defined to be the percent change in count rate per 100 volts change in applied voltage in the plateau
region. A slope of greater than 10% indicates that the tube should no longer be used for accurate work.

The slope may be computed using
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where V; isthe voltage at the high end of plateau, R; is the count rate at this voltage, V isthe voltage
at the low end of the plateau, and R; the corresponding rate. Do you understand this equation and can
you explain it?

In order to compare, obtain asimilar plateau curve for an old tube (if available).



5.2 Resolving time of the GM counter

Thereisaninterval of time following the production of a pulse in the GM tube during which no
other pulse can be recorded. Thisinterval is called the resolving time of the system.
If thistime is known it can be used to make a correction to the observed count rate to yield the true
count rate. The procedure below can give a good estimate of the resolving time.

A. Obtain aresolving time source (a*“split source”) from the instructor.

This sourceis split into two parts. Remove one half of the source and set it aside.

B. Placethe carrier containing one part on the second shelf of the counting chamber and make
atrial count of 1 minute duration. Get the maximum count rate you can. Hopefully this
should be more than 20,000 counts per minute, but if not use what you can get.

C. Make a 3-minute count and record the counts per minute, Rj.

D. Put the two parts of the source back together, taking care not to disturb the position of the
first part. Make a 3-minute count of the combined parts and record as R..

E. Remove the part initially counted and make a 3 minute count on the second part.

Record as R, (counts per minute).
F. Calculate the resolving time of the GM system using the relation:

Convert the time thus found to microseconds/count and record. To understand the origin of the
equation, seerefs[1 - 3].

The resolving time T may be used to correct an observed count rate using the expression:
R=r/(1-r1) (3)

where
r = Observed count rate
R = True count rate

To seethe effect of the resolving time directly, use avery high rate source and view the pulses
on the oscilloscope.

5.3 Statistical treatment of counting data

The emission of particles by radioactive nuclel is a completely random process. When, under
identical conditions, a series of N measurements is made of the number of particles detected per unit
timeit will be observed that the individual measurements will vary about some average or mean val ue.
The true mean, m, can be determined only by averaging an infinite number of measurements.
However, for afinite number of observations the best approximation of the true mean is simply the

arithmetic average n



m=n=(UN) (N + N+ Ng+ ...+ 1ny) (4)

The magnitude of the deviations of individual measurements from the true mean is usually expressed
in terms of a Standard Deviation, 0. The Standard Deviation is defined to be the square root of the
average vaue of the squares of the individual deviations (rms = “root-mean-square”). The number of
counts of radioactive decays for afixed timeis arandom variable whose probability distribution is a
Poisson distribution; the Standard Deviation for such adistribution is simply the square root of the true
mean:

o=+/m (5)

The best approximation to the Standard Deviation of afinite series of measurementsis given by the
sgquare root of the “sample variance”,

O=[{ (M- N )2+(N-N) 2+ +(ny- N)BINT%. ()

For values of m > 20 the Poisson distribution can be very well approximated by the Gaussian (or
“normal”) distribution for which certain confidence levels have been established in terms of the
standard deviation. These confidence levels are as follows:

About 68% of the number of observations made will fall within the limitsof n + On.
About 95% of the number of observations made will fall within the limits of n + 20,
About 99% of the number of observations made will fall within the limitsof n + 30,.

This meansthat if one additional measurement is made, it should have a 68% chance of falling
within n + o

When circumstances permit the making of only a single observation the number of counts obtained, n,
is used as an estimator of and /n asan estimator for its uncertai nty (standard deviation o).

The Standard Deviation of a gross counting rate, Ry is:

Or= Vnit =R/t = ,/% (7), wheret isthe duration of the counting.

This expression is adequate when the sample counting rates is much higher then the background
counting rate. However, when the background counting rate is appreciable compared to the sample
counting rate the net counting rate, R, and its Standard Deviation, o;, are determined by

v_ R Ry

Or= [Or/+OR’] "= [— +——1 (8)
tg tb
where
R = Net counting rate,
Ry = Gross counting rate of sample, ty = Period used to determine Ry,
R, = Background counting rate, t, = Period used to determine R;,.



To test the statistical nature of nuclear decay the following experiment can be performed:

A. Adjust the height of a source in the counting chamber to produce about 2000
counts per minute.

B. Takeaset of 10 counts of 30 seconds duration.
C. Compute the arithmetic mean n.
D. Compute the standard deviation osof the mean (for a Poisson distribution of mean n).
F. Compute the individual deviations from the mean (n; - F\) and record in atable.
Do they sum very nearly to zero?
G. Squarethe (n; - n ), sum the square and apply Equation (6) to obtain the

standard deviation o,. Compare o, with s
H. Count the number of measurements whose values lie within n + On.

Now take a second set of ten measurements and repeat the same analysis. Compare the two mean
valuesand sigmas. How many measurements of set 2 fall within the one sigmainterval of thefirst
set?

5.4 Background M easurements

Extraneous radiation called background radiation is always present. Gamma rays emitted by
certain radioisotopes in the ground, the air, and various building materials as well as cosmic radiation
from outer space can all provide counts in a detector in addition to those from a sample being
measured. This background counting rate should always be subtracted from a sample counting rate in
order to obtain the rate from the sample alone. Obtain a background counting rate using a 5-minute
sampletime.

5.5 Half-life deter mination of an unknown radioisotope
The activity (number of disintegrations per second) of aradioisotope is expressed as
A() =A,eM (10)
where
A(t) = Activity at the end of an interval t
A, = Activity at the beginning of the interval t

e = Baseof natural logarithm
A = Decay constant, characteristic of the radioisotope

The half-life, Ty, of aradioisotope is defined to be that interval during which the activity decreases to
one-half its value at the beginning of the internal. In terms of half-life, the time dependence of the
activity is

Alt)=Aoe'"™ ™  where Ty, = In2/A (12)



The counting rate of a sample of a radioisotope may be considered to be directly proportional to
the activity at the moment of measurement provided that the counting interval is short compared to the
half-life. Reasonably short half-lives can be determined by measuring activity at regular intervals.
The logarithm of the activity when plotted as afunction of elapsed time should yield pointsfallingin a
straight line. Why?

Obtain your unknown sample from the instructor, measure the activity asa function of time and find
the half-life.

6. Analysis, error estimation:
Resolving time:

Estimate the uncertainty on your resolving time measurement from the uncertainties on the
number of counts (use Poisson uncertainties for these).
Half-life measurement:

Y ou should take at least 20 measurements of the activity, for half-minute intervals. Having N
measurements of activity gives you N-1 independent measurements of the half-life. Estimate the
uncertainty on each individual half-life measurement from the uncertainties on the number of counts
(remember that they are Poisson-distributed!). Determine the average of al of these values, and
calculate the standard deviation. (If the uncertainties of these individual measurements are very
different from each other, you may want to use aweighted rather than a straight average.)
Furthermore, you can aso determine the half-life from the slope of the straight linein the plot of the
logarithm of the activity versus elapsed time. The uncertainty on this slope can a so be used to estimate
an uncertainty on the half-life.

7. Report:

Y our report should have a clear and complete discussion of the principles underlying the functioning
of a GM Counter, as well asits characteristics as determined from your experimental data. In addition,
you should have a compl ete description of the data analysis, including determination of uncertainties.
Y ou should treat every step in this experiment as a different measurement, with its data, analysis and
conclusion together in one section.
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