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FIG. 1: The setup for measuring the number of counts from a
random process (radioactive decay) in a given time interval.
An oscilloscope (not shown) is used to monitor the proper
functioning of the system.

be compared with the theoretical distributions and their
standard deviations.

Later, you will generate Poisson distributions by
Monte Carlo simulations on a Junior Lab PC and will
also compare them with the ones produced by nature in
your counting measurements.

3.1. Setup to Measure Poisson Statistics

Set up the scintillation counter as shown in Figure 1.
Expose the detector to the gamma rays from a 137Cs
or 60Co laboratory calibration source (a 1/2′′ × 5′′ plas-
tic rod with the source embedded in the colored end).
The voltage applied to the photomultiplier should be ≈
+1000 volts. The output of the photomultiplier is fed to
the “INPUT” connector on charge-sensitive preamplifier.
Use the oscilloscope to record the voltage waveform taken
from the output of the preamplifier and draw it in your
lab notebook. Note especially the rise and decay time of
the signal as well as the peak amplitude and polarity.

The output of the preamplifier is then connected to
the “INPUT” (connector on the back or front of the am-
plifier). The amplified signal should be taken from the
“UNIPOLAR OUT” connector on the front of the ampli-
fier, and fed to the “POS IN(A)” connector on the scaler.
Set the amplifier to have a moderate gain and for posi-
tive pulses. Start with the scaler’s discriminator set at its
lowest value (0.1V). Set the scaler to repeatedly acquire
for 5 seconds, display the result and then start again.

Note: Throughout Junior Lab, you should pay close at-
tention to the polarities of applied and detected voltages.
Incorrectly setting the polarity on an oscilloscope trigger
can be very frustrating!

3.2. Procedure

Examine the output of the amplifier on the oscil-
loscope (sweep speed ∼ 1µsec/cm, vertical amplitude
∼ 1 volt/cm) to confirm the proper performance of the
measurement chain. Adjust the gain of the amplifier to
produce signal pulses of ∼ +3 volts. If you trigger the
scope on the “rising edge” of the pulses and set the trigger
level to ∼ +3 volts, you should see a signal which starts
on the left-hand side of the scope display at ∼ 3 volts,
rises to a maximum of about ∼ 5 volts, goes negative and
finally levels off at zero. If you also set the discriminator
on the counter to 3 volts, there should be an approxi-
mate one-to-one correspondence between pulses counted
and pulses displayed. Ask for assistance on this step if
you are unfamiliar with the operation of an oscilloscope.

Incidently, even without a “check source” nearby, you
should see signals due to “cosmic-rays” at the rate of ≈ 1
cm−2 min−1.

You can control the counting rate by adjusting the dis-
tance of the source from the scintillator, by varying the
high voltage supplied to the photomultiplier, varying the
gain of the amplifier, or changing the threshold level of
the discriminator. Arrange things to yield four different
mean count rates of approximately 1 sec−1, 4 sec−1, 10
sec−1, and 100 sec−1.

Record your instrumental settings and prepare
tables in your lab notebook for recording the
count data in neat and compact form.

At each of these approximate rates, record the counts
for jmax = 100 repeated one-second intervals directly into
your lab notebook. For each of the four settings, record
the number of events in one consecutive run of 100 sec-
onds as well.

3.3. Analysis

The following analysis requires the use of repetitive
arithmetic on the collected data set. You could use either
Matlab or any other preferred tool on Athena.

a) For each of the four runs calculate and plot the cu-
mulative average, rc(j), of the rate as a function of
the sequence number, j, of the count. By “cumu-
lative average” is meant the quantity

rc(j) =
∑i=j

i=1 xi∑i=j
i=1 ti

. (3)

where xi is the number of counts detected in time
ti. For a process which is truly steady with mean
rate µ, rc(j) should converge to µ in the asymp-
totic limit. Include error bars to demonstrate con-
vergence.

b) Calculate the mean and standard deviation of each
of the four 100-trial distributions and compare to




