Experiment: 01

Objective: To study the platcau characteristics and to measure the operating voltage of a given
Geiger-Miiller detector.

Apparatus:
* Geiger-Miiller detector

e Shelf stand
* High voltage supply

* Scalar, counter and timer setup

Radioactive source (e.g., Cs-137, Sr-90, T1-207)
» Source holder |

Introduction:

Geiger-Miiller (G-M) detector was invented by H.. Geiger and E.W. Miiller in 1928. It is
widely used to detect radioactive particles. The iarge utility of the of the G-M detector is a result
of several of its characteristics which include high sensitivity, versatility for use with different
types of radiation, wide variety of shapes, large size of the output signal and reasonable cost.

The usual form of G-M detector is an end-window tube. This type is so-named because
the tube has a window at one end through which ionizing radiation can easily penetrate. The
other end normally has the electrical connectors. A typical G-M counter consists of a cylindrical
G-M detector having a thin end window (e.g. made of mica); a high voltage supply for the tube, a
scalar to record the number of particles detected b?y, the tube and a timer which will stop the
action of the scalar at the end of a preset interval.

The sensitivity of the G-M tube is such that 'any particle capable of ionizing a single atom
of the fill-gas of the tube will initiate an avalanche of electrons and ions in the tube. The
collection of the charge thus produced results in the formation of a pulse of voltage at the cuitput
of the tube. The amplitude of this pulse, of the order of a volt or so, is sufficient to operate the ].'
scalar circuit with little amplification. The pulse amplitude is independent of the properties of the
particle detected and gives therefore no information about the nature of the particle. Even sd, the

G-M counter is a versatile device which may be used for counting alpha particles, beta particles,
and gamma rays, |
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There are two types of end-window tubes: the glass-mantle type and the mica window
type. The glass window type will not detect ulpha radiation since It is unable to penetrate the
glass, but is usually cheaper and will usually detect beta radiation and X-rays. The mica window
type will detect alpha radiation but is more [ragile. Most of the G-M tubes will detect gamma
radiation and usually beta radiation above about 2.5 McV. G-M tubes will not normally
dClLLt_IlCH'i_lOIlS since neutrons do not ivnize the (ill-gas. However, neutron-sensitive tubes can be
produced which either have the inside of the tube coated with boron or contain boron
trifluoride or Helium-3 gas. The neutrons interact with the boron nuclei, producing alpha
particles or with the Helium-3 nuclei producing hydrogen and tritium jons and electrons. These

charged particles then trigger the normal avalanche process.

Principle of operation

Whenever any type of nuclear radiation (charged or neutral particles) passes through a

gaseous medium, ionization of atoms/molecules takes place along its track. This ionizing
property of a nuclear radiation is utilized for its detection in G-M counter. It consists of a
metaliic tube with a thin wire mounted along its axis. The wire s insulated from the tube using a
ceramic feed—lh:ough (See Fig- I) The central wire (anode) is kept at a positive potential of a few
hundreds of volt or more with respect to the metallic tube, which is grounded. The tube is filled

with argon gas mixed with 5-10% of ethyl alcohol or halogens (chlorine or bromine). When an
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Insulat - C
- | Wire | nsulator |
T o— — rig - II—— Scalar and Counter
Source (M?IQ’*VU 5—]
R
HV supply

Figure 1: Schematic diagram of the G-M tube and the associated electronics
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ionizing radiation enters the G-M tube some of the energy of the radiation may get transferred to
a gas molccule within the tube. This absorption ol cnergy results in ionization, producing an

clectron-ion pair (primary ions). The clectrons so produced move towards the central wirc and

positive ions towards the negatively charged outer cylinder. The electrons now cause further
ionization by virtue of the acceleration due to the intense clectric field. These secondary ions
may produce other ions und thess in turn still vther ivns before reaching the electrodes. This
cascading effect produces an avalanche of ions. In an avalanche created by a single primary
electron many excited gas molecules are formed by electron collisions in addition to secondary
ions. In a very short time of few nanoseconds these excited molecules return to ground state
through emission of photons in the visible or ultraviolet region. ﬁ'hwkey

element in the propagation of the chain reaction that makes up the Geiger discharge]If one of

these photons interacts by photoelectric absorption in some other region of the tube a new
electron is liberated creating an avalanche at a different location in the tube. The arrival of these
avalanches at the anode causes a drop in the potential between the central wire and the cylinder.
This process gives rise to a very large pulse with amplitude independent of the typ_c and energy
otw The pulses are fed to the amplifier through an appropriate R-C circuit,

and then to a counter which is called as scalar. Suitable arrangements are made to measure the
1

counts for a preset time interval. The schematic diagram of the G-M counter is shown in F ig-

and the setup to be used in the lab is shown in Fig-2 where G-M tube is shielded with lead.

%5;?: > -"‘kf‘—:‘ = ;;'i s .‘E"I ¥ Ny V7w ! "‘ 2 I ‘. _f" -
Figure 2: G M counter setup with lead shteldmg and source ki
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In the detectors containing pure noble gases, the impact of some of the high energy
positive ions on the cathode would cause the emission of the secondary electrons. These
secondary electrons would be uccelerated towards the anode and the subsequent high energy
collisions with gas atoms would trigger spurious repetition of the discharge. This process would
be repeated several times and a series of spurious discharges [ullow the single initial ionization
unless provision is made to prevent, or quench it. This is usually done by mixing some suitable
gas to the pure noble gas. The whole process is known as self quenching and there are two types
of self-quenched tubes in use, namely, the organic quenching (mixing Ethyl Alcohol or Ethyl
Formate) and halogen quenching (mixing Chld;ine or Bromine). Read more about the detailed

mechanism of quenching of both types, their merits and demerits.

The plateau is the voltage range in which the G-M detector operates. The plateau has a -

slight incline caused- by increased sensitivity to low energy radiation, due to the increased
velage on the device. At the upper end of the plateau there is a sharp rise in the count rate. The
relationship between the count rate and the radiation intensity is no longer linear. The circuit
becomes unstable and oscillation may occur. Depending on the characteristics of the specific
tube (manufacturer, size, gas type etc.) the exact voltage range may vary. ‘

Setting up the equipment:

L. Ensure that the high voltage is set to zero or that the instrument is OFF before connecting
or disconnecting a detector. '

2. Connect a G-M tube to the counter setup via a BNC cable.

3. Place the radioactive source close to the G—M tube’s window. o .

4. Using the Operating Mode information described above, set the unit up to perform the
desired function. ’ -

5. Press the COUNT button to start data acquisition and the RESET button to reset the time

and data to zero.
Procedure:

1. After setting up the equipment as described above place a beta or gamma source ("*7Cs,

?Sr, or °Co) in the shelf stand at a suitable distance from the window of the G-M tube.
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Fig. 3 shows count rate vs. voltage curve for a typic
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clor just starls counling (~ Z{SOV). Starting from

Find the voltage at which the G-M dele
thrice at each voltage V,in

this voltage take the number of counts for about 30 seconds,

steps of 10 volts.
¢ number of counts starts increasing very rapidly,

Stop increasing the voltage as soon as th
1¢ operating voltage of the G-M detector

Plot count rate N(V) versus V and determine

from the central region of the platcau as shown in Fig. 3.

al Geiger tube that has an operating point in

the vicinity of 500 V.
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Figure 3: Plot of count rate versus voltage for a G-M detector
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ty over a change in the

The plateau slope is defined as the percentage in the sensitivi
s V, and V3 in the

ge. If Ny and N; are the count rates corresponding to the voltage
plateau slope can be calculated by using the formula given below.

Ny 1 400 e (1)
2 {2 .. ! -

Plateau slope (in the units of %/V) = W+,
s 4
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Table-1:

Source: Igrcsct time= Background counts=
S. No. | Voltage Counts ~ Count rate
V) N(Y)
| S D B prevet S + ..
2
3
4
5
Results: @ 1
Threshold voltage of G-M detector = |
Operating voltage of G-M detector = NN ;
i &1
Slope of the plateau = o ’ ' t;
Precautions: g

Bl

1. Read the document (displayed in the lab) on general regulations for handling and using

R L R I

radioactive sources.

/2,,-While performing an experiment with one radioactive source other sources should not be’

‘ present nearby. They should be put behind the lead shield far away from your setup.

ISP ———
o O rdr—

3. Handle the radioactive sources with care. Don’t touch in bare hand to the center of

sources. : §
4. While measuring the plateau, do not take readings in the breakdown region. 't 4
' 4
5. Do not touch the G-M tube window. balke
6. Record counts only after a few seconds of applying the voltage. 1
; b
7 Voltages must be zero when switching on/off the instruments. Increase/decrease the - 7
voltages slowly. i 4
/ ;J
i £
, i
; £
\3
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