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Figure 7.5 Schematic diagram of a proportional counter.

7.4.3 Working

As discussed earlier, the output current signal in the ionization chambers is very low. One
common method of amplifying the signal is to increase the electric field till electrons gain
sufficient energy between two successive collisions with gas atoms to cause further ionization.

A high voltage (V) applied to anode is so adjusted that the tube operates in the proportional

region (Figure 7.3). For cylindrical geometry, the strength of electric field at a radial distance r
from the central wire is given by
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where a and b are the radii of the central wire and the inner radius of the cylinder, respectively.
The electric field in the neighbourhood of anode wire is extremely high. For example, if
a=0.005 cm, b= 1.0 cm, and = 2000 V, then

E(r) = 5.18 X 10° V/m near the wire.

In proportional counters, cylindrical geometry is preferred. For parallel plate geometry when
spacing between the plates is I cm, then to get this field gradient, voltage of about 51,800 V is
required for this field gradient. This is practically unworkable.

In such a high electric field gradient, a phenomenon called gas multiplication sets in. This

be explained as under. ~y D i . .
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Gas Amplification

Because of the increasing voltage, the electrons librated by the primary ionizing event get
sufficient kinetic energy. These energetic electrons while moving towards the anode collide
with neutral gas atoms, causing ionization of the neutral atoms. The electrons so produced may
cause further ionization. This multiplication effect is often called a Townsend avalanche ot
Townsend cascade. The total number of ion-pairs produced by a single primary ion-pair is
called the gas multiplication factor. This factor is unity in ionization chamber and is 107 to 10*
in proportional counters. For example, if 10* jon-pairs are originally created by the incident
particle and are multiplied by a factor of 1000, then instead of 10* pairs now the detector has

i i Y aya
107 ion-pairs. (o lonPaY
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At such a high field, the electrons acquire sufficiently high velocities. FOr €A&HET=, ° » =
field gradient is 10* V m™, the velocity of the electrons is approximately 4 % 10* m/s. With
such high velocities, electrons generated near the cathode take less than 1 s to reach the
anode. Thus, the proportional counter works at a much faster rate compared to the ionization

chamber. — T

A proportional counter has @mﬁiﬂ_&aﬂﬂ:&s. First because of its built-in amplification, it
can conveniently detect low energy radiations and second because of its proportionality, one can

produce an energy spectrum of the incoming radiations.

Figure 7.6 shows a typical Jow energy X-ray spectrum obtained with a proportional counter.
This shows twa peaksfirst at 22.1 keV due to K, line of Ag and second at 25.0 keV due to Kg
line of Ag. One important parameter used in such detectors is Energy Resolution or Full Width

.at Half imum (EWHM). From the experimental spectrum, it is measured as under. Let us
consider 22.1 keV peak. The maximum counts at this peak are 2000. The width of the peak at
exactly half of 2000, i.e. 1000 counts, is about 1300 eV. This number 1300 eV is known as energy
resolution or FWHM of this detector at 22.1 keV. The physical meaning of energy resolution is
that if there are two peaks with energy difference greater than the resolution, the peaks are seen
as two separate peaks; otherwise only a single peak is visible. For example, in the present
detector where the energy resolution is 1300 eV, if we draw the spectrum with tw,o X-rays at 22.1
the and 22.2 keV, the detector shows only a single peak. y
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Figure 7.6 X-ray spectrum of Ag having two X-rays at 22.1 keV and 25.2 keV recorded with

proportional counter.

7.4.4 Uses

The main use of proportional counters is detecting charged particles and low energy X-rays and
recording their energy spectrum. I(’BF3-ﬁlle7d proportional counters are used for detecting slow
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neutrons. Slow neutrons produce '’B(n. ¢))" Li reaction. o~particles ejected in the reaction are
detected in the proportional counter. g

7.4.5 Main Disadvantage

The main disadvantage of the proportional counter is the need for an expensive highly stabilized
power supply to maintain the proportionality characteristics.
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7.5 GEIGER-MULLER (GM) COUNTERS'

/ If we continue to increase the voltage across the electrodes (Figure 7.3), then we pass from the
proportional region through the region of limited proportionality to the GM region. In this case,
the electron cascade spreads from the immediate neighbourhood of the initial track. until it
encompasses the whole length of the anode/ The resulting pulse is thus very much larger than that
obtained from a proportional counter, but is obviously independent of the initial particle energy.
This means that all pulses from a GM tube are of the same amplitude regardless of the number
of original ion-pairs that started the process or is independent of the energy brought into the tube
by the incident particle. Therefore, a GM counter cannot be used for measuring energy of the
radiations.

7 This counter was named after Hans Geiger and W, Miiller, who invented it in the 1920s. It
is sometimes called a Geiger counter or a GM counter or GM tube and is the most commonly
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used portable radiation instrument. Although useful, cheap and robust. a counter using a GM tube
can only detect the presence and intensity of radiation. Geiger counters are used to detect
jonizing radiation, usually alpha and beta radiation and other types of radiation like low energy
X-rays, etc. 7

7.5.1 Principle

It works on the principle that nuclear radiations while passing through the gas contained in GM
counter ionize it.

7.5.2 Construction

The schematic diagram of a GM counter is identical to that of a proportional counter and is
shown in Figure 7.5. In majority of the cases, The GM tube is cylindrical in shape. This cylinder
is either made up of a conducting metal like copper. which acts as a cathode or it is made up of
glass, in which a metallic cylinder is supported, which acts as a cathode. However. in some cases
when the tube is of glass. inner sides of the tube are coated with a conducting metal like copper
or silver. This coating acts as a cathode. Anode is generally made up of tungsten wire which
stretches in the centre of the tube and is isolated from the cylindrical tube. The thickness of this
wire is generally 0.02 to 0.05 mm.
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Depending upon the requirement. the GM tubes are available in a variety of sizes. The
diameters of the tubes vary from 0.3 cm to about 15 cm while their lengths vary from 1 cm to 100 cm.

Commercially available GM tubes are filled with 90% argon (as the filling gas) and 10%
ethyl alcohol (as the quenching gas) or 0.1% either chlorine or bromine (as the quenching gas)
and the rest is neon or argon gas. A thin glass, mica or polymer window (~10 pm) isolates the
gases present in the GM counter from the atmosphere.

7.5.3 Working

The charged particles entering the GM tube ionize the gas present in the tube. This event is
known as primary ionization. The electrons librated in the primary ionization are accelerated
towards the central anode wire. Because of high potential present on the wire, the electrons may
gain sufficient energy to cause further ionization of the neutral gas molecules (known as
secondary ionization). This leads to a chain of ionizing events. which is already discussed and is
known as Townsend avalanche.

Besides these processes, there is a possibility of excitation of molecules and atoms. Such
excited molecules and atoms, while de-exciting, may emit ultra violet (UV) or visible photons.
These photons again lead to the production of electrons due to ionization of gas atoms or
molecules or due to photoelectric interacfion with walls of the counter. Each such librated
electron would again cause a Townsend avalanche. Such a series of avalanches would lead to
discharge in the tube called Geiger discharge. In such a state, there is a formation of dense
envelop of electron—ion pairs distributed around the anode. The voltage applied to anode collects
all the electrons pertaining to single event leading to Geiger discharge.
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Practically the process is not as simple as discussed above. During the Geiger disc.harge, there i
a dense envelop of ions and electrons around the anode. The electrons would drift towargg the

anode and positive fons would drift towards the cathode. The ppsilive ions drifting towardg the
tial greater than the work function of the cathode materi] lead

athode and become neutral. The excess energy may be
dissipated with the emission of cither a photon or an electron Fr'om the cathode the latter Process
take place only if excess energy is greater than the work 'ﬁnjctlon of the cathode material. This
again initiates another Geiger discharge. The result of this is that the t'ub‘e would always be i,
continuous Geiger discharge and hence is not able to measure any radiation.

To overcome this problem, the concept of quenching is introduced. There are two types of
quenching:
querea e

cathode having ionization poten
to exchange of electron from the ¢

1. Organic quenching
2. Halogen quenching

Organic quenching: This involves addition of small quantity of organic gas having a complex
molecular structure. This prevents the continuous Geiger discharge by charge transfer collision
principle. The positive ions on their path collide with organic molecules to get neutralized. This
makes only ions of organic gas to rcach the cathode and get neutralized. Any excess energy
released would lead to dissociation of organic molecules. Thus, multiple Geiger discharge could
be avoided.
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A typical filling of organic quenched GM tubes is 90% argon and 10% ethyl alcohol. When
the organic gas gets depleted to a sufficient extent. there is the occurrence of multiple discharges
frequently and thus the plateau length gets decreased with slope increased.

The organic quenched GM tubes are characterized by short life time and are not suitable for
operation in very high fields which leads to large count rate. To overcome this, the technique of
halogen quenching was introduced.

Halogen quenching: This involves the addition of small quantity of halogen gas such as
chlorine or bromine. A typical filling is about 0.1% of chlorine to argon or neon. The quenching
action is the same as that of the organic quenching process. The diatomic halogen gas molecules
also get dissociated in quenching but get recombined to replenish the gas molecules and thus the
counter life gets extended. ’ ry Ar

Characteristics of GM Tubes

The important parameters which decide the quality of functioning of GM tubes are as follows:
1. Dead time \~

2. Recovery time
3. Geiger plateau length and plateau slope

Dead Time: As discussed above, the positive ions take considerable time to reach the cathode
compared to electrons. The reason is that the mobility of electrons is about 1000 times greater
than that of positive ions. Due to low drift velocity of positive ions, there is a formation of cloud
of positive ions. The electric field of these positive ions forms a sheath of positive ions (space

T T P Y ™
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charge) close to the anode and reduces the intense electric field sufficiently. Thus, approaching
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electrons do not gain sufficient energy to start new avalancnes. THe VR 7= 07 5
(dead) for the time required for the ion sheath to migrate outwards far enough for the field
gradient t0 recover above the avalanche 1hreshold/111m_ﬂj—__‘_,w;10dggwl
2s the tween the initial pulse and the time at which a second Geiger discharge (regardless
of its size) can be developed. In most Geiger tubes, this time is of the order of 50-100 ps.

Dead time 15 the tme immediately following the introduction of a particle during which the
counter tube is insensitive for detection of another particle. /

Recovery time: After the dead time is over, some of the electrons and +ve jons recombine and
form neutral atoms. During this time, when a new ionizing radiation enters the tube. pulses of -
lower amplitude are formed. which cannot be counted by the counter.

The total time taken for the tube to recover to its fully sensitive state to gw;mlj.e
is called resolving time. =

The dead fime, recovery time and resolving time are shown in Figure 7.7. During the dead
time. no new pulses are formed. However, during the recovery time. pulses of lower amplitude
are formed. which are not counted by the counting system. [t is only after the recovery time that
the pulses of larger amplitude are formed, capable of getting counted.
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Figure 7.7 Relation between dead time, recovery time and resolving time of a GM counter.

Geiger plateau: In Figure 7.8, a plot of count rate versus the anode voltage is shown. In this
figure, the source of radiations is kept at a fixed distance from the counter. The potential
difference at which the counting just starts is called threshold potential. The typical threshold
potential depends upon the gas and its pressure in the counter. It generally varies between
400 and 900 volts. After a verv sharp rise. the counting rate remains almost constant with
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Increasing voltage. This flat region, th where the 1 i wnis recorded per sewn‘d
remains_independeni of applied voltage is called Geiger region. The length of the plateau is
about 100 to 300 volts. When the plateau region becomes shorter and steeper, it means that the
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GM tube is nearing the end of its useful life. If a Geiger-Millar counter is o

it eliminates the need of a costly and highly regulated power supply.
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Figure 7.8 Plateau curve of a GM counter.
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7.5.4 Main Usess.”

GM counters can detect even very small activi
extensively used for detecting X-rays, B-partic
bigger size GM tubes. They are one of the ch

7.5.5 Main Drawback

The major drawback of GM counters is thai
radiations.

Main differences between an ionizati
Table 7.2, while the main differences between

Table 7.3.

ies (due to large multiplication factor) and they are
es, orparticles, etc. For j-ray detection, we require
eapest forms of nuclear radiation detectors,

they cannot be used to measure the energy of

on chamber and GM counter are shown in
propotional counter and GM counter are shown in

TABLE 7.2 Differences between ionization chamber and GM counter

S. No. lonization chamber

1. Itoperates in the ionization region (region I,
Figure 7.3).

2. It operates at relatively low voltages
(~30Vto~250V).

3. The output pulse height is low, so an
amplifier is needed.

4. Power supply used to feed voltage to ionj-
zation chamber must be highly regulated.

GM counter

It operates in the GM region (region V;
Figure 7.3).

It operatess at much
(~ 800 V to ~ 1000 V). 3
The output pulse height s large, so no amplifier is
needed.

Power supply used to feed voltage to a GM
counter need not be regulated.

higher  voltages
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TABLE 7.3  Differences between proportional counter and GM counter

S. No.

1. It works in the proponiona]~Vr1/ion
(region 111, Figure 7.3).

2. It generally operates at lower voltages
(~200 V to ~500 V).

3. Output pulse height depends upon the
energy of the incident particle.

4. Energy of the incident
measured by it.

radiation is

5. The output pulse height is low, so an
amplifier is needed.

6. Power supply used to feed voltage to pro-
portional counter must be highly regulated.

Proportional counter ¢'1¢23

e GM counter =) ¢:_::'5 .
It works in the GM region (region V,
Figure 7.3).

It generally operates at higher voltages

(~ 800 V to ~1000 V).

Output pulse height do not depends’ upon the
energy of incident particle.

Energy of the incident radiation cannot be
measured by it. However, intensity/flux of
incident radiation can be measured by it.

The output pulse height is large, so no amplifier is
needed.

Power supply used to feed voltage to a GM
counter need not be regulated.

X
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/An fonization chamber is an instrument to measure the number of ions within a medium usually
gas or air. It consists of a gas-filled enclosure between two conducting electrodes.

When the gas between the electrodes is ionized by some means such as alpha particles, beta
particles. X-rays, or other radioactive emission, the ions move to the electrodes of opposite
polarity, thus creating an ionization current which may be measured by a galvanometer or
electrometer./

Tonization chambers are_widely used. in_many fields since they provide an output that ig
proportional to dose and have a greater operating lifetime than standard Geiger tubes (in Geiger
tubes, the gas eventually breaks down).

7.3.1 Principle

The ionization chamber works on the principle that charged particles passing through the matter
remove electrons from the atoms as they move along (process called ionization). If voltage is
applied across the material that is jonized, the electrons drift to one side and the leftover
positively charged ions drift to the other.

7.3.2 Construction

Schematically an ionization chamber is shown in Figure 7A4/It is in the form of a rectangular box.
It consists of two parallel plate electrodes separated by a distance d. These electrode
combinations form a capacitor with capacity C. High voltage is applied across these plates
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through a large bias resistance R. This voltage sets up an electric field across the two plates.
These plates are enclosed in a chamber and the chamber is filled with a desired gas. The most _
common gas in ionization chamber is air. Other gases used in such a detector are He, Ne,
isobutene, etc. In some cases. fonization chamber is of cylindrical shape. The cylinder is made up

of conducting metals like copper which acts as cathode. A straight thin wire passes in the centre
of the cylinder and is isolated from it. It acts as anode.

Tonizing radiations

s Figure 7.4 Ionization chamber.
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7.3.3 Working

gas present in the

When incident radiations enter the ionization chamber, they ionize the
on pairs. Under the

chamber, producing electrons and positive ions together known as electron-i
influence of the electric field, electrons and ions move towards their respective electrodes. For
a voltage gradient of 100 V cm'', ions at a speed of about 1 m/s in air at STP take about
0.02 s to cross a gap of ~2 cm. Electrons being lighter move about 1000 times faster and are
collected at anode quickly. The slow movement of positive ions means that the ionization
chamber is,inoperative till all the +ve jons get neutralized at the cathode.
The electrons collected at anode constitute a current in the circuit. The number of electron-
jon pairs produced in the gas and hence the current in the circuit is calculated as under.
Consider that a 3.5 MeV o-particle is moving in an jonization chamber, filled with air. Air_

has I¥-value ~35 eV. This a-particle produces

_ 35x10°
~ 2222 ~10° ion-pairs.
35
Let us suppose that the source is emitting about 10* o-particles per second. These particles will
produce a current of . S 7 NEE

1.6%107° x10° x10* =1.6x107° A

This current, though small, can be measured with most of the current meters.




image4.png
7.3.4 Main Uses

o radiation over a wide range of energies and are
a radiation. They are widely used in the
other medical radiation fields, and in

Ton chambers have a good uniform response t
the preferred means of measuring high levels of gamm
nuclear power industry. research labs, radiography.
environmental monitoring.

They are also used as radiation survey instri
of radioactive sources, measuring radioactive gases. etc.

uments, for calibrating or measuring the activity

7.3.5 Main Drawback

These detectors are not suitable to measure individual particles entering the chamber at a higher

rate.

7.4 PROPORTIONAL COUNTERS <.~ /[~ .

A proportional counter is a device to count particles of ionizing radiation and measure their
energy. It works on the same principle as the Geiger—Miiller counter, but uses a lower operating
voltage. A proportional counter differs from an ionization chamber in that the operating voltage
is sufficiently high that the drifting electrons gain enough energy over a mean free path to create
further ion-pairs when they collide with other neutral atoms of the gas.

- By Eneasuring the total charge (time integral of the electric current) between the electrodes,
the particle’s kinetic energy can be calculated. )
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7.4.1 Principle

Proportional counters use the principle that nuclear radiations while passing through a medium
jonize the medium.

7.4.2 Construction

The proportional counter is another gas-filled detector that was introduced in the late 1940,
These detectors work in the proportional region 111 (Figure 7.3). The proportional counters are
available in a variety of shapes and sizes. The most commonly used proportional counters are
cylindrical in shape. The cylinder is made up of metal. which acts as a cathode. In some cases,
this cylinder is made up of glass, the inner walls of which are coated with a conducting metal like
copper or silver. In the centre of the cylindrical cathode, a straight conducting wire, which is
insulated from the outer cylinder. acts as anode. The schematic view of the proportional counter
is shown in Figure 7.5. Usually a mixtl’nﬁ’of’ggicilslugd,comaining gases like neon, argon,
kryplon. ete. which favor high amplification and a complex gas like m‘w
pentane etc., which helps in stopping the phenomenon of secondary ionization. Commor;
proportional counters used in the laboratories contain a mixture of about 90% argon and
10% methane. The total gas pressure in the tube is generally less than one atmosphere. A thin
glass, mica or polymer window (~10 pm) isolates the gases present in the proportional counter
from the atmosphere.




