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Ionization Regions
http://felix.physics.sunysb.edu/~allen/252/PHY251_Geiger_fig2.gif
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http://spmphysics.onlinetuition.com.my/2013/08/geiger-muller-tube.html
Construction



GM COUNTER
A Geiger-Muller counter (Geiger-Muller 
tube) is a device used for the detection 
and measurement of all types of 
radiation: alpha, beta and gamma 
radiation. 
Hans Geiger developed a device called 
as Geiger Counter in 1908 together with 
Ernest Rutherford. This counter was only 
capable of detecting alpha particles. 

In 1928, Geiger and Walther Müller (a 
PhD student of Geiger) improved the 
counter so that it could detect all kinds 
of ionizing radiation. 
The current version of the Geiger-Muller 
counter was invented in 1947 by Sidney 
Liebson.
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Principle

It consists of a pair of electrodes surrounded 
by a gas, usually Helium or Argon.  

The tube contains electrodes having electric 
voltage of several hundred volts between 
them. But no current flows between them. 

The walls of the tube are either made up of 
metal or the inside is coated with metal or 
graphite to form the cathode. 

The wire passing through the centre of the 
tube makes the anode. 

When radiation enters the tube it can ionize 
the gas.  

The ions (and electrons) are attracted to the 
electrodes and an electric current is produced. 

A scaler counts the current pulses, and one 
obtains a ”count” whenever radiation ionizes 
the gas. 

http://juliantrubin.com/encyclopedia/electronics/geiger_counter.html

http://juliantrubin.com/encyclopedia/electronics/geiger_counter.html
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The apparatus consists of two parts,  

the tube  

the counter + power supply  

The Geiger-Mueller tube is usually 
cylindrical, with a wire down the 
centre.  

The counter + power supply have 
voltage controls and timer options. 
A high voltage is established across 
the cylinder and the wire. 

When ionizing radiation such as an 
alpha, beta or gamma particle enters 
the tube, it can ionize some of the gas 
molecules in the tube. 
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From these ionized atoms, an 
electron is knocked out of the atom, 
and the remaining atom is positively 
charged.  

The high voltage in the tube produces 
an electric field inside the tube.  

The electrons that were knocked out 
of the atom are attracted to the anode 
wire, and the positively charged ions 
are attracted to the cathode.  

The ion pairs gain sufficient energy 
to further ionise the gas molecules 
producing an avalanche of charged 
particles.

Working
https://cpp.edu/~pbsiegel/phy432/labman/geiger.pdf



GM COUNTER
This avalanche produces a pulse of 
current in the wire connecting the 
electrodes, and this pulse is counted.

After the pulse is counted, the 
charged ions become neutralized, 
and the GM counter is ready to 
record another pulse.  

For proper functioning of the GM 
counter, one must have the 
appropriate voltage across the 
electrodes.  

If the voltage is too low, the electric 
field in the tube is too weak to cause 
a current pulse. 
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If the voltage is too high, the tube 
will undergo continuous discharge, 
and the tube can be damaged. 
Larger tubes require larger 
voltages to produce the necessary 
electric fields inside the tube. 
For low voltages, no counts are 
recorded. This is because the 
electric field is too weak for even 
one pulse to be recorded.  
As the voltage is increased, 
eventually one obtains a counting 
rate.

Working
https://cpp.edu/~pbsiegel/phy432/labman/geiger.pdf
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The voltage at which the G-M tube 
just begins to count is called the 
starting potential or starting voltage. 
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The counting rate quickly rises as the 
voltage is increased. 

After the quick rise, the counting rate 
levels off.  

This range of voltages is termed the 
“Plateau” region.  

Eventually, the voltage becomes too high 
and we have continuous discharge.  
The threshold voltage is the voltage where 
the plateau region begins.  

Proper operation is when the voltage is in 
the plateau region of the curve. 

For best operation, the voltage should be 
selected fairly close to the threshold 
voltage, and within the first 1/4 of the way 
into the plateau region. Working

https://cpp.edu/~pbsiegel/phy432/labman/geiger.pdf



GM COUNTER
A single particle entering the tube is 
counted by a single discharge. 
The counter won’t be able to detect 
another particle until the discharge 
has been stopped. 
Prolonged discharges cause damage 
to the tubes as well. 

To prevent the current from flowing 
continuously methods are used to 
stop or quench the discharge. 
Quenching is of two types: 

External Quenching 
Internal Quenching
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Quenching

External Quenching 

In external quenching, external 
electronics is used to remove the high 
voltage between the electrodes. 

Internal Quenching 

In internal quenching, a small amount 
of polyatomic organic vapour such as 
butane or ethanol is used. 

Alternately a halogen such as 
bromine or chlorine is used. 

Ions collide with these quenching gas 
molecules and give up energy to 
them by causing them to dissociate. 

http://juliantrubin.com/encyclopedia/electronics/geiger_counter.html

http://juliantrubin.com/encyclopedia/electronics/geiger_counter.html


GM COUNTER
The efficiency of the detector is given 
by the ratio  

The reason that the efficiency is small 
for a G-M tube is that a gas is used to 
absorb the energy.  

A gas is not very dense, so most of 
the radiation passes right through the 
tube.  

Unless alpha particles are very 
energetic, they will be absorbed in the 
cylinder that encloses the gas and 
never even make it into the G-M tube.
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Efficiency

If beta particles enter the tube they 
have the best chance to cause 
ionization.  
Gamma particles themselves have a 
very small chance of ionizing the gas 
in the tube.  
Gamma particles are detected when 
they scatter an electron in the metal 
cylinder around the gas into the tube. 
So although the Geiger counter can 
detect all three types of radiation, it 
is most efficient for beta particles 
and not very efficient for gamma 
particles.

ε = number of particles of radiation detected
number of particles of radiation emitted 

https://cpp.edu/~pbsiegel/phy432/labman/geiger.pdf
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After a count has been recorded, it 
takes the G-M tube a certain 
amount of time to reset itself to be 
ready to record the next count.  

The resolving time or “dead time”, 
T, of a detector is the time it takes 
for the detector to “reset” itself.  

S ince the de tec to r i s “no t 
operating” while it is being reset, 
the measured activity is not the 
true activity of the sample.  

If the counting rate is high, then 
the effect of dead time is very 
important.
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Dead Time

Let, 
T = the resolving time or dead time of  
the detector.  
tr = the real time that the detector is 
operating. It is the actual time that the 
detector is on and is the counting time.  
It does not depend on the dead time of 
the detector, but on how long we 
actually record counts.  
tl = the live time that the detector is 
operating. This is the time that the 
detector is able to record counts. It 
depends on the dead time of the 
detector. 
C = the total number of recorded counts.

https://cpp.edu/~pbsiegel/phy432/labman/geiger.pdf
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Now, 

n = C/tr is the measured counting rate  
N = C/tl is the true counting rate 

Hence, 

This ratio is the fraction of the time 
that the detector is able to record 
counts. 

Since the counter cannot count 
during dead time, CT is the total time 
during which the counter is unable to 
count. 

Hence,
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Dead Time

This is the relationship between 
the actual or true counting rate (N) 
and the measured counting rate 
(n).

https://cpp.edu/~pbsiegel/phy432/labman/geiger.pdf
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Advantages 
They are relatively inexpensive 

They are durable and easily portable 

They can detect all types of 
radiation 

Disadvantages  
They cannot differentiate which 
type of radiation is being detected 

They cannot be used to determine 
the exact energy of the detected 
radiation 

They have a very low efficiency 

GM COUNTER

https://cpp.edu/~pbsiegel/phy432/labman/geiger.pdf

https://en.wikipedia.org/wiki/Geiger_counter
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When some discontinuity or particle is introduced 
into such supercooled vapour, it will act as the 
condensing medium and the excess of water vapour 
will separate out as fine droplets of liquid in the 
form of a cloud or mist. 
In case of the cloud chamber, the ionizing radiation 
acts as the condensing medium.

Wilson Cloud Chamber

Modern Physics by B. L. Theraja

This instrument is used for detecting and 
measuring moving charged particles, studying 
t h e b e h a v i o u r o f i n d i v i d u a l a t o m s , 
photographing the actual paths of ionising 
radiations and analysing the interactions 
between charged particles and individual atoms. 

The cloud chamber was designed by C. T. R. 
Wilson. It contains supercooled saturated 
vapours of a mixture of  alcohol and water. 

The volume of the chamber can be changed 
using the piston. The chamber is illuminated by 
a mercury vapour lamp and the tracks are 
photographed using stereoscopic cameras. 

If the volume of the chamber is increased by 
sudden downward movement of the piston, 
adiabatic expansion causes cooling which 
renders the vapours supersaturated, unstable 
and likely to condense.

ne.phys.kyushu-u.ac.jp



 14

Heavy, slow and highly ionizing 
particles like α particles produce short, 
broad, densely packed straight lines. 
Slow, light  and less ionizing particles 
like β particles produce thin, beaded and 
tortuous tracks. 

Fast particles, both light and heavy, 
produce narrow beaded tracks. 
γ rays are not observed in the chamber 
as they produce too few ions. 
When the cloud chamber is placed in a 
strong electromagnetic field, the track 
becomes curved for charged ions. The 
direction of the curvature helps us to 
distinguish between positively and 
negatively charged particles.

Wilson Cloud Chamber

Modern Physics by B. L. Theraja

If an ionizing radiation enters the 
chamber either immediately before, 
during or immediately after the adiabatic 
expansion, the ions left in its path will 
act as the condensation nuclei which will 
cause the formation of linear array of 
fine droplets of condensed vapour.  
This track is called the cloud track and 
when illuminated appears as white line 
on black background. The tracks can be 
photographed by the stereoscopic camera 
whose pictures can be used for studying 
track orientations in three dimensions. 

The chamber is then cleared of the ions 
by applying a sweep field across the 
chamber and the piston is returned to its 
original position for next measurement.
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A volatile liquid (like alcohol) is 
available near the top of the chamber. 
The vapours so produced diffuse 
continuously from the warm top 
(unsaturated) to the cold bottom 
(saturated). 

In between these two extremes, the 
conditions are appropriate for growth of 
condensed droplets when ionizing 
radiation is introduced in the chamber.

Wilson Cloud Chamber

Modern Physics by B. L. Theraja

The Expansion type Cloud 
chamber has a relatively long 
recovery time of about 10 to 60 
seconds. The chamber also has the 
drawback that it is sensitive for a 
short period of time after expansion. 

The diffusion chamber proposed by 
A. Langsdroff is continuously 
sensitive to track formation. 

The chamber rests on dry ice (solid 
CO2) keeping the bottom cool while 
the glass top is kept warm. This 
creates a vertical temperature 
gradient throughout the chamber.

physicsopenlab.org
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For determining the momentum 
of a moving charged particle by 
m e a s u r i n g t h e r a d i u s o f 
curvature of the cloud track in a 
magnetic field. 
For determining the polarity of 
the charge by not ing the 
direction of the curvature of the 
track in a magnetic field. 
For studying the phenomenon of 
artificial transmutation.

Wilson Cloud Chamber

Modern Physics by B. L. Theraja

Applications 
For measuring the range and 
hence the energy carried by a 
particle. 
For determining the nature of the 
particle by finding out its 
specific ionization i.e. the 
number of droplets per unit 
length of the cloud track.  
This helps to d is t inguish 
between an α particle, proton, 
meson or electron.



 17 Linear Accelerator

Modern Physics by B. L. Theraja
accelerators-for-society.org
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Let us suppose that positive ions are 
produced from the ion source. 

The drift tubes are arranged such that 
a l ternate tubes have opposi te 
potential. The travel through the drift 
tubes is at a constant velocity. 

When the ions come out of a drift 
tube, the succeeding tube is at a 
potential so as to accelerate the ions 
through the ensuing gap between the 
tubes. 

This will happen only when the time 
taken by the ions to travel through a 
tube is exactly equal to half the time 
period of the oscillator.

Linear Accelerator

Modern Physics by B. L. Theraja

In a Linear Accelerator (LINAC), the 
charged particles in a straight line through 
a series of coaxial cylindrical hollow 
conductors or drift tubes. 

High frequency oscillating electric field is 
applied to these drift tubes in a manner that 
the frequency is in resonance with the 
motion of the particles. 

The drift tubes are arranged linearly inside 
an evacuated glass chamber in such a way 
that the odd numbered tubes are connected 
to one input of the power supply and even 
numbered tubes are connected to the other 
input of the power supply.  

The length of the tubes keeps on increasing 
as one moves from the source of ions to 
the target.
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If f is the frequency of the 
oscillator then the time required to 
travel a tube is equal to the half of 
the time period of the oscillator. 

If ln is the length of the nth tube 
then, 

Hence, we get 

Linear Accelerator

Modern Physics by B. L. Theraja

At every gap the ions get accelerated 
and travel with higher velocities. This 
requires the proportional increase in 
the length of the drift tubes so that 
the ions are in resonance with the 
oscillating potential. 

If n is the number of tubes and Vm is 
the maximum voltage of the 
oscillator then energy acquired by an 
ion of charge q is given as, 

where m is the mass of the ion and vn 
is the velocity of the ion when it 
enters the nth tube.

nqVm = 1
2
mvn

2

t = T
2
= 1
2 f

t = ln
vn

= 1
2 f ⇒ ln =

vn
2 f

ln =
nqVm
2mf 2
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Disadvantages 
The multiplicity of oscillating 
sources and fields require many 
pieces of h igh f requency 
apparatus which increases the 
complications and the cost. 
For a very long tube, it becomes 
extremely difficult to keep the 
alternating  field and ions in 
phase with each other.

Linear Accelerator

Modern Physics by B. L. Theraja

With the help of oscillators having 
frequencies as high as 3000 MHz, it has 
been poss ib le to des ign l inear 
accelerators giving electron energies 
upto 40 GeV and proton energies upto 
70 MeV. 
Advantages 

They produce a well collimated beam 
of charged particles. 
Linear accelerators are much easier to 
build than circular accelerators as they 
don't need the large magnets required 
to coerce particles into going in a 
circle. 
The radiation loss is less for linear 
acceleration at high energies.
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The two dees are separated by a 
narrow parallel air gap and are 
mounted inside a vacuum chamber 
between the poles of a powerful 
electromagnet. 

The two dees are connected to a high 
frequency oscillator that establishes an 
alternating electric field in the air gap.

Cyclotron

Modern Physics by B. L. Theraja

Cyclotron was first invented by 
Ernest O. Lawrence in 1934 for 
which he won the 1939 Noble Prize 
in Physics. 

Under the influence of vertical 
magnetic field, the charged particles 
move round and round in circular 
orbits and are repeatedly accelerated 
across the same gap with the help of 
a horizontal electric field. 

The most important part of the 
c y c l o t r o n a r e t h e t w o f l a t 
semicircular metal boxes called 
‘dees’ (because of their shape).

machinedesign.com
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As the ions cross the gap, they get accelerated 
and the ions enter the second dee with increased 
velocities and hence have bigger radius than 
before. 

The ions travel with subsequent increasing 
velocities and the beam is taken out using an 
opposite deflecting voltage when the ions reach 
the required velocity.

Cyclotron

Modern Physics by B. L. Theraja

Let us suppose the ion source 
provides positive ions. These ions are 
accelerated through the gap towards 
the ‘dee’, which happens to be 
negative at that instant. 

As there is no electric field inside the 
metallic dee, the ions travel in a 
circular path of fixed radius under the 
influence of the magnetic field. 

The time required by the ion to travel 
through the dee is equal to half the 
time period of the oscillator voltage. 

Due to this the ions see the second dee 
to be negative when they come out of 
the first dee and accelerated into it.
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The two equations give, 

For a fixed value of q/m for a given 
a particle and a constant magnetic 
field B, velocity of the particle is 
directly proportional to the radius of 
curvature inside the dee. 

This implies that the time required to 
travel inside the dee is same whether 
the radius is larger or smaller. 
The value of the equivalent potential 
is 

Cyclotron

Modern Physics by B. L. Theraja

When a particle of mass m and 
charge q travel with a velocity v in a 
magnetic field of flux density B, the 
force experienced by the particle is 
Bqv. 
The centripetal force acting on the 
particle moving in a circle of radius 
r is provided by the magnetic force. 
Hence, we get 

If the particles are accelerated 
through oscillating voltage V, we get 

mv2

r
= Bqv

1
2
mv2 = qV

v = Bqr
m

V = 1
2
q
m
B2r2
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It is seen that for higher oscillator 
frequency, there is a requirement of 
stronger magnetic field. It is 
customary to keep oscil lator 
frequency fixed and to adjust the 
value of magnet ic f ie ld t i l l 
resonance is obtained. 
If rm is the radius of the outermost 
orbit then maximum energy of the 
particle at the time of leaving the 
cyclotron is 

Cyclotron

Modern Physics by B. L. Theraja

For resonance, the time taken by 
the particle to travel the circular 
arc within a dee must be equal to 
half the time period of applied 
oscillator voltage, i.e. 

The orbital frequency also known 
as the cyclotron frequency is 
given by 

πr
v

= T
2

⇒T = 2πr
v

= 2πr
Bqr /m

= 2πm
qB

f0 =
1
T
= Bq
2πm

Emax =
1
2
mv2 = 1

2
m B2q2rm

2

m2

Emax =
1
2
B2q2rm

2

m



 25

This can be compensated by 
By increasing the magnetic flux 
B so that B/m remains constant. 
In such case the frequency of the 
oscillator remains fixed. Such a 
device is called Synchrotron. 
By decreasing the oscillator 
frequency in step with the 
decrease in orbital frequency of 
the particle. In this case the 
magnetic flux density is held 
constant. Such a device is called 
frequency modulated cyclotron 
or Synchrocyclotron.

Cyclotron

Modern Physics by B. L. Theraja

Synchrocyclotron 
The resonate frequency of the 
cyclotron is 

As the velocity reaches the relativistic 
values, the mass of the particle 
increases with velocity as 

This results in decrease in the 
cyclotron frequency and the particle 
gradually gets out of phase with the 
applied voltage which operates at a 
constant frequency.

f0 =
Bq
2πm

m = m0

1− v
2

c2




