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UNIT 4: NUCLEAR IMAGING 
 

4.4 Types of radiation Detectors 

GAS FILLED IONIZATION CHAMBERS 
Gas-filled ionization chambers are devices used to detect and measure ionizing 

radiation. They operate by detecting the electrical charge produced when radiation 
ionizes gas within a sealed chamber. These chambers are widely used in applications 
such as radiation monitoring, dosimetry, and particle detection. 
 

Components 

 1. Gas-Filled Chamber: A sealed container filled with an inert or specific gas (e.g., 
air, argon, xenon, or helium). 

 2. Electrodes: A pair of electrodes (anode and cathode) are inside the chamber. An 
electric potential is applied across them. 

 3. Voltage Supply: Provides a constant electric field to collect ionized particles. 

 4. Readout System: Measures the current or voltage generated by the collected 
ions. 

 

How It Works 

 1. Ionization: When ionizing radiation passes through the gas, it ionizes the gas 
molecules, producing positive ions and free electrons. 

 2. Collection: The applied electric field causes the ions and electrons to move 
toward the electrodes, generating an electrical signal. 

 3. Signal Measurement: The magnitude of the signal is proportional to the energy 
of the radiation and is recorded by the readout system. 

 

Operating Regions 
 
The response of the chamber depends on the applied voltage and is categorized into the 
following regions: 

 1. Recombination Region: At low voltage, ions recombine before reaching the 
electrodes, so no significant signal is detected. 

 2. Ionization Region: At moderate voltage, all ions are collected, and the output is 
proportional to the radiation intensity. This is the operating range for ionization 
chambers. 

 3. Proportional Region: At higher voltage, the initial ionization causes gas 
multiplication (secondary ionization), resulting in an amplified signal. This is used in 
proportional counters. 



  Rohini College of Engineering & Technology 

  CBM335 Medical Imaging Systems 

 4. Geiger-Müller Region: At even higher voltage, a single ionizing event triggers a 
large discharge, producing a uniform pulse regardless of the radiation intensity. This 
is used in Geiger-Müller counters. 

 5. Discharge Region: At very high voltage, continuous discharge occurs, rendering 
the device unusable. 

 

Types of Gas-Filled Ionization Chambers 

 1. Ionization Chamber: Operates in the ionization region; used for precise 
measurements of radiation dose. 

 2. Proportional Counter: Operates in the proportional region; used for energy 
discrimination and particle identification. 

 3. Geiger-Müller Counter: Operates in the Geiger-Müller region; used for general 
radiation detection. 

 

Applications 

 1. Radiation Dosimetry: Measuring radiation dose in medical, nuclear, and 
industrial settings. 

 2. Environmental Monitoring: Detecting and quantifying radiation in the 
environment. 

 3. Nuclear Medicine: Monitoring radioactive isotopes used in diagnostics and 
therapy. 

 4. Particle Physics: Detecting and identifying charged particles in experiments. 

PROPORTIONAL COUNTER 
 

A proportional counter is a type of gas-filled radiation detector used to measure and 
identify ionizing radiation, such as alpha and beta particles or gamma rays. It operates 
in the proportional region of the gas ionization curve, where the output signal is 
proportional to the energy of the incident radiation. 
 

Working Principle 

 1. Ionization: When ionizing radiation enters the counter, it ionizes the gas 
molecules, creating primary ion pairs (positive ions and electrons). 

 2. Gas Amplification: 

 • A high voltage is applied between the central electrode (anode) and the 
cylindrical outer wall (cathode). 

 • The primary electrons are accelerated towards the anode, gaining enough energy 
to cause secondary ionizations. 
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 • This creates an avalanche effect, amplifying the signal but remaining 
proportional to the energy of the original radiation. 

 3. Signal Collection: 

 • The multiplied charges are collected at the anode, producing a measurable 
electrical pulse. 

 • The pulse height correlates to the energy of the incident radiation, enabling 
energy discrimination. 

 

Characteristics 

 • Proportional Region: Operates at a voltage higher than that of an ionization 
chamber but lower than that of a Geiger-Müller counter. 

 • Energy Sensitivity: Capable of distinguishing between radiation types and 
energies due to proportional signal output. 

 • Good Resolution: Useful in spectroscopy for energy measurements. 
 

Applications 

 • Radiation Spectroscopy: For identifying and measuring specific radiation 
energies. 

 • Neutron Detection: Often used with a gas mixture containing boron or helium-3. 

 • Environmental Monitoring: Measuring low-level radiation in the environment. 

 • Nuclear Research: In experiments requiring energy discrimination. 
 

Advantages 

 • Provides detailed energy information. 

 • Can operate at relatively low voltages compared to other gas detectors like 
Geiger counters. 

 

Limitations 

 • Requires careful calibration. 

 • Less robust compared to Geiger-Müller counters for high-radiation fields. 

 • Not suitable for very high radiation rates due to saturation effects. 
 
GM Counters (Geiger-Müller Counters) and Scintillation Detectors are both types of 
radiation detectors commonly used in nuclear physics, environmental monitoring, and 
medical applications to detect ionizing radiation such as alpha, beta, and gamma 
particles.  
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Geiger-Müller (GM) Counter 

 • Working Principle: A GM counter consists of a Geiger-Müller tube, which is 
filled with gas (usually argon or neon). When ionizing radiation passes through the 
tube, it ionizes the gas inside, creating ions and electrons. These charged particles 
create an electrical pulse that is detected and counted. 

 • Detection Type: It detects ionizing radiation (alpha, beta, and gamma) by 
counting the pulses of ionization. 

 • Output: The GM counter produces clicks or pulses proportional to the number of 
radiation events. 

 • Sensitivity: It has moderate sensitivity and can detect all types of ionizing 
radiation but is less sensitive to low-energy radiation compared to scintillation 
detectors. 

 • Energy Resolution: GM counters have poor energy resolution, meaning they 
can’t distinguish between different types of radiation or measure their energy. 

 • Applications: Used for general radiation monitoring, contamination checking, 
and dosimetry. It is commonly used in laboratories, field work, and educational 
settings. 

 

Scintillation Detectors 

 • Working Principle: Scintillation detectors use a scintillator material (e.g., 
sodium iodide doped with thallium, or plastic scintillators) that emits flashes of light 
(scintillations) when it absorbs ionizing radiation. These flashes are then converted to 
electrical signals using a photomultiplier tube (PMT) or a photodiode. 

 • Detection Type: Scintillation detectors are sensitive to gamma, X-rays, and 
sometimes beta particles. The amount of light emitted is proportional to the energy of 
the radiation. 

 • Output: The output is an electrical signal proportional to the light intensity 
produced by the scintillation. 

 • Sensitivity: Scintillation detectors are more sensitive than GM counters and have 
the ability to measure radiation over a wider range. 

 • Energy Resolution: They have good energy resolution, meaning they can 
identify different radiation energies and distinguish between types of radiation (e.g., 
gamma vs. beta). 

 • Applications: Scintillation detectors are widely used in spectroscopy, medical 
imaging (e.g., PET scanners), nuclear medicine, environmental radiation monitoring, 
and security applications. 

 

Key Differences 
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 • Sensitivity: Scintillation detectors are generally more sensitive and provide 
higher resolution. 

 • Energy Resolution: Scintillation detectors offer better energy resolution than 
GM counters, which only give a count of radiation events. 

 • Size and Portability: GM counters are typically more portable and rugged, while 
scintillation detectors may be more complex and require additional electronics for 
signal processing. 

 
GAMMA CAMERA 
 
A gamma camera, also known as a scintillation camera, is used in nuclear medicine to 
capture images of gamma radiation emitted from the body after a radiopharmaceutical 
is administered. The principle of operation and the key components involved include: 
 

1. Principle of Operation: 

 • The gamma camera detects gamma rays emitted by the radiopharmaceutical 
inside the patient’s body. These rays pass through the body and strike a scintillation 
crystal (usually sodium iodide, NaI(Tl)) that emits visible light when it absorbs the 
gamma photons. 

 • The visible light is then converted into an electrical signal, which is processed to 
create an image of the distribution of the radiopharmaceutical inside the body. 

 

2. Collimator: 

 • A collimator is a lead or tungsten device placed in front of the scintillation crystal 
to filter out unwanted gamma rays. 

 • It ensures that only gamma rays traveling in a specific direction, typically 
perpendicular to the crystal, reach it, preventing scattered radiation from distorting 
the image. The collimator’s design can affect image resolution and sensitivity. 

 • There are different types of collimators: parallel-hole, pinhole, converging, and 
diverging, each suited for different imaging needs. 

 

3. Photomultiplier Tube (PMT): 

 • After the scintillation crystal emits light (scintillation), the light photons are 
detected by photomultiplier tubes (PMTs) arranged behind the crystal. 

 • A PMT converts the light into an electrical signal. It consists of a photocathode 
that emits electrons when struck by light, and a series of dynodes that amplify the 
number of electrons, resulting in a measurable current. This current is proportional to 
the light intensity, which corresponds to the amount of gamma radiation detected. 
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4. X-Y Positioning Circuit: 

 • The gamma camera utilizes an X-Y positioning circuit to determine the precise 
location of the detected gamma rays. 

 • This system involves a set of position-sensitive detectors that provide spatial 
information about where the light from the scintillation crystal is generated. By 
determining the coordinates of the interaction point on the crystal, the camera can 
construct a map of the gamma radiation distribution in the body. 

 • The positioning circuit typically uses analog or digital methods to calculate and 
record the position of the detected events. 

 

5. Pulse Height Analyzer (PHA): 

 • The pulse height analyzer is used to discriminate between gamma rays of 
different energies detected by the PMTs. 

 • Since radiopharmaceuticals emit gamma rays of specific energies, the PHA helps 
to identify and select those gamma rays that correspond to the energy of the 
radiopharmaceutical being imaged, ensuring accurate data collection and image 
formation. 

 • The PHA works by measuring the amplitude of the electrical pulse generated by 
the PMT. It allows for the selection of pulses within a predefined energy range, 
filtering out unwanted radiation (such as background or scatter radiation) and 
improving the quality of the resulting image. 

 

Summary of Process: 

 1. The patient is injected with a radiopharmaceutical. 

 2. Gamma radiation from the radiopharmaceutical interacts with the scintillation 
crystal, producing visible light. 

 3. The PMTs detect the light and convert it into an electrical signal. 

 4. The X-Y positioning circuit determines the location of the detected gamma ray. 

 5. The pulse height analyzer ensures only the desired energy levels of radiation are 
used for image creation. 

 6. An image is constructed based on the spatial distribution of the detected gamma 
rays. 

 


