Particulate radiation

Particulate radiation refers to the emission of particles from a radioactive source.
These particles can be charged (alpha or beta particles) or uncharged (neutrons).
Here are the main types of particulate radiation:

Alpha Particles (a):

Composition: Consists of two protons and two neutrons (helium nucleus).
Charge: Positive.

Mass: Relatively heavy compared to other particles.

Penetration: Limited penetration, can be stopped by a sheet of paper or human
skin.

Beta Particles (B):

Composition: Electrons (B-) or positrons (B+).

Charge: B- is negatively charged, and B+ is positively charged.
Mass: Lighter than alpha particles.

Penetration: Can penetrate through materials such as paper, but can be stopped by
materials like plastic or aluminum.

Neutrons:
Composition: Neutral particles (no charge).
Mass: About the same as protons.

Penetration: High penetration ability. Can pass through materials that would stop
alpha and beta particles. Interaction with matter depends on energy level.

Protons:
Composition: Positively charged particles found in the nucleus of an atom.
Mass: About the same as neutrons.

Penetration: Limited penetration. Can be stopped by materials like a few
centimeters of lead.



lonizing and non-ionizing radiations

lonizing and non-ionizing radiations are two broad categories of electromagnetic
radiation based on their ability to ionize atoms or molecules.

lonizing radiation

lonizing radiation: refers to radiation composed of particles or electromagnetic
waves with enough energy to ionize atoms or molecules by removing electrons from
them. This process can lead to the creation of charged particles (ions) and can have
various biological and environmental effects. lonizing radiation is categorized into
two main types: electromagnetic radiation and particle radiation.

Electromagnetic Radiation:

1-X-rays: X-rays are a form of electromagnetic radiation with higher energy than
visible light. They are commonly used in medical imaging (X-ray radiography),
industrial applications, and research.

2-Gamma rays: Gamma rays are electromagnetic waves with even higher energy
than X-rays. They are often associated with radioactive decay and nuclear reactions.
Gamma rays can penetrate deep into materials and are used in medical treatments,
such as radiation therapy for cancer.

Particle Radiation:

Alpha particles: Consist of two protons and two neutrons and have a positive
charge. They have arelatively large mass and a low penetrating ability, often stopped
by a sheet of paper or human skin. However, they can be harmful if emitted
internally, such as through ingestion or inhalation.

Beta particles: Beta particles are high-energy, high-speed electrons (beta-minus) or
positrons (beta-plus) emitted during certain types of radioactive decay. They can
penetrate deeper into materials than alpha particles and are used in medical
treatments and industrial applications.

Neutrons: Neutrons are uncharged particles found in the nucleus of atoms. They can
induce nuclear reactions and are often associated with nuclear fission and fusion
processes.



Biological Effects:

lonizing radiation can have harmful effects on living organisms due to its ability to
damage cellular structures and DNA. The severity of the effects depends on factors
such as the type of radiation, dose, duration of exposure, and the sensitivity of the
exposed tissues. Long-term exposure to ionizing radiation is associated with an
increased risk of cancer and genetic mutations.

Uses:

lonizing radiation has various practical applications in medicine, industry, and
research. Some common uses include medical imaging (X-rays and CT scans),
cancer treatment (radiation therapy), industrial inspection (non-destructive testing),
sterilization of medical equipment, and generation of electricity in nuclear power
plants.

Safety Measures:

Due to the potential hazards associated with ionizing radiation, safety measures are
essential. These include minimizing exposure time, increasing distance from the
radiation source, and using shielding materials. Workers in industries involving
ionizing radiation are often required to use personal protective equipment and follow
strict safety protocols. Additionally, regulatory agencies establish guidelines and
limits to protect individuals from excessive radiation exposure.

Protons, which are positively charged particles found in the nucleus of an atom, can
cause ionization when they interact with matter. In certain situations, protons can be
part of ionizing radiation sources, such as in particle accelerators or certain types of
nuclear reactions.

Non-ionizing radiation

Non-ionizing radiation refers to a type of electromagnetic radiation that does not
have enough energy to ionize atoms or molecules, meaning it does not have
sufficient energy to remove electrons from the atoms it interacts with. Unlike
lonizing radiation (such as X-rays and gamma rays), non-ionizing radiation typically
has lower energy levels and is considered less harmful to living organisms. Here are
some key aspects and examples of non-ionizing radiation:



Types of Non-lonizing Radiation:
Radiofrequency (RF) Radiation:

Sources: RF radiation is emitted by wireless communication devices such as cell
phones, Wi-Fi routers, and radio and television broadcasting stations.

Effects: At typical exposure levels, RF radiation is not known to cause ionization in
biological tissues. However, long-term exposure is still an area of ongoing research.

Microwave Radiation:

Sources: Microwaves are commonly used in microwave ovens, radar systems, and
certain communication technologies.

Effects: Microwaves can cause heating effects by agitating water molecules in food,
leading to the heating of the material. This is exploited in microwave cooking.
Exposure to high levels of microwaves can cause thermal burns.

Infrared Radiation:

Sources: Infrared radiation is emitted by objects that have heat. Infrared heaters,
lamps, and even the human body emit infrared radiation.

Effects: Infrared radiation primarily produces heat. It is used in various technologies,
such as infrared heaters and night vision equipment.

Visible Light:

Sources: Sunlight and artificial light sources, such as incandescent, fluorescent, and
LED lights.

Effects: Visible light is essential for vision. Prolonged exposure to intense visible
light, especially sunlight, can cause eye damage.

Ultraviolet (UV) Radiation:

Sources: Sunlight is a natural source of UV radiation. Tanning beds and certain types
of lamps also emit UV radiation.

Effects: While UV radiation is higher in energy compared to other non-ionizing
forms, it does not typically cause ionization. However, it can cause sunburn, skin
aging, and is a major risk factor for skin cancer.



Electromagnetic energy

Electromagnetic energy refers to the energy carried by electromagnetic waves,
which are a combination of electric and magnetic fields oscillating perpendicular to
each other and propagating through space. Electromagnetic waves include a wide
range of frequencies, from radio waves with low frequencies to gamma rays with
high frequencies.

Velocity and Amplitude:

In a vacuum, electromagnetic waves, including light, travel at the speed of light,
denoted by the symbol "“c.” The speed of light in a vacuum is approximately 3x10"8
m/s. This value is a fundamental constant of nature and is represented by the
equation:

It's important to note that the speed of light can vary when electromagnetic waves
pass through different mediums. In substances like air, water, or glass, the speed of
light is slower than in a vacuum due to interactions with the atoms and molecules in
the medium. The speed of light in a medium is typically denoted by the symbol v,
and it is related to the speed of light in a vacuum (c) by the equation:  v=C/n

where n is the refractive index of the medium

The relationship between the energy and velocity of an electromagnetic wave is
known as the energy of a photon, it can be expressed using Planck’s equation:

Exf  —E=hf

where E is the energy of the electromagnetic wave, /# is Planck's constant
(6.626x107%* Joule-second), and f is the frequency of the wave.

Additionally, the velocity (v) of an electromagnetic wave is linked to its wavelength
(A) and frequency (f) by the equation:

v=Arf
Here, A represents the wavelength of the wave.
Combining the two equations, we get: E=hvIA

This equation reveals a reciprocal relationship between energy and wavelength,
meaning that as the wavelength increases, the energy decreases and vice versa.
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f = frequency
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Amplitude(A): The amplitude of electromagnetic radiation refers to the maximum
value of the electric or magnetic field in a wave. In electromagnetic waves, such as
light or radio waves, the electric and magnetic fields oscillate perpendicular to each
other and to the direction of wave propagation. Higher amplitude corresponds to
higher energy

Frequency and wavelength are two fundamental properties of electromagnetic
(EM) radiation, and they are related by the speed of light in a vacuum

Frequency (f): Frequency refers to the number of oscillations or cycles of a wave
that occur in one second. It is usually measured in hertz (Hz), where 1 hertz is
equivalent to one cycle per second.

Wavelength (A):

« Wavelength is the distance between two successive points in a wave that are
in phase (e.g., between two consecutive peaks or troughs).

 Itis commonly measured in units such as meters, centimeters, or nanometers.

« The relationship with frequency and speed of light is given by c=A-f, where ¢
is the speed of light, A is the wavelength, and v is the frequency.

* Wavelength and frequency are inversely proportional, meaning that as the
frequency increases, the wavelength decreases, and vice versa.



