0 Radiology Tech

Filtration in an X-ray Tube
(Detailed Notes)

Radiology Tech

Definition

Filtration in an X-ray tube is the process of removing
low-encrsjl (lons-wavelensfh) X—ra.y photons from the
X-ray beam before it reaches the patient. This is
achieved by placing absorbing materials, usually
aluminum, in the path of the X-ray beam. an-enegy
photons are unable to Penefm‘l‘e. the Pa’cien{"s I:ody
and would only increase the patient’s radiation dose
without con{ribu{ins to image formation. Therefore,
filtration improves the qunlifj of the X—rnb' beam b3
allowing mainly high-energy, more penetrating X-rays
to pass ‘throush.

In rndiosraphy , filtration is an essential radiation
protection measure because it hardens the X-ray
beam, reduces unnecessary radiation exposure, and

improves the effic.iencg of imaging.

Principle of Filtration

Filtration works on the Principle of differential absqrpi‘ion.
e Low-enerﬂh' X—my Pho{‘ons are absorbed lay the

filter material.

. High-energy X-rab: Pho{'ons have sreai'er Pene{mh'ns
power and pass fhmu&h the filter.

* The average energy of the remaining X-ray beam

increases.

¢ This process is known as beam hardenina.

Why Filtration is Necessary

Without filtration:

. Many low -energy X-rays are absorbed bj the
Patie.nf's skin.

o Patient radiation dose increases.

e No impmvemen’c in image quali{y occurs because
low-energy Pho{'ons do not reach the image receptor.

With filtration:

e Skin dose is reduced.

« Beam quality improves.

o More useful X-rays reach the image receptor.

o Patient saﬁf‘\}- is increased.
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Types of Filtration

1. Inherent Filtration
Inherent filtration is provided by components
a.lready present in the X-ray tube assembly.
It includes:
* Glass envelope of the X-ray tube
. InSula{ing oil
¢ Tube hausina exit window
o Protective tube window

Tgpicnl value:

o Approximately 0.5-1.0 mm Aluminum (Al) equivalent

Cathode Anode
\ /
X-ray tube
j i housing
/i
FEpn
P
Inherent filtration
(Glass, Oil, Window) X-ray beam
Aded flrton __, ettty Yl (i)
(Aluminum filter) T X-rays
| I |
' ,l : I: "".‘\ Low-energy X-rays
¢+ 4 4 |  absorbed by filter

2. Added Filtration
Added filtration consists of aluminum sheets
intentionally placed in the path of the X-ray beam.
Common materials:
e Aluminum (most common)
o Copper (used in high-energy imnﬂins)
o Rare-earth filters (special applications)
Purpose:
¢ Removes remaining low-energy X-rays
o Further hardens the beam
e Improves beam quali{y
3. Total Filtration
Total filtration is the sum of:

Total Filtration = Inherent Filtration + Added Filtration

Exampla:
e Inherent filtration = 1.0 mm Al
o Added filtration = 1.5 mm Al

Total filtration = 2.5 mm Al equivalen{'
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X-RAY TUBE

GRID (ANTI-SCATTER GRID)

|A|gr|d} is a radiographic device made of
thin-lead strips separated by radiolucent

interspaces (usually aluminum or fiber).
It is placed between the patient and the
image receptor to absorb scattered X-rays
while allowing most primary X-rays to
pass through.

Principle

The grid works on the principle that:

* Primary X-rays travel in a straight line
and pass through the grid.

o Scattered X-rays travel in different
directions and are absorbed by the
lead strips.

o This reduces scatter reaching the detector,
producing a higher-contrast image.

Parts of a Grid

—> PRIMARY X-RAYS
—=—-> SCATTERED X-RAYS

PATIENT

LEAD STRIPS

INTERSPACES
(ALUMINUM OR FIBER)

- IMAGE RECEPTOR

Construction

L Thin lead strips

* Radiolucent interspace material
(aluminum or fiber)

* Protective cover

* Outer casing

Types of Grids

* Lead strips

¢ [nterspace material
¢ Cover plates

o Grid frame

Grid Ratio
Grid Ratio = Height of lead strips + Distance
between lead strips

Common grid ratios:

« 5:1 10:

e 6:1 12:

« 8:1 16:
Higher 3rid ratios remove more scatter
but require greater exposure and more
accurate positioning.
Advantages
* Improves image contrast
¢ Reduces scatter radiation
¢ Produces sharper diagnostic images
+ Essential for thick body parts

Indications

Use a grid when:

 Body part thickness is greater than 10 cm

 Tube voltage is above 70 kvp

* Imaging the abdomen, pelvis, spine, skull,
or chest (depending on patient size and
technique)

1. Parallel grid

2. Focused grid

3. Crossed (cross-hatched) grid  pE®
4. Moving (Potter-Bucky) grid‘_

5. Stationary grid

Grid Frequency

The number of lead strips per centimeter
or per inch.

* High-frequency grids reduce visible

grid lines.

Disadvantages

* Requires higher mAs (higher patient dose)
e Incorrect positioning can cause grid cutoff
* More expensive than mn-srid imaging

Grid Cutoff

Grid cutoff is the loss of primary X-rays,

causing reduced image density due to

improper grid use.

Causes

* Off-level grid e Incorrect S1D

» Off-center positioning Upside-down focused grid
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Types of Radioactive Emissions
1. Alpha (a) Particles

* Consist of 2 protons and 2 neutrons.
* Positive charge (+2).
* Low penetrating power.
 Stopped by a sheet of paper or skin.
2. Beta (B) Particles
* High-speed electrons or positrons.
 Charge: -1 (B) or +1 (B*).
* Moderate penetrating power.
* Stopped by aluminium.
3. Gamma (y) Rays
 High-energy electromagnetic waves.
* No mass and no charge.

* Very high penetrating power.

* Stopped by thick lead or concrete.

Laws of Radioactive Decay

ive decay is

P and
random.

* It cannot be affected by temperature,
pressure, or chemical reactions.

* Each radioactive substance has a fixed
half-life.

Half-Life

Definition: The half-life is the time required for
half of the radioactive atoms in a sample to
decay.

Uses of Radioactivity

* Diagnostic imaging (Nuclear Medicine)
* Cancer treatment (Radiotherapy)

* Sterilization of medical equipment

* Medical research

* Industrial radiography

Hazards of Radioactivity

* Radiation burns

* Cancer

* Genetic mutations

* Bone marrow damage

* Cataracts

Radiation Protection

* Minimize exposure time.
* Maximize distance from the source.
* Use shielding (lead aprons, lead barriers).

* Follow the ALARA principle.

Viva Points
* Atom consists of: Protons, neutrons, and
electrons.
¢ Atomic number: Number of protons.
* Mass number: Protons + neutrons.
* Most penetrating 3 om Gamma rays.
* Least penetrating radiation: Alpha particles.

~+ Reply to ChatGPT (0] o
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Atomic Structure and
Radioactivity (10 Marks -
MIT/Radiology Notes)

Part A: Atomic Structure
Definition

An atom is the smallest unit of an element that
retains its chemical properties. It consists of a
nucleus containing protons and neutrons, with
electrons revolving around the nucleus in shells.

) £ ) Learn more .

Structure of an Atom

1. Protons (p*)
o Positively charged particles.
o Present in the nucleus.

o Mass =1 amu.

-+ Reply to ChatGPT 9 0
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Structure of an Atom

1. Protons (p*)
o Positively charged particles.
o Present in the nucleus.
o Mass =1 amu.
2. Neutrons (n°)
o No electric charge.
o Present in the nucleus.
o Mass =1 amu.
3. Electrons (e”)
o Negatively charged particles.
o Revolve around the nucleus in shells.

o Very small mass (1/1836 amu).

N2

Important Terms

-+ Reply to ChatGPT 9 0
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Important Terms
e Atomic Number (Z): Number of protons in the
nucleus.

* Mass Number (A): Total number of protons +
neutrons.

* |sotopes: Atoms of the same element with the
same atomic number but different mass
numbers.

* |sobars: Atoms with the same mass number
but different atomic numbers.

* |sotones: Atoms with the same number of
neutrons.

Electron Shells

* K shell: Maximum 2 electrons
e L shell: Maximum 8 electrons
* M shell: Maximum 18 electrons

N2

* N shell: Maximum . :ctrons

-+ Reply to ChatGPT 9 o
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Electron Shells

* K shell: Maximum 2 electrons
e L shell: Maximum 8 electrons
* M shell: Maximum 18 electrons

* N shell: Maximum 32 electrons

Part B: Radioactivity

Definition

Radioactivity is the spontaneous disintegration
of an unstable atomic nucleus with the emission

of alpha (a), beta (B), or gamma (y) radiation to
become more stable.

Types of Radioactive Emissions

1. Alpha (a) Particles

-+ Reply to ChatGPT 9 o
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Thermoluminescent
Dosimeter (TLD) — 10
Marks Notes

Definition

A Thermoluminescent Dosimeter (TLD) is a
personal radiation monitoring device used to
measure the dose of ionizing radiation received
by radiation workers such as radiographers,
radiologists, and nuclear medicine staff.

Principle

A TLD works on the principle of
thermoluminescence.

* When exposed to ionizing radiation, the TLD
crystal stores energy.

« On heating, the stored energy is released as
visible light.

* The amount of light emitted is proportional to
the radiation dose received.

Construction

A TLD badge consists of:

. Plastic holder (badge)

N

. Thermoluminescent crystal (e.g., Lithium
Fluoride (LiF) or Calcium Sulphate:
Dysprosium (CaSO0,:Dy))

[

Metal filters (Aluminium, Copper, Plastic)

»

Identification label

Working

1. The worker wears the TLD badge during
work.

~

. Radiation exposure causes the crystal to
store energy.

w

. After the monitoring period (usually 1-3
months), the badge is sent to a TLD reader.

4. The reader heats the crystal.

o

. The crystal emits light.

o

. The emitted light is measured to calculate
the radiation dose.

Advantages

* Highly accurate.

* Reusable after reading.

* Sensitive to low radiation doses.

* Small, lightweight, and easy to wear.

* Not affected by normal light or humidity.

Disadvantages

+ Cannot provide an instant dose reading.
* Requires a special TLD reader.

= Improper heating may affect accuracy.

Applications
* Monitoring radiation exposure of
radiographers.
* Monitoring radiologists and X-ray technicians.
* Nuclear medicine departments.
* Radiotherapy departments.

* Radiation research laboratories.

Precautions
* Wear the badge on the chest outside the lead
apron (or as per institutional protocol).
* Do not exchange badges with others.
* Keep away from heat, sunlight, and moisture.

* Return the badge for regular dose analysis.

Viva Points

 Full form: Thermoluminescent Dosimeter.

« Principle: Thermoluminescence.

« Purpose: Measures personal radiation dose.
« Common crystal: L < 1 Fluoride (LiF).

* Read by: TLD reader.

~+ Reply to ChatGPT [ 0



vB@o -

Share a ink to chat? e
Radiation hazards and protection

Radiation Hazards and
Protection (10 Marks —
MIT/Radiology Notes)
Definition

Radiation hazards are the harmiu effects
‘caused by exposure 1o ionizing radiaion.
Radiation protection consists of measures used
10 reduce radation exposure 1o patients,
‘workers, and the public.

Radiation Hazards
1. Hazards to Patients
+ Skin eryhem (recness)

« Radiation bums

* Har loss (eplation)
 Cataract

+ ifertiy

 Increased riskof cancer

+ Genetic effects in future generations

2. Hazards to Radiation Workers

« Ghvonic radation exposure
+ Bone martow suppression

« Cataract

+ Skin damage

* Leukemia and other cancers

« Reduced fertlty

3. Hazards to the Fetus

+ Congenital abnormaities

+ Growth retardation

+ Mental retardation

+ Increased risk of chidhood cancer

« Fetal death (at very high doses)

Factors Affecting Radiation
Hazards

+ Radiation dose
« Exposure tme

* Distance from the source

+ Type and energy of radation
+ Age and health of the person

« Radiosensitivy of tssves

Radiation Protection

Principle of Radiation Protection
(ALARA)

ALARA - As Low As Reasonably Achievable
+ Keep radiation exposure as low as possible

‘while obtaining the required diagnostic
information

Cardinal Principles of Radiation
Protection

1. Time

+ Reduce the exposure time.

* Less time = Less radiation dose

2 Distance

+ Increase the distance from the radiation
source,

3. Shielding
+ Use protective barriers 1o absorb radiation
« Examples:
* Lead apron
* Lead gloves
* Thyroid shield
* Lead goggles

* Load barriers

Personal Protective Devices
(PPE)

* Lead apron (0.5 mm lead equivalent)

+ Thyoldcolar

+ Lead gloves

* Lead goggles.

+ Gonadal sheids

Monitoring Devices

* Thermoluminescent Dosimeter (TLD)
« Fim badge

+ Electranic personal dosimeter (EPD)

Protection of Patients

+ Justfy every Xray examination.
 Use the lowest exposure factors

« Proper collmation

« Use filraton

 Shild sensitive organs whenever possible.

+ Avoid unnecessary repeat exposures.

Protection of Radiation
Workers

+ Wear a dosimeter.

* Stand behind a protective bartier during
exposure.

« Never hold the patient unless absolutely
necessary.

« Follow ALARA principls.

+ Undergo regular heaith checkups.

Radiation Warning Signs

« Display radiation hazard warning symbols.

« Restiict access 10 X-ay rooms during
exposure.

Viva Points

* ALARA: As Low As b anably Achievable.
« Three cardinal princioles: Time. Distance.

+ Reply o Chat



Biological Effects of
Radiation (10 Marks — MIT/
Radiology Notes)

Definition

Blological efects of adiation are the harmful
changes that occur i iving cols,tssues, or
organs when they are exposed 1o lonizing
radiation These effects may appear immediately
o many years after exposure

Mechanism of Radiation
Damage

1. tonizingradiaion passes though the body
2 W ionizes atoms and molecuies.

3. Free radicals are produced (especially from
water).

4. DNA and cel structures are damaged.

5. The cell may repai, die, or mutate.

Types of Biological Effects
1. Somatic Effects
Definition

Effects that occur Inthe exposed individual only
nd are ot inherited by future generations

Examples

+ Skin erythera (redness)

« Hair loss eplation)

+ Bone marrow suppression

+ Cancer (ieukemia, thyrid cancer)

2. Genetic (Hereditary) Effects
Definition

Effects caused by damage to the reproductive
cells (sperm or ova) and passed on to future
generatons

Examples

« Genetic mutations
+ Congenital abnormalies

« inherited disorders

Classification of Radiation
Effects

A. Deterministic (Non-stochastic)
Effects

Definition

Effects that occur only afte a threshold dose Is
exceded. The severity increases with dose.

Characteristics
+ Threshold dose present

« Severtty depends on adiation dose.
Examples

+ Skinburms.

« Cataract

« Sterlty

+ Radiation sickness

+ Bone marrow depression

B. Stochastic Effects

Definition

Effects that have no threshald dose The
probabilty increases with dose, bu the severity
does not.

Characteristics
+ No threshold dose

+ Chance of occurrence ncreses with dose
Examples

« Cancer

+ Leukemia

+ Genetic mutations

Occurs after exposure to  high dose of radiation
over a short periad.
Symptoms

« Nausea and vorniting

« Fatigue.

« Diarhes

«Fever

« Hairloss

« Bleeding and nfections.

Factors Affecting Biological
Effects

 Radiaton dose

+oserte

+ Type of radition,

+ Araaof the ody exposed

+ Ageof the patent.

« Cellsensitvty.

Radiation Protection
Measures

+ Time: Minimize exposure time.
« Distance: Maximize istance from the source.

« Shielding: Use lead aprons, ead barrers, and
lead gloves.

« Follow the ALARA (As Low As Reasonably
Achievable) pinciple

« Wear personal dosimeters

Applications of Radiation
(Beneficial Effects)
 Dlagnostic xay Imagng

+ CTacanning

« Cancer radotherapy

+ Sterization of medicalequipmant.

« Medical research

Viva Points
« Mostradiosensitive cells: Bone martow,
gonads,intestnal g

« Most radioresistant tissue: Muscle and nerve
tissue.

+ Doterministic effect Has a threshald dose.

+ Replyto Chatl N )
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1. Coherent (Classical) Scattering
Definition

Coberent acartering s an araction i which &
Iow-energy X-ray photon changes s directon
without osing enargy. No elciionis jecied, 30
o lonizaton oceurs

Mechanism

1. Lowenergy Xray photon Interacts with the
whole atom.

The stom becames temporary exclled

3. e atom immediately releases the same.
Xay photan

4 The photon travels in  different direction but
with the same energy.
Characteristics
+ No lonization
« Noenergy loss.
+ Low-energy interaction

* Causes scattered radiation.
Importance

« Contributes very ltde to image formation.

= Slighily increases image fog

2. Photoelectric Effect
Definition

The photoelectrc effect s an ineraction in
which an X-ray photon transfers all s energy to
an inner-shell efectron. causing the election to
be ejected

Mechanism

1. Xray photon sirkes an inner.shel slction
2 The electron absorbe sl the photon energy
3 The lection s ejected s  photoelactron
4 The oy shoton dsppears completly

Characteristics

« Complete absarption of the X+ay photon
« Produces onizatlon

« Common i bone and high atomic number
materials.

« More cammon at low kVp.
Importance
« Produces image contrast.

« Increases patient radistion dose.

« Essentialfor diagnosiic imaging

3. Compton Scattering
Definition

Compron scattering is an interaction in which an
X-ray photon transfers part of s energy I
‘outer-shall slectron, producing a scattorad
photon

Mechanism
1. Xray photon strkes an auter shellalactron,

2 Partof the eneray ejects the electron

3. Romaining enorgy continuos as a scatered

Characteristics
« Partal anorgy lass.
« Produces ionization

 Most cammon interaction i disgnostic:
radology.

« Occurs mainly in soft issues.
Importance

+ Reduces image contrast

« Producesimage fog,

« Increases radiation exposure 1o staff

4. Pair Production
Definition
Pair roduction s an nteraction n wich a
high-energy X-ray photon (greate than 1,02
MeV) s converte into an electron and a
posiron near the nucleus.
Mechanism

1. High-energy photon passes near the nucieus
2 The photon disappears.

3. An electron and a position re formed.
Characteristics

« Requires emergy above 1.02 MeV.

« Produces onization

« Nt seun i diagnostic radilogy
Importance

* Oceurs n adiation therapy and ruclaar
hysics.

« Not used n foutine Xay Imaging.

5. Photodisintegration
Definition

Photodisintegration is an interaction in which &
very high-eneray X-ray photon (sbove 10 MeV)
is absorbed by the nucleus, causing it o emit
nuclear paricies.

Mechanism

1. High-eneray phioton sirkes the nucleus.

2 The nucleus absorbs the nergy.

3. Aproton or neutronis emited
Characteristics

* Requires energy above 10 MeV.

« Nuclar nteracton.

+ Does not oceur in disgnosiic Xrey Imaging.

Importance

+ Seen n radiotherapy with high-energy linear
accelerators.

* Not used in routine diognastic radiolagy.

Important Viva Questions
 No lonization:Conerent scatiering
« Best image conrast: Photoelecinc effect

* Most common interaction in diagnostic:
radiology: Compion scattering

* Occurs abave 1,02 “*Palr produstion

* Occurs above 10 Me.._ Photodisintegration

<+ Reply to ChalC g@
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Definition

Interaction of X-rays with matter is the process
by which X-ray photons pass through a material
and are absorbed d, or itted.

These interactions determine image quality and
patient radiation dose.

Types of X-ray Interactions
1. Coherent (Classical) Scattering

* Low-energy X-rays interact with an atom.
* No ionization occurs.

* The X-ray changes direction without losing
energy.

* Contributes little to image formation.
2. Photoelectric Effect

* The X-ray photon transfers all its energy to an
inner-shell electron.

* The electron is ejected as a photoelectron.

* The X-ray photon disappears completely.

* Produces high image contrast.

* More common at low kVp and in materials
with a high atomic number (e.g., bone).

3. Compton Scattering
* The X-ray photon interacts with an outer-shell

electron.

* Part of the photon energy is transferred to the
electron.

* A scattered photon with lower energy is
produced.

* Causes image fog and increases radiation
exposure to staff.

* Most common interaction in diagnostic
radiology.

4. Pair Production

* Occurs only when X-ray energy is greater than
1.02 MeV.

* The photon disappears and forms an electron
and a positron.

* Not seen in routine diagnostic X-ray imaging.
5. Photodisintegration
 Occurs at very high photon energies (above
10 MeV).

* The photon is absorbed by the nucleus,
causing emission of nuclear particles.

* Seen in radioth not di ic radiol

Factors Affecting X-ray Interaction

* Energy of the X-ray beam (kVp).
* Atomic number (Z) of the material.
* Density and thickness of the object.

* Number of X-ray photons.

Importance in Radiology

* Determines image contrast.
* Influences patient radiation dose.
* Helps differentiate bone and soft tissue.

* Scattered radiation affects image quality and
radiation safety.

N2
Viva Points
-+ Reply to ChatGPT
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Rectifiers (For 10 Marks —
MIT/Radiology)

Definition

A rectifier is an electrical device that converts
alternating current (AC) into direct current (DC).
In an X-ray machine, rectifiers ensure that
electrons flow only from the cathode to the
anode, allowing X-rays to be produced.

Principle

A rectifier works by allowing electric current to
flow in one direction only while blocking the
reverse direction.

Need for Rectification in X-ray
Machines
* X-ray tubes require direct current (DC).

* Prevents reverse electron flow from anode to
cathode.

* Ensures continuous and efficient X-ray
production.

* Protects the X-ray tube from damage.

Types of Rectifiers
1. Half-Wave Rectifier

 Uses only one half-cycle of AC.
* Blocks the negative half-cycle.
* Produces low X-ray output.

* Rarely used in modern X-ray machines.
2. Full-Wave Rectifier

* Uses both positive and negative half-cycles of
AC.

* Produces a continuous DC output.

* Gives higher X-ray output than a half-wave
rectifier.

* Commonly used in diagnostic X-ray units.
3. Three-Phase Rectifier

* Converts three-phase AC into DC.
* Produces nearly constant voltage.

* Used in high-capacity X-ray equipment.

Working

1. AC is supplied from the transformer.
2. The rectifier converts AC into DC.

3. Electrons flow only from the cathode to the
anode.

4. X-rays are produced when electrons strike
the tungsten target.

Advantages

 Converts AC to DC efficiently.
* Improves X-ray output.
* Protects the X-ray tube.

* Produces better image quality.

Disadvantages

* Half-wave rectifiers have low efficiency.
* Rectifiers generate heat during operation.

* Faulty rectifiers reduce X-ray output.

Applications

* Diagnostic X-ray machines.
* Dental X-ray units.
* CT scanners.

* Fluoroscopy systen.
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Marks — MIT/Radiology)

Definition

A transformer is an electrical device that
transfers electrical energy from one circuit to
another by electromagnetic induction. It is used
to increase (step-up) or decrease (step-down)
alternating current (AC) voltage.

Principle

A transformer works on the principle of mutual
electromagnetic induction.

Construction
1. Primary Coil — Connected to the AC power
supply.

2. Secondary Coil - Delivers the output
voltage.

3. Iron Core - Laminated soft iron core that
provides a path for magnetic flux and
reduces energy loss.

Working

1. AC flows through the primary coil.

2. A changing magnetic field is produced in the
iron core.

3. This magnetic field induces voltage in the
'secondary coil.

4. The output voltage depends on the number
of turns in the primary and secondary coils.

Types of Transformers
1. Step-up Transformer

* Increases voltage.

* Secondary coil has more turns than the
primary coil.

* Used to supply high voltage to the X-ray tube
(kvp).

2. Step-down Transformer

* Decreases voltage.

* Secondary coil has fewer tums than the
primary coil.

* Used to heat the tungsten filament in the
X-ray tube.
3. Autotransformer
* Has a single winding acting as both primary
and secondary.

+ Used to adjust and select the required kVp.

Uses of Transformers in X-ray
Machines

* Increase voltage for X-ray production.

* Decrease voltage to heat the filament.

* Regulate and control tube voltage (kVp).

« Ensure proper operation of the X-ray circuit.

Advantages

* High efficiency.
* No moving parts.
« Reliable and long-lasting

* Provides safe and controlled voltage.

Disadvantages

« Works only with AC, not DC.
* Generates heat during operation.

« Can be bulky and heavy.

Applications

* X-ray machines.
* CT scanners.
* MRI power systems.

« Electrical power transmission and
distribution

* Medical electronic \ ment.
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X-ray Circuit Notes (10
Marks)

Definition

The X-ray circuit is the electrical system of an
X-ray machine that supplies the required voltage
and current to the X-ay tube for the production
of Xrays

Block Diagram

Power Supply [al)
Main Switch
Autotransforaer

High Voltage Transforner ——
Rectifier ——= X-ray Tube

Filanent Transforner ——
Cathode Filasent

Components of the X-ray
Circuit

1. Main Switch

* Tums the X-ray machine ON and OFF.

+ Controls the power supply.
2. Autotransformer

+ Adjusts the input voltage.
* Used to select the required kVp (Kilovoltage
peak).
3. High Voltage Transformer
« Increases voltage from about 220-240 V to
40-150 k.
« Provides the high voltage needed to
accelerate electrons.

4. Filament Transformer

* Reduces voltage to about 6-12 V.
* Increases current to heat the tungsten
filament.
5. Rectifier
* Converts alternating current (AC) into direct
current (DC)
* Ensures electrons flow only from the cathode
to the anode.

6. X-ray Tube

* Contains the cathode and anode.

* Converts electrical energy into X-rays.
7. Timer

« Controls the duration of X-ray exposure.

* Ensures accurate radiation dose.
8. Control Panel

* Used to select kVp, mA, and exposure time.

* Monitors machine operation.

Working of the X-ray Circuit
1. The main switch supplies power to the
machine.

2. The autotransformer adjusts the required
KVp.

3. The high-voltage transformer increases the
voltage.

4. The filament transformer heats the tungsten
filament.

5. The heated filament releases electrons by
thermionic emission.

6. The rectifier converts AC to DC.

7. Electrons travel from the cathode to the
anode.

®

. When electrons strike the tungsten target,
X-rays are produced

Functions of the X-ray
Circuit
« Supplies electrical power to the X-ray tube.

+ Produces high voltage for electron
acceleration.

+ Heats the filament
+ Controls kVp, mA, and exposure time.

« Ensures safe and efficient X+ay production.

Advantages

« Provides stable X-ray output.
« Produces good-quality images.
+ Allows precise exposure control.

* Improves patient safety by controlling
radiation dose.

Viva Points
« kVp controls the pe- ~-ating power (quality)
of X-rays. +

« mA rantrale the nimhar (anantit of Yorave
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Rotating Anode X-ray Tube
(10 Marks Notes)

Definition

A rotating anode X-ray tube is an X-ray tube in
which the anode (target) rotates at high speed
during X-ray production. Rotation spreads the
heat over a larger area, allowing higher tube

loading and better image quality.

Diagram

Glass envelope fe)

i \
Cathode (-) Rotating
Anode (+)

[Filanent | Electron ---> | Tungsten
okl

|Focusing | Beam | iso)

!
lap | |

[— |

Rotor
(inside)
|
Glass
Envelope
|
stator
(outside)
Construction
1. Cathode

« Tungsten filament
« Molybdenum focusing cup

* Produces and focuses electrons.
2. Anode

* Rotating tungsten-henium target (focal track)

+ Molybdenum disc with copper support

* Rotates at 3,000-10,000 rpm (or higher in
modern tubes)

3. Rotor

« Located inside the glass envelope.
+ Attached to the anode stem

* Rotates the anode.
4. Stator

* Located outside the glass envelope.
» Produces a rotating magnetic field that spins
the rotor.

5. Glass Envelope

« Maintains a high vacuum for electron
movement.

6. Protective Housing

* Lead-ined metal casing.
« Filled with insulating oil for cooling and
electrical insulation.
Working
1. The filament is heated, causing thermionic
emission of electrons.
2. The stator creates 2 rotating magnetic field.
3. The rotor spins the anode at high speed.

4. High voltage accelerates electrons from the
cathode to the rotating anode.

5. Electrons strike the tungsten focal track.

6. About 99% of the energy is converted into
heat and 1% into X-rays.

7. Rotation spreads heat over a larger surface,
preventing target damage.

Advantages

« Excellent heat dissipation.

+ Can withstand high tube current (high mA)
« Suitable for short exposure times.

« Produces better image quality.

« Longer tube life.
Disadvantages

* Expensive.

= Complex construction.

* Requires more maintenance.

+ Rotor or bearing failure may occur.
Applications

« General diagnostic radiography.

« Fluoroscopy.

« Computed Tomography (CT).

+ Angiography.

« Interventional radiology.

Differences Between Stationary

and Rotating Anode
Stationary Anode Rotating Anode
Fixed target Rotating target
Low heat capacity High heat capacity
Used for dental and Used for diagnostic.
portable X-ray units and fluoroscopy
Low cost High cost
Simple design Complex design

Viva Points
« Target material: Tungsten-Rhenium alloy.
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Stationary Anode X-ray
Tube (Short Note for 10
Marks)

Definition

A stationary anode X-ray tube is an X-ray tube in
which the anode remains fixed and does not
rotate. It is mainly used in dental X-ray
machines, portable X-ray units, and small
diagnostic units.

Diagram

cathode (-) [w)

Anode (+)

| Filament | Electron beam --> |
Tungsten

| FOCUSiNg [-===rsrsnmmsmmnnnnn N
Target |

| Cup | |
(Copper stem)|
S |

\ /
Glass vacuum envelope

Construction

1. Cathode
o Tungsten filament
o Focusing cup (molybdenum)
2. Anode
o Fixed (stationary) tungsten target
o Copper stem for heat dissipation
3. Glass envelope
° Maintains a vacuum for electron travel
4. Protective housing
o Lead-lined casing with insulating oil

o Provides radiation shielding and cooling

Working

. Electric current heats the tungsten filament.

2. Electrons are emitted by thermionic
emission.

3. A high voltage accelerates electrons toward
the anode.

4. Electrons strike the tungsten target.

5. About 99% of the energy is converted into
heat and 1% into X-rays.

6. X-rays exit through the tube window and are
used for imaging.

Advantages

* Simple construction
* Low cost
* Reliable and easy to maintain

* Suitable for low-output X-ray examinations
Disadvantages

* Poor heat dissipation
* Limited tube loading capacity

* Not suitable for high mA or repeated
exposures

* Shorter tube life under heavy use
Applications

* Dental radiography
* Portable X-ray machines
* Mobile X-ray units

* Industrial X-ray inspection
Viva Points

* Target material: Tw.:b 2n
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1. Coherent (Classical) Scattering

Definition

Coherent scattering is an interaction in which a
low-energy X-ray photon changes its direction
without losing energy. No electron is ejected, so
no ionization occurs.

Mechanism
1. Low-energy X-ray photon interacts with the
whole atom.
2. The atom becomes temporarily excited.

3. The atom immediately releases the same
X-ray photon.

4. The photon travels in a different direction but
with the same energy.

Characteristics

* No ionization.

* No energy loss.

N

* Low-energy interac.
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However, the appropriate annual dose limits
recommended by regulatory bodies should
not be exceeded for individuals from planned
exposure situations other than medical
exposureof patients, regardless of the benefits.

24.1 SOURCES OF MEDICAL RADIATION-
PRIMARY AND SECONDARY RADIATION

Primary radiation/useful beam: It includes
X-ray beam emitted directly by the X-ray

of 1 m Tom e pauent for a neia area or
(20 x 20) sq cm. Leakage radiation consists of
the radiation emanating from the tube housing
and consists of high energy photons (Fig. 24.1).

24.2 RADIATION EXPOSURE CONTROL

The radiation exposure to persons can be
minimized by adopting four methods—
reducing time of { exposure, creasing dis-
tance,
tion by radioscive, malenal.

>

526 sics:

Leaking

Xeray set [N

Primary beam

amount of time spent by a radiation worker in
handling a radiation equipment determines
the radiation dose received by him and some
equipment have higher exposure rate over
short periods of time like X-ray and some have
in the other way, low exposure rate over long
periods of time like nuclear medicine. Thus,
minimizing the time spent with radiation,
reduces the dosage by radiation.’ Radiation
dose is proportional to the time of exposure
provided the dose rates are same.

Total dose (mSv) = Dose rate (mSv/h) x time

Fig. 24.1: Types of radiation

Time: The first goal is to minimize the time spent
with radiation. For this, only persons whose
presence is necessary shall be present inside

th

The second goal is to maximize
the distance the radiation worker maintains
from X-ray tube and patient. The X-ray beam
intensity decreases as it moves away from the
target due to the divergence of the beam.’ This
decrease in intensity is directly proportional to
the square of the distance from the target, which
is known as the inverse square law (Fig. 24.2)

Radiation  Radiation exposure
source i higher near the

Objects in Radiation
between attenuate exposure is less
radiation away from the

1o some extent oL
Fig. 24.2: Inverse square law (-distance: B-X-tay beam infensty)
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Shielding: The third goal is to provide ade-
quate shielding so that radiation beam will be
EE

of 0.5 mm in front side and 0.25 mm in back
side. The weight of lead aprons often causes

shielding determines the exposure rate from
any radiation equipment (Table 24.1). The

and fatigue during prolonged
exposure.
. Zao—gnvny aprons: Heavy lead aprons lead

intensity of radi ata
point without radiation shield (I,) and intensity
(D) with a shield of thickness (1) is given by
Iy =1, ™, where p is the linear attenuation
mefﬁclem of the shielding material.

op back pain and can eventually

cause irreversible damage to the spine. The
radiation

is flexible and designed to increase the level

of radiation protection while at the same

(HVL): Thickness of
makenal that can dirminish the iniial intensity
of a given radiation beam to half of it

time ing the weight burden to the
operator, wlkhout compromising radiation

value.

HVL = 0.693/y 1=0.693/t*
Tenth-value layer (TVL): Thickness of a specified
material which, when introduced into the path
of a given beam of radiation, reduces its initial
intensity to one tenth.*

n=2.303/1"

243 PROTECTION ACC

friendly compus)te lead free aprons, i.e.
(¥Sn), antimony (*'Sb), or tungsten (W) are
called “lead-free” aprons.

* Thyroid shield: Thyroid shield or thyroid
guard is a protective gear made of lead that
encircles the neck area to block the radiation
produced during X-ray imaging. Since
thyroid is highly susceptible to radiation
and any thyroid-related ailments can lead
to severe health issues, lead collars arc

Radiation p h in

Fig. 243 and discussed as follow:

* Lead aprons: A lead apron or leaded apron
is a type of protective clothing that acts
as a radiation shield which contains lead
or equivalent material and is sufficiently
flexible to wrap around as p ion from

d to shield this delicate gland from
harmful exposure.

* Gonads shield: A specialized shield that is
either in contact with the patient or placed
in the shadow of the primary radiation beam
to protect the reproductive organs during

This shield is

ionizing radiation. It is used to shield
patient and personnel during radiological
procedure. Itis made up of lead equivalence

Table 24.1: Material and thicknes

typically used for patients who may be of
reproductive age, especially women under
the age of 40.

Thyroid shield Lead 05mm

Lead apron thick Lead 025-0.50 mm

Zero-gravity radiation protection system  Lead 1 mm

Non-lead elastic tab apron Antimony/bismuth/barium 035 mm/0.5 mm/1 mm lead
equivalence

Head cap Lead 05mm

Gonad shield Lead Solid—2 mm

Covon

Flexible—0.5 mm

Py




{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }

