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General Instructions

Read the following instructions very carefully and strictly follow them:

1. The test is of 3 hours duration.

2. The question paper consists of 10 questions. The maximum marks are 100.

3. Each Question is of 10 marks.

1. a) What are the different types of MR angiography?

Solution:

Step 1: Understanding MR Angiography.
Magnetic Resonance Angiography (MRA) is a medical imaging technique used to visualize the
blood vessels. The major types of MRA techniques include:
1. Time-of-Flight (TOF) MRA: This technique is used for imaging blood vessels without
the need for contrast agents. It relies on the movement of protons in flowing blood, which
produces a strong signal that enhances the visibility of vessels, particularly arteries.
2. Phase Contrast (PC) MRA: Phase contrast MRA uses the motion of blood to generate
contrast. It can provide information about the direction and velocity of blood flow, making
it particularly useful for assessing vascular conditions that affect blood flow dynamics, such as
stenosis.
3. Contrast-Enhanced MRA: In this method, a contrast agent is injected into the blood-
stream, which allows for a clearer visualization of the blood vessels. It is commonly used for
assessing more complex or deeper vascular structures.
Step 2: Differences between Types.
- TOF MRA is non-invasive and does not require contrast, making it ideal for arterial imaging. -
PC MRA is useful for flow measurements and gives insight into both flow velocity and direction.
- Contrast-Enhanced MRA is more effective for imaging complex or occluded vessels, but it
involves the use of contrast agents, which could pose risks for patients with kidney issues.
Step 3: Conclusion.
Each MRA technique has its advantages and specific clinical applications depending on the
need for either dynamic flow measurement or high-resolution imaging without contrast agents.

Quick Tip

TOF is most suitable for arterial imaging, while PC MRA is best for evaluating blood
flow. Contrast-enhanced MRA is effective for more complex vascular cases but requires
contrast agents.
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1. b) Describe the principle of time of flight (TOF) MR angiography, its advantages
& disadvantages and any four clinical applications.

Solution:

Step 1: Principle of Time-of-Flight (TOF) MRA.
TOF MR angiography is based on the principle of imaging moving blood. It works by exploiting
the fact that blood, which has protons moving at a different velocity than the surrounding
stationary tissue, can be distinguished due to its different magnetic resonance signals. Blood
flowing into a slice receives a fresh magnetic pulse, enhancing the signal of moving blood, while
stationary tissues do not exhibit this enhanced signal. This creates a high contrast image of
arteries, especially in regions where blood vessels are located.
Step 2: Advantages of TOF MRA.
- Non-invasive: TOF MR angiography does not require the use of contrast agents, which is
beneficial for patients with renal problems or those allergic to contrast media. - High-resolution
imaging: Provides clear, high-quality images of blood vessels, particularly in the brain and neck.
- No radiation exposure: Unlike X-ray angiography or CT angiography, TOF MRA does not
expose the patient to ionizing radiation, making it a safer alternative for repeated imaging. -
Good for small vessels: Capable of imaging small and medium-sized arteries with high detail.
Step 3: Disadvantages of TOF MRA.
- Poor visualization of veins: Due to the low signal from venous blood, TOF MRA is less
effective for imaging veins. - Motion sensitivity: Patient movement, including respiratory or
cardiac motion, can introduce artifacts into the images, reducing clarity and diagnostic value. -
Limited depth penetration: High field strength and long scan times are required for high-quality
imaging, which can limit its applicability for deep or complex regions of the body.
Step 4: Clinical Applications of TOF MRA.
1. Intracranial aneurysms: TOF MRA is commonly used to visualize brain aneurysms due to its
ability to create high-resolution images of cerebral arteries. 2. Arterial stenosis: It is effective
in detecting stenosis (narrowing) of arteries, especially in the carotid and cerebral arteries,
helping assess the risk of stroke. 3. Vascular malformations: TOF MRA can be used to detect
arteriovenous malformations (AVMs) or other irregular vascular structures. 4. Preoperative
evaluation of vascular anatomy: For surgeries like those involving arteriovenous fistulas, TOF
MRA provides detailed information about blood vessels, aiding in surgical planning.
Step 5: Conclusion.
TOF MR angiography is a powerful tool for non-invasive, high-resolution imaging of blood ves-
sels, particularly for arterial imaging, with various clinical applications, especially in neurology
and vascular surgery. Its main limitation is poor vein visualization and sensitivity to motion
artifacts.

Quick Tip

TOF MRA is optimal for imaging arteries but may struggle with veins. It’s particularly
useful in neurological and vascular surgeries.

2



2. a) Discuss the harmful effects of radiation in humans.

Solution:

Step 1: Understanding the harmful effects of radiation.
Radiation, particularly ionizing radiation, can cause a variety of harmful effects in humans. This
includes damage to cells and tissues, as well as increasing the risk of cancer. Ionizing radiation
can strip electrons from atoms, creating free radicals that can damage DNA, proteins, and
lipids within cells. These effects can lead to mutations, radiation burns, and in severe cases,
death.
Step 2: Types of harmful effects.
- Acute effects: These occur with high doses of radiation over a short period. Symptoms can
include nausea, vomiting, hair loss, and skin burns. In extreme cases, acute radiation sickness
or even death can result. - Chronic effects: These occur with low doses over a long period and
can lead to cancers, genetic mutations, and organ dysfunction. Chronic exposure is particularly
harmful as it may lead to diseases like leukemia, lung cancer, and thyroid cancer.
Step 3: Conclusion.
The harmful effects of radiation in humans are significant and can vary depending on the
dose and duration of exposure. These effects emphasize the need for proper radiation safety
measures.

Quick Tip

Protecting against ionizing radiation is crucial for preventing long-term health effects,
including cancer and genetic mutations.

2. b) What are the radiation protection measures that can be undertaken in a
fluoroscopy unit?

Solution:

Step 1: Understanding radiation protection.
In a fluoroscopy unit, radiation protection measures are essential to safeguard both patients
and healthcare workers from the harmful effects of radiation. These measures include the use
of shielding, minimizing exposure, and employing safety protocols.
Step 2: Protective measures in fluoroscopy.
- Lead aprons and shields: Lead aprons are worn by patients and healthcare workers to absorb
scattered radiation. Additional lead shields can be used to protect areas of the body not being
imaged. - Collimation: This technique involves limiting the size of the X-ray beam to the
area of interest, thereby reducing the exposure to surrounding tissues. - Distance: Increasing
the distance between the radiation source and the individual reduces exposure. Fluoroscopy
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procedures should be conducted with as much distance as possible between the radiation source
and the staff. - Exposure time: Minimizing the exposure time by optimizing fluoroscopy settings
and using pulsed fluoroscopy can significantly reduce radiation dose. - Protective barriers:
Fluoroscopy rooms are equipped with lead-lined walls to protect staff from scattered radiation.
- Personal protective equipment (PPE): For personnel, lead gloves, thyroid collars, and eye
protection are important for minimizing exposure to scattered radiation.
Step 3: Conclusion.
Radiation protection in a fluoroscopy unit is crucial to ensure the safety of both patients and
healthcare workers. The combination of shielding, distance, exposure time management, and
proper equipment use helps minimize the risks associated with radiation.

Quick Tip

Use of proper shielding, minimizing exposure time, and maintaining a safe distance are
key strategies for radiation protection in fluoroscopy.

3. Enumerate the various MRI artefacts and discuss any four of them in brief.

Solution:

Step 1: Enumerating MRI artefacts.
MRI artefacts are distortions or errors in MRI images that are not related to the actual anatomy
of the body. These artefacts can arise due to various reasons, including patient movement,
equipment malfunction, or the intrinsic properties of the MRI scan. Common MRI artefacts
include:

1. Motion artefacts
2. Ghosting artefacts
3. Metal artefacts
4. Chemical shift artefacts
5. Aliasing artefacts
6. Zipper artefacts
7. Truncation artefacts
8. Susceptibility artefacts

Step 2: Discussing four common MRI artefacts.

1. Motion Artefacts: Motion artefacts are caused by patient movement during the MRI scan.
These artefacts appear as blurring or doubling of the image. It is most common in brain, neck,
and abdominal imaging. The artefact arises because MRI images are built up from a series of
slices, and if the patient moves during scanning, the relative positions of the slices are altered.
2. Ghosting Artefacts: Ghosting occurs when there is a mismatch between the time when the
data is collected and the data being measured. This artefact typically results in a mirror image,
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often seen in phase encoding direction. It is caused by either patient movement or magnetic
field inhomogeneity.
3. Metal Artefacts: Metal artefacts arise when metallic objects (e.g., implants, dental work)
distort the magnetic field, leading to signal loss or distortion in the images. These artefacts
appear as dark or bright streaks around the metal, especially in high-field strength MRIs.
4. Chemical Shift Artefacts: Chemical shift artefacts are caused by the difference in resonance
frequencies of protons in different chemical environments. For example, fat and water have
different frequencies, and when imaging, this difference can cause misplacement of fat and
water signals, leading to artefacts at the interface between fat and water-containing tissues.
Step 3: Conclusion.
MRI artefacts are common in clinical practice and can often interfere with the diagnostic quality
of the images. Understanding these artefacts and their causes is important for improving image
quality and reducing distortion during scans.

Quick Tip

To minimize MRI artefacts, ensure patient immobility, avoid metallic objects near the
scanning area, and adjust scan parameters to reduce ghosting and aliasing effects.

4. What are ultrasound contrast agents? Discuss any four clinical applications of
ultrasound contrast agents.

Solution:

Step 1: Understanding ultrasound contrast agents.
Ultrasound contrast agents (UCAs) are microbubbles that enhance the quality of ultrasound
images by improving the visualization of blood flow and tissue structures. They consist of a gas
core surrounded by a shell made from lipids, proteins, or polymers. UCAs are injected into the
bloodstream and are used in contrast-enhanced ultrasound imaging to provide clearer images
of the tissues, blood vessels, and organs. These agents reflect sound waves, creating a stronger
echo that improves the resolution of the ultrasound images.

Step 2: Clinical applications of ultrasound contrast agents.
The following are four key clinical applications of ultrasound contrast agents:

1. Cardiac Imaging: UCAs are widely used in echocardiography to assess myocardial perfu-
sion and identify areas of reduced blood flow in the heart. They help in the detection of heart
conditions like coronary artery disease and myocardial infarction.

2. Liver Imaging: Ultrasound contrast agents are used to improve liver imaging, helping to
detect liver lesions, tumors, and cirrhosis. UCAs enhance the visibility of abnormal growths
and vascular structures in the liver, aiding in diagnosis and treatment planning.
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3. Renal Imaging: UCAs are employed in renal imaging to evaluate kidney function and
vascularity. They help in assessing conditions like kidney tumors, renal artery stenosis, and
chronic kidney disease.

4. Tumor Imaging: UCAs are also used to enhance imaging of tumors in various organs.
They provide better visualization of the tumor’s blood supply and can help differentiate be-
tween benign and malignant tumors based on their vascular patterns.

Quick Tip

Ultrasound contrast agents are particularly useful in areas where conventional ultrasound
imaging may lack sufficient contrast, such as soft tissues, blood vessels, and organs like
the liver and kidneys.

5. a) Discuss the anatomy of the rotator cuff of the shoulder with well-labelled
diagrams.

Solution:

Step 1: Understanding the rotator cuff anatomy.
The rotator cuff is a group of four muscles and their associated tendons that provide strength
and stability to the shoulder joint. The rotator cuff allows for a wide range of motion of the
shoulder while also maintaining the stability of the humeral head in the shallow glenoid cavity
of the scapula. The four muscles of the rotator cuff are:

1. Supraspinatus: This muscle is located on the superior aspect of the scapula and is re-
sponsible for initiating the abduction of the arm.

2. Infraspinatus: Positioned below the supraspinatus, this muscle helps in lateral rotation of
the shoulder.

3. Teres minor: This muscle assists in lateral rotation and adduction of the shoulder.

4. Subscapularis: Located on the anterior surface of the scapula, this muscle facilitates me-
dial rotation of the arm.

Step 2: Diagram description.
A diagram of the rotator cuff should clearly depict the location and attachment of each muscle
around the shoulder joint. Label the supraspinatus, infraspinatus, teres minor, and subscapu-
laris. The diagram should also show the relationship between the muscles, tendons, and the
humeral head.
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Step 3: Importance of the rotator cuff.
The rotator cuff plays a critical role in shoulder movement and stability. It helps in lifting the
arm, rotating the arm, and maintaining proper alignment of the humeral head in the glenoid
cavity. Damage to any of these muscles or tendons can lead to pain, weakness, and limited
range of motion, often referred to as ”rotator cuff tear” or ”impingement.”

Quick Tip

In clinical practice, injuries to the rotator cuff are commonly seen in athletes or individuals
involved in repetitive overhead activities, such as baseball players, swimmers, and manual
laborers.

5. b) Discuss briefly the imaging features of various labral tears that can be seen
in the shoulder joint.

Solution:

Step 1: Understanding labral tears.
The shoulder labrum is a ring of cartilage that surrounds the glenoid (the shallow cavity of
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the scapula) and helps to stabilize the shoulder joint. Labral tears can occur due to trauma,
repetitive motion, or degenerative changes and are common in individuals who engage in over-
head activities. Labral tears can be classified as either superior or inferior, depending on their
location.

Step 2: Imaging techniques for labral tears.
Several imaging modalities are used to diagnose labral tears in the shoulder joint:

1. MRI (Magnetic Resonance Imaging): MRI is the most commonly used imaging tech-
nique to evaluate labral tears. The tear can appear as a disruption or a detachment of the
labrum from the glenoid. MRI provides detailed soft tissue contrast and is highly sensitive for
detecting labral tears, especially when combined with the use of contrast agents (arthrogram).

2. MR Arthrogram: In this procedure, a contrast dye is injected into the shoulder joint
before performing the MRI. This enhances the visualization of the labrum, making it easier to
detect tears or detachments. It is particularly useful in detecting small or subtle tears that may
be missed on a standard MRI.

3. CT Arthrogram: Computed Tomography (CT) arthrograms may be used in cases where
MRI is not conclusive or accessible. This technique involves injecting contrast into the shoulder
joint and using CT scans to obtain detailed images of the labrum.

Step 3: Types of labral tears.
Labral tears can be categorized into different types:

1. SLAP (Superior Labrum Anterior to Posterior) Tears: These occur at the top
(superior) part of the labrum, where the biceps tendon attaches. SLAP tears are commonly
associated with overhead activities and can be seen on MRI or MR arthrogram as a detachment
or tear of the superior labrum.

2. Bankart Lesions: These are tears of the anterior (front) part of the labrum and are
typically seen in patients with shoulder dislocations. A Bankart lesion is best visualized on an
MRI or CT arthrogram.

Step 4: Conclusion.
Labral tears are best diagnosed using MRI or MR arthrogram, with the choice of imaging
modality depending on the clinical presentation and the severity of the tear.

Quick Tip

For accurate diagnosis of labral tears, consider using MR arthrogram when standard
MRI does not provide sufficient detail, especially for detecting small tears or tears in
difficult-to-visualize areas.
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6. Discuss the following radiological procedures briefly:

a) Barium enema.

Solution:

Step 1: Understanding Barium Enema.
Barium enema is a radiological procedure used to examine the lower gastrointestinal tract, par-
ticularly the colon and rectum. In this procedure, a contrast medium containing barium sulfate
is introduced into the colon through the rectum. The barium absorbs X-rays and appears white
on the X-ray film, highlighting the inner surface of the bowel. Barium enema helps to detect
abnormalities such as tumors, polyps, inflammation, or strictures in the colon. It is typically
used for diagnosing conditions like colorectal cancer, Crohn’s disease, and diverticulosis.

Step 2: Procedure.
The patient is asked to lie on an X-ray table while the contrast medium is inserted through
a tube into the rectum. X-ray images are taken as the barium moves through the colon. In
some cases, a double-contrast technique is used, where air is introduced after barium to provide
clearer images of the mucosal lining.

Quick Tip

Barium enema is a valuable diagnostic tool, but it is now largely replaced by more
advanced imaging techniques like CT colonography and colonoscopy.

6. b) Sonosalpingography.

Solution:

Step 1: Understanding Sonosalpingography.
Sonosalpingography (SSG) is a radiological procedure used to assess the fallopian tubes in
women. It combines ultrasound imaging with saline or contrast medium to evaluate the pa-
tency (openness) of the fallopian tubes. The procedure is commonly performed in cases of
infertility, where tubal blockage is suspected. SSG is a non-invasive and relatively simple pro-
cedure that helps identify conditions like tubal occlusion, adhesions, or structural abnormalities
of the tubes.

Step 2: Procedure.
In sonosalpingography, a sterile saline solution is introduced into the uterine cavity through a
catheter. Ultrasound is then used to monitor the movement of the saline and assess whether
it passes freely through the fallopian tubes. If the tubes are open, the saline will flow freely;
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if there is a blockage, the saline will not pass through, which is visible on the ultrasound images.

Quick Tip

Sonosalpingography is less invasive and has fewer complications than other procedures
like hysterosalpingography (HSG) for assessing tubal patency.

7. Discuss the imaging anatomy of nose and paranasal sinuses on NCCT with well-
labelled diagrams. Also discuss the common anatomical variations that may be
seen on NCCT PNS.

Solution:

Step 1: Understanding NCCT Imaging of Nose and Paranasal Sinuses.
Non-contrast computed tomography (NCCT) of the paranasal sinuses (PNS) is a key imaging
technique used to evaluate the anatomical structures of the nose and sinuses. NCCT provides
high-resolution images and is especially useful for detecting diseases and abnormalities of the
nasal cavity and surrounding paranasal sinuses. This imaging modality is commonly used to
assess conditions such as sinusitis, nasal polyps, and other sinus pathologies. NCCT is also
essential for evaluating anatomical variations and pre-surgical planning.

Step 2: Anatomical Structures on NCCT PNS.
The following key anatomical structures can be clearly visualized on NCCT of the PNS:

1. Nasal Cavity: The nasal cavity appears as a midline structure and is bordered by the
nasal septum and the lateral nasal walls. The mucosal lining of the nasal cavity is thin and
homogenous. The nasal turbinates, which include the inferior, middle, and superior turbinates,
are seen clearly.

2. Paranasal Sinuses: The paranasal sinuses, including the maxillary, frontal, ethmoidal,
and sphenoidal sinuses, are well-delineated. The maxillary sinuses are typically the largest and
are located lateral to the nasal cavity. The frontal sinuses are located above the eyes and are
seen as air-filled cavities. The ethmoidal sinuses are situated between the eyes and are divided
into anterior and posterior groups. The sphenoidal sinuses are located behind the ethmoid
sinuses, near the central portion of the skull base.

3. Nasal Septum and Bony Structures: The nasal septum, composed of cartilage and
bone, divides the nasal cavity into two halves. The bony structures of the nasal cavity, such as
the maxillary bones, frontal bones, and ethmoidal bony plates, are also clearly visible.

Step 3: Diagram Description.
A well-labeled diagram should show the nasal cavity, the paranasal sinuses, and the surround-
ing bony structures. Label the nasal septum, turbinates, and each sinus (maxillary, frontal,

10



ethmoid, and sphenoid). The diagram should highlight key features like the sinus cavities, nasal
passages, and mucosal lining.

Step 4: Common Anatomical Variations on NCCT PNS.

Step 1: Understanding Common Variations.
While the NCCT scan provides detailed images of normal anatomical structures, it also helps
identify common anatomical variations in the nose and paranasal sinuses. These variations may
not be pathological but can have clinical significance, particularly in surgical planning.

Step 2: Common Anatomical Variations.
The following are common anatomical variations seen on NCCT PNS:

1. Deviated Nasal Septum (DNS): A deviation of the nasal septum is a frequent variation,
where the septum is shifted to one side. This can cause airflow obstruction or contribute to
conditions like sinusitis. The deviation is typically visible on NCCT as a shift in the midline
of the nasal cavity.

2. Concha Bullosa: This refers to the pneumatization (air-filled cavity) of the middle
turbinate. It appears as an air-filled structure within the middle turbinate on NCCT and
can sometimes cause obstruction of the sinus drainage pathways.
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3. Haller’s Cell: Haller’s cells are ethmoidal air cells located beneath the orbit. They may
cause obstruction of the maxillary sinus ostium and contribute to sinusitis. On NCCT, they
are seen as small, rounded air pockets near the lower part of the orbit.

4. Agger Nasi Cell: This is an anterior ethmoidal cell located near the frontal sinus. It can
sometimes extend into the frontal sinus or cause obstruction of the sinus drainage pathways.
These cells appear as small, well-defined air pockets on NCCT.

Step 3: Conclusion.
Common anatomical variations on NCCT PNS do not always require treatment but should be
taken into account when diagnosing conditions or planning surgical procedures. Understanding
these variations helps avoid misinterpretations of the scan.

Quick Tip

NCCT is often preferred over MRI in evaluating the sinuses because it is more effective
in visualizing bone structures and detecting calcifications.
Awareness of anatomical variations such as DNS and concha bullosa is essential for ac-
curate interpretation of NCCT PNS scans, especially in pre-surgical assessments.

8. What is the X-ray spectrum of an X-ray tube/target and how is it produced?
What are the factors that affect the X-ray spectrum?

Solution:

Step 1: Understanding the X-ray Spectrum.
The X-ray spectrum produced by an X-ray tube consists of two components: the characteristic
X-rays and the continuous X-rays (Bremsstrahlung radiation). The X-ray spectrum refers to
the range of energies (frequencies) of X-ray photons emitted when electrons from a cathode in
an X-ray tube are accelerated toward a target anode, typically made of tungsten. The electrons
interact with the atoms in the target and produce X-rays.

Step 2: Production of the X-ray Spectrum.
- Continuous Spectrum (Bremsstrahlung Radiation): When high-energy electrons from the
cathode hit the target, they interact with the nuclei of the target atoms. This interaction
causes the electrons to decelerate rapidly, emitting energy in the form of X-rays. The energy
of these X-rays can vary over a wide range, producing a continuous spectrum. The intensity of
this spectrum increases with higher tube currents and higher electron energies.
- Characteristic Spectrum: When the electrons from the cathode interact with the electrons in
the inner shells of the target atoms, they can eject the electrons from their orbits, leaving va-
cancies. Higher-energy electrons from the outer shells fall into these vacancies, emitting X-rays
with specific energy levels. These X-rays are called characteristic X-rays because their energies
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correspond to the differences between the energy levels of the atomic shells.

Step 3: Factors Affecting the X-ray Spectrum.
Several factors can affect the X-ray spectrum produced by the X-ray tube:

1. Tube Voltage (kVp): The tube voltage or kilovolt peak (kVp) controls the energy of the
electrons accelerated towards the target. A higher kVp results in higher energy X-rays, shifting
the spectrum towards higher photon energies.

2. Tube Current (mA): The tube current (measured in milliamperes, mA) controls the
number of electrons flowing from the cathode to the anode. An increase in tube current results
in more X-ray photons being produced, leading to a higher intensity of the X-ray spectrum.
However, this does not affect the energy of the X-rays.

3. Target Material: The target material, often tungsten, affects both the intensity and the
quality of the X-ray spectrum. Tungsten has a high atomic number, which produces a higher
energy and more efficient X-ray production. Other materials like molybdenum or rhodium may
be used for specific applications (e.g., mammography).

4. Filtration: X-ray tubes are typically equipped with filters that remove low-energy (soft)
X-rays from the spectrum. These filters improve the quality of the X-ray beam by reducing
patient exposure to unnecessary low-energy radiation.

5. Anode Rotation and Cooling: The anode’s rotation helps to dissipate heat generated
during the production of X-rays. A rotating anode allows for higher tube currents and longer
exposure times, resulting in a more intense X-ray spectrum. The cooling rate of the anode also
affects the efficiency of X-ray production.

Quick Tip

Increasing the tube voltage (kVp) improves the quality (energy) of the X-ray spectrum,
while increasing the tube current (mA) enhances the quantity (intensity) of X-rays pro-
duced.

9. What does AERB stand for? What are the major roles of AERB? Discuss the
AERB guidelines that need to be followed for installation of a new digital radiog-
raphy (DR) X-ray machine in your department.

Solution:

Step 1: What does AERB stand for?
AERB stands for Atomic Energy Regulatory Board. It is the regulatory body under the
Department of Atomic Energy, Government of India, that oversees and ensures the safety of

13



the use of ionizing radiation in various fields such as medicine, industry, and research. AERB’s
primary goal is to regulate the safety of radiation exposure to the public, workers, and the
environment.

Step 2: Major roles of AERB.
The major roles of AERB include:

1. Safety Standards and Regulations: AERB develops and enforces safety standards for
radiation protection, nuclear safety, and radiological safety. These standards apply to various
fields, including medical, industrial, and research activities.

2. Licensing and Authorization: AERB grants licenses and approvals for the use of radi-
ation sources and equipment, including X-ray machines, radiation therapy units, and nuclear
reactors.

3. Monitoring and Inspections: The board regularly inspects radiation facilities to ensure
compliance with safety regulations and takes corrective actions when necessary. This includes
periodic inspections of hospitals, clinics, and industrial units using ionizing radiation.

4. Training and Awareness: AERB provides training programs to professionals working
with radiation, ensuring that they are aware of safety measures and protocols.

5. Radiation Protection: AERB works towards minimizing radiation exposure to workers,
patients, and the public by setting safety standards, recommending protective equipment, and
providing radiation protection guidance.

Step 3: AERB guidelines for installation of a new digital radiography (DR) X-ray
machine.

1. Regulatory Approval: Before installing a new DR X-ray machine, approval must be
obtained from AERB. The manufacturer and the medical institution must submit the details
of the machine, including technical specifications, radiation safety features, and proposed in-
stallation site to AERB for review.

2. Radiation Safety Assessment: A comprehensive radiation safety assessment must be
conducted to determine the potential radiation exposure to staff, patients, and the environ-
ment. The facility should have proper shielding, including lead walls or barriers, to ensure that
radiation leakage is minimized.

3. Equipment Calibration: The new DR X-ray machine should be calibrated as per AERB
standards. This includes verifying the dose calibration, performance of the X-ray tube, and
image quality assurance. AERB may conduct periodic checks to ensure that the machine re-
mains in compliance with safety standards.

4. Staff Training: The hospital staff, including radiologists, technicians, and radiation pro-
tection officers, must undergo proper training in the safe use of the DR X-ray machine. This
training includes understanding radiation safety protocols, emergency procedures, and routine
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maintenance.

5. Installation of Monitoring Devices: Proper radiation monitoring devices, such as
dosimeters and radiation detectors, should be installed near the X-ray machine. These devices
help in tracking radiation exposure and ensuring the safety of personnel and patients.

6. Safety Protocols: AERB guidelines require the establishment of safety protocols for the
operation of the DR X-ray machine. These protocols include procedures for patient positioning,
staff protection, and equipment maintenance.

Quick Tip

AERB plays a vital role in ensuring the safe use of radiation and preventing accidents
related to radiation exposure in various sectors.
Compliance with AERB guidelines ensures the safe operation of medical radiation equip-
ment, preventing unnecessary exposure to radiation and ensuring patient safety.

10. Briefly discuss the following:

a) ”F form” in PC-PNDT Act.

Solution:

Step 1: Understanding the PC-PNDT Act.
The PC-PNDT Act stands for thePre-Conception and Pre-Natal Diagnostic Techniques
(Prohibition of Sex Selection) Act, which was passed in 1994 in India to regulate the use
of prenatal diagnostic techniques. The Act prohibits sex selection before or after conception
and regulates the use of prenatal diagnostic techniques.

Step 2: ”F form” in the PC-PNDT Act.
The ”F form” is a form used in the context of the PC-PNDT Act. It is a specific form that
must be filled out and maintained by the person or institution providing pre-natal diagnos-
tic services, particularly for ultrasound examinations. The F form records important details,
including the identity of the pregnant woman, details of the ultrasound procedure, and the
reasons for conducting the procedure. The form helps track the use of prenatal diagnostic
services to prevent misuse, such as sex-selective abortions. The F form must be submitted to
the appropriate authorities as part of the regulatory requirements under the Act.

Step 3: Purpose of the F form.
The primary purpose of the F form is to ensure transparency in the use of prenatal diagnostic
technologies and to prevent the misuse of such technologies for sex determination. It serves
as a mechanism for monitoring and regulating these practices to ensure compliance with the law.
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Quick Tip

The F form plays a crucial role in ensuring that prenatal diagnostic techniques are used
ethically and in compliance with the PC-PNDT Act.

10. b) ”Characteristic curve” of a photographic film.

Solution:

Step 1: Understanding the Concept of a Characteristic Curve.
The characteristic curve, also known as the HD curve (after its creators, Hurter and Driffield),
is a graph used to describe the relationship between the exposure of a photographic film to light
and the resulting density (darkness) on the developed film. It is an essential concept in the
study of photographic materials and is used to evaluate the performance of photographic films.

Step 2: Plotting the Characteristic Curve.
The characteristic curve is plotted with the following axes: - The x-axis represents the log-
arithm of the exposure (often in terms of light intensity or exposure time). - The y-axis
represents the optical density of the film, which is a measure of how dark the film becomes
after development.

The curve typically has three distinct regions: 1. Toe: The lower part of the curve where
slight increases in exposure result in very little change in density. This corresponds to the
film’s underexposed region. 2. Straight Line (Linear Region): This is the middle section of the
curve where the exposure and density have a linear relationship. This region is ideal for normal
exposures. 3. Shoulder: The upper part of the curve where the film becomes saturated, and
further increases in exposure do not result in much increase in density. This corresponds to
overexposure.
Step 3: Importance of the Characteristic Curve.
The characteristic curve helps in understanding the contrast, speed, and tonal range of a pho-
tographic film. It is used to compare different films and to predict how a film will behave under
various lighting conditions.

Step 4: Application.
In practical applications, the characteristic curve of a film is used in film development and
in optimizing exposure to ensure high-quality images. Photographers and radiologists rely on
the characteristics of the curve to make appropriate adjustments in exposure settings to avoid
underexposure or overexposure.
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Quick Tip

Understanding the characteristic curve is essential for proper film exposure and achieving
optimal image quality in both traditional photography and medical imaging.
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