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Exercise 1
What is medical imaging, and why is it important in healthcare?

Medical imaging is the process of creating visual representations of the interior of a body for
clinical analysis and medical intervention. It is crucial in healthcare for diagnosing diseases,
guiding treatment, and monitoring health conditions.

Four key benefits of medical imaging technologies:

> Early Detection: Enables early diagnosis of diseases, improving treatment
outcomes.

»  Non-Invasive: Many imaging techniques are non-invasive, reducing the need for
exploratory surgeries.

»  Guiding Treatment: Helps in planning and monitoring the effectiveness of
treatments.

»  Research and Education: Facilitates medical research and training by providing
visual data.

Primary imaging modalities and their applications:

»  X-ray: Used for imaging bones and detecting fractures.

»  MRI (Magnetic Resonance Imaging): Useful for soft tissue imaging, such as
brain and spinal cord assessments.

» CT (Computed Tomography): Combines X-ray images for detailed cross-
sectional views, often used in trauma cases.

> Ultrasound: Utilized for viewing soft tissues and monitoring fetal development
during pregnancy.

Evolution of medical imaging:

Medical imaging has evolved from simple X-rays in the early 20th century to advanced
techniques like MRI and PET scans. Developments in technology have led to higher resolution
images, faster processing times, and improved patient safety.

Role of medical imaging in preventative care:

Medical imaging plays a vital role in preventative care by allowing for the early detection of
diseases, enabling timely interventions that can prevent disease progression.

Significance of ongoing innovations in medical imaging:

Innovations, such as Al integration and enhanced imaging techniques, improve diagnostic
accuracy, reduce costs, and expand the applications of imaging technologies in various medical
fields.

What is X-ray imaging, and why is it commonly used in medical diagnostics?

X-ray imaging is a technique that uses radiation to create images of the internal structures of
the body. It is commonly used due to its ability to quickly and effectively visualize bone
fractures, dental issues, and certain tumors.
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Basic physics of X-rays:

X-rays are high-energy electromagnetic waves produced when high-speed electrons collide
with a metal target (anode). They have high penetration power and can pass through soft tissues
while being absorbed by denser materials like bones.

Photoelectric effect and its significance in X-ray imaging:

The photoelectric effect occurs when X-ray photons are absorbed by matter, resulting in the
ejection of electrons. This phenomenon is significant in X-ray imaging as it contributes to
image contrast, enabling differentiation between various tissues based on their density.

Beer-Lambert Law and X-ray attenuation:

The Beer-Lambert Law describes the attenuation of light (including X-rays) as it passes
through a material, expressed as:

I = Iye *

Where

Iy = initial intensity

M = linear attenuation coefficient

x = thickness of the material
Applications of X-ray imaging:

>  Fracture detection: Identifying broken bones.
>  Dental imaging: Assessing oral health.
»  Chest X-rays: Evaluating lung conditions.

Mammography: Screening for breast cancer.
Importance of radiation protection measures in X-ray imaging:

Radiation protection measures are crucial to minimize exposure to patients and healthcare
workers. This includes using lead aprons, limiting exposure time, and employing shielding
techniques to reduce unnecessary radiation.

Exercise 2

Definition of radiation and its types:

Radiation is the emission and propagation of energy in the form of waves or particles. There
are two main types:

>  Ionizing radiation: Has enough energy to remove tightly bound electrons from
atoms, creating ions (e.g., X-rays, gamma rays).

>  Non-ionizing radiation: Lacks sufficient energy to ionize atoms (e.g., visible
light, radio waves).

Electromagnetic spectrum and types of radiation:
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The electromagnetic spectrum encompasses all types of electromagnetic radiation, ranging
from gamma rays to radio waves. Three types include:

»  Gamma rays: High-energy radiation used in cancer treatment.

X-rays: Used in medical imaging.

Microwaves: Used in communication and cooking.

Key properties of ionizing radiation:

Penetration power: Can penetrate materials to varying degrees.

Ionization capability: Can ionize atoms, leading to potential biological damage.
> Energy: Typically possesses high energy, allowing it to affect atomic and molecular
structures.
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Interaction of radiation with matter:

Radiation interacts with matter primarily through three mechanisms: the photoelectric effect,
Compton scattering, and pair production. These interactions are significant in medical
applications for generating images and delivering therapeutic doses.

Safety measures for working with ionizing radiation:

»  Time: Minimize exposure time to reduce dose.
> Distance: Maintain distance from the radiation source.
>  Shielding: Use protective barriers (e.g., lead shields) to block radiation.

Exercise 3
Half-life calculations:
1. For aradioactive isotope with a half-life of 10 years:

Remaining amount after 30 years

1\ 1\’ 1
N =Nyl = =100( =) =100 x — = 12.5 grams
2 2 8

2. For aradioactive isotope with a half-life of 9 years:

Remaining amount after 30 years:

£ 3.33
1\° 1
N=Ny|[= =300 = ~ 300 x 0.088 = 26.4 grams
2 2

Exercise 4

Photoelectric effect and image contrast:

The photoelectric effect enhances image contrast in X-ray imaging by selectively absorbing X-
ray photons based on tissue density. Denser tissues absorb more X-rays, resulting in darker
images.

Beer-Lambert Law calculation:

Given:

O. ELOUTASSI: o.eloutassi@umi.ac.ma



I, = 1000 units
@w=01cm !
r =Hcm

Using the Beer-Lambert Law:

I = Ije "™ = 1000e 1 = 1000e *° ~ 1000 x 0.6065 ~ 606.5 units

Exercise 5

Types of radiation produced in an X-ray tube:

> Characteristic radiation: Produced when high-speed electrons collide with the
anode, causing inner-shell electrons to be ejected and outer-shell electrons to fill the vacancy,
releasing energy as X-rays.

»  Bremsstrahlung radiation: Generated when electrons are decelerated near the
nucleus of the anode material, emitting X-ray photons.

Density of tissues and appearance on X-ray images:

Different tissues absorb X-rays to varying degrees based on their density. Denser tissues (like
bone) appear white on X-ray images, while less dense tissues (like muscle and fat) appear
darker, allowing for differentiation.

Specialized techniques utilizing X-ray imaging:

> Fluoroscopy: Real-time imaging to observe bodily functions (e.g., swallowing).
»  CT scans: Provide detailed cross-sectional images for diagnostics.
> Mammography: Specialized X-ray imaging for breast cancer screening.

Exercise 6
Final intensity calculation through materials:

Given:

I, = 1500 units

Material A z4 = 3 cm, ug = 0.2cm !
Material B: 23 = 2 cm, up = 0.15cm !
Material C: 2 = 4 cm, o = 0.25cm *
Calculating intensity after each material:
After Material A:

Iy = Ije #4%4 = 1500e %2"® = 1500e "® ~ 1500 x 0.5488 ~~ 823.2 units
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After Material B:

Ip = Iqe H5%8 = 823.2¢ "1°72 = 823.2¢ % ~ 823.2 x 0.7408 ~ 609.6 units
After Material C:

I = Ige #¢*¢ = 609.6e "*"* = 609.6e * ~ 609.6 x 0.3679 ~ 224.5 units

Exercise 7
Current emitted from the cathode:

Using the Richardson equation:

I = AT? i

Where:

A=6.0x10°A/m’ - K>

T =1200K
p=45eV=45x16x10YJ=72x10 1]
k=138x10 *J/K

7210719
I =6.0 x 10° x (1200)%¢ T &

72%x10 1

- ~ —434
1.656 x 1020 3

T~6.0x10°%x144x10°xe ¥*~6.0x10°x1.44 x10° %0

Energy of X-ray photons:

The energy E of the X-ray photons generated is given by:

E=eV

v=100,000V.

E =1.6x10 ' x 100,000 = 1.6 x 10 *J

Exercise 8

Photoelectric absorption coefficient calculation:
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Given the relationship:
UpE X —=

k=1x10 *cm?’/g
Z=74 (tungsten) and E=100KeV=100,000eV:

= ij =1x10 47743
pee =gy — (100, 000)3
405224

pupe ~1x10 %4 x ~ 4.05224 x 10 * cm !

1055

Photoelectric effect occurrence:

Since 100 keV is much greater than the work function of tungsten (4.5 eV), the photoelectric
effect will occur.

Contrast calculation:

Given:

I, = 300 mGy (muscle)
I, = 150 mGy (fat)

I, - I, 300150 150

C = = =
I +1I, 3004150 450

-1”0333
=3 ~0.
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