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How an X-ray Image is Made
● An X-ray image is a special kind of photograph that doesn't use visible light. 

● Instead, it uses a high-energy form of radiation to capture the shadows cast 
by the bones and tissues inside your body. 

● This allows us to see structures that are otherwise completely hidden from 
view.

● Imagine shining a very powerful flashlight through your hand. Your bones 
would block more light than your skin, casting a darker shadow. 

● An X-ray works on a similar principle, but with a special kind of light that can 
pass through your skin.



  

How an X-ray Image is Made
● This remarkable ability was discovered by accident in 1895 by 

German physicist Wilhelm Conrad Roentgen. 
● While experimenting with high-energy cathode rays, he noticed the 

image of the bones of his hand fingers on the wall. 
● He had discovered a new, invisible form of radiation and later 

famously imaged the left hand of his wife. 
● Because it was completely unknown, he called it "X-radiation," with 

"X" standing for the unknown.
● To understand how we get from this invisible radiation to a clear 

image of a bone, we must first step inside the machine's core the X-
ray tube to see how these special rays are born.



  

How an X-ray Image is Made
● The first-ever medical radiograph was of 

his wife's hand, revealing the bones 
within. 

● For the first time, an image of the inside 
of the human body was made public,

● Starting a revolution in medicine.
● Rontgen was awarded the first Nobel 

Prize in Physics in 1901 for this 
discovery.



  

X-ray tube
The heart of an X-ray machine is a component called the  X-ray tube . 
It's a highly evacuated vacuum tube where a three-step process is 
followed to generate the X-ray beam.



  

X-ray tube
Step 1: Boil Off Electrons.  Inside the tube, a component called the  cathode 
 (the negative (-) electrode) contains a tiny filament, much like the one in an 
old-fashioned light bulb. 

When an electric current heats this filament to an extreme temperature over 
2200°C it begins to "boil off" a cloud of high-energy electrons. The scientific 
term for this process is  thermionic emission .



  

X-ray tube
Step 3: The stream of high-speed electrons crashes into a small metal target on the  
anode  (the positive (+) electrode). This sudden, violent deceleration converts the 
electrons' big kinetic energy into two other forms (Heat and X-ray). 

● The useful X-rays produced this way are known as  Bremsstrahlung , a German term 
for "braking radiation."

● The result of this collision is a remarkably inefficient but effective energy 



  

X-ray tube
Extreme Heat:  About 99.93% of the electrons' energy is wasted as heat. 
This is why the anode must be made of a material like tungsten, which is 
chosen for its unique combination of a high atomic number (Z=74) for 
efficient X-ray production, a very high melting point, and excellent durability. 
To prevent the target from melting, most anodes are designed as a  rotating 
disc  to spread this intense heat load over a much larger area.



  

X-ray tube
• X-rays: A tiny fraction about 0.07% of the energy is converted into 
useful X-ray photons. These photons exit the tube through a window 
and form the beam that will create the image.

● With our beam of X-rays now generated, the next stage of its journey 
is the most critical: the passage through the human body.



  

X-ray photons passes through the body

● As the beam of X-ray photons passes 
through the body, it is weakened in a 
process called  attenuation . 

● The final X-ray image is only possible 
because different tissues in the body 
attenuate X-rays differently a crucial 
concept known as  differential absorption.

● For diagnostic imaging, there are two 
primary ways X-rays interact with body 
tissues (Absorption and Scattering). 



  

X-ray photons passes through the body
Absorption: In this interaction, an incoming X-ray photon is 
completely stopped and absorbed by an atom in the tissue, 
transferring all of its energy. 

Absorption is higher in bone.

It's scaling with the atomic number cubed (Z³). This exponential 
difference is the fundamental reason why bone (rich in high-Z 
calcium) appears so different from soft tissue. 



  

X-ray photons passes through the body
Scattering: creating a fog of useless radiation that we must actively 
fight to remove. 

In this case, the X-ray photon doesn't get absorbed. Instead, it 
collides with an outer electron of an atom, loses some of its energy, 
and "bounces off" in a new direction. 

This scattered radiation travels randomly and degrades the final 
image, making it appear blurry or foggy. 

Specialized devices, called anti-scatter grids, are often placed 
between the patient and the detector precisely to block this 
unwanted scattered radiation.

This difference in absorption is what allows the X-ray machine to 
distinguish between bone, muscle, and air, ultimately creating the 
black, white, and gray image we recognize.



  

X-ray photons passes through the body
The X-rays that manage to pass all the way  through  the body without being absorbed or 
scattered are the ones that reach the detector (such as X-ray film) and create the image. 

The final radiograph is a map of where these X-rays landed. The following table 
summarizes how different tissues interact with X-rays to produce the final image:|

Tissue Type Density X-ray 
Interaction

Appearance on 
Radiograph

Air (Lung) Very low Almost no 
absorption

Black

Fat Low Very little 
absorption

Dark Gray

Muscle and water Higher Some Absorption Light Gray

Bone Very high High absorption white



  



  



  



  


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

