
Lecture 3 
 

Lecture 3: The interaction of radiation with 
matter 

 
 

 
In this Lecture 

 What happens when x-rays hit something 
 Learn about photoelectric and Compton interactions 
 Understand why scatter is your enemy 
 Learn one simple way to decrease scatter and improve film quality 
 Understand the terms absorption and attenuation 

 
 

 
So far in our story we have a generator, and an x-ray tube that makes x-rays. Now it is 
time to set them free to the world and use them medical purposes. When radiation hits 
some form of matter, three things can happen 
 

1. It can go right through an not interact at all - transmission 
2. It can be absorbed - absorption 
3. It can scatter off like billiard balls - scatter 

 
Which one of these interactions predominates depends on  
 

1. The energy of the x-ray: When you take a radiograph you select the energy of 
the x-ray beam that will be produced. The unit of electricity applied to the 
anode is the killovoltage potential or kVp.  The unit of the x-ray energy is the 
killivolt electron potential. Think of it like this…when we bomb Osama Bin 
Laden in his caves we can shoot bullets at the cave or we can drop bunker 
busters. The bunker busters will go through the side of the cave and the 
bullets will bounce off.  

 
2. Atomic number of the absorber: More interactions will occur with matter of a 

higher atomic number. Using our analogy. if Osama was in a cave made of 
carbon our bullets are more likely to go through than if his cave was made of 
steel.  



 
3. Thickness and density of the object: Thicker or denser objects will stop more 

radiation. As far as Osama and his cave…A cave made out of lead foil would 
stop fewer bullets than a cave made out of thick lead blocks.  

 
This business about Osama is pretty general. What really happens when x-rays interact 
with matter? 
 
 
 
 

Interactions, Interactions, Interactions 
 
When x-rays interact with matter (and don’t just pass through to hit the radiographic 
film) there are a few different things that can happen. The two important ones at this 
point are 
 

• Photoelectric absorption 
• Compton Scattering 

 
 
Photoelectric Absorption: This type of interaction occurs when x-ray enters an 
atom and imparts all its energy to an inner shell electron which is ejected from its orbit.  
The ejected electron is called a photoelectron.  The energy of the photoelectrons is so low 
of that they cannot escape the patient. The remaining void in the electron shell is filled 
by an outer shell electron and produces a low-energy characteristic photon with the 
energy depended on the level of the electron shell and the binding energy of that atom. 
Because the binding energies present in the body tissues are so low, the resulting photon 
is unlikely to escape the body. 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
For all practical purposes, all of the energy of the x-ray photon is completely absorbed 
by the atom of matter.  Therefore, there is no scatter radiation. We use the concept of 
photoelectric absorption to our benefit in diagnostic radiology.  Because all of the energy 
of the x-ray is absorbed and none of it gets through, there are no x-rays (or scatter) 
available to be recorded on the radiographic film. As far as the radiograph goes, you will 
see a uniform white area underneath the piece of matter that underwent the 
photoelectric absorption.  Photoelectric absorption is the reason why bones are white on 
a radiograph.  It is also the reason why barium is used in contrast procedures. It is also 
why we use lead shields. Most all of the x-ray energy is absorbed, and very little gets 
through or scattered off.  You will notice that the three examples I gave, namely bone, 
lead and barium, are composed of elements with a high atomic number. In general, at x-
ray energy levels used in diagnostic radiology, only tissues composed of high atomic 
number elements undergo photoelectric interactions.  Since most of the tissues of the 
body are composed carbon and hydrogen rather than calcium these tissues undergo a 
different kind of interaction… Compton scattering. 
 
Compton scattering:  Unlike photoelectric absorption, the incident x-ray photon 
only imparts some of its energy to an outer shell electron.  This causes a loosely bound 
electron to leave it’s orbit with the incident x-ray photon retaining sufficient energy to 
continue in a new direction with a lower energy level.  In other words, the x-ray photon 
is deflected off of the atom like a billiard ball after hits another ball. This subsequent 
low-energy x-ray photon is called scatter. Scatter is bad.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
Remember the following…it is important.  
 

• The probability of a Compton interaction is equal for all material on a gram 
for gram basis. The probability of a Compton interaction increases with 
increasing density of the absorber.  This also means that the more tissue you 
expose, the more Compton interactions you will have, and more scatter 
radiation is produced.  Scatter is bad. Therefore, you should keep your x-ray 
field size as small as possible. This reduces scatter, the bad radiation.  

 
• The probability of a Compton interaction decreases with higher x-ray 

energies. Remember, KeV (which is determined by kVp) is the unit of x-ray 
energy. Therefore, x-ray beams with a higher KeV create more scatter. 
Unfortunately, high-energy beams are oftentimes necessary to produce a 
quality radiograph. 

 
 
• The probability of a Compton interaction increases with increased patient 

thickness.  Unfortunately, fat dogs and large horses are a fact of life.  
 
 
 
 
 
Quick review: When an x-ray hits matter it can go through or it can interact with the 
matter. If it interacts, all of the energy can be absorbed or some of it can scatter off. 
Compton interactions are the interactions that are associated with scatter. The 
probability of photoelectric interaction increases with increasing atomic number of the 
absorber. The probability of Compton interactions increases with increased thickness of 
the patient, increased x-ray beam energy, and the amount of the patient you expose (also 
called the field size). The question you should ask at this point is why is scatter so bad? 
 
 
 
 
 
 
 



Scatter – the scourge of radiology 
 
So far we have talked a lot about scatter and stated “scatter is bad.” Well, why is it so 
bad? The answer is simple…scatter makes radiographs look crummy. 
 
You see, when an x-rays passes through a patient and expose a piece of radiographic 
film, there are two kinds of x-rays that actually expose the film. First, there are primary 
photons. These are good photons. They go straight through the patient (without any 
interactions) and directly hit the radiographic film. Primary photons make a nice, crisp, 
pretty picture with good differentiation between blacks and whites on the radiograph. 
Scatter photons are the result if interactions of the x-ray beam and the patient. They do 
not go directly through the patient but bounce off in many directions. This makes a 
radiograph that is washed out and decreases the difference between the blacks and 
whites on the radiograph; giving the radiograph a gray appearance. In the business, we 
say that scatter decreases film contrast.  
 
This would be a good point to introduce the term radiographic opacity. Opacity is the 
color of a structure on a radiograph. Of course, we don’t have colors on a radiograph, 
we only have blacks and whites. Therefore, opacity refers to how black or whit e a 
structure is. Structures that are whiter are called radiopaque. Structures that are blacker 
are called radiolucent  Contrast refers to the difference in opacity between two 
structures. We will talk more about this in the next lecture so if you didn’t understand 
the last paragraph, don’t worry, we will come back to it because this is a very important 
concept and can be confusing.  
 
For now, just remember that good film contrast is necessary to differentiate different 
structures on a radiograph. One way to increase film contrast is to decrease scatter. We 
said previously that scatter increases with increased thickness of the patient, increased x-
ray beam energy, and the amount of the patient you expose. Unfortunately, the first two 
we cannot alter. A fat dog is a fat dog, and sometimes we just need to use an x-ray beam 
of high energy. However, we can easily limit the amount of patient we expose. Simply 
collimate around the structure you are interested in. In practice that means if you are 
radiographing the stifle, radiograph the stifle; don’t radiograph the whole leg. What was 
that??? You don’t know what collimating is?…see the next lecture for an explanation.  



 

Terms of endearment 
 
I didn’t know where to put this section, so here it is. Before we end this lecture you need 
to understand the meaning of the two following terms: 
 

1. Absorption: the absorption of radiation refers to the local deposition of the 
radiation energy and the object being irradiated. Absorption may be complete or 
partial.  

 
2. Attenuation: attenuation is the reduction in intensity of the primary x-ray beam 

as it traverses matter by either absorption or scattering. 
 
 
 


