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1. How is the energy of the electrons inside a diagnostic x-ray tube expressed?

Energy of the electrons inside a diagnostic x-ray tube is expressed in terms of electrical voltage applied across the tube
In radiography, this is expressed in thousands of volts or kilovolts (kV)
Voltage across the tube fluctuates; it’s expressed in kilovolt peak (kVp)
2. What type of energy does a photoelectron have?  

Photoelectron has kinetic energy equal to incident photon less the binding energy of the electron shell

3. What is the effective atomic number of compact bone?  

13.8 (

4. What is the term used for the energy absorbed by the patient per unit mass? 

Absorbed dose   
 
5. What is the unit of measurement of absorbed dose?
 
Traditional: Gray (Gy) 
SI: MilliGray (mGy)

6. Define “Differential Absorption”.

Relationship between transmitted x-rays, photo-electrically absorbed x-rays & Compton scattered x-rays resulting in the image

7. What are the 5 types of interaction between x-radiation & matter?
Identify the photon energy range for each types & which are important to radiology?

See chart

8. List the products of Photoelectric (PE) interaction & the significance of each.
Photoelectron
Quickly absorbed
Doesn’t travel far, just micrometers
Has kinetic energy which is equal to the difference between the energy of the incident photon & BE of the electron’s shell 
Interacts with atoms until all kinetic energy has been spent
Can cause ionization or excitation
Results in increased patient dose & contributes to biologic damage of tissues

Positive Ion 

Photoelectron leaves the atom, resulting in one less electron, therefore, the atom is ionized and positive ion

Characteristic Radiation 

Given off when the outer shell electron drops to fill empty spot from photoelectron

9. Describe the photoelectric effect. 
 
Photon interaction in which it’s not scattered but totally absorbed
Photoelectron is then released from the atom


10. When does photoelectric effect increase?

Using low kV (lower energy of incident x-ray photon)
High atomic number
Increased thickness of matter
Increased density of matter

11. List 3 rules of photoelectric interaction.

Incident photon energy must be greater than the BE of the inner shell electron
PE interaction is more likely to occur when the photon energy & electron BE are close to one another
PE interaction is more likely to occur with an electron which is more tightly bound in its orbit (higher Z number)



12. What impact does photoelectric interaction have on radiography?

Differences in absorption properties of matter creates the diagnostic images
Greater the differences in absorption, the greater contrast between structures
Absorption increase, so does the potential for biologic damage
Photoelectric interaction creates the light areas depending on the absorption  
Dark areas, less absorption, more radiation hits the IR
Decreased kVp gives increase in photoelectric effect, more absorption 
Increase photoelectric effect gives increased contrast & increases dose

13. Outline the circumstances that increase the probability of Compton scatter.

Dominates at 50 kVp & higher
Higher the energy of the x-ray photon, more Compton scattering occurs relative to PE absorption

14. Describe Compton interactions.

Interaction between the incident x-ray photon & loosely bound outer shell electron
Incident photon has enough energy to eject the electron from its outer shell resulting in ionization of the atom
Incident photon is scattered in a different direction called a Compton scattered “photon”
Ejected electron is called: Compton, scattered, secondary or recoil “electron”
 “Compton scattered photon” the initial x-ray photon
“Compton scattered electron” the electron that was kicked out of the atom
Energy of the incident photon is distributed between the scattered photon & ejected electron



15. What impact does Compton scatter have on radiography?
Probabilities of occurrence of Compton scatter compared to PE increase as photon energy increases 
Compton scattered photons can decrease the image contrast by adding undesirable “radiographic fog”
Provides the largest safety hazard for Technologist!

16. Outline the two factors that determine the energy of a Compton interaction photon.

Deflection

Greater the angle of deflection, more energy is given to the recoil electron & less stays with the scattered photon
Higher energy photons are more difficult to deflect
Greater probability of making it to the IR degrading the image 

Back Scatter

Photon deflected back towards the source, in the opposite direction of the incident photon
Small Angle scatter in a forward direction is most common

17. Characterize incident photons & recoil electrons with respect to Compton scatter.

Incident photon 

Called Compton scattered photon
Continues in a new direction causing more Compton or is absorbed
Can leave patient, hitting the IR causing fog
Degrading the image or scattering outside causing a dose for staff 

Recoil electron 

Can go onto ionize other atoms with its kinetic energy
Can collide numerous times with a number of atoms
Energy is exhausted it recombines with an atom needing an electron

**All of this occurs usually within a few micrometers of the original interaction


18. Define “Coherent, Classical, Elastic or Unmodified Scatter”

See chart

19. What impact does coherent scatter have on radiography?

Coherent scattering occurs in the diagnostic range
Small amounts of fog produced is insignificant

Affects visible light more than x-rays that’s why we see the different colors in the sky & sun  
Blue is shorter wavelength, red is longer
20. Describe photodisintegration

See chart

21. Where diagnostic imaging would photodisintegration have the most impact?

In therapeutic, they care about pair production & photodisintegration.

22. Identify & describe the particles formed by pair production.
When a photon gives up its entire energy what 2 particles are formed?
 
Negatron

Normal electron, quickly absorbed by nearby atoms

Positron (Antimatter)

Positron is extremely volatile
Finds a negative electron almost instantly
Pair combines & disappears
Producing two photons that move in opposite directions
Each with energy of 0.51 MeV
Called an “Annihilation Reaction” because matter is being turned back into energy

23. Does pair production have any impact on radiography?

Does not occur in the diagnostic range
Not a significant reaction until in the levels of about 10 MeV
Most often seen with PET
In therapeutic, they care about pair production & photodisintegration
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