APPH
 
226
 

APPH
 
226
 

APPH
 
226
 

Worksheet - Bremmstrahlung and Characteristic Radiation – 
ANSWER KEY
1. Explain the process of a Bremsstrahlung interaction.
The high-speed electron interacts with the nucleus of a target atom in the anode, not an electron.  Due to the positive charge of the nucleus and the negative charge of the projectile electron, the nucleus can exert a force on the electron causing it to change its direction.  This change in direction causes the electron to slow down and lose kinetic energy.  This lost energy exists (is released) in the form of a photon.
The closer the electron passes to the nucleus, the more effect the positive nucleus will have on the electron and the more energy the electron will lose.  The electron can lose some or all of its kinetic energy.  A maximum-energy photon will be released if the electron loses all of its kinetic energy. 
2. Where does the word Bremsstrahlung come from and what does it mean?
Bremsstrahlung comes from a German word meaning to brake or slow down. 
3. Does a single incident electron cause only one Bremsstrahlung interaction to occur?
If the electron passes closely enough to the nucleus, it can give up all its energy in one Bremsstrahlung interaction, and create only one maximum-energy photon.  However, one electron can cause numerous Bremsstrahlung interactions also and create several lowerenergy photons.  Multiple interactions occur only if the photon does not lose all its energy in the first interaction. 
4. What does the projectile electron interact with in the atom of the anode to create Bremsstrahlung radiation?
The projectile electron interacts with the nucleus of the anode atom 
5. In the diagnostic range, what amount of the x-ray beam is created from Bremsstrahlung interactions: All, most, or only some?
Most x-rays produced are from Bremsstrahlung interactions. 
6. What amount of the projectile electrons go through a Bremsstrahlung interaction: All, most, some or hardly any?
Hardly any would be the best response.  Recall that less than 1% of projectile electrons are available for the production of radiation.  Over 99% of the kinetic energy of projectile electrons is converted to heat.  
7. Is the energy of the photon that is created in a Bremsstrahlung interaction always a specific energy level, or can it vary? If it is at a specific level, explain what that level is. If it can vary, explain what it’s minimum and maximum are.
Photons created from Bremsstrahlung interactions can be at any energy level up to the maximum as defined by the energy of the projectile electron.  A projectile electron can be slowed down by the positive charge of the nucleus and change direction.  This loss of velocity is converted into a photon of radiation.  If the electron loses all of its energy at once, the photon has energy equivalent to the velocity of the projectile electron.  If the electron only loses a portion of its velocity, it continues on capable of another interaction with the anode.  The lost kinetic energy from the projectile electron is converted into a photon of lower energy.   
8. Describe a characteristic interaction.
The high-speed incident electron interacts with an inner shell electron in a target atom in the anode knocking it out of its orbit.  This ionizes the atom and makes the atom unstable.  Electrons want to be at the lowest energy level possible, so an electron from a shell further out drops into the “hole” created when the first electron is knocked out.  In order for this outer shell electron to drop into the shell, it must release excess energy in the form of a photon.  The amount of energy released is the difference between the binding energies of the shell this electron is leaving and the binding energy of the shell it is dropping to.  For example, if an L-shell electron moves to the k-shell in a Tungsten atom, the amount of energy that must be given off is 57.4 keV.  (-12-(-69.5) = 57.5 keV.) 
9. Does excitation of an inner shell electron produce characteristic radiation?
No, excitation of an inner-shell electron does not produce characteristic x-radiation. 
10. Can characteristic radiation photons be produced at any energy level below the energy level of the incident electron?
No, characteristic radiation is produced at energy levels related to the orbital shell transitions that the electrons may go through.  Each element had different binding energies, so the xrays produced are ‘characteristic’ of the target material. 
11. What does the projectile electron interact with in the atom of the anode to create characteristic radiation?
The projectile electron interacts with the inner shell electrons of the anode atom 
12. Why is this type of interaction is termed “characteristic”?
The amount of energy released as a photon is characteristic to the orbit and element where the interaction is occurring.  When an outer shell electron in a Tungsten atom falls to fill an empty ‘k’ shell, a specific amount of energy must be released, related to the energy of the ‘k’ shell and of the shell from where the electron originated.  This energy difference is specific to the element.  In a Molybdenum atom, the same occurrence of an outer shell electron filling an inner shell ‘hole’ would cause a photon of a different energy level to be released 
13. When characteristic radiation is produced, is the atom ionized?
Yes, the target atom is ionized.  In order for this interaction to occur, an inner shell electron must be ejected from its orbit, leaving the atom missing an electron 
14. What happens to the electron that is ejected from its orbit?
The ejected electron still has energy, and may actually have enough to have an interaction with another atom in the anode.  If this occurs, it can possibly create more photons, or contribute to heat production.   
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