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mAs and Reciprocity – ANSWER KEY
Purpose 
Objective: 5.1 Explain the prime factors and their effect on quantity and quality of the beam. Take exposures using various mAs settings to understand how mAs affects exposure. 
Instructions Exposure #1 
1. Enter the patient information into the console.
2. Select free cassette.
3. Set 60kVp @ 20mAs.
4. Place the dosimeter on the table top with a lead sheet beneath it.
5. Center the tube to the dosimeter.
6. Use a 110cm SID.
7. Collimate to include the entire probe.
8. Move the detector to ensure it will not be exposed.
9. Ensure everyone is out of the room and the door is closed.
10. Obtain verbal confirmation with direct supervision from an instructor.
11. Take the exposure.
12. Record the results from your dosimeter: _________ mR.
Exposure #2 
1. Maintain the same setup as Exposure #1.
2. Set 60kVp and double the original mAs used in Exposure #1. (40mAs)
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from your dosimeter: _________ mR.
Exposure #3 
1. Maintain the same setup as Exposure #1.
2. Set 60kVp and halve the original mAs used in Exposure #1. (10mAs)
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from your dosimeter: _________ mR.
Questions: 
1. How did doubling the mAs affect dose?
As the mAs is doubled, the dose should also double.
2. In your own words discuss the effect that mAs has on x-ray emission. mAs is directly related to the number of x-rays in the beam, as it is increased, the amount of x-rays emitted should also increase accordingly.
3. Please draw the emission spectrum for all three exposures
***Remember: # of x-rays is on the y- axis, and x-ray energy (keV) is on the x- axis. The maximum energy of the photons in the emission spectrum are set by the kVp selected on the console. In this case it would be 60keV. The peak should be drawn at 30-40% of the max keV.
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Time 
Purpose 
Objective: 1.1 Explain the prime factors and their effect on quantity and quality of the beam. Take exposures using various time settings to understand how time affects exposure. 
Instructions 
Exposure #1 
1. Maintain the same setup as Exposure #1 in the mAs experiment.
2. Set 60kVp and 200mA @ 0.1s (or 100ms).
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from the dosimeter: _________ mR.
Exposure #2 
1. Maintain the same setup as Exposure #1.
2. Set 60kVp and 200mA @ 0.2s (or 200ms).
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from the dosimeter: _________ mR.
Exposure #3 
1. Maintain the same setup as Exposure #1.
2. Set 60kVp and 200mA @ 0.05s (or 50ms).
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from the dosimeter: _________ mR.
Questions: 
1. What happened to the mAs when the time was halved? The mAs was also halved
2. In your own words, discuss the effect that time has on x-ray emission.
Time controls how long the electrons can cross from cathode to anode. When time is increased, the electrons have more opportunity to interact at the anode to create x-ray photons. (More electron interactions = more x-ray photons)
3. Name three reasons/situations where a technologist may want to manipulate the time. - Motion: shorter exposure times to reduce/eliminate effects of motion
-pediatrics also fall into this category
· Focal spot size: Depending on the mA setting, if a small focal spot is required, time may need to be adjusted to compensate for the mA setting. If the mA setting is too high, the small filament cannot be used.
· Breathing Technique: longer exposure times are required
Reciprocity Law 
Purpose 
Objective: 1.1 Explain the prime factors and their effect on quantity and quality of the beam. 
Take exposures using various combinations of mA and time to understand how they affect mAs. 
Instructions 
Exposure #1 
1. Maintain the same setup as Exposure #1 in the mAs experiment.
2. Set 60kVp and 200mA @ 0.25s (or 250ms).
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from the dosimeter: _________ mR.
Exposure #2 
1. Maintain the same setup as Exposure #1.
2. Set 60kVp, but change the exposure factors used in Exposure #1 of this experiment, to double the mA and decrease the exposure time by half. (400mA @ 0.125s or 125ms)
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from the dosimeter: _________ mR.
Exposure #3 
1. Maintain the same setup as Exposure #1.
2. Set 60kVp, but change the exposure factors used in Exposure #1 of this experiment, to double the exposure time and decrease the mA by half. (100mA @ 0.5s or 500ms)
3. Ensure everyone is out of the room and the door is closed.
4. Obtain verbal confirmation with direct supervision from an instructor.
5. Take the exposure.
6. Record the results from the dosimeter: _________ mR.
 
Questions: 
1. What mAs was used for each exposure?
50 mAs
2. How did the dose change between exposures?
The dose remained unchanged
3. Explain why the result for Question 2 occurred.
The density produced on a radiograph (or exposure) remains the same for any combination of mA and exposure times as long as the value of mAs is the same = Reciprocity Law
4. How does increasing the mA affect the filament?
With excessive heating of the filament caused by high mA operation for prolonged periods, more tungsten is vaporized. The filament wire becomes thinner and eventually breaks, producing an open filament.
5. If mA is increased, how does that affect the quantity or number of x-rays photons in the beam?
mA is directly proportional to the number of x-ray photons in the beam. As mA is increased, the quantity of x-ray photons is increased.
6. What effect does decreasing the time have on the tube?
Decreasing the time, decreases the temperature of the anode during an exposure; also decreases the amount of time the filament is heated
7. How does decreasing the time affect the quantity (number of photons) in the beam?
When we decrease the time, there are fewer electrons interacting with the anode target to create x-ray photons. (Less electron interactions = less x-ray photons)
8. Would the emission spectrum change if the exposure time was decreased?
Yes, the amplitude would be decreased.
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