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Principles of Radiation Physics 

ÅX-ray Production 

 

ÅTarget Interactions 

 

ÅX-ray Beam 

 

4 

X-ray Production 

ÅX-rays are produced 

whenever high speed 

electrons are suddenly 

decelerated. 

5 

X-ray Production 

ÅSource of electrons 

 

ÅAcceleration of electrons 

 

ÅDeceleration of electrons 

6 

X-ray Production 

ÅFocusing of electrons 

 

ÅVacuum  

 

ÅHeat removal mechanism 
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Processes in X-ray Production 

ÅBremsstrahlung 

 

ÅCharacteristic 

8 

Bremsstrahlung 

(Brems) 

ÅElectron-nuclear field 
interaction 

 

ÅElectron loses kinetic 
energy and changes 
direction 

 

ÅLost KE appears as an  

 x-ray photon Carlton & Adler, 2006 

9 

Bremsstrahlung 

(Brems) 

ÅProduces heterogeneous 

beam 

 

ÅComprises 70-90% of 

beam (kVp > 80) 

 

ÅMaximum energy photon 

= kVp level 
Bushong, 2004 

10 

Characteristic 

ÅElectron-orbital electron 
interaction 

 

ÅX-rays are produced by 
electron transition 

 

ÅPhoton energy = 
difference in shell binding 
energies 

Carlton & Adler, 2006 

11 

Characteristic 

ÅProduces a discrete 

spectrum 

 

ÅOnly k-characteristic 

photons are useful 

 

ÅComprises 10-30% of 

beam (kvp > 80) 

Bushong, 2004 

12 

Emission Spectrum 

ÅComposite of Brems and 

Characteristic radiation 

 

ÅPolyenergetic 

 

ÅHeterogeneous Bushong, 2004 
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Emission Spectrum 

ÅQuantity 

ïmAs 

ïkVp 

ïFiltration 

ïñZò of target 

ïDistance 

ÅInverse Square Law 

ïVoltage Waveform  

ÅQuality 

ïkVp 

ïñZò of target 

ïFiltration 

ÅAmount 

ÅAtomic Number 

ïVoltage Waveform 

14 

Emission Spectrum 

(mAs: mA and Time) 

Carlton & Adler, 2006 

15 

Emission Spectrum 

(kVp) 

Carlton & Adler, 2006 

16 

Emission Spectrum 

(Atomic # of Target) 

Bushong, 2004 

17 

Emission Spectrum 

(Filtration) 

Bushong, 2004 

18 

Emission Spectrum 

(Voltage Waveform) 

Carlton & Adler, 2006 
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Fundamental Properties  

of X-rays 

ÅElectromagnetic radiation 

ïHigh Energy 

ïHigh Frequency 

ïShort Wavelength  

Å(0.1-0.5 A) 

ïConstant velocity 

Å3 x 108 m/s 
Carlton & Adler, 2006 

20 

Fundamental Properties  

of X-rays 

Å Travel in straight lines 

 

Å Cause biological damage 

ï Ionization  

ÅPhotoelectric Effect 

ÅCompton Scatter 

ïExcitation 

 

Å Cause phosphorescence 

 

Å Undetectable by human 
senses 

 

Carlton & Adler, 2006 

21 

Imaging Equipment 

ÅTypes of Radiographic Units 

ÅComponents of Radiographic Units 

ÅX-Ray Generator, Transformers, and 

Rectification System 

ÅComponents of Fluoroscopic Units 

ÅComponents of Digital Imaging Units 

ÅAccessories 

22 

Types of Units 

Å Stationary 

ïRadiographic 

ïR & F 

Å Mobile 

ïRadiographic 

ïFluoroscopic (C-arm) 

Å Specialized/ Dedicated 

ïChest units 

ïTomography units 

ïMammography 

ïBone Densitometry 

23 

Basic Radiographic Units 

ÅX-ray Tube 

 

ÅControl Console 

24 

X-ray Tube Design 

ÅBasic Components 

ïEnvelope 

ïCathode Assembly 

ïAnode Assembly 

ïInduction Motor 

 

ÅHeld within the Tube 

Housing 



1/15/2012 

5 

25 

Tube Housing 

Å Provides mechanical support 

for x-ray tube 

 

Å Absorbs leakage radiation 

 

Å Protects against electric shock 

 

Å Aids in heat dissipation 

26 

Envelope 

 

ÅPyrex Glass / Metal 

 

 

ÅVacuum Tube 

 

 

ÅPort Window 

Carlton & Adler, 2006 
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Cathode Assembly 

ÅNegative electrode 

 

ÅComponents: 

ïFilaments 

 

ïElectrical connections 

 

ïFocusing cup 

Carlton & Adler, 2006 

 

28 

Anode Assembly 

ÅPositive electrode 

 

ÅDecelerates projectile 

electrons 

 

ÅTypes: 

ïStationary 

ïRotating 

Carlton & Adler, 2006 

 

29 

Anode Assembly 

ÅDesigned according to 

the Line Focus Principle 

ïLarge actual area for 

heat dissipation 

 

ïSmall projected area 

for improved detail 
Carlton & Adler, 2006 

 

30 

Induction Motor 

ÅTwo parts: 

ïStator (external) 

ïRotor (internal) 

 

ÅRotation speed 

ïNormal 3000-3600 rpm 

 

ïHigh Speed 10,000 rpm 

 
Carlton & Adler, 2006 
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Control Console 

Å kVp selector 

 

Å mA selector 

 

Å Time selector 

 

Å Rotor Switch 

 

Å Exposure Switch 

32 

Control Console 

ÅkVp Selector:  

ïSets voltage difference 

between cathode and 

anode 

 

ïControls kinetic energy 

of projectile electrons 

 

ïControls beam quality 

Carlton & Adler, 2006 

 

33 

Control Console 

ÅmA Selector: 

ïSets filament current 

 

ïControls heating of the 

filament and thermionic 

emission  

Å(# of electrons 

available for x-ray 

production) 

 

ïControls beam quantity 

Carlton & Adler, 2006 

 

34 

Control Console 

ÅTime Selector: 

ïSets length of exposure 

 

ïControls how long electrons are allowed to 

flow from the cathode to the anode 

 

ïControls beam quantity 

35 

Control Console 

ÅRotor Switch 

ïBrings rotor up to speed  

ïTriggers filament heating 

ïTriggers grid in Bucky (if activated) 

 

ÅExposure Switch 

ïCompletes circuit 

ïInitiates kVp production 

36 

Circuit Components Associated 

with Control Panel 

ÅkVp Selector 

ïAutotransformer 

 

ÅmA Selector 

ïRheostat 

 

ÅTime Selector 

ïTimer circuit 

ÅRotor Switch 

ïStator of induction 

motor 

 

ÅExposure Switch 

ïRemote switch 
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Timer Circuit 

ÅManual 

ïMechanical 

ïSynchronous 

ïElectronic 

ïmAs timers 

ÅAEC / AED 

ïñphototimerò 

 

ïAutomatically 

terminates exposure 

after a preset amount 

of radiation has 

reached the image 

receptor 

38 

AEC /AED 

ÅUtilizes a flat, parallel 

plate ionization chamber 

 

ÅMinimum response time 

ï1 mSec 

Carlton & Adler, 2006 

 

39 

AEC / AED Detectors 

ÅMust select correct 
photocells 

 

ÅMust set optimum kVp 
level 

 

ÅMust set backup timer 

ï150% of expected time 

ï600 mAs 

40 

AEC / AED Density Control 

Å-3, -2, -1, 0, 1, 2, 3 

 

ÅChanges mAs 

ï25-30%  (Papp) 

ï12-15%  (Carlton & Adler) 

 

ÅChanges OD 

ï0.1   (Bushong) 

ï0.15   (Carlton & Adler) 

ï0.2 ï0.25  (Papp) 

41 

X-ray Tube Operation 

ÅWarm-up Procedures 

 

ÅTube Rating Charts 

 

ÅAnode Cooling Curves 

 

ÅHeat Unit Calculations 

42 

Tube Warm-up Procedures 

ÅPrevents thermal shock  

ïcracking of a cold anode 

 

ÅRefer to manufacturerôs guidelines 

ï2-3 moderate exposures 

 

ïAutomated series of exposures 
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43 

Tube Rating Charts 

ÅDetermines if a set of 

exposure factors is ñsafeò 

for tube operation. 

44 

Anode Cooling Curve 

ÅUsed to determine the 

amount of time the anode 

must cool in order to 

make additional 

exposures  

Carlton & Adler, 2006 

 

45 

Heat Unit Calculations 

ÅHU= kVp * mA*Time*Generator Factor 

 

ÅGenerator Factors: 

ïSingle Phase:    1.0 

ïThree Phase, 6-pulse:   1.4 

ïThree Phase, 12-pulse:   1.4 

ïHigh Frequency:    1.4 

46 

Tips for Extending Tube Life 

ÅWarm up the anode. 

 

ÅDonôt hold the rotor switch unnecessarily. 

 

ÅUse lower mA stations when possible. 

 

ÅUse lower rotor speed when possible. 

47 

Tips for Extending Tube Life 

ÅDonôt make repeated exposures near the tube 

loading limit. 

 

ÅDonôt use the tube when you hear loud rotor 

bearings. 

 

ÅUse the appropriate operational charts. 

48 

Tips for Extending Tube Life 

ÅKnow the heat capacity of the anode. 

ï70,000 - 400,000 HU 

 

ÅKnow the heat capacity of the tube housing. 

ï1 - 1.5 Million HU  


