
الكورس الاول/ اساسيات الفيزياء الشعاعية

الاهليةاوةــــــــــــة ســــــــــجامع

كليـــــــة التقنيــــات الصحيـة والطبيـة

قسم تقنيات الاشعة والسونار

الثانيةالمرحلــــــــــــــــــــــة
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LIMITATIONS OF THE X-
RAY TUBE



( INTRO DUCTIO N )

X-ray production is central to diagnostic 

radiology, but physical and technical limits of 

the X-ray tube constrain it. A solid 

understanding of these limitations, along with 

design strategies such as the line focus 

principle, rotating anode technology, and tube 

heat rating, ensures safe and efficient imaging.
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( LIMITATIO NS O F TH E X - RAY 
TUBE)

X-ray tubes cannot be operated indefinitely at 

maximum capacity due to heat buildup, 

material fatigue, and electron bombardment 

effects. These limitations define the maximum 

exposure parameters (kVp, mA, and exposure 

time) that can be safely applied without 

damaging the tube.
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( TH ERMAL LIMITATIO NS )

Over 99% of electron kinetic energy 

striking the anode is converted into heat, 

while less than 1% produces diagnostic X-

rays. Excessive heat can cause pitting, 

cracking, or even melting of the anode 

surface, reducing image quality and 

shortening tube life.4



( ELECTRICAL LIMITATIO NS )

At very high tube currents, space 

charge effects can limit the number of 

electrons reaching the anode. 

Additionally, high voltages may cause 

arcing across tube components, 

leading to insulation breakdown.
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( MECH ANICAL LIMITATIO NS )

The physical design of the anode and 

rotor places limits on rotation speed 

and mechanical stress. Prolonged use 

at high rotation speeds can cause 

imbalance, vibration, and eventual 

mechanical failure.
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( CO NCEPT O F LINE FO CUS )

The line focus principle is a design 

solution to improve image resolution while 

managing heat distribution. By angling the 

anode target surface, a large actual focal 

spot size is used for heat dissipation, but a 

smaller effective focal spot size is 

projected onto the patient and image 

receptor.
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( ACTUAL VS.  EFFECTIVE FO CAL 
SPO T )

The actual focal spot is the physical area of 

electron impact on the anode, while the 

effective focal spot is the projected area 

seen from the perspective of the patient. A 

smaller effective focal spot improves 

spatial resolution without increasing heat 

density excessively.8



( ANO DE ANG LE AND IMAG E 
Q UALITY )

A typical anode angle ranges between 

6° and 20°. Smaller angles improve 

resolution but reduce the field 

coverage, whereas larger angles 

provide wider coverage but increase 

the effective focal spot size.
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( RO TATING  ANO DE TUBE )

Unlike stationary anodes, rotating anode 

tubes distribute heat over a larger area by 

spinning the target during exposure. This 

allows for higher tube currents and shorter 

exposure times, which are crucial in 

advanced imaging techniques such as CT 

and fluoroscopy.1 0



( CO MPO NENTS O F RO TATING  
ANO DE )

The rotating anode system includes the 

target disk, rotor, stator, and bearings. The 

stator, powered by an induction motor, 

rotates the rotor inside the evacuated tube, 

which spins the anode disk at speeds up to 

10,000 rpm.
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( ADVANTAG ES O F RO TATING  ANO DE )

By spreading heat over a larger surface 

area, rotating anodes increase heat 

capacity, allow for higher tube ratings, and 

prolong the service life of the X-ray tube. 

This design is essential for modern high-

output radiographic systems.
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( H EAT RATING  CO NCEPT )

Heat rating refers to the maximum heat 

load that the X-ray tube can tolerate 

without sustaining damage. It is expressed 

in heat units (HU), calculated as:

HU = kVp × mA × time × constant (waveform factor).

1 3



( FACTO RS AFFECTING  H EAT 
RATING )

he waveform of the generator, exposure 

technique, anode material (usually 

tungsten), and cooling rate of the tube 

influence the heat rating. Three-phase and 

high-frequency generators produce more 

heat compared to single-phase systems for 

the same exposure.1 4



( TUBE RATING  CH ARTS )

Manufacturers provide tube rating charts 

and anode cooling charts. These guides 

help radiographers determine whether a 

planned exposure is within the safe 

operating limits of the tube. Exceeding 

these charts risks overheating and tube 

failure.1 5



( SUMMARY )

The X-ray tube is limited by heat, electrical, 

and mechanical factors. The line focus 

principle and rotating anode are engineering 

solutions to optimize resolution and heat 

management. Heat rating charts are 

indispensable tools to prevent tube damage and 

ensure safe practice.
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QUIZ
1. WHICH OF THE FOLLOWING BEST DESCRIBES THE PURPOSE OF THE ROTATING ANODE IN X-RAY TUBES?

A. TO INCREASE THE PENETRATION POWER OF X-RAYS. B. TO DISTRIBUTE HEAT OVER A LARGER TARGET AREA.

C. TO REDUCE THE FOCAL SPOT SIZE.                               D. TO MINIMIZE THE HEEL EFFECT.

. Q2. EXPLAIN WHY MORE THAN 99% OF THE ELECTRON ENERGY STRIKING THE ANODE IS NOT CONVERTED 

INTO USEFUL X-RAYS.

.Q3. AN EXPOSURE IS MADE AT 80 KVP, 200 MA, AND 0.2 SECONDS USING A THREE-PHASE GENERATOR 

(CONSTANT = 1.35). CALCULATE THE HEAT UNITS (HU) PRODUCED.

Q4 DIFFERENTIATE BETWEEN THE ACTUAL FOCAL SPOT AND THE EFFECTIVE FOCAL SPOT IN THE LINE FOCUS 

PRINCIPLE.

.Q5. DISCUSS THE CLINICAL IMPORTANCE OF TUBE RATING CHARTS AND HOW RADIOGRAPHERS CAN USE 

THEM TO PREVENT TUBE DAMAGE DURING HIGH-LOAD PROCEDURES.
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Any questions?
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