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	2. X-ray tube
 X-ray  tube is an device for generating X-rays by
accelerating electrons to high energies and causing
them to strike a metal target from which X-rays are
emitted.
 


	3.  High voltage  is applied b/w cathode and anode.
 The electrons are emitted from the filament by thermionic emission and
accelerated towards the anode and strike the target.
Basic principle of x-ray tube:
- +
 


	4.  An X-ray  tube consists of an anode and cathode mounted inside an evacuated
glass tube.
 The cathode consists, of a small coil called filament , mounted in a focusing
cup.
 The anode target is mainly made of Tungsten , separated from filament by a
small gap.
 Electrons are boiled off the filament by applying an electric current so that it
becomes white hot- the process is called ‘Thermionic emission’ .
 A high voltage (HV) of 100 Kv or more applied and the electrons are attracted
across the gap to collide with the anode with the high energies, to produce X-
rays.
 Bremsstrahlung & Characteristic radiation process are involved here.
X-ray tube
 


	5. Quality & Quantity:
  Quality refers to the overall energy of the beam
 As the X-ray beam is polyenergetic, any factors that
increase or decrease the average energy of photons in
the beam affect x-ray beam quality.
 Quality is directly affected by,
i. Changes in kVP
ii. Changes in the material(atomic number Z) of the
target material.
iii. Changes in the filtration.
iv. The type of waveform used (i.e., 1φ, 3φ, or high
frequency).
 


	6.  Quantity refers  to the number of X-ray photons in the
beam .
 As the number of photons increases, the beam
intensity increases & any factors that affect the
number of x-ray photons in the beam influence x-ray-
beam quantity.
 Quantity is affected by,
i. Changes in mA (tube current).
ii. Changes in the filtration.
iii. Changes in the material (Z number) of target.
iv. Changes in kVP
v. Changes in type of waveform used.
vi. Changes in distance from the tube (FFD).
 


	7. Effects of changes  in kVP:
Peak kilo voltage (kVp ) is the maximum voltage applied
across an X-ray tube, it determines the kinetic energy of
the electrons accelerated in the X-ray tube and the peak
energy of the X-ray spectrum.
•The changes in the kVp varies the energy of
the incoming electrons prior to maximum
energy of X-ray photons in Bremsstrahlung
spectrum.
•Hence as kVp increases more higher energy
photons are included in the beam , raising
the average energy of the beam.
•In addition, the increase in kVp increases
the speed with which incoming electrons
strike the target.
•Each time an incoming electron undergoes
a deceleration about a target atom nucleus,
Bremsstrahlung photons are produced,
resulting in overall Bremsstrahlung photons
 


	8.  Exposure is  approximately proportional to the square of kVp in the
diagnostic energy range
Exposure α (kVp) 2
Eg: the relative exposure of a beam generated with 80 kVp compared with that
of 60 kVp for the same tube current and exposure time is calculated as follows:
(80)2 ≈ 1.78
(60)2
Therefore, the output exposure increases by approximately 78%.
An increase in kVp increases the efficiency of x-ray production and the quantity
and quality of the x-ray beam.
 


	9. Effect of changes  in mA:
Tube current (mA) is the rate of electron flow from filament
to target (electron/sec) and measured in miliamperes.
•As the tube current (mA) increases, the
number of incoming electrons striking
target increases.
•In addition the number of X-ray photons
produced in both Bremsstrahlung and
characteristic x-ray portions of x-ray
spectrum is altered.
•The relationship between the mA and the
number of photons produced directly
affects the amplitude of the x-ray
emission spectrum.
•Eg: if we double the tube current (mA)
the number of the x-ray photons will be
doubled.
Number
of
X-rays
emitted
(per
Kev)
•The changes in the mA does not produces energy shifts in either portion of
spectrum .
 


	10. Effect of changes  in the target materials:
The target (anode) material affects the efficiency of Bremsstrahlung
radiation production, with output exposure roughly proportional to
atomic number.
•As the Z number of target increases the
amount of Bremsstrahlung radiation
produced also increases.
•Although the effect of using a higher Z
number target is more apparent on the
high-energy side of the Bremsstrahlung
peak, the spectra are same in many ways.
•The minimum & maximum energies are
the same.
•The peak of Bremsstrahlung spectrum
(greatest no. of X-rays production) occurs
at the same position on energy axis.
 


	11. Effect of changes  in the target materials:
•Hence in the Bremsstrahlung portion of x-ray spectrum there
is a change in the quantity not in quality of x-ray photons.
•As the Z number becomes larger the binding energy of shell
electrons also become larger. This increase in electronic
binding energies results in higher-energy characteristics x-rays.
•Low Z number target materials, such as molybdenum(Z=42) ,
tend to produce not only low energy characteristic x-rays but
also Bremsstrahlung x-rays.
•Low energy characteristic x-rays of molybdenum are useful in
soft tissue imaging such as mammography.
 


	12. Effects of changes  in mAs:
 Coulombs refers to charge carried by
individual electrons as they move towards
target plate.
 The exact number of electrons flowing
between the tube electrodes can be
determined by total charge in coulombs by
the charge on individual electron.
•Hence as mAs is increased the number of electrons striking the target
increases, the more electrons hit the target, the more x-ray are produced in
both complete & discrete portions of x-ray spectrum.
•Changes in mAs do not affect quality.
The exposure time is the duration of x-ray production. The quantity of x-rays is
directly proportional to the product of tube current and exposure time (mAs).
(mA in Ampere ) X (exposure in seconds)= coulombs X sec
sec
=coulombs
 


	13. Effects of changes  in added filtration:
 Filtration refers to the process by which photons in a
polyenergitic beam are selectively removed by
materials placed in the path of emerging x-ray
beam.
 Filtration materials may be part of the equipment such as,
1. Glass envelope of the tube
2. The insulating oil surrounding the tube
3. Tube housing window
Filtration by the parts of the equipment is called
Inherent filtration.
 


	14. Effects of changes  in added filtration
•Beryllium (Z=4) windows are used in X-
ray tubes when it is not desirable to
completely filter out low-energy photons
(mammography).
•Added filtration consists of additional
filters placed in the path of emerging
beam to absorb low-energy photons(as
these low energy photons contribute
radiation dose only to the patient).
Inherent filtration in most tubes is approximately the same
as 1-mm aluminium equivalent ( 1 mm of Al).
 


	15. There are several  effects of added filtration:
1. Increases the average energy of the x-ray beam::
 As low-energy photons are removed by the added filters.
 High energy photons constitutes a greater percentage of
the beam.
 This increases the average energy of the beam which is
referred as ‘Beam hardening’.
Beam hardening: It refers the process in which the quality, or
energy, of an x-ray beam is increased by removing lower-
energy photons with appropriate filtration.
 


	16. Effect of changes  in voltage waveform :
SINGLE PHASE (1φ) vs. THREE PHASE (3φ) :
The generator waveform affects the quality of the emitted
x-ray spectrum.
For the same kVp, a single-phase generator provides a lower
average potential difference than does a three-phase or
high-frequency generator.
 


	17.  As the  voltage across the tube electrodes fluctuate, the number of x-rays
produced also rises & falls.
 As voltage rises from zero , x-ray intensity gradually increases & intensity
reaches a peak as peak voltage (KVp) when voltage becomes even higher.
 As voltage increases there is an increased probability of multiple
interactions between incoming electrons and target atoms. each interaction
produces x-rays.
 During second half-cycle , X-ray intensity drops sharply until the voltage
reaches zero.
Single phase x-ray generators
produces a voltage waveform that
begins at zero, reaches maximum
and again drops back to zero
(cycle repeated throughout the
exposure).
Variation of x-ray production with tube voltage
SINGLE PHASE (1φ):
 


	18. In three phase  (3φ) generator the high voltage is applied
to the x-ray tube.
Three phase power line is supplied through three
separate wires and is stepped up by an transformer.
The voltage waveform in each wire is kept slightly out of
phase to each other, so that the voltage across tube is
always at maximum.
With three-phase power & full wave rectification, six
voltage pulses are applied to the x-ray tube during each
power cycle. This is known as three-phase six pulse
system.
The voltage ripple
[(Vmax –Vmin)/ Vmax] x 100
is 13% to 25% for 3φ six pulse system.
With voltage across tube remains significantly higher
throughout the exposure time, more electrons are
produced(affects quantity) & also average energy of beam
produced is also higher( affects quality)
Three phase generator (3φ):
 


	19. SUMMARY
  


	20. Ratings of X-ray  tubes:
 Rating is used to describe the practical limits which
are inherent in any device.
 The rating of an X-ray unit is the combination of
exposure settings which the unit can withstand
without incurring unacceptable damage.
Selectable & non-selectable factors affecting ratings of a X-ray unit
Selectable factors kVp, mA ,exposure time ,focal spot.
Non-Selectable factors
(Rotating anode)
Rectification, thermal capacity of
anode & tube shield, diameter of
anode, rate of anode rotation, ratings
of high-tension cables & transformers.
 


	21. X-RAY EXPOSURE RATING  CHARTS :
 Rating charts are the charts which
determine operational limits of the x-ray tube
for single & multiple exposure & permissible
heat load of anode & tube housing.
 single exposure
 multiple rapid exposure (Angiographic capability)
 


	22. Single-Exposure rating chart:  It provides information on the allowed
combinations of kVp , mA & exposure time for a particular x-ray tube.
•For each tube, there are usually four individual charts with peak kilo-voltage
as the y-axis & exposure time as the x-axis are provided by manufacturer of x-
ray tube.
•These charts contains a series of curves, each for a particular mA value. Each
of the four charts is for a specific focal spot size and anode rotation speed.
•Each curve represents the maximal allowable tube current for a particular
kVp and exposure time.
 


	23. X-RAY EXPOSURE RATING  CHART:
In graph,
 Using a tube current (mA) of 300 mA & 110 kVp any exposure up to 0.036
sec can be used with single phase(1φ) & 0.2 sec with 3 phase (3φ) using high
speed rotor.
If a low speed rotator is employed, the maximum voltage permissible for the
above exposures at 300 mA are about are about 55kVp for single phase(1φ) &
69KvP for 3 phase (3φ).
Hence there is a great advantage of 3 phase power & improvement achieved
by the use of high speed rotor.
 


	24. Multiple-exposure rating charts:
  Multiple-exposure rating charts are used in angiography and in
other imaging applications for which sequential exposures are
necessary.
 These charts can be helpful in the planning of an examination,
but they are used infrequently because of the variations in
imaging requirements.
 Most modern angiographic equipment includes a computerized
heat loading system to indicate the anode status and determine
the safety of a given exposure or series of exposures.
 Similarly, in CT, the computer system monitors the x-ray tube
exposure sequence.
 When the tube heat limit has been reached (for either the anode
loading or the housing loading), further image acquisition is
prevented until the anode (or housing) has cooled sufficiently to
ensure safety.
 


	25. Heat unit:
 Heat  unit(HU): In X-ray applications the heat is
measured in Heat units
HU = kVp x mA x s
-kVp is the kilo-voltage peak
-mA is the tube current
t-is the exposure time
 For Single phase : 1HU = 1kVp x 1mA x 1sec
 For three phase : HU=1.35 x kVp x mA x sec
Single phase Three phase
70 kVp
200 mA
0.25 second
HU= 70 X 200 X 0.25
HU = 3500 heat units
60 kVp
100 mA
0.1 second
HU= 60 X 100 X 0.1 X 1.35
HU= 810 heat units
 


	26. Continuous Heating -  Fluoroscopy
Fluoroscopy is an imaging
technique that uses X-rays to
obtain real time moving images of
interior of object.
•Fluoroscopy almost always single
phase
To Find appropriate curve
HU/sec = kVp X mA For right fluoro time, the graph
should be followed from current
heat to right.
 


	27. Continuous Heating &  cooling
Eg:
•For 100 kVp , 6mA & 600 HU , the exposure is started with 50000 KHU &
Exposure time is 3 minutes.
•After exposing for 3 minutes the heat will be around 1,10,000 HU.
•COOLING:
•If the cooling process is started at 1,10,000 HU .
•The time taken for the cooling process will be around 2 minutes.
•Then the Heat will reach around 40000HU. (point under the curve).
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