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X-RAY FILTERS
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The main Components of an X-Ray imaging system cont..

3- Operating console (Control Uni

The operating console: allows the radiologist to control the X-Ray
tube current ( mA) and voltage (kVp) and exposure time (S).

ContrO”lng the userI X-Ray haoam nf nranar Anialinns and Arliantityg

= m@gmmm P>

159 :ou aoqo

Tube voltage (kVp): voltage bet
determines the quality of X-Ray be:

i l“i e »

RS ETT li'l
veise

.uqki.d.
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REN S § 58 § EERRS
3

=

=) m-q’o‘ﬁdnqd
' ' B ;

—.“0‘-'“.'

] \ ‘ -

BARES

MA: number of electrons between g _
determines the quantity of X-Ray b i i

S: exposure time: the time that X-Ray machine is producing beam.

MAS: the production of current (mA) and exposure time (S)
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FIGURE 7-11 A, In a stationary anode lube, the ta
embedded in the anade. B, In a rotating anode tube, the g
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Internal Components

The major components of the X-ray
» Glass Envelope (The Lamp)

» Cathode (electron source)
» Anode (acceleration potential) ’f_—' =
> Target device (rotor/stator) L.

i ovatuates
An X-ray tube Is an electronic vacuum glass tuto

X-ray tubes are designed with either a
glass or a metal envelope.

Tube containing two electrodes :
1- the Cathode (filament) and
2-the Anode

Cathode: The cathode is (the negative side of the x-ray tube)
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tion source.

FIGURE 4-15 The inverse square law describes the relatio *
ship between radiation intensity and distance from the radi -
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The Anode

The anode: another internal component
Is the positive side of the tube .
It conducts electricity, radiate heat , and contains the target.

FIGURE 7-24 An additional diaphragm is positioned close
the facal spot to reduce extrafocal radiation.

Target: The target is the area of the anode struck by the electrons form the cathode.

Protective Housing :1t guards against excessive radiation
exposure and electric shock.

Oil: 99% of Energy converted to heat and just 1% X-Rays.
Oil acts as an insulator against electrical shock and helps dissipate heat away from the tube.

positive potential (kVp): anode is maintained at a positive potential difference AV
To accelerate electrons from cathode to anode ( from 30 kV to 150 kV)

Electrons are therefore accelerated towards the anode: 1/2mV? =W=E = q-4V

Movahedi



Cyclinder Cone

FIGURE 17-13 Radiographic cones and cylinders produce
restricted useful x-ray beams of circular shape

Collimation

Aluminum absorbers

Radiation detector

FIGURE 9-2 Typical experimental arrangement for determi-

nation of half-value layer.
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Beam — Restricting Devices
The primary purposes of Beam — Restricting Devices are:

1) Under no circumstances should the x-ray beam exceed the size of the image receptor.

2) Controlling and minimizing scatter radiation by limiting the X-ray field size to only the anatomic structure of
Interest.

The tree types of beam-restricting devices are :
1) Diaphragm 2) Cone, Cylinder 3) Collimators

Cone and Cylinder
Object: Reducing patient dose and improving Contrast Resolution
By restricting the volume of tissue irradiated.

Radiographic extension Cones and Cylinder:
are considered modification of aperture diaphragm

difficulty with using Cone: is alignment. Cyelnder Cone

FIGURE 17-13 Radiographic cones and cylinders produce
restricted useful x-ray beams of circular shape.
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Anti-scatter grid (IT)

p Source of X-rays

Lead strip

r|lm and cassette

Useful X-rays
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Factors Affecting the x-ray emission spectrum

Target material (2)

Tube voltage (kVp)

Tube current (mA), Time (S) = mAs
Added filtration,

Voltage waveform

Tube Distance - tissue (d)

Exposure Time

50 kVp 60 kVp

100 kVp 110 kVp

=
k.
bF
2f
©
(@)
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Number of x-rays
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Number of x-rays
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TABLE 8-1

Factors That Affect X-ray Quantity
and Image Receptor Exposure

The Effect of Image Receptor

Increasing X-ray Quantity Is Exposure Is
mMAS Increased Increased
proportionately
kVp Increased by Increased by
kVp, 7 kVp, ;
kVp, kVp,
Distance Reduced by Reduced by
(&) (&)
Filtration Reduced Reduced

kVp, kilovolt peak; mAs, milliampere seconds.

Movahedi

Factors That Affect X-ray Quality

and Quantity
EFFECT ON
An Increase in X-ray Quality X-ray Quantity
mAs None Increased
kVp Increased Increased
Distance None Reduced
Filtration Increased Reduced
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High anode heating with Small effective focal spot

Actual Focal Spot Size The focal spot size is the anode area that is hit by the electrons
Radiology requires Small focal spots (better resolution)
but heating is concentrated onto a smaller area

Anode

Effective focal spot: sl

Line-focus principle. the focal spot is the area of the
target from which X ray are emitted

i Electron Stream

Foca

Cathode

Photons

The line-focus principle results in an effective focal

spot size much smaller than the actual focal spot
size.
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Heel effect

Consequence of line focus Principe : through angling of the target
the radiation intensity on the cathode side of the X-Ray field
IS higher than that on the anode side.

The Reason for Higer Intensity: x-rays beam emitted toward the anode side
must traverse a greater thickness of target material .

Cathode direction (Figure).

The intensity of x-rays that are emitted through the

“heel” of the target is reduced because they have a

longer path through the target and therefore increased absorption.

Positioning the cathode side: over the thicker part of the anatomy
provides more uniform optical density on the film.

Movahedi
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FIGURE 6-20 The heel effect results in reduced x-ray intensity
on the anode side of the useful beam caused by absorpticn in the
“heel” of the target.
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FIGURE 7-6 A, Without a [ocusing cup, the electron beam
i.5 spread beyond the anode because of mutual electrostatic
repulsion amang the electrons, B, With a facusing cup that
is negalively charged, the electron beam is condensed and
clirected to the target.
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Line — focus Principle: through_angling of the target
The effective area of the target: is made much smaller than the actual area
of electron interaction.

The anode angle : is defined as the angle of the
target surface to the central axis of the X-ray tube.

Target Angle : When the target angle is made Smaller ,
the effective focal spot size is also made smaller

The anode angle g : determines the effective focal
spot size:
effective focal length = focal length ° sin g

The angle g: also determines the X-ray field size
coverage.

The size of Target angles: x-ray tubes have target angles that vary from
approximately 5 to 20 degrees.
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Filtration

The aim of Filtration: reducing patient dose

1 to 3 mm of aluminum (Al) added to the primary beam
to reduce the number of low-energy x-rays that reach the
patient,

A filter usually made of Al,

Types of Filtration

Diagnostic x-ray beams have two filtration components
1- inherent filtration

2- added filtration

Inherent filtration :

 The glass enclosure of the tube

O the window,

O oil around the lamp

— approximately 0.5 mm Al equivalent

5 Total filtration consists of ]
of the x-ray tube, an added filter, and filtration by the mirror
of the light-localizing collimator.

<+——— Added 1.0 mm Al

Mirror 1.0 mm Al
TOTAL 2.5 mm Al

the inherent filtration
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The binding energy of the K-shell electrons in lead is
about 88 (keV).
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TABLE 11-3 Changes in X-Ray Beam Quality

and Quantity by Factors thal
Influence the Emission Spectrum

Increase Results

mAs An increase in quantity, no change
in quality

kVp An increase in quantity and quality

addition of Al An decrease in quantity, an increase
in quality

target Z An increase in quantity and quality

voltage ripple A decrease in quantity and quality
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11/12=(d2/d1)2 — 12= 11/(d2/d1)2= 300/(80/110)2 = 300/4= 75mR
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Question: The exposure from an x-ray tube operated at
70 kVp, 200 mAs. is 400 mR (4 mGy, ], |,
at 90 ¢m, d,. Whar will be the exposure at
180 ¢cm, d?

Answer:

l -
-

d\ =
==

!&'- )

-.-[\‘d '

Ll'
‘Uun
= (400 mR)
Sl ' 180 ¢m |
= (400 mR (/L)
400 mR) 1Y)
= 10U mR
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Question: The intensity of light from a reading lamp 1s
100 millilumens (mlm), 1., at a distance of
I m. d>. (The lumen is a unit of light inten-
sity.) What is the mntensity, 1y, of this light at

3 m,d,?
I =
Answer: bk == el
I_1 Iij‘[
I _ 1w

100 mlm 3 m’

[, = (100 mhn]{%)g

(100 mlm) V)
11 mim



