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ABSTRACT

This work is conducted in the new secondary standard dosimetery

laboratory (SSDL) of Sudan Atomic Energy Commission (SAEC) in Soba.

X-ray tube of energy ranging between (40 KV -150 KV) was used.

For all measurements Q spherical ionization chamber of 1000 Cm3 volume

was used.

The distance between the X-ray source (target))and the reference

point on? X-ray tube housing was determinedTusing the inverse square law.

The target - reference point distance was found to be (22.0 ± 2.0 Cm).

The half - value layer for different X - ray energies were measured

using different thickness of cduminum and copper sheets.

Results we*e found to be in a good agreement with the previous results

measured by the International Atomic Energy Agency (IAEA) laboratory.
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Chapter I

i INTRODUCTION

In the early days of X-rays usage for diagnosis and therapy,

attempts were made to measure ionization of radiation on the basis of

their chemical and biological effects, (Faiz. M. Khan, 1984). Radiation

effect on photographic emulsion, change in colour of some chemical

compounds, and reddening of the human skin could be related to the

amount of radiation energy absorbed. However, these effects were poorly

understood at that time and could only provide an estimation of radiation

dose. In radio-therapy, a unit called Skin Erythema Dose (S E D) was

defined as the amount of X-radiation that just produced reddening of the

human skin (Faiz.M.Khan 1984) .

Dosimetry is the quantification of radiation absorbed energy. In

radiation dosimetry at the present time, the term dose is a short expression

for absorbed dose. The latter is defined as the energy imparted to matter

by ionizing radiation per unit mass of material.

The main types of measurements are as follow:-

(1) Measurement of the absorbed dose in matter at the point of interest.

(2) Measurement of the energy released by indirectly ionizing particles

(photons, neutrons) per unit mass of some reference material at the point

of interest.

(3) Measurement of the number of particles and quanta or their energy,

incident at a given point (Frank. H. Attix 15A6).
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Since in radiology one is interested in the penetration of the beam

through the patient, it is logical to describe the nature of the beam in

term of its ability to penetrate . Quality is expressed in terms of the half

value layer (HVL) which is the thickness of a standard material required

to reduce the intensity of abeam to half its original value as measured by

a device calibrated to read exposure. Half-value layers are usually given

in mm of copper or aluminum.

The specification of the quality of a beam in terms of HVL is really

a very crude one, since it tells very little concerning the number and

energies of the photons present in the beam. A complete specification of

the quality requires a knowledge of the amount of energy present in each

energy interval.

The main objectives of this work are:

First determination of the position of the target of the X-ray unit

with respect to a reference point on the housing. For a newly installed X-

ray unit it is important to know the actual distance from the target to the

reference point on the surface of the housing of the machine.

Secondly the HVLs for different KV settings were measured using Cu

and Al absorbers. For Cu, sheets of thicknesses ranging between 0.1 mm

and 5.5 mm were utilized, while for Al sheets of thicknesses ranging

between 1.0 mm to 18.5 mm were used.

A plot of the KV versus the thickness in mm has been used For

determining HVL in each case.



Chapter II

THEORETICAL BACKGROUND

II-l Introduction:-

In this chapter the theoretical basis of x-rays are given and the theory

behind the radiation detectors is briefly outlined.

II-2 Production of x-rays:-

X-rays constitute part of the electromagnetic spectrum. They have

wavelengths in the range of 0.005-1.0 run ( Nicholas Tsoulfanidis 1983 ) .

These short wavelengths are comparable with the interatomic distances

and that is why x-rays are used in imaging techniques.

The conventional x-rays tube consists of a glass envelope which

has been evacuated. Inside this tube a filament that emits electrons, when

heated , forms the cathode, a thick rod at the end of the tube is placed wK\cV\

forms the anode. When a high positive potential is applied to the anode,

the x- rays are produced by $ sudden deflection or deceleration of the

electrons when impinging the metal target. Fig (II-l) is a diagram of the

conventional x-rays tube.
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Fig (II - 1 )

Illustration of the production of x- rays

There are two mechanisms by which x-rays are produced . One

mechanism gives rise to Bremsstrahlung x-rays (braking radiation ) and

the other to characteristic x-rays. The process of Bremsstrahlung is the

result of interaction between a high speed electron and the nucleus

electric field, where part or all of the electron kinetic energy is lost and

propagated in space as electromagnetic radiation.

In characteristic x-rays an incident electron with kinetic energy E,

may interact with the atoms of the target ejecting an inner shell electron.

An outer electron will fill the vacancy created in this process, thus

radiating the energy difference between the two shells in the form of

electromagnetic radiation, which is called characteristic radiation.

The photon emitted will have an energy given by :-

hv = E,-E 2 (II-l)



Where:

E[ and E2 the electron binding energies of the filling and ejected

electrons respectively.

v is the frequency of the emitted photon.

h is planck's constant.

Inner shells transitions in high atomic number targets will result .in

emission of more energetic characteristic radiation . Characteristic

radiations have discrete energies unlike Bremsstrahlung ( Faiz .M.Khan

,1984)

II-3 Interaction of x-rays with matter:-

X-rays ate better absorbed in heavy elements. The reduction of the

intensity of an x-rays beam from its initial value appears as a result of the

absorption and scattering of photons, this is called attenuation and

described by the equation :

Where:

x is the thickness of the material.

ji is the Linear attenuation coefficient of absorber .

^ is the Initial intensity of the x-rays beam .

I is the Final intensity of the x-rays beam .

When comparing^ the attenuation of several materials we use the mass

attenuation coefficient fim given by :



Where :-

p is the density of the material.

Hence equation (II-2) is written as

px is the area density.

X-rays interact with matter by three modes :-

II-3-1 Photoelectric Effect :-

In Photoelectric collisions the entire energy of the primary photon

hv ( 0.01< hv < 100 MeV ) is absorbed by the struck atom . One electron

( usually from the K or L shell) is then immediately ejected with kinetic

energy T , given by :

T= hv-B.E (n-4)

where B.E is binding energy of the electron before being ejected from

the atom . Because the entire atom participates in the interaction,

photoelectric interactions are described by an atomic cross section «T

(cmVatom) (Frank . H.& William.C,1968)

^ (II-5)
(Ho)

where Z is the atomic number of the absorber .

c is a constant . Fig ( II-2)
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Fig (II - 2 )

Illustration of the photoelectric effect

II-3-2 Compton effect :-

In the Compton process, the photon interacts with an atomic

electron as though it were a "free" electron . The term "free " here

meaning that the binding energy of the electron is much less than the

energy of the bombarding photon.

In this interaction , the electron receives some energy from the photon

and is emitted at an angle 9 (fig ( II-3) ). The photon, with reduced

energy, is scattered at an angle $.
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Fig (II - 3 )

Diagram illustrating The Compton process

The Compton process can be analyzed in terms of a collision

between two particles, a photon and an electron . By applying the laws of

conservation of energy and momentum , one can derive the following

relation ships (Frank . H.& William.C,1968).

a(\-cos<f>)
h

+ a{\ - co

hv =
1 + « ( l - COS )̂

(II - 7)

Where hvQ, ho , and E are the energies of the incident photon , scattered

photon and electron respectively and

hv..
a -

moc
2 '



where m^c2 is the rest energy of the electron (0.511 MeV). Ifhvois

expressed in MeV, then a = hvo/0.511.

The atomic cross section for compton effect varies in approximately

inverse ratio to the energy of the incident photon (1/ hv )and is

independent of the atomic number of the medium.

II-3-3Pair Production :-

In the field of a charged particle, e g an atomic nucleus and to a

less extent an atomic electron, a photon may be totally absorbed and a

positron - negatron pair emitted.

Photon energy is used in production of two particles, a process of kinetic

energy conversion into mass in accordance with Einstien's eou&KovN

hv = 2ml)c
2 = 1.02Mev

A minimum incident photon energy ((1.02)Mev twice the rest mass of

the electron). Is required for pair production in the field of the nucleus ,

and a minimum of:

in the field of an atomic electron (Frank . H.& William.C,1968).

The atomic cross section aK for nuclear pair production increases with Z2

(reduced some what at very large photon energies by electron screening

of the nuclear field ) and with the photon energy hv. The kinetic energies

of the positron and the negatron pair electron are continuously distributed,

each from a minimum of zero up to a maximum of hv- 2mo c2.( Frank .

H.& William.C,1968) Fig (II-4 ).
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Diagram illustrating the pair production process

II-4 Quality and intensity of X-rays :-

II-4-1 Quality :-

A monoenergetic beam of photons can be completely identified by

only its photon energy or its wave length. However , the energy of

machine generated x-ray beams are invariably heterogeneous. To describe

completely the quality of such a beam it would be necessary to give the

spectrum of the radiation . In practice in rodiography it is enough to

quote: (a ) the generating voltage ; ( b ) the beam filtration ; and ( c ) the

half value layer (Georg .A & Donald , 1972).

II-4-2 Intensity :-

This is a measure of the quantity ( amount) of radiation energy

flowing through area in unit time . It can be compared with the brightness

of light ; the 'brightness' of an x-ray beam is its intensity . Intensity is

defined as the quantity of energy flowing in unit time through unit area

when measured at right angles to the direction of the beam

10



The total intensity of an x-ray beam inJ/m2 /sec is represented by

the sum of the intensities of the separate components of the beam.

The total intensity of an x-ray beam in J/m2 /sec is represented by the

sum of the intensities of the separate components of the beam .

In radiography quantity of radiation is measured indirectly in terms of

one of its effects rather than in terms of intensity e .g the ionization effect

on air, which we call exposure , and measured in roentgens.

IT-5 Factors affecting Quality and Intensity : -

Four factors are involved here , namely tube voltage (kvp) tube

current ( mA ) , tube filtration , and target material in the tube .

II- 5- 1 Tube voltage :-

This affects both quality and intensity . It affects quality because

the maximum photon energy of the spectrum is determined by the peak

tube voltage . The higher the tube voltage ( kv) ,the higher the , maximum

photon energy in the spectrum (Georg .A & Donald , 1972).

Tube voltage also affects the line spectrum because only target material

orbital electrons with energy less than that of the tube voltage are emitted.

With a tungsten target K- shell transitions require an energy of at least 68

KeV. So a tube voltage less than 68 KVP will not produce Tugsten K-

shell line spectra . However, line spectra, usually, have a small effect on

both quality and intensity . Fig(II-5).

The intensities at all photon energies present increase as the applied

voltage is increased.

II- 5 -2 Tube Current :-

The value of tube current ( mA ) only affects the intensity of the

beam , not its quality . Current is a measure of the number of electrons

11



passing from the filament to the anode . It does not alter the energy of the

electron . The total beam intensity is proportional to the average value of

the tube current . Fig (II -6 ) shows the effect on the x-ray spectrum of

altering the tube current (Georg A & Donald , 1972).

II- 5 -3 Tube Filtration :-

Filters are materials inserted into the x-ray beam to improve the

quality of the beam by preferential absorption of low energy photons.

Thus . filters reduce the beam intensity (Georg .A & Donald , 1972).

A filter usually consists of a thin sheet of metal such as aluminum,

copper, tin or lead, which has the effect of absorbing most of the low

energy (long wave length ) photons and yet transmitting most of the high

energy ( short wave length ) photons . This is done to reduce the

radiologically useless low energy part of the spectrum which would only

increase the patient's skin dose Fig ( II-7 ).

II- 5 -4 Target Material :-

The atomic number of the target material affects the intensity of the

beam produced . Targets of high atomic number materials will have a

greater decelerating effect on the electrons from the filament because their

nuclei have a greater positive electric charge . Thus, the x-ray photons

produced will have a higher average energy . Also, changing the atomic

number will change the photon energy of the characteristic radiation and

therefore affect the quality of the beam by changing the line spectrum

produced . The atomic number does not alter the quality of the continuous

spectrum, only its intensity . The effect of a change in atomic number is

shown in fig (II-8 ) (Georg .A & Donald , 1972).

11-6 Beam Attenuation and Attenuation Coefficient :-

An experimental arrangement designed to measure the attenuation

characteristics of a photon beam is shown in fig.(II -9 ).

12
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A narrow beam of a monochromatic photons is incident upon an

absorber of variable thickness. A detector is placed at a fixed distance

from the source and sufficiently farther away from the absorber so that

only primary photons (those photons which passed through the absorber

without interacting) are measured by the detector. Any photon scattered

by the absorber is not supposed to be measured in this arrangement. Thus,

if a photon interacts with an atom, it is either completely absorbed or

scattered away from the detector. Under these conditions, the reduction in

the number of photons, N, is related to the thickness of the absorber, dx

by:

-dN a Ndx (II - 8)

(II - 9)
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When the thickness x is expressed as a length and fi is called the linear

attenuation coefficient measured in I/cm

By integrating Eq(II-9) we get:

N(x)=Noe^'x (11-10)

Attenuation coefficients:

The mass attenuation coefficient has units of cm2/g since u7p=cm'

'/(gem1). When using fVp in the attenuation equation (II - 10) the

thickness should be expressed as px, which has units of gem'2, since JJ.X

=( p/p)(px)and px=(gcm"3)(cm).

In addition to the cm and gem'2 units, the absorber thickness can also be

expressed in units of e/cm2 and atoms/cm2 the corresponding coefficients

being electronic atten coefficients, e \JL, and atomic attenuation

coefficient, aju, respectively.

. I/No cmVelectron (II - 11)

au=ji/p.No cm2/atom • (11-12)

if Z is the atomic number, No is the number of electrons per gram and is

given by

No=NAZ/Aw where NA is the Avogadro's number and Aw is the atomic

weight.

II - 7 Half- Value Layer :-

The half-value layer(HVL) is the thickness of material required to

reduce the intensity(or more commonly, the exposure rate) to one half .If

the beam is monoenergetic the HVL is related to the linear attenuation

coefficient j.i by :

^ (11-13)
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since the half value layer is the thickness of absorber required to reduce

the initial intensity Io to I which is 50 percent of Io substituting this value

in the equation(II -13)

1
27o = V

1 •
— = e
i

2 =

log2 = \id^ Aoge
2

0.3010 = ̂ ! .0.4343
2

1 = °JM° = 0.693
j 0.4343

0.693
• i —.

Or conversely J 1

1
Since di is one half value laver

2

0.693

Ll

If the beam is not monoenergetic, one can still specify an effective \x and

determine the energy of the photon which has this \i.

16



A practical beam produced by an x- ray generator, however, consists

of a spectrum of photon energies. Attenuation of such a beam is no longer

quite exponential . This effect is seen in fig (II -10) in which the plot of

transmitted intensity on semilogarithmic paper is not a straight line . The

slope of the attenuation curve decreases with increasing absorber

thickness because the absorber or filter preferentially removes the lower

energy photons. As shown in fig (II - 10) the first HVL is defined as that

thickness of material which reduces the incident beam intensity by 50%.

The second HVL reduces the beam to 50% of its intensity after it has

been transmitted through the first HVL.

too

fig (II -

Similarly, the third HVI7represents the quality of the beam after it

has been transmitted through the absorber of two HVLs. In general, for a

heterogeneous beam, the first HVL is less than the subsequent HVLs . As

the filter thickness increases, the average energy of the transmitted beam

increases or the beam becomes increasingly harder. Thus, by increasing

17



the filtration in such an x-ray beam, one increases the penetrating power

or the half- value layer of the beam .

II -8 The Inverse Square LTVw :

Electromagnetic radiation travels in straight lines, this is known as

rectilinear propagation. Consequently, if one takes a source of small

physical size ( i.e a point source ), the rays diverge in all directions from

the point source in straight lines . Because the rays are spreading out, the

intensity of the radiation ( i .e the energy flowing through unit area per

unit time) decreases with increasing distance from the source . The

relationship between the intensity and the distance from the source is an

inverse square law, provided that the reduction in intensity is due only to

the geometrical divergence and not to any absorption or scattering of the

rays by the medium through which they are passing . This is seen in fig (II

-11) which illustrates the divergence of rays from a point source O. The

straight lines OP, OQ, OR, and OS represent the rays which pass through

the corners a, b, c and d of unit area at 1 metre from 0.

fig(n-ii)

At 2 metres from 0, the same rays pass through the corners of the area

represented by e, f, g and h. By the geometry of similar triangles , side ef

is equal to twice side ab, and side fg is equal to twice side be. Therefore,

18



'area cfgh is four times the area abed. As there is no loss of energy by

absorption or scattering all the energy passing througli area abed also

passes through area efgh . Therefore the intensity ( energy per unit area

per unit time) at 2 metres is one - quarter of the intensity at 1 meter (J.L

Ball & AD. Moore, 1980) .

The inverse square law states that the intensity of radiation from a point

source is proportional to the inverse of the square of the distance from the

source, provided that there is no absorption or scattering by the medium.

This law is represented by the equation (II -12)

intervscb,=
(distance)

Where K is a constant. This may also be expressed as:

d2
2

(11-13)

Where I| intensity at distance diand I2 intensity at distance d2.

For X radiation, the inverse square law is usually stated in terms of

exposure rate and not intensity ( JL. Ball & A. D. Moore, 1980 ).

In practice, the inverse square law applies to x-rays traveling through air

if they arc generated at voltage above 50 kvp.

At lower voltages, absorption and scattering by the air are not negligible,

they cause the exposure rate to decrease with distance more rapidly than

would be expected from the inverse square law (JL. Ball & A. D. Moore,

1980 ).

19



II- 9 Radiation Detectors :

Tn this section the main types of detectors are outlined .

These detectors are used for measuring radiation exposure dose and dose

rate. They include :-

II - 9- I Free air ionization chamber :

The free air or standard ionization chamber is an instrument employed

in the measurement of the exposure in roentgen. Generally, such a

primary standard is used only for calibration of secondary standard

instruments or those for field use . The free air chamber installations are

thus confined principally to some of the national standards laboratories

e.g. NPL in UK or PTB in Germany.

A free air chamber is represented schematically in fig (II -12).

An x - ray beam originating from a focal spot S is defined by the

diapiiragm D and passes centrally between the plates ions produced in the

air between the plates are collected . The ionization is measured for the

length L defined by the limiting lines of force to the edges of the

collection plate C . The lines of force are made straight and perpendicular

to the collector by a ground ring G .

20
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fig (II-12)

The electrons produced by the photon beam in the specified volume

haded in the fig ) must spend all their energies by ionization of air

between the plates . Such a condition can exist only if the range of

electrons liberated by the incident photons is less than the distance
f

between each plate and the specified volume . In addition, for electronic

quilibrium to exist, the beam intensity must remain constant across the

(ength of the specified volume , and the separation between the diaphragm

and the ion collecting region must exceed the electron range in air .

If AQ is the charge collected in coulombs and p is density (Kg\M3 )of

lir, then the exposure Xp at the center of the specified volume (point p )is

.Fa iz .M. Khan ,1984).

(II -14)

| POOR QUALITY
1 ORIGINAL >
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Where Ap is the cross - sectional area (m3) of the beam at point p and L

(m) the length of the collecting volume and 2.58*10'4coulomb per

kilogram is value equivalent to the roentgen (R).

Accurate measurements with a free - air ionization chamber require
1 considerable care to account for:

(I) Correction for air attenuation .

(II) Correction for recombination of ions .

(III) correction of the effects of temperature and pressure.

(IV) Correction of ionization produced by scattered photons .

II - 9 - 2 Calorimertry:-

Calorimerry is based on the fact that virtually all the energy

deposited in a matter by x-rays appear as heat. Since the absorbed dose is

proportional to the amount of heat produced per unit mass , measurement

of heat produced can be directly related to energy absorbed.

Q the heat absorbed by the mass m is given by :-

Q = mc(T2-T,) (11-15)

Where c is the' specific heat capacity ' of the medium . Tiand T2 are the

initial and final temperature. Also the absorbed dose D , is energy per unit

mass is given by:

D = Q/m (II - 16)

ThusD = c(T2-T,) (H-17)

So that the absorbed dose m«/ be calculated directly from the specific

heat capacity is known by measurement of the increase of temperature

experienced by the medium after being irradiated . Calorimetry is

important in the calibration of ion chambers , specially for the

measurement of the absorbed dose from very high dose. It is possible to

achieve an accuracy of about 2 percent with calorimetric dosimetry.

22



II - 9 - 3 Chemical - Dosimctry :-

Ferrous Sulfate (Fricke ) Dosimeter :-

Radiation breaks the chemical bonding between the atoms of a

material through which it pass both by ionization and excitation of the

atomic electrons. In particular , it is able to transform a dilute solution of

ferrous sulphate , FeSo4 , to ferric sulphate , Fe2 ( So4 )3 , by

renrrarmement of the chemical bonds . the number of the ferric ions so

produced is proportional to the absorbed dose , and hence measurement

of the chemical yield of such ions may be used to estimate the radiation

dose absorbed (J. SELMAN, M.D.F.C, F.A, 1976).

This method of dose measurement is the termed (fricke) dosimeter , but is

only suitable for the estimation of very large absorbed doses, above of

about 20 gray , because of the relatively insensitive method of

determining the quantity of ferric ions and the effect of chemical

impurities it is , however , particularly suitable for use with high - dose of

radiation and specialized shapes of irradiated volumes.

II- 9 - 4 Film Dosimetry :-

The photographic film density produced by irradiation to x- rays is

not proportional to the absorbed dose with in the emulsion. The

calibration of the density to the absorbed dose therefore>hecessary, and

constitute a major disadvantages of the method.

The photographic film is useful in checking x-ray beam alignment

with the optical axis of an x-ray unit, and for the estimation of penumbra

in therapy machines. Its major use, however, is as detecting medium in

the 'film badges' which is worn by designated works to verify that their

23



radiation dose do note exceed their maximum permissible dose values .

The photographic film becomes progressively more optical dense as a

result of exposure to ionization radiation, and hence maybe used to

measure the radiation dose received by the wearer. (J. SELMAN,

M.DJ.C, F.A, 1976).

n -9 -5 Thermoluminescence - Dosimetry :

Luminescence describes the process of emission of radiation from a

mnterial from causes other than heating it to incandescence.

Luminescence materials can absorb energy , store a fraction of it, and

convert it into an radiation which is then emitted.

Luminescence excitation involves the transfer of energy to electrons and

their displacement state (excited state ). If the electrons return promptly

to the ground state with emission of radiation then the process is called

fluorescence ( AF . MCKINLEY , 1989). However if due to the presence

of an electron trap ( metastable ) , the return of electron to the ground

state is delayed , the process is termed phosphorescence . The transition

of electrons directly from a metastable state to ground state is forbidden.

The metastable state represents an electron trap and electron returning

from it to the excited state require energy, this energy can be supplied in

the form of radiation or as heat (thermal stimulation). The probability of

escape of an electron from a metastable state to an excited state is

increased by raising the temperature and this process is called

thermoluminescence.

The arrangement for measuring the thermoluinescence (T L) out put is

shown schematically in fig (II -13 ).
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Heater
Power supply Grounded

fig (II-13)

(Schematic diagram showing apparatus for measuring

thermoluminescence)

The irradiation material is placed in a heated cup where it is heated for a

reproducible heating cycle . The emitted light is measured by a

photomultiplier tube ( PMT ) which converts light into an electrical

current . The current is then amplified and measured by a recorder or

counter.

II - 9 - 6 Thimble Chambers :-

The principle of the thimble chamber is illustrated in fig (II -14 ). In

fig (II - 14 ) A, we imagine a spherical shell of air (x) with a smaller shell

(y) in the middle. When the air sphere is irradiated uniformly with a

photon beam , the number of secondary electrons entering the inner

sphere will be the same as those leaving the cavity if the distance between

the surface of the outer shell and the inner shell is equal to the maximum

range of generated secondary electrons.

Suppose also that we are able to measure the ionization charge

produced in the cavity by the electrons liberated in the air surrounding the

cavity, then by knowing the volume or mass of air inside the cavity, we

can calculate the charge per units mass or the beam exposure at the center
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of the cavity ( Faiz . M . Khan, 1984 ). If the air sphere in fig (II - 14)A is

compressed into a solid shell as in fig ( I I - 14 ) (B ), we get thimble

chamber . The thimble wall is made of an air-equivalent solid material,

same average atomic number , to simulate interaction processes in air.

Since the density of the solid air- equivalent wall is much greater than

that of free air, the thicKnesses required for electronic equilibrium in the

thimble chamber are considerably reduced.

Fig (II -14) (C ) shows a typical thimble ionization chamber. The

inner surface of the thimble wall is coated with a special material to make

it electrically conducting. This forms one electrode. The other electrode is

a rod of low atomic number material such as graphite or aluminum in the

center of the thimble but electrically isolated from it. A suitable voltage is

applied between the two electrodes to collect the ions produced in the air

cavity.

A thimble chamber could be used directly to measure exposure if

(a) it were air equivalent, ( b) its cavity volume is accurately known, and

(c)its wall thickness is sufficient to provide electronic equilibrium. Under

the above conditions, the exposure is given by :

X = (Q/p. V ) l / A (11-18)

Where Q is the ionization charge liberated in the cavity air of density p

and volume V. A is the fraction of the energy transmitted through the air

equivalent wall of equilibrium thickness. The factor A is slightly less than

1.00 and is used here to calculate the exposure for the energy that would

exist at the point of measurement in the absence of the chamber.

There are practical difficulties in designing a chamber that would

rigorously satisfy the conditions of equation (II -18).

Therefore, in actual practice, the thimble chamber is always calibrated

against a free air chamber.
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Air shell

Air cavity

A

Solid air shell

Air cavity

B

Thimble wall Insulator

A

Central Electrode

• Air cavity

Fig (II - 14)

Schematic diagram illustrating the nature of the "Thimble" ionization chamber.
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11-10 Radiation Quantities and Units :

In this section the different quantities used in radiation dosimetry

and their units are given .

II - 10 - 1 Exposure :-

The quantity exposure is a measure of ionization produced in air by

photons. The International Commission of Radiological Unit and

Measurement ( ICRU ) defines exposure X as the quotient dQ by dm

where dQ is the absolute value of the total charge of the ions of one sign

(in coulombs C) produced, in air, when all the electrons ( negarrons or

positrons), liberated by photons, of energy less than 3.0 MeV, in air of

mass dm (in Kg) are completely stopped in air

X = dQ/dm C/Kg (II-19)

The special unit of exposure is the Roentgen (R ) which is a measure of

ionization produced in air .

1R = 2.58X 10"4 C /Kg in air (II - 20)

II - 10-2 Radiation Absorbed Dose And Dose Equivalent:-

The term absorbed dose is used for all types of ionizing radiations

absorbed in all types of materials . This includes charged and uncharged

particles, all materials and with all energies.

Absorbed dose is the quotient dE'/dm, where dE/ is the mean energy, in

joules, imparted by ionizing radiation to material of mass dm, in Kg . (

Faiz, 1984).

The special unit of absorbed dose is Gray and is given by

lGray=lJ /Kg (II-21)

The cent Gray (cGy), is often used, being equivalent to the rad in the

old c u s unit.
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Dose equivalent :-

Although the injury produced by a given type of ionizing radiation

depends on the amount of energy imparted to a matter, some types of

particles produce greater effects than others for the same amount of

energy imparted. To overcome this difficult a quantity called dose,

equivalent, H, is used. And it is defined by :

H =D. Q . N (11-22)

Where D is the absorbed dose, Q is a quality factor and for different

radiation types are given in table (II-1), N is a product of all other

modifying factors, which are assigned the value of unity.

The SI unit for both dose and equivalent is Joule per Kilogram but the

special name for the SI unit of dose equivalent is sievert (Sv)

lSV=U/Kg (11-23)

[When the dose was expressed in units ofrad, the special unit for dose

equivalent was called the rem. ]

H (rem) = D(rad) .Q . N (II -24)

Since Q and N are factors and have no units

lrem = 10"2 J/Kg (II - 25)

T:i!>lo< If - 1 )

type'of radiation

x-rays

fast neutron

a - particles

Q

1

10

20
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Chapter III

EXPERIMENTAL SET-UP

III - 1 Introduction :-

The main purposes of this chapter is to give a brief idea about the

experimental set-up and some remarks about the main aspects of the

instruments.

Ill - 2 Calibration Set- Up For X- ray beams : -

Additional Shielding
Shielding

X-ray
tube

(Rl)

Fig (HI-1)

(Calibration set-up for X-ray beam)

A schematic diagram of a suitable layout of the apparatus for

calibrating dosimeters with X-radiation is shown in fig (III -1). This

calibration set - up usually consists of an x-ray generator with a protective

housing around the x- ray tube; filters (F ); absorbers for HVL

measurements (A); reference ionization chamber (R).
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The different components of the calibration set- up should be mounted on

a bench - similar to an optical bench - with suitable holders and trolleys

for precise adjustment. These components, including holders and trolleys,

should be rigidly mounted, produce the minimum scattered radiation and

be totally outside the useful beam.

Some secondary standardizing laboratories have the responsibility

of calibrating protection level as well as therapy level dosimeters. For

heavy work loads, a separate protection level facility may be justified.

However, it is more likely that protection level and therapy level

calibrations will have to be performed using the same facility. Even if this

is not envisaged at the beginning of the laboratory's operation, it is wise

to bear this possibility in mind when planning and designing a calibration

laboratory. The main features distinguishing protection level from therapy

level facilities are :

(a) Protection level dose rates are achieved by using lower x ray tube

currents, thicker beam filters and longer calibration distances.

(b) Protection level dosimeters incorporating ionization chambers require

larger fields, which are obtained by using wider beam limiting diaphragms

and longer calibration distances.

(C) Because of the need for larger field sizes and longer calibration

distances, the calibration room may need to be larger in order to reduce

internal scatter from the ceiling and walls.

Ill - 2 - 1 X-ray Generator :-

X ray generator required has X ray qualities with tube voltages in

the range from about 40 to 150 KV, and with current at the range (3 - 22

mA)..
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The effective focal spot size of the X ray tube is between 2 and 5

mm. additional filtration is required for the X ray tube to be used with

radiation protection level qualities.

The X ray rube is mounted in a protective ( shielding) housing that

permits no appreciable radiation to emerge in any direction other than that

of the useful beam.

The X ray tube is adjusted so that the X ray beam can be accurately

aligned with the axis of the calibration bench. After alignment, the tube is

fixed rigidly in position.

Ill- 2- 2 Filters (F) :-

For calibration purposes, the X-ray beam normally requires

additional filtration. This filter is chosen so that the radiation qualities

used in calibration are similar to those in actual applications. Filters made

from metal of the highest purity readily

available is mounted as close as possible to the shutter, with the highest

atomic number filters to the X-ray tube window. A suitable set of filters

may be mounted on a wheel to facilitate changing.

Aluminum filtration alone is used to achieve X ray beams with HVLs up

to about 4 mm Al. For higher HVLs, copper filtration is used ( with 1 mm

Al after copper filter).

The filter material should be as homogeneous that is, without

pinholes, flows, cracks, etc. Suitable filter sets are constructed from

aluminum and copper sheets with different thicknesses. Materials of

suitably high purity are available commercially. Particular attention should

be paid to avoid impurities of higher atomic number materials.
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Ill - 2 -3 loni/.ation Chamber Support System ( R,I) :-

The support system must be capable of adjustment, and of holding

the chambers rigidly. The support is should be outside the X ray beam

reduce scatted radiation at the measurement position. The interchange of

the reference ionization chamber and the ionization chamber to be

calibrated should be possible using mechanical devices capable of easy

and speedy operation.

The central axis of the radiation beam is determined

radiographically originally and adjusted to coincide with the lazer beam

tor experimental setting.

Ill- 2- 4 Absorbers For HVL Measurements:-

The absorbers used in H,VL measurements are fixed approximately

halfway between the measurement chamber and the source.

Aluminum sheets with thicknesses between 1 mm and 18.5 mm and

Copper sheets from 0.1 mm to 5.5 mm are used for HVL measurements.

IIVI. absorbers should have adequately uniform thicknesses and as

homogeneous as possible - that is, without pinholes, flaws, cracks.

111-3 lonization Chamber:-

The ionization chamber of a secondary standard dosimeter type

I.SO 912 with the following physical properties and parameters is used

( IAEA, 1988):

I - Spherical chamber.

Out side diameter D = 140 mm

Chamber volume (nominal): V = 1000 cm1
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Chamber material : Polycetal mixture(DELRINR)

2 - Reference conditions under which the chamber was calibrated at the

primary lab :-

2-1 Reference point on the x- ray tube housing : Center of sphere

O Mark in beam direction

2-2 chamber high voltage : HV = +500 V

2-3 Atmospheric conditions:

Air temperature: to = 20 °C

Air pressure: P o = 101.3 Kpa (760 mm Hg)

Rcl - humidity RL = 4o-60%

2 -1 Leakage current less tli^n 10'14 A.

2-5 Atmospheric conditions during this work

Air pressure 100.3 -101.7 kpa

Air temperature 22.5- 24.5° C
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Chapter IV

EXPERIMENTAL TECHNIQUE

IV - 1 Introduction: -

In this chapter the experimental method for determining the

position of the target of the x-ray unit with respect to a point on the

housing and measurement of Half - value layers (HVL) for different KV

selling are described.

IV - 2 Determination of the position of the target of the X - ray unit

with respect to a point on the holusing : -

After installation of the new X-ray unit it is important to know the

actual distance from the target to the reference point on the surface of the

housing of the machine. Doses are measured at varying distances from the

reference point a long the central axis of the beam the inverse square law

is then used to determine the actual distance from the target to the

reference point on the surface.

The ionization chamber used is described in section(III - 3).

The chamber was irradiated with six X- ray qualities as shown in table (

IV - 1 ).

TABLE (IV- 1)

Quality

Q,

Q:

Qi

Q4

KV

40

60

80

100

120

150

mA

10

6

10

22

20

3

Added filtration(mm)

3 AL + o.30 Cu

1 AL + 0.59 Cu

1 Al + 1.85 Cu

1 Al + 5.30 Cu

lAL+5.00Cu + 1.0Sn

1AL+0.00 Cu+2.5 Sn
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When measuring the dose, the following procedure is adopted:-

First the X- ray tube is adjusted. Then the detector (chamber) is

placed at distances of 1 to 7m from the source and at each distance five

independent dose measurements were found. The standard deviation is

calculated.

The dose is calculated using the following formula ( IAEA, 1988).

. C , ^ ^ ±
J 293.15

Where

D is the dose in (Gy).

V is the voltage in (V).

C is the capacitance in (nF).

Q is the calibration factor in (Gy/C).

Tis the temperature in (Degrees Celsius).

P is the pressure in (Kpa).

Also in this work the dose rate is obtained by using the following

formula

D.60
R = (Gy/min)

Or

D.3600

Where:

R Is the dose rate in (Gy /min. or Gy/h ).
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D is the dose in (Gy).

t is the measuring time in (Sec).

To calculate the source distance (S) fig (IV - 1 ) we use the inverse

square law :

fig(IV-l)

Where

R is the

Now

dose rate corresponding

R

S)

to distance d from target

R =
A

d1

A

+ sf
A'

(d,+S)

Where S is the distance from target to reference point on the tube

housing and d; is the distance from the reference point to the position of

the chamber.

Where A is constant.
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Slope /V

S
Intercept - -7-7

Then by plotting the inverse of the square root of the dose rate , _,,

versus the distance ,d , we can calculate S (the source distance) as

Intercept S A _
_„ _ _ _ _ _ _ _ w yv t • 1 W

Slope "" A' ~

Both the intercept and the slope and their errors are calculated

using a sigma plot program already available at the (SAEC).

IV - 3 The Measurement Of Half- Value Layer:-

The half- value layer of an X-ray beam can be obtained by

measuring the variation of intensity of the X-ray beam at a point with

different thicknesses of attenuators placed in the beam. The components

arc arranged as indicated in figure (IV - 2).

\ I Filter

-50 Cm<-

nm (
Detector

Fig (IV - 2)

First the X- ray tube is adjusted. Then the ionization chamber described

in section ( III - 3 ) is placed in the centre of the beam at a fixed distance

from the tube. And this distance is about 100 Cm from the tube and at

about 50 Cm from the filter.
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Then the meter reading is obtained without using a filter in order to

get intensity ( 100% ).

Five independent measurement for the above meter reading are

taken and the mean value and standard deviation error is calculated.

The meter reading is also obtained using filters of different

thicknesses and we observe the meter reading on increasing the filter

thickness.

In this work we used Aluminum sheets with thicknesses between 1

mm and 18.5 mm and Copper sheets with thicknesses between 0.1 mm

and 5.5 mm.

All sheets have the same area table (IV - 1) and (IV - 2).

Table (IV -1 )AL

filter No

Thickness

mm

1

1

2

1

3

1

4

2

5

4

6

4

7

1

8

1

9

2

Table (IV - 2) Cu

Filter No

Thickness mm

1

0.1

2

0.2

3

0.2

4

0.5

5

0.5

6

1

7

1

8

2

10

1.5

Then the meter readings are calculated as percentage of the reading

without filters,

Meter reading % = (Meter reading with filter/ Meter reading

without filter ) * 100%

Graphs show relation between meter reading percentage and thickness in

mm and the half- value layer is obtained.
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Chapter V

RESULTS AND DISCUSSION

V -1 Introduction: -

In this chapter we present the results of the distance between the X -

ray source (target) and the reference point on X-ray tube housing and HVL

and the discussion and comparison with previous results are given.

V - 2 Determination of the target distance of the X-ray unit from a

reference pointan the housing:-

The results of the target distance are given in Tables(l-6). From

these results we conclude that the dose rate is effected by both the distance

and the collection time. An increase of the distance result in a decrease of

the dose rate as expected from the inverse square law .

I / , t . j versus the distance for all qualities under consideration are

shown in graphs(l -6). From these curves the target distances are

calculated and the result are given in table(7). from this table we observe

that an increase of the applied voltage of x-ray tube(KV) result in an

increase of the target distance from the reference point in the housing

while the effect of the x-ray tube current is not clear and this is attributed

to low energy for (Ql - Q3 ) as the distance increased the dose rate

obtained is smaller than the expected dose due to air while for ( Q4 -Q6 )

the energy is increased and the expected error in dose is reduced.

The a verge of the target distance of the X -ray unit from a reference point

in the housing was found to be (22.03 ± 2Cm) it is hoped that this will
i

eastabish a standard for the laboratory
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Table ( 1)

KV=40

Qi

mA = 10 filtration = 3A1 + 0.30Cu

Mstance in

Vmeter

Collection tinie •' .^Meter.Reaa^iiJti'^l

is&Ml WWSMA

1 6.8716 ± 0.0676 0.01930 13.897

20 8.1816+0.0018 0.02298 04.136

20 3.8350 ± 0.0110 0.01077 01.939

50 5.5974 + 0.0114 0.00113 01.320

100 7.1966 + 0.0124 0.02020 00.728

50 2.4246 + 0.0084 0.00680 00.490

50 1.7760 ± 0.0048 0.00499 00.359
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KV - 60

Table ( 2 )

Qi

mA = 6 Filtration Al + 0.59 Cu

Distance in

meter

Collection

time Sec |:i;v|:in.;voit'<v) ji

1 7.8300±0.0032 0.02191 39.437

8 9.4086±0.0120 0.02697 11.393

15 8.2690+0.0096 0.02322 05.575

30 9.8940±0.0158 0.02779 03.335

50 10.4200±0.0132 0.02927 02.107

50 7.2582+0.0038 0.02038 01.468

7 50 5.4058±0.0026 0.01518 01.093
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Table ( 3 )

V = 80 mA = 10 filtration 1AL +1.85Cu

Oistance

meter

1

2

3

4

5

6

7

Collection

time sec

2

8

15

30

50

50

50

Meter Reading

•InVolt(V) ;f;

7.1010±0.0324

8.6694±0.0144

7.6244±0.0084

9.1196+0.0154

9.6958±0.0122

6.8216±0.0168

5.1020+0.0052

J^lMnipi

0.0198

0.02427

0.021347

0.02553

0.02719

0.019099

0.014284

35.7860

10.9232

05.1433

03.0639

02.0078

01.3750

01.0285

Table (4)

Q4

KV = 100 mA = 22 Filtration 1AL +5.30Cu

Distance

in meter

Collection

time sec

Meter Reading

1 9.5582±0.0074 0.02697 24.277

10 7.1668+0.0024 0.02022 07.280

15 5.0992+0.0130 0.01439 03.453

30 6.0752±0.0126 0.01714 02.057

50 6.4074±0.0080 0.01808 01.302

50 4.5402+0.0046 0.01281 00.923

50 3.4780±0.0040 0.00982 00.707
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KV = 120

Table (5)

Qs

mA = 20 Filtration lAL+5.00Cu+1.0Sn

Distance

in meter

1

2

3

4

5

6

7

Collection

time sec

3

10

15

30

50

50

50

Meter Reading

in Volt (V)

8.4088±0.0036

8.3452±0.0074

5.9430±0.0052

7.0994+0.0072

7.4122+0.0242

5.2930+0.0054

4.0586± 0.0046

Dose

mGy

0.02373

0.02355

0.01678

0.02003

0.02092

0.00149

0.01145

Dose rate

mGy/h

28.477

08.479

04.025

02.404

01.506

00.107

00.825

KV= 150

fTable ( 6 )

mA = 3 filtration 1AL + O.OOCu +2.5Sn

Distance

in meter

1

2

3

4

5

6

7

Collection

time sec

3

10

15

30

50

50

50

Meter Reading

in Volt (V)

8.4868+0.0074

8.5644±0.0024

6.1124+0.0130

5.8680±0.0126

7.6766+0.0080

5.5902+0.0046

4.1I46±0.0040

Dose

mGy

0.02398

0.02418

0.01727

0.01658

0.02169

0.01579

0.01162

Dose rate

mGy/h

28.783

08.707

04.146

01.990

01.562

01.138

00.837
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Quality

Ql

Q2

Q3

Q4

Q5

Q6

Graph

1

2

3

4

5

6

Table

Slope

0.2256±0.0009

0.1327±0.0009

0.1365+.0.0007

0.1656±0.0014

0.1530±0.0016

0.1509+0.0044

(7)

Intercept

0.0412±0.0029

0.0259+0.0029

0.0296+0.0031

0.0399+0.0061

0.0373+0.0068

0.0373±0.0010

Target Distance in

''•:'•'_'- C m • • -

18.26

19.55

21.90

24.10

24.18

24.50

V- 3 Measurement of the Half- Value Layer:-
f

For the six qualities mentioned Aluminum and Copper filters are

used. The results for the aluminum filters with different thicknesses are

shown in tables (8-13) when there is no filter the intensity is assumed to

be 100%.

Table (8)

Qi

KV = 40 mA

Filter No.

AL

0

1

1+2

1+2+3

1+2+3+4

1+2+3+4+5

1+2+3+4+5+6

= 10 Filtration 3AL + OJOCu

Thickness

in mm

0.0

1.0

2.0

3.0

5.0

9.0

13.0

meter Reading in

volts

6.4038±0.0082

5.0352±0.0030

3.9742±0.0049

3.1560±0.0032

2.0038±0.0010

0.8420+0.0032

0.3666±0.0023

, M e t e r " ; v "•"••-••-• .-

Reading %

100.00

78.62

62.06

49.28

31.29

13.14

05.72
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Table (9)

KV = 60 mA = 6 Filtration 1AL + 0.59Cu

Filter No.

AL

0

1

1+2

1+2+3

K2+3+4

1+2+3+4+5

[+2+3+4+5+6

Thickness in

mm

0.0

1,0

2.0

3.0

5.0

9.0 '

13.0

Meter Reading

in volts

7.2640+0.0035

6.2392+0.0042

5.4936±0.0230

4.9026±0.0077

3.8726±0.0055

2.4666±0.0006

1.5698±0.0070

Meter Reading

%

100.00

85.88

75.62

67.49

53.31

33.95

21.60

Table (10)

Filtrtion lAL+1.85Cu

Filter No.

AL

0

1

1+2

1+2+3

1+2+3+4

1+2+3+4+5

1+2+3+4+5+6

Thickness in

mm

0.0

1.0

2.0

3.0

5.0

9.0

13.0

meter Reading

in volts

6.3482±0.0062

5.9258±0.0226

5.5256+0.0037

5.1540± 0.0050

4.4758+0.0017

3.4602±0.0212

2.6150+0.0142

Meter Reading

%

100.00

93.35

87.04

81.18

70.53

54.51

41.19
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KY=100 mA = 22

Table (11)

Q4

Filtration 1A1 +5,30Cu

Filter No.

AL

i °
1

1+2

1+2+3

1+2+3+4

1+2+3+4+5

1+2+3+4+5+6

1+2+3+4+5+6+7

1+2+3+4+5+6+7+8

1+2+3+4+5+6+7+8+9

1+2+3+4+5+6+7+8+9+10

Thickness

in mm

0.0

1.0

2.0

13.0

5.0

9.0

13.0

14.0

15.0

17.0

18.5

meter Reading

in volts

8.9860±0.0066

8.2028+0.0103

7.7900+0.0028

7.4274±0.0029

6.6992±0.0034

5.4428+0.0022

4.5240+0.0118

4.2984±0.0105

4.0858±0.0074

3.6354±0.0095

3.2594±0.0081

Meter Reading

%

100.00

91.28

86.69

82.66

74.55 '

60.56

50.34

47.83

45.46

40.46

36.27
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Table (12)

k \ '= 120 mA = 20 Filtration 1AL +5.00Cu + l.OSn

Filter No.

AL

0

1

1+2

1+2+3

1+2+3+4

1+2+3+4+5

1+2+3+4+5+6

1+2+3+4+5+6+7

1+2+3+4+5+6+7+8

+2+3+4+5+6+7+8+9

2+3+4+5+6+7+8+9+10

Thickness in

mm

. 0.0

1.0

2.0

3.0

5.0

9.0

13.0

14.0

15.0

17.0

18.0

meter Reading

in volts

7.5120±0.0056

7.1882+0.0050

6.8456+0.0767

6.5974+0.0055

5.9918+0.0026

5.0148±0.0030

4.1498±0.0038

3.9450±0.0136

3.8332±0.0078

3.4916±0.0046

3.2622+0.0054

Meter Reading

%

ioo.oo
95.68

91.12

87.82

79.76

66.76

55.24 '

52.52

51.03

49.48

43.43
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Table (13)

KV=I5O mA = 3 Filtration 1AI + O.OOCu + 2.5vSn

Filter No.

AL

0

1

1+2

1+2+3

1+2+3+4

1+2+3+4+5

1+2+3+4+5+6

1+2+3+4+5+6+7

1+2+3+4+5+6+7+8

1+2+3+4+5+6+7+8+9

-2+3+4+5+6+7+8+9+10

Thickness in

mm

0.0

1.0

2.0

3.0

5.0

9.0

13.0

14.0

15.0

17.0

18.5

meter Reading in

volts

7.7314±0.0109

7.4130±0.0034

7.0986+0.0038

6.7884±0.0050

6.3370±0.0080

5.3862+0.0099

4.2136+0.0103

4.0196±0.0078

3.9854+0.0054

3.7244+0.0358

3.4836±0.0065

Meter Reading

%

100.00

95.88

91.82

87.80

81.96

69.67

54.49

51.99

51.54

47.99

45.02
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Simihily the results for Copper are displayed in tables (14 - IS).

Table (14)

KY =60 mA = 6

Q2

Filtration 1AL +0.59Cu

Filter No.

Cu

0

1

1+2

1+2+3

1+2+3+4

Thickness in mm

0.0

0.1

0.3

0.5

1.0

meter Reading

in volts

6.7100±0.0068

4.8682±0.0070

2.7376±0.0502

1.6264±0.0019

0.5054+0.0226

Meter Reading

% • " •

100.00

72.55

40.79

24.23

07.53

Table (15)

Q3

= «S0 mA=10 Filtration lAL+1.85Cu

Filter No.

Cu

0

1

1+2

1+2+3

1+2+3+4

Thickness in

mm

0.0

0.1

0.3

0.5

1.0

meter Reading

in volts

6.1722±0.0046

5.4384+0.0051

4.2298+0.0262

3.2856±0.0037

1.9032±0.0058

Meter Reading

' % '

100.00

88.11

68.52

53.23

30.84
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KV = 100

Table (16)

Q4

Filtration 1AI + 5.30Cu

Filter No.

Cu

0

1

1+2

1+2+3

1+2+3+4

1+2+3+4+5

Thickness in

mm

0.0

0.1

0.3

0.5

1.0

1.5

meter Reading

in volts

8.1460+0.0076

7.6688±0.0142

6.8024±0.0089

6.0160+0.0076

4.5158+0.0068

3.4760±0.0372

Meter Reading

%

100.00

94.14

83.51

73.85

55.44

42.67 .

k\ "= 120

Table (17)

Qs

Filtration 1AL + 5.00Cu + l.OSn

Filter No.

Cu

0

1

1+2

1+2+3

1+2+3+4

1+2+3+4+5

1+2+3+4+5+6

1+2+3+4+5+6+7

Thickness in

mm

0.0

0.1

0.3

0.5

1.0

1.5

2.5

3.5 |

meter Reading

in volts

6.5336±0.0093

6.2708±0.0074

5.8218+0.0070

5.375010.0068

4.4790±0.0056

3.7152+0.0062

2.5270±0.0036

1.8142±0.0022

Meter Reading

%

100.00

95.95

89.11

82.26

68.55

56.86

38.68

27.71
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KV=150 mA =

Table (18)

Qr,

Filtration 1 Al + O.OOCu + 2.5Sn

Filter No.

Cu

0

I

1+2

1+2+3

1+2+3+4

1+2+3+4+5

1+2+3+4+5+6

1+2+3+4+5+6+7

1+2+3+4+5+6+7+8

Thickness in

mm

0.0

0.1

0.3

0.5

1.0

1.5

2.5

3.5

5.5

meter Reading

in volts

4.7272±0.0049

4.6586±0.0079

4.3714+0.0089

3.9332±0.0118

3.4876±0.0059

3.0272±0.0050

2.2568+0.0207

1.7102±0.0066

0.9798±0.0046

Meter Reading

%

100.00 .

98.54

92.47

82.20

73.78

64.04

47.74

36.18

20.72

The tabulated results are analyzed graphically'where the experimental

results are fitted to an exponential curve and these fittings were shown in

uraphs (7-12) for aluminum and graphs (13-17) for copper. For the six

qualities the values of HVL for aluminum are as shown in table.

Quality

Q.

Q2

Q3

QA

Q5

Q6

HVLinmm

2.89

5.64-

10.31

12.84

15.19

15.91
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Graph (7): Quality (1), 40 KV.10 mA

Filtration 3 Al + 0.30 Cu
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Graph (8): Quality (2),60 KV, 6 mA
Filtration (1 Al + 0.59 Cu)
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Graph (9) :Quality (3),80 KV.10 mA
Filtration 1 AI+1.85Cu
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Graph (10): Quality (4)100 KV.22 mA

Filtration 1 Al + 5.30 Cu
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Graph (11): Quality (5),120 KV.20 mA
Filtration 1 Al + 5.30 Cu
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Graph (12) :Quality (6), 150 KV,3 mA
Filtration 1 Al +0.00 Cu + 2.5 Sn
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Graph (13) :Quality (2), 60 KV, 6mA
Filtration (1 Al + 0.59 Cu)
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Graph (15): Quality (4),100 KV, 22 mA
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Graph (16): Quality (5),120 KV.20 mA
Filtration 1 Al + 5.00 Cu + 1.0 Sn
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Graph (17): Quality (6), 150 KV,3 mA

Filtration 1 Al + 0.00 Cu + 2.5 Sn
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As can be seen the Half- Value Layer (HVL) increases with increasing

KV. The value of quality one is ( 2.89 ) which is very close to the IAEA

value of 2.7.

For copper the results are displayed in graphs (13-17) for the qualities

studied the corresponding HVL shown in table with those of the IAEA. .

Quality^

Q2

Q3

Q4

Qs

Qs

sHVLmra

0.242

0.570

1.200

1.830

2.360

HVL(IAEA)

0.240

0.590

1.150

1.740

2.400

0.830

3.390

4.350

5.170

1.670

Again as can be seen the HVL increases with increasing KV.

In the comparison between the value of HVL obtained from our

measurements and thos^of the IAEA, it has been found good agreement

between them . The dajft&n were found to be ranging between ( 0.83 -

5.17%).

In another side the value of half value layer (HVL ) for copper (Cu) is

smaller, compared with (AL) at the same quality , due to the high atomic

number of copper ( Cu = 29 ) while for ( AL = 17) and it has been

conclude that heavy elements are much more effective absorbers for

radiation than light elements , this is attributed to photoelectric effect

increase with increasing Z .

If we select the value of (HVL ) for Cu and At in energies ( 40 KV&

60 KV ) it V found^he second half value layer equal approximately the

first half value layer. Shown in table (19).
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Table (19)

Quality

QiAL

Q2AL

Q2Cu

KV

40

60

60

HYLls

2.890

5.640

0.242

HVL2s

3.540

5.890

0.252

1.225

1.044

1.041

0.816

0.958

0.960

The ratio of the first HVL to the second HVL is called homogenity

coefficient (H.C)

The ( H.C) of an inliomogeneous beam is a fraction, and it

approaches unity when it becomes more homogeneous or more nearly like

a monoenergetic beam.

The ratio for 60KV for both AL and Cu ( table (13) ) are

approximately 1 this s^ows ftet the beam in this case U> almost

homogeneous while for 40KV the ratio is tess than 1 this means that

the contribution of soft radiation is higher.
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Chapter VI

CONCLUSION

In this work the position of the target of the X-ray unit with respect

to a point on the housing was measured using the inverse square law and

X-ray at in the energy range between (40KV -150 KV). In this work the

dose rate is also calculated.

For all measurements spherical ionizion chamber lOOOCm3 volume

was used at different position (lm - 7m) from the x-ray tube.

FYOIWV plot of the (1/ dose ratef^-versus the distance for all qualities

under consideration, from these graphs the target positionsare calculated,

the average was found to be ( 22.0 ± 2.0Cm).

Also in this work the half- value layer for different energies were

measured using different thickness of Aluminum sheets ranging between

(TO -18.5mm) and the thickness of copper sheets ranging between (0.1 -

5.5mm) were used.
cf I

A plotTthe meter reading in volts versus the thickness in mm has

been used to determine half- value layer in each case.

For the six qualities the half-value layer (HVL) for Aluminum were

found to increase with increasing KV. The value of Qj (KV = 40 , mA =

10)is (2.89) which is very close to the International Atomic Energy

Agency (IAEA) value of (2.7). And for the other qualities there is no

enough data for comparison.
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in as can be seen for copper the (HVL) increases with

increasing KV. In the comparison between the value of HVL obtained

from our measurements and that of the IAEA, it uras found good

agreement between them. The errors were found to be in range between

(0.83 -5.17%) and the better results obtained in Q2 (KV = 60 , mA = 6 ).

The homogenity coefficient (H.C) was found to be (0.816 , 0.958 ,

0.960) for Al and Cu at'low energies (4OKV , 60 KV) and from these

values itufcs conclude that the beam in this case is inhomogeneous.
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