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Abstract

In this thesis, the effect of changes of high voltage and emission current in X-
Ray Tube was verified on the rate of penetration through NaCl crystallization
(NaCL). Where was checked the effect of applied high voltage used to accelerate
electrons to produce X-ray also emission current were investigated as a function
of penetrating rate with different angle of incidence on sodium chloride (NaCL)
Crystal as nondestructive testing method the method was used in case of
changing the applied voltage and fixing the emission current to 1 mA it was
revealed increase of penetrating rate with increasing the applied voltage and
decreasing with increasing of angle of incidence.

In case of fixing the accelerated voltage at 35 KV and changing the emission
current (0.6, 0.8 and 1 mA) it was revealed logarithmic decay with higher

penetrating rate 1 mA than 0.8 mA.



uM\

Jara o dpind) 2231 4 sl (8 Glaa¥) iy (M) sgall s S e sl Gl 8 4 &
vl gshaall bl agall 53 Gasd &5 Cus (NACL) psdsall 25608 350 JOA (3) Y
Lo s sl 3 (315 Jarad A1aS Adlad) il Wiyl 5 il 2238 2Ly il g SSIY) g o]
Al 845 ) aladial &5 ¢ AU HLaay) 46 ks (NACL) asseall 2518 5550 e dilis
e GIAAY) Jana B8l ellia o ang el Ale 1 ) Slad¥) LS iy Sedaall dgall s

L) Ay 5) 530l ) ae Al 5 (Bulaal) gl 3

(mal AL 1 ¢ 0.8 ¢ 0.6) Slasi¥) i yasdy il b IS 35 die ¢ jludiall agall cufii s Ay
ol e 0.8 o el e 1 e 31 ) Jana vie ey jle 5l Slaaal elllia o 2a



Table of Contents

The Title

Page
No.

Quran verse

Dedication

Acknowledgement

English Abstract

AV

Arabic Abstract

CHAPTER ONE
INTRODUCTION

1.1

Preface

1.2

Research Problem

1.3

Research Objectives

1.4

Research Methodology

1.5

Thesis Lay Out

e I e e

CHAPTER TWO
X -RAY PRODUCTION AND
NONDESTRUCTIVE TESTING

2.1

Introduction

2.2

Magnetic Particle Testing (MT)

2.3

Production by Electrons

2.4

Production by Fast Positive lons

2.5

Production in Lightning and Laboratory Discharges

2.6

Uses of X-ray

26.1

Medical Field

| O O O Wl W N

Vi




2.6.2 | Industrial Field 7
2.7 | Advantages and Disadvantages of Using X-Ray 8
2.7.1 | Advantages of X-Rays 8
2.7.2 | Disadvantages of X-Rays 9
2.8 | Nondestructive Testing (NDT) 9
2.9 | Nondestructive Testing (NDT) Techniques 11
2.10 | RT Techniques 12
CHAPTER THREE
THE INTERACTION of X-RAY WITH
MATTER
3.1 | Introduction 13
3.2 | Interaction of X-Rays with Matter 13
CHAPTER FOUR
MATERIAL AND METHOD
4.1 | Introduction 17
4.2 | Method 17
4.3 | Setup 17
4.4 | Results 18
CHAPTER FIVE
DISSOCIATION AND CONCLUSION
5.1 | Introduction 21
5.2 | Dissociation 21
5.3 | Conclusion 21
5.4 | Recommendation 21
References 22

Vil




List of Tables

4.1

showing Results between angle of incidence and the
penetrating rate

18

Vil




List of Figures

3.1 | X-Ray Interactions with Matter 14

4.1 | X-Ray Device 18

4.2 | Relation between angle of incidence and the penetrating rate 19
with V=35 kv and Different current

4.3 | Relation between angle of incidence and the penetrating rate 19
with I=1mA and Different VVoltage

4.4 | Relation between angle of incidence and the penetrating rate 20




CHAPTER ONE

INTRODUCTION
1.1 Preface

X-Ray and Ultra- Sound testing nondestructive tests are often used to determine
the physical properties of materials such as impact resistance, ductility, yield and
ultimate tensile strength, fracture toughness and fatigue strength, but
discontinuities and differences in material characteristics are more effectively
found.

1.2 Research Problem

I-V characteristics is important in defining the electrical properties of sample, so
it was necessary to contact the effect of applied high voltage and emission
current to produce high energy photon and subject if to crystals as non
destructive methods.

1.3 Research Obijectives

I.  The effect of High voltage in x-ray tube on penetrating rate through
the NaCL crystal.
ii. The effect of emission current in x-ray tube on penetrating rate
through NaCL Crystal.

1.4 Research Methodology

This thesis was carried out using X- ray device.

1.5 Thesis Layout

This research contains four chapters; chapter one introduction, chapter two Non-
Destructive Testing, Chapter three The X-Ray Radiation Techniques, Chapter
four Material, results and Method, while chapter five consists of Discussion n

and Conclusion.
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CHAPTER TWO
X —RAY PRODUCTION AND NONDESTRUCTIVE TESTING
2.1 Introduction

X-ray was discovered by Wilhelm Conard Rontgen in November 1895
accidentally when he noticed that with enough voltage supplied to the tube that
contain a cathode ray and anode

Electromagnetic radiation emitted by charge particles (usually electron) in
changing atomic energy level (characteristic x-ray) or in slowing down Coulomb
force field (white or bremsstrahlung) the energy of x-ray ranging from low

energy (soft x-ray) to megavoltage X-Ray[1, 2].

X-rays are electromagnetic radiation, emitted either:

a) As a result of the interaction of the charged particles (mainly light particles
such as the electrons) with the negative orbital electrons or the positive atomic
nuclei or,

b) As a result of the transfer of an orbital electron from an orbit with higher
energy to another one with lower energy. So, based on the origin of x-ray there
are two types which are:

Bremsstrahlung: the bremsstrahlung x-rays, is the x-rays which are emitted
from x-ray tubes as a result of acceleration of the electrons by a voltage
difference, and then braking these electrons by high Z elements (e.g. in the
electric field of the orbital electrons and nuclei). These bremsstrahlung rays are
characterized by a continuous energy spectrum, (e.g. energies of the photons
may vary from zero up to the maximum energy of the accelerated electrons).
With some approximation, the average energy of the x-ray photons may be
considered equal One third of the energy of the accelerated electrons.
Characteristic X-Rays: the characteristic x-rays, is these x-rays which are

emitted as a result of the transfer of an electron from an orbit with higher energy
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to another one with lower energy, when there is an electron vacancy in the
lower shell. Since electronic orbits have definite discrete energy values for each
element, there will be a characteristic x-ray discrete spectrum for each element.
This means that x-ray will be emitted from all atoms of same element with the
same definite energy values, which are characteristic values for this element.
The frequencies of these rays lay in the region from about 1x10° up to about
1x10% Hz and even higher. So, the x and gamma radiation are widely

overlapping with respect to their energies.
2.2 X-Ray Productions

X-Ray Produced when electrons (within filament usually prefer tungsten has
melting temperature3370°c) produced by thermionic emission in the cathode
accelerated towards anode (usually prefer tungsten have a greater atomic number
Z =74) by potential that applied. When the electrons hit target of tungsten there
was two possibility: accelerated electron interact with electrons in the inner shell
ejected it due to coulomb interaction then rearrangement of atomic electrons
results with the release of the elements characteristic x-ray, or some Beta
particles, particularly those with higher energy, may travel close to the positively
charged nuclei of absorber atoms. These particles will experience an attractive
force which causes them to be deflected, thus losing energy which appears in the

form Bremsstrahlung (continuous-ray) [1, 2].

Whenever charged particles (electrons or ions) of sufficient energy hit a material,

X-rays are produced.

2.3 Production by Electrons

X-rays can be generated by an X-ray tube, avacuum tube that uses a high
voltage to accelerate the electrons released by a hot cathode to a high velocity.
The high velocity electrons collide with a metal target, the anode, creating the

X-rays [3]. In medical X-ray tubes the target is usually tungsten or a more crack
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resistant alloy of rhenium (5%) and tungsten (95%), but
sometimes molybdenum for more specialized applications, such as when softer
X-rays are needed as in mammography. In crystallography, a copper target is
most common, with cobalt often being used when fluorescence from iron content

in the sample might otherwise present a problem.

The maximum energy of the produced X-ray photon is limited by the energy of
the incident electron, which is equal to the voltage on the tube times the electron

charge, so an 80 kV tube cannot create X-rays with an energy greater than

80 keV. when the electrons hit the target, X-rays are created by two different

atomic processes:

1. Characteristic X-ray emission (X-ray electroluminescence): If the electron
has enough energy, it can knock an orbital electron out of the
inner electron shell of the target atom. After that, electrons from higher
energy levels fill the vacancies, and X-ray photons are emitted. This
process produces anemission spectrum of X-rays at a few discrete
frequencies, sometimes referred to as spectral lines. Usually these are
transitions from the upper shells to the K shell (called K lines), to the L
shell (called L lines) and so on. If the transition is from 2p to 1s, it is
called Ka, while if it is from 3p to 1s it isKz. The frequencies of these
lines depend on the material of the target and are therefore called
characteristic lines. The Ka line usually has greater intensity than the
Kgone and is more desirable in diffraction experiments. Thus the K line
is filtered out by a filter. The filter is usually made of a metal having one
proton less than the anode material (e.g., Ni filter for Cu anode or Nb
filter for Mo anode) [4].

2. Bremsstrahlung: This is radiation given off by the electrons as they are

scattered by the strong electric field near the high-Z (protonnumber)
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nuclei. These X-rays have a continuous spectrum. The frequency of

bremsstrahlung is limited by the energy of incident electrons.

So, the resulting output of a tube consists of a continuous bremsstrahlung
spectrum falling off to zero at the tube voltage, plus several spikes at the
characteristic lines. The voltages used in diagnostic X-ray tubes range from
roughly 20 kV to 150 kV and thus the highest energies of the X-ray photons
range from roughly 20 keV to 150 keV [4].

Both of these X-ray production processes are inefficient, with only about one
percent of the electrical energy used by the tube converted into X-rays, and thus
most of the electric power consumed by the tube is released as waste heat. When
producing a usable flux of X-rays, the X-ray tube must be designed to dissipate

the excess heat.

A specialized source of X-rays which is becoming widely used in research
Is synchrotron radiation, which is generated by particle accelerators. Its unique
features are X-ray outputs many orders of magnitude greater than those of X-ray

tubes, wide X-ray spectra, excellent collimation, and linear polarization [5].

Short nanosecond bursts of X-rays peaking at 15-keV in energy may be reliably
produced by peeling pressure-sensitive adhesive tape from its backing in a
moderate vacuum. This is likely to be the result of recombination of electrical
charges produced by triboelectric charging. The intensity of X-
ray triboluminescence is sufficient for it to be used as a source for X-ray imaging
[6].

2.4 Production by Fast Positive lons

X-rays can also be produced by fast protons or other positive ions. The proton-
induced X-ray emission or particle-induced X-ray emission is widely used as an
analytical procedure. For high energies, the production cross section is

proportional to Z127Z2—-4, where Z1 refers to the atomic number of the
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ion, Z2 refers to that of the target atom [7]. An overview of these cross sections

IS given in the same reference.

2.5 Production in Lightning and Laboratory Discharges
X-rays are also produced in lightning accompanying terrestrial gamma-ray

flashes. The underlying mechanism is the acceleration of electrons in lightning
related electric fields and the subsequent production of photons
through Bremsstrahlung [8]. This produces photons with energies of some
few keV and several tens of MeV [9]. In laboratory discharges with a gap size of
approximately 1 meter length and a peak voltage of 1 MV, X-rays with a
characteristic energy of 160 keV are observed [10]. A possible explanation is the
encounter of two streamers and the production of high-energy run-away
electrons[11]; however, microscopic simulations have shown that the duration of
electric field enhancement between two streamers is too short to produce a
significantly number of run-away electrons[12] . Recently, it has been proposed
that air perturbations in the vicinity of streamers can facilitate the production of

run-away electrons and hence of X-rays from discharges [13, 14].
2.6 Uses of X-ray
X-ray has many used in both main fields:

2.6.1 Medical Field

There are many uses of radiation in medicine. The most well-known is using x-
ray to see whether bones are broken. The broad area of x-ray use is called
radiology. Within radiology, we find more specialized areas like mammography,
computerized tomography (CT), and nuclear medicine (the specialty
where radioactive material is usually injected into the patient). Another area of x-

ray use is called cardiology where special x-ray pictures are taken of the heart.
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There are additional areas in medicine using radiation. These are for treatment of
disease or cancer and are commonly called therapy. A subspecialty in nuclear
medicine is nuclear medicine therapy. A common example of nuclear medicine
therapy is the use of radioactive iodine to treat thyroid problems, including
thyroid cancer. A subspecialty of oncology (the study and treatment of cancer) is
radiation oncology. As the name suggests, this area of oncology focuses on the
use of radiation to treat cancer [1, 2].

2.6.2 Industrial Field

X-rays are used in business and industry in many other ways. For example, x-ray
pictures of whole engines or engine parts can be taken to look for defects in a
nondestructive manner. Similarly, sections of pipe lines for oil or natural gas can
be examined for cracks or defective welds. Airlines also use x-ray detectors to
check the baggage of passengers for guns or other illegal objects [1, 2].

In recent years an interesting new source of x rays has been developed called
synchrotron radiation. Many particle accelerators accelerate charged particles
such as electrons or protons by giving them repeated small increases in energy as
they move in a circular path in the accelerator. A circular ring of magnets keeps
the particles in this circular path. Any object moving in circular path experiences
acceleration toward the center of the circle, so the charged particles moving in
these paths must radiate and therefore lose energy. Many years ago, the builders
of accelerators for research in nuclear physics considered this energy loss a
nuisance, but gradually scientists realized that accelerators could be built to take
advantage of the fact that this radiation could be made very intense. Electrons
turn out to be the best particle for use in these machines, called electron
synchrotrons, and now accelerators are built for the sole purpose of producing
this radiation which can be adjusted to produce radiation anywhere from the
visible region up to the X-ray region. This synchrotron radiation, from which
very intense beams at nearly one wavelength can be produced, is extremely
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useful in learning about the arrangement of atoms in various compounds of
interest to biologists, chemists, and physicists.
One of the more important commercial applications of synchrotron radiation is in
the field of x-ray lithography, used in the electronics industry in the manufacture
of high-density integrated circuits. The integrated circuit chips are made by
etching successive layers of electric circuitry into a wafer of semiconducting
material such as silicon. The details of the circuitry are defined by coating the
wafer with a light sensitive substance called a photoresist and shining light on
the coated surface through a stencil like mask. The pattern of the electric circuits
IS cut into the mask and the exposed photoresist can easily be washed away
leaving the circuit outlines in the remaining photoresist. The size of the circuit
elements is limited by the wavelength of the light-the shorter the wavelength the
smaller the circuit elements. If x rays are used instead of light, the circuits on the
wafer can be made much smaller and many more elements can be put on a wafer
of a given size, permitting the manufacture of smaller electronic devices such as
computers[1, 2].
2.7 Advantages and Disadvantages of Using X-Ray
There were many advantages of using x-ray in both medical an industry field:
2.7.1 Advantages of X-Rays

e X-rays are used to treat malign tumors before its spreads throughout

the human body.
e Help radiologists identify cracks, infections, injury, and abnormal
bones.
e help in identifying bone cancer.
e X-rays help in locating alien objects inside the bones or around

them.



2.7.2 Disadvantages of X-Rays

e X-rays make our blood cells to have higher level of hydrogen

peroxide which could cause cell damage.
e A higher risk of getting cancer from X-rays.
e The X-rays are able to change the base of the DNA causing a
mutation [15, 16].
2.8 Nondestructive Testing (NDT)
Nondestructive testing (NDT) is the process of inspecting, testing, or evaluating
materials, components or assemblies for discontinuities, or differences in
characteristics without destroying the serviceability of the part or system. In
other words, when the inspection or test is completed the part can still be used.
In contrast to NDT, other tests are destructive in nature and are therefore done

on a limited number of samples ("lot sampling™), rather than on the materials,
components or assemblies actually being put into service.
Today modern nondestructive tests are used in manufacturing, fabrication and in-
service inspections to ensure product integrity and reliability, to control
manufacturing processes, lower production costs and to maintain a uniform
quality level. During construction, NDT is used to ensure the quality of materials
and joining processes during the fabrication and erection phases, and in-service
NDT inspections are used to ensure that the products in use continue to have the
integrity necessary to ensure their usefulness and the safety of the public.
It should be noted that while the medical field uses many of the same processes,
the term "nondestructive testing" is generally not used to describe medical
applications [17, 18].
Ultrasonic Testing (UT) uses high frequency sound energy to conduct
examinations and make measurements. Ultrasonic inspection can be used for
flaw detection/evaluation, dimensional measurements, material characterization,

and more. To illustrate the general inspection principle, a typical pulse/echo
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inspection configuration as illustrated below will be used.
A typical UT inspection system consists of several functional units, such as the
pulsar/receiver, transducer, and display devices. A pulsar/receiver is an
electronic device that can produce high voltage electrical pulses. Driven by the
pulsar, the transducer generates high frequency ultrasonic energy. The sound
energy is introduced and propagates through the materials in the form of waves.
When there is a discontinuity (such as a crack) in the wave path, part of the
energy will be reflected back from the flaw surface. The reflected wave signal is
transformed into an electrical signal by the transducer and is displayed on a
screen. In the applet below, the reflected signal strength is displayed versus the
time from signal generation to when an echo was received. Signal travel time can
be directly related to the distance that the signal traveled. From the signal,
information about the reflector location, size, orientation and other features can
sometimes be gained.
Ultrasonic Inspection is a very useful and versatile NDT method. Some of the
advantages of ultrasonic inspection that are often cited include:
e [t is sensitive to both surface and subsurface discontinuities.
e The depth of penetration for flaw detection or measurement is
superior to other NDT methods.
e Only single-sided access is needed when the pulse-echo technique is
used.
e It is highly accurate in determining reflector position and estimating
size and shape.
e Minimal part preparation is required.
e Electronic equipment provides instantaneous results.
e Detailed images can be produced with automated systems.
e It has other uses, such as thickness measurement, in addition to flaw
detection [17, 18].
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As with all NDT methods, ultrasonic inspection also has its limitations, which

include:

Surface must be accessible to transmit ultrasound.

Skill and training is more extensive than with some other methods.

It normally requires a coupling medium to promote the transfer of
sound energy into the test specimen.

Materials that are rough, irregular in shape, very small, exceptionally
thin or not homogeneous are difficult to inspect.

Cast iron and other coarse-grained materials are difficult to inspect due
to low sound transmission and high signal noise.

Linear defects oriented parallel to the sound beam may go undetected.
Reference standards are required for both equipment calibration and

the characterization of flaws.

The above introduction provides a simplified introduction to the NDT method of

ultrasonic testing. However, to effectively perform an inspection using

ultrasonic, much more about the method needs to be known. The following

pages present information on the science involved in ultrasonic inspection, the

equipment that is commonly used, some of the measurement techniques used, as

well as other information [17, 18].

2.9 Nondestructive Testing (NDT) Techniques

Magnetic Particle Testing (MT)
PT Techniques
UT Techniques
ET Techniques

A A

RT Techniques
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2.10 RT Techniques
» Film Radiography

Film radiography uses a film made up of a thin transparent plastic coated
with a fine layer of silver bromide on one or both sides of the plastic.
When exposed to radiation these crystals undergo a reaction that allows
them, when developed, to convert to black metallic silver. That silver is
then "fixed" to the plastic during the developing process, and when dried,

becomes a finished radiographic film.
» Computed Radiography

Computed radiography (CR) is a transitional technology between film and
direct digital radiography. This technique uses a reusable, flexible, photo-

stimulated phosphor (PSP) plate which is loaded into a cassette.
» Computed Tomography

Computed tomography (CT) uses a computer to reconstruct an image of a
cross sectional plane of an object as opposed to a conventional radiograph,

as shown in Figure 9
» Digital Radiography

Digital radiography (DR) digitizes the radiation that passes through an
object directly into an image that can be displayed on a computer monitor.
The three principle technologies used in direct digital imaging are
amorphous silicon, charge coupled devices (CCDs), and complementary
metal oxide semiconductors (CMOSs) [19].
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CHAPTER THREE

THE INTERACTION of X-RAY WITH MATTER
3.1 Introduction

An X-ray, or X-radiation, is a penetrating form of high-energy electromagnetic
radiation. Most X-rays have awavelength ranging from 10 Pico meters to
10 nanometers, corresponding to frequencies in the range 30 Peta hertz to 30 exa
hertz (30x10%°Hz to 30x10'® Hz) and energies in the range 124 eV to 124 keV.
X-ray wavelengths are shorter than those of UV rays and typically longer than
those of gamma rays [20].

3.2 Interaction of X-Rays with Matter

Rontgen’s studies in the late nineteenth and early twentieth centuries quickly
established the penetrating nature of X-Rays, and the potential for medical
imaging was soon realized. However, the interaction of X-Rays with matter is
more complex than simply ‘passing through’. On reaching a material, some of
the x-rays will be absorbed, and some scattered — if neither process occurs, the

X-Rays will be transmitted through the material.

When absorption occurs, the X-Rays interact with the material at the atomic
level, and can cause subsequent fluorescence — it is this X-Ray Fluorescence
which forms the basis of XRF spectroscopy, and the process is discussed in more
detail in the next section. In addition to the absorption/fluorescence process, the
X-Rays can also be scattered from the material. This scattering can occur both
with and without loss of energy, called Compton and Rayleigh scattering

respectively [20].

The ratio of absorption/fluorescence, Compton and Rayleigh scatter and
transmission depends on the sample thickness, density and composition, and the
X-Ray energy.
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Incident
Rayleigh Scatter X-ray beam Fluorescence

Compton Scatter

MATERIAL

Transmitted
X-rays

Figure (3.1): X-Ray Interactions with Matter

X-rays interact with matter in three main ways, through photo
absorption, Compton scattering, and Rayleigh scattering. The strength of these
interactions depends on the energy of the X-rays and the elemental composition
of the material, but not much on chemical properties, since the X-ray photon
energy is much higher than chemical binding energies. Photo absorption or
photoelectric absorption is the dominant interaction mechanism in the soft X-ray
regime and for the lower hard X-ray energies. At higher energies, Compton

scattering dominates [20].

% Photoelectric interaction (PE)

All of the incident photon energy transferred to an electron, which is ejected

from the atom. The kinetic energy of the ejected photo-electronE, is equal to the

incident photon energy E, minus the binding energy of the orbital electron E, .i.e.
Ee = Eo - Eb (31)

In order for photoelectric absorption to occur, the incident photon energy must
be greater than or equal to the binding energy of the electron that is ejected. The
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ejected electron is most likely one whose binding energy is close to, but less
than, the incident photon energy. Following a photoelectric interaction, the atom
Is ionized, with an inner shell electron vacancy. An electron from a shell a lower
binding energy will fill this vacancy. This creates another vacancy, which in turn
filled by an electron from an even lower binding energy shell. Thus, an electron
cascade from outer to inner shells occurs. The difference in binding energy is
released as characteristic x-ray or auger electron. The possibility of characteristic
X-ray emission decreases as atomic number of absorber decreases. The

probability of photoelectric absorption per unit mass is approximately

proportional toZVEg.Where Z is the atomic number and E is incident photon

energy[21, 22].
s Compton Scattering

Which is known as incoherent scattering, occurs when the incident x-ray photon
ejects an electron from an atom and x-ray photon of lower energy is scattered
from the atom. Relativistic energy and momentum are conserved in this process
and the scattered x-ray photon has less energy, therefore greater wavelength than
incident photon. Compton scattering is important for low atomic number
specimens. At energies of 100kev-10kev the absorption of radiation mainly due

to the Compton effect.
¢+ Pair production

Occur when the x-ray photon energy is greater than1.022MeV , when an electron
and positron are created. Positron are very short lived and disappear (positron
annihilation) with the formation of two photons o0f0.511MeV energy. Pair
production is of particular importance when high energy photons pass through

material of high atomic number.

% Rayleigh scattering
15



Occur when the x-ray photon interacts with the whole atom so that photon is
scattered with no charge in internal energy to the scattering atom, Rayleigh
scattering is never more than a minor contributor to the absorption coefficient.

The scattering occur without the loss of energy [21, 22].
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CHAPTER FOUR

MATERIAL AND METHOD

4.1 Introduction
In this chapter the practical work which was done using X-ray apparatus was

conducting.
4.2Method

X-ray used to study the effect of the high voltage and emission current
penetrating rate in NaCL crystal.
4.3 Methodology
I.  Applying high voltage 20, 25, 30, 32, 34 and 35 KV with different
angle of incidence.
ii.  Applying emission current of 0.4, 0.8 and 1 MA with different
angle of incidence.
4.4 Setup

Set up the experiment.

X-rayapparatus. . . . ... .. ... ... 554 811
Or1 X-ray apparatus. . . . . .. ... .. ... 554 812 1 Goniometer. 554 83
End-window counters for a, b, g and x-ray radiation. . . . . . . 559 01

Collimator was mounted in the collimator mounts

(a) (Note the guide groove). The goniometer was attached to guide rods

(d) And connected ribbon cable

(c) For controlling the goniometer.

Then the protective cap was removed of the end-window counter, place the end-
window counter in sensor seat

(e) And the counter tube was connected cable to the socket in the experiment
chamber marked GM TUBE.

Demount the target holder

(g) Target stage from the holder of the goniometer was removed.

17



The guide edge Placed of the set of absorbers | (f) in the 908 curved groove of

the target holder and carefully slide it into the target holder as far as it will go.

&

Figure (4.1): X-Ray Device

4.5 Results

Table (4.1) showing Results between angle of incidence and the penetrating

rate

] Rys™?! R,;s7 1! R,s™1 R3s™1 R,s™?! Rgs™1

g V=35KV | V=34KV |V=32KV | V=30KV | V=25KV | V=20KV
0 10132.20 8921.07 8449.67 7022.97 4612.37 8238.9
10 8981.67 10128.10 | 10069.53 | 3674.27 2650.20 4290.3
20 6456.57 8707.03 9384.77 2362.00 1659.23 2759.1
30 4399.00 6337.10 7331.70 1508.07 1018.83 1798.6
40 3183.50 4262.13 4899.50 903.40 601.30 1094.1
50 2572.10 3470.33 3977.63 639.20 420.53 783.7
60 1906.67 2602.77 3014.30 357.60 233.80 447.40
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Figure (4.2): Relation between angle of incidence and the penetrating rate
with V=35 kv and Different current
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Figure (4.3): Relation between angle of incidence and the penetrating rate
with I=1mA and Different Voltage
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CHAPTER FIVE
DISSOCIATION AND CONCLUSION

5.1Introduction

In this chapter, the results were analyzed, discussed, and a conclusion
5.2 Dissociation

Farm figure if was clear the penetrating rate of X-ray through the crystal is
higher when the higher voltage increase and decreases with increase the angle of
incidence In case Y increasing emission current with constant applied higher
voltage (35KV) the penetrating rate increases but in low manner than that Y

higher voltage and also decrease with increases the angle of incidence

5.3 Conclusion

It was clear that from the results obtained the high voltage and emission current

applied in different angle is has great effect on the penetrating.

5.4 Recommendation

To Rate which depend upon increasing or decreasing the applied voltage and

emission current

21



References

[1] Dyson, Norman A., (1973) X Rays in Atomic and Nuclear Physics. White

Plains, NY: Longman.

[2] Hewitt, Paul, (2001), Conceptual Physics. Englewood Cliffs, NJ: Prentice
Hall, Young, Hugh. University Physics, Reading, MA: Addison-Wesley.

[3] Whaites, Eric; Cawson, Roderick (2002). Essentials of Dental Radiography
and Radiology. Elsevier Health Sciences. pp. 15-20. ISBN 978-0-443-07027-3.

[4] Bushburg, Jerrold; Seibert, Anthony; Leidholdt, Edwin; Boone, John
(2002). The Essential Physics of Medical Imaging. USA: Lippincott Williams &
Wilkins. p. 116. ISBN 978-0-683-30118-2.

[5] Emilio, Burattini; Ballerna, Antonella (1994). "Preface". Biomedical
Applications of Synchrotron Radiation: Proceedings of the 128th Course at the
International School of Physics -Enrico Fermi- 12-22 July 1994, Varenna, Italy.
IOS Press. p. xv. ISBN 90-5199-248-3.

[6] Camara, C. G.; Escobar, J. V.; Hird, J. R.; Putterman, S. J.

(2008). "Correlation between nanosecond X-ray flashes and stick—slip friction in
peeling tape" (PDF). Nature. 455(7216):1089-

1092. Bibcode:2008Natur.455.1089C. Do0i:10.1038/nature07378. S2CID 437253
6 Retrieved 2 February 2013.

[7] Paul, Helmut; Muhr, Johannes (1986). "Review of experimental cross
sections for K-shell ionization by light ions". Physics Reports. 135 (2): 47—
97. Bibcode:1986PhR...135...47P. D0i:10.1016/0370-1573(86)90149-3.

22


https://en.wikipedia.org/wiki/Special:BookSources/978-0-443-07027-3
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://books.google.com/books?id=VZvqqaQ5DvoC&q=radiography+kerma+rem+Sievert&pg=PT33
http://homepage.usask.ca/~jrm011/X-ray_tape.pdf
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://api.semanticscholar.org/CorpusID:4372536
https://en.wikipedia.org/wiki/ISBN_(identifier)
http://homepage.usask.ca/~jrm011/X-ray_tape.pdf
https://books.google.com/books?id=x6ThiifBPcsC&q=radiography+kilovolt+x-ray+machine
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2F0370-1573%2886%2990149-3
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/1986PhR...135...47P
https://books.google.com/books?id=VEld4080nekC&pg=PA129
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://ui.adsabs.harvard.edu/abs/2008Natur.455.1089C
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/90-5199-248-3
https://doi.org/10.1038%2Fnature07378
https://api.semanticscholar.org/CorpusID:4372536
https://books.google.com/books?id=x6ThiifBPcsC&q=radiography+kilovolt+x-ray+machine
https://en.wikipedia.org/wiki/Special:BookSources/978-0-683-30118-2

[8] Kbhn, Christoph; Ebert, Ute (2014). "Angular distribution of Bremsstrahlung
photons and of positrons for calculations of terrestrial gamma-ray flashes and
positron beams". Atmospheric Research. 135-136: 432—
465. arXiv:1202.4879. Bibcode:2014AtmRe.135..432K. doi:10.1016/j.atmosres.
2013.03.012. S2CID 10679475.

[9] Kohn, Christoph; Ebert, Ute (2015). "Calculation of beams of positrons,
neutrons, and protons associated with terrestrial gamma ray flashes". Journal of
Geophysical Research: Atmospheres. 120 (4): 1620-
1635. Bibcode:2015JGRD..120.1620K. Doi :10.1002/2014JD022229.

[10] Kochkin, Pavlo; Kohn, Christoph; Ebert, Ute; Van Deursen, Lex
(2016). "Analyzing x-ray emissions from meter-scale negative discharges in
ambient  air".Plasma  Sources  Science and  Technology. 25 (4):
044002. Bibcode:2016PSST...25d4002K. Do0i:10.1088/0963-0252/25/4/044002.

[11] Cooray, Vernon; Arevalo, Liliana; Rahman, Mahbubur; Dwyer, Joseph;
Rassoul, Hamid (2009). "On the possible origin of X-rays in long laboratory
sparks". Journal of Atmospheric and Solar-Terrestrial Physics. 71 (17-18):
1890-1898. Bibcode:2009JASTP..71.1890C. doi:10.1016/j.jastp.2009.07.010.

[12] Kohn, C; Chanrion, O; Neubert, T (2017). "Electron acceleration during
streamer collisions in air". Geophysical Research Letters. 44 (5): 2604—
2613. Bibcode:2017GeoRL..44.2604K. doi:10.1002/2016GL072216. PMC 5405
581. PMID 28503005.

[13] Ko&hn, C; Chanrion, O; Babich, L P; Neubert, T (2018). "Streamer
properties and associated x-rays in perturbed air". Plasma Sources Science and
Technology. 27 (1): 015017. Bibcode:2018PSST...27a5017K. doi:10.1088/1361-
6595/aaa5d8.

23


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5405581
https://ui.adsabs.harvard.edu/abs/2018PSST...27a5017K
https://pubmed.ncbi.nlm.nih.gov/28503005
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://doi.org/10.1016%2Fj.atmosres.2013.03.012
https://ui.adsabs.harvard.edu/abs/2014AtmRe.135..432K
https://ir.cwi.nl/pub/21633
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://doi.org/10.1016%2Fj.atmosres.2013.03.012
https://api.semanticscholar.org/CorpusID:10679475
https://ui.adsabs.harvard.edu/abs/2016PSST...25d4002K
https://en.wikipedia.org/wiki/Doi_(identifier)
https://ir.cwi.nl/pub/25086
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ir.cwi.nl/pub/21633
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5405581
https://ir.cwi.nl/pub/21633
https://doi.org/10.1002%2F2016GL072216
https://doi.org/10.1016%2Fj.jastp.2009.07.010
https://doi.org/10.1088%2F1361-6595%2Faaa5d8
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1088%2F1361-6595%2Faaa5d8
https://doi.org/10.1002%2F2014JD022229
https://ui.adsabs.harvard.edu/abs/2009JASTP..71.1890C
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ir.cwi.nl/pub/23845
https://doi.org/10.1088%2F1361-6595%2Faaa5d8
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2015JGRD..120.1620K
https://ui.adsabs.harvard.edu/abs/2017GeoRL..44.2604K
https://ir.cwi.nl/pub/25086
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5405581
https://en.wikipedia.org/wiki/PMID_(identifier)
https://arxiv.org/abs/1202.4879
https://ir.cwi.nl/pub/23845
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5405581
https://doi.org/10.1088%2F1361-6595%2Faaa5d8
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1088%2F0963-0252%2F25%2F4%2F044002
https://en.wikipedia.org/wiki/ArXiv_(identifier)

[14] K6hn, C; Chanrion, O; Neubert, T (2018). "High-Energy Emissions Induced
by Air Density Fluctuations of Discharges"”. Geophysical Research
Letters. 45 (10): 5194-5203. Bibcode: 2018GeoRL.45.5194K. Doi:
10.1029/2018GL077788. PMC 6049893. PMID 30034044,

[15] Tom Hsu, Manos Chaniotakis, Michael Pahre, (2004), Essential

physics.pdf, Hardcover textbook and matching e-Book, Second Edition

[16] Blshberg J., Anthony Seibert Edwin M. Leidholdt, JR. JOHN M.Jerrold T.
Bushberg, (2002), The Essential Physics of Medical Imaging, Second Edition
Jerrold T, Medical.

[17] Bryant, Lawrence E. (tech. ed.) and Mocintire, Paul (ed.), (2016),
Nondestructive Testing Handbook, Volume 3, Radiography and Radiation

Testing, American Society of Nondestructive Testing, Columbus, OH.

[18] McGuire, Stephen A. and Peabody, Carol A., (1995), Working Safely in
Gamma Radiography, US Government Printing Office, Washington D.C.

[19] Radiography in Modern Industry 4th edition. (2001). Rochester, New York:

Eastman Kodak Company

[20] Als-Nielsen, J., McMorrow, D., Elements of Modern X-ray Physics. John
Wiley & Sons, 2009 -

[21] Bryant, Lawrence E. (tech. ed.) and Mocintire, Paul (ed.), (2016),
Nondestructive Testing Handbook, Volume 3, Radiography and Radiation
Testing, American Society of Nondestructive Testing, Columbus, OH.

[22] McGuire, Stephen A. and Peabody, Carol A., (1995), Working Safely in
Gamma Radiography, US Government Printing Office, Washington D.C.

24


https://doi.org/10.1029%2F2018GL077788
https://en.wikipedia.org/wiki/PMC_(identifier)
https://pubmed.ncbi.nlm.nih.gov/30034044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6049893
https://en.wikipedia.org/wiki/PMID_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6049893
https://ui.adsabs.harvard.edu/abs/2018GeoRL..45.5194K
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6049893
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)

