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ABSTRACT

In this work a densitometer was designed and constructed locally, using
available materials for quality assurance tests of X-ray machine. A Light
Dependent Resistor (LDR) was used to convert light intensity to electrical current.
The current, which is proportional to the intensity of light, was measured with a
very sensitive digital multimeter. The electric current in LDR when light intensity
changes was examined. X-ray films were exposed to various X-ray doses. The
optical density of the films was measured with the constructed densitometer. The
range of optical densities for low and high doses respectively in radiography was
found to be between about 0.35 and 2.5. The base of X-ray films contributes an
optical density of about 0.207 + 0.001. Different X-ray films exposed to the same
X-ray energy and processed under different condition have different values of
optical densities.. The output of X-ray unit was found to be dependent on Current-
lime, Film Focus Distance, and Peak kilovollage. The densitometer is easy to

operate, giving values of optical density as

Optical Density=1.578log (i /i)
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CHAPTER ONE

INTRODUCTION

1.1 THE NEED FOR PROTECTION AGAINST IONISING RADIATION

Fivery process whereby man utilises nature for his benefits usuvally has some
detrimental eftects. This is why protection is very important in all utilisation of
nature. One cannot overemphasise the importance of X-rays and other ionising
radiation to mankind, These very penctrating radiations are mainly used in
radiography where internal objects of a body such as bones can be seen on a film or a
screen. This has been helplul in medical practice for treatment and diagnostic process.
X-rays can be used lfor cancer treatment cither internal or external on the body of
patient without necessarily carrying out surgical operation.  Some other sources of
ionising radiation can be taken orally by patients for diagnosis purposes or implanted
surgically for therapeutic purpose. Apart from medical use of ionising radiation they
arc also usclul as radiotracers to study Tunctions in plants and animals, and are used as

research ool in laboratory of higher institutions ol learning

Despite its uselulness. ionising radiation causes very severe biological damage
to the body. Cancer, shortening of life span, damage of reproductive cells leading to
infertility are some devastating elleets ol over- exposure Lo jonising radiation. Sinee
X-ray examinations arc common, they contribute significantly to public exposure to
ionising radiation,

I order not o suller the effect of radiation due o over-exposure, there must
be adequate protection. This starts from constant monitoring ol personnel. to constant
inspection of radiation sources, ensuring that the dose does not lead to over exposure.

The ALARA coneept in radiation protection stipulates that all exposures must be kept
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“as low as rcasonably achievable, cconomic and social factors taken into account™.
The Effective Dose to individual Trom all practices should not exceed the applicable

dose limits,

1.2 DENSITOMETER AS PROTECTION INSTRUMENT

All radiation protection methods  require  instruments  for measuring  and
evaluating the dosce to patients and workers to enhance adequate arrangement for their
protection. Such instruments must have a property, which can be affected by ionising
radiation and i ;:sc}t a way that the effect is proportional in i mcusur.'tb;'c way to the
intensity of radiation energy. X-ray ilm s one ol such materials. The darkening
produced on it by X-radiation is proportional to the cnergy ol the X-ray. The
measurement of degree of darkness of such Xeray (ilm is done with an instrument

known as densitometer

Densitometer is one of the most essential instruments of radiation protection
and health physics instrumentation, It is widely used in hospitals and research
institutions. I is a light absorption meter calibrated o read values ol photographic
density. Different models of densitometer exist such :ls'lnicru-pim-lumclcr and
microdensitometer which are specially  designed 1w read values ol photographic
density ol very small size Hlms. There ‘urc two types of densitometers, one that
measures transmission density m;d the other that measures reflection density and for
both the measurement may be made either visually or photo-clectrically. Of the

‘
various types of instrument that have been deseribed Tor measuring density many are
based on the simple photometric comparison ol two light beams, using a calibrated

wedge as a cheek against the unknown sample. One ol the most widely adopted of

the photocleetric. densitometer is that made by Western Llectric in America, which



gives density readings Jircctly on a calibrated galvanometer scale. A modem type
; .

Model 07-423 manulaclured by Vietoreen Company for example, gives reading of

density on a digital scale and is known as hand-held dual relerence densitometer,

_?'({(cliuni, [995).  Special densitometer dusigns are available that give continuous

reading, mcasuring extremcly small ficlds with greal aceuracy and to deal with both
. transmission and reflection density. The optical density of an X-ray (ilm is the degree
of darkening produced on it by ionising radiation. It is expressed in terms of logarithm

of fraction of visible light passing through the darkened film, The oplical density of a

=, film is proportional o X-ray energy absorbed and when properly calibeated, can be

. used to delermine doses in a radiation ficld,

L3, STATEMENT OF PROBLEM

Despite t[lc importance of dcnsitomctcrlin quality assurance stugy and film-
badgc dosim;:try, wh'lich is cssential for radiation protection, il is not very common in
this country, It is .well koown that imported goods are usually very expensive.
Imponed densitometer are also susclcp.lihlc o dilficult jn maintenance and scrvice as it

is usually difficull o get the exact laulty component from the Nigerian market for

replaceiment. ‘This has been the case for most elecironic equipment imported into this

country. There is limit to the rescarches requiring its use and this ultimately affect
radiation proteclion i hospital and leaming institutions.

14 OBJECTLVES OF THIS WORK

. The main objectives of this work arc:

{i) Mo construct a densilometer using materials available locally,

. '




(i} To calibrale the densitometer for intensity of light using principle of inverse

square Jaw. .

(iii}  To test the densitometer by measuring the optical densitics of films cxposed

to varying X-ray intcnsitics and enctgics

(iv)  To e¢xamine the nature of the charagteristic curves obtained including the
: |'ang§ of vall:lcs ol opiicul dcnsity and the effeet of [ilm basc on the value of

the uptical density,
(v}’ 'i'u exsine the elotionslip between peals Kilosoltoge, carrent-time, il

Toce diglaneo and e ontpni o the X ray unit,

4

1.5 JUSTIFICATION OF THE WORK

The need (o measure dose arises from the tact (ud X-rays and other lonising

radiation cause biological damages. The personnek handling jonising radiation need
) ’ . ’

adequate pralection Lhat can e accomplished by maaitoring and evaluation ol dases

in the radiation {ield around. Optical density mcasurement cun also boe wsed o verily

aspects of radiographic procedure in order to show complinnee willh aceepted

standards, o

1.6 OUTLINE OF THESIS

.

The nature and measurcment of X-rays lor radiation protection is considered

vty

in chapter two. Photometry and photoconductivity Lhat are the basis for operation of a

densitometer wore aiko considered. Chaptor tiree bus been devotad o the constractiog
echniques nod measurenments, 'Thie resulls of experiinents are given in chagder tour

Chapler tive consists ol discussion, conclusions and reconmendiions,



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

The blackening of X-ray film results [rom the interaction ol X-ray with silver
halide grains on the film. This blackening can be quantitatively micasured as the
optical density, measured by o Torm ol light meter ealled o densttomerer. This chapter
discusses the nature, production and effeet of Xeray on materials, 1 also discusses the

fundamental physics ol a densitometer.

2.2 X-RAYS

X-rays was discovered by Wilhelm Convad Roentgen an November 8, 1895 al
e Umiversity of Warzbig in Gernmy (Bugene, 1978)0 They aie clectromagivie
energy in the form of waves ol wavelength about 107", They are emitted on
bombardment of matter by sulliciently c_iw.rgclic clectrons, They travel in straight
lines from the source and are not deflected in passing through electric or magnetic
fields. They are thus not charged particles (Nelkon, 1987) They have relractive index

that is very small and slightly less than one. (Henry, 1972)

2.3 INTERACTION OF X-RAYS WITH MATTER

When X-ray photons pass through matter they may undergo changes in energy
and direction. X-rays can only be reduced in intensity by increasing absorber
thickness: it can not be completely absorbed. The intensity of X-rays transmitted

through an absorber is given as



0
[=],c™ (2.1)

Where 1, is intensity ol the incident beam on the absorber, 1is intensity ol the
transmitted beam, ( is thickness of the absorber, pis linear attenuation coefficient
(cm")‘ The attenuation coeflicient is the fraction of the X-ray beam attenuated per

unit thickness ol absorber.

The fraction of an incident X-ray beam that 1s attenuated by a single atom is
also the attenuation coelficient p. This is also the same as the probability that an
absorber atom will interact with one of the photons in the beim, Teean also be referred
to as cross section of the absorber, The three most signilicant interaction processes ol
X-ray with matter at the photon energy used in diagnostic radiography (20kVp 1o
150kVp) are photoclectric absorption, clastic scattering and Compton scattering, Pair
production which can oceur only when the energy ol the photons are greates than .02

MeV do not oceur.

2.3.1  Elastic Seatiering

I this type of seattering there is no energy loss by the incident photon but its
direction is changed,  In oo materinl, the mass attenuntion coefficient for clustic
scattering varics in proportion to the square ol the atomic number of the material and
inversely with the radiation energy. The mass and hnear attenuation coellicients are

related by cquation shown below.
M= R (2.2}

y , 4 e v
Where iy total Linear attenuation coellicient (m™’ ), fy 15 mass attenuation

. apm 2 s 2 . 4
(absorption) coelficient (em™/g). p is density ol the absorber (p/cm’),



2.3.2  Photoclectrie Absorption

The photoelectric cffect, in which the photon disappears, is an interaction

between a photon and a tightly bound clectron whose binding energy is equal to or

less than the energy ol the photon, The primary ionising particle resulting from this

interaction is the photoelectron, whose energy is given by

I:=hl- (2.3

Where his the plank constant, s the frequency ol the photon, §is referved (o
as the work function. The photoclectron may ionise and excite other atoms before it
loses its Kinetic energy gained from the photon. In addition. aller the electron escapes
from the atom, characteristic radiation is emitted. In this process, the material absorbs
energy.  Low-cnergy  photons and  high atomic  number  absorbers  fuvour  the

photoelectric elfect,

2335 Complon Seattering

This 15 collision between o photon and a free electron. b such collision, it is
impossible for all the photons energy (o be transterred (o the electivon i momentum
and energy arc to be conserved. Therefore the photon must be scattered, and the
scattered photon must have less energy or longer wavelength than the incident photon.

The energy ol the scattered photon is given as (Hermman, [983)

IE'= (2.4)
1 (Iiml‘.cg){ | -cost))



The probability ol a Compton interaction decrcases with increasing quantum
encrgy and with increasing atomic number of the absorber. Compton interaction is

the main mechanism ol interaction in light atomie number clements.

2.4 RADIATION DOSIMETRY

2.4.1  Absorbed Dose

Radiation damage depends on the absorption ol energy from the radiation, snd
is approximalely proportionad w dose which is expressed in teving ol ciergy per unil
muss ofF tissue, This bs called Gray (Cy) and is delined as e absorbed energy ol one

joule per kilogram (1CGy ~ Hkg™) ( Kiefur, 1990)

2.4.2  lixposwre

The expasure unil is umensure ol the phiotan Hax, and is related to the ainount
of cnerpy (ranstereed from X-ray [iehd to oounit mass ol air. One exposare unit is
defined as that quantity of X-ray (or gamima ray) that produces in air, a charpe (of

cither sign) per Kilogram., (1 X unit == | C/kg air). (Herman, 1983)

2.5  BIOLOGICAL EFFECTS OF RADIATION
Radiation ctfects may be classilicd into stochastic and delerministic elfects.

The deterministic effect is characterised by threc qualities:

@ A certain minimum dose must be- exceeded before the particular cffect

obscrved. v

(i) The magnitude of the cffect incrcascs with the size of the dose
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(iiiy There 1s a clear casual relationship between exposure to radiation and the

observed elTect,

Stachastic elfects are those elfects that oceur by chance. The probability of
occurrence increases with incrcase in exposure o radiation. Stochastic effects of
radiation are result ol direct insult to a molecule by ionisation and excitation, and the
consequent dissocintion ol the molecule. This can lead to point mutation i germinal
or somaltic cell. Most ol the body is water, and most of the direct action of radiation is
on water, The result of this energy absorption by water is the production of highly
reactive free radicals that are chemically toxic and exert their toxicity on other
molecules. The delayed ellects of overexposure are cancer, genetic elleets and

shortening ol lile span. (Hermin, 1983)

2.5.1 Radiation Weighting Factors, the Equivalent Dose

The higher the linear energy transter (LLET) ol the radiation, the more ellective is it in

causing lethal dumage. The tadiation werghting actors are as shown belows;

Table 2.1 Radiation Weighting Factors (Herman 1983)

Radiation Weighing Factors (Wg) |
Xernys and guinma rays |

Beta rays and clectrons ]

Thermal neutrons 2

FFast ncutrons, protons 10

Alpha rays and heavy ions 20

The equivadent dose Ty, s the product of dose D, and the weighting lactos

Wi Hs unit is Sievert (Sv)

Il[ a l)“'ljg [..I...'l}
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2.5.2  LAfective Dose

For the purpose ol setting radiation safety standards, it is assumed that the
probability of a stochastic effect in any tissuc is proportional to the equivalent dose to
that tissue. However, because of the differences i sensitivity between the various
tissues, the value for the proportionality factors differs among the tissues. The relative
sensitivity to harmful stochastic eflects, expressed as risk per sievert (o several organs
and Gssues contribute to the overall risk. The values ol weighting factors are shown in

the tnble 2.2

Table 2-2 Tissue Weighting Factors, Wy (Herman, 1983)

Tissue Wy Risl Factor | Comments

Gonads 0.25 4.0x107 Genelie risk two generation
Preast 0.15 2.5x 107" Averape lor oll

Red Bone Marrow 0.12 2.0x107 Leukaemia

Lung, 0.12 2.0x107 Chneer

Thyroid 0.03 5.0x10™ atal Cancer

Bone Surface 0.03 5.0x10™ Osteasacarcoma
Remainder (.30 5.0x10" Canet

The eflective dose Hy: is given by:

Hy = Z “/'| l'l| (2.6)

2.6 RADIATION PROTECTION

No practices resulting in exposure to ionising radiation should be authorised
by the relevant competent authority unless its introduction produces a positive net
benefit, For an operational system, the competent authority should keep practices
under review o ensure that the positive net benehit is maintained i the light of

technological advancement.  All exposures must be kept as low as reasonably




achicvable, ceconomic and social Faclors being aken into nceonnt (AVARA) The
equivalent dose 1o individual from all praciices (exeliding medieal exposire as

puticnt) should not exeeed the applicable dose limids.

2.6.1 Personal Monitoring and Assessmen

This is the measurement of radiation doscs reeeived by individual workers.
Workplace menitoring is used to delermine the potential for exposure of personnel to
lonising radiation, including the magoitude of uny likely dosus,

Dosimeters are designed to measure the dosc in sofl tissue at a defined depth
below a specified point an the body. The quantily ‘personal eguivalent dose Hp (d) is

normaily dctermined at iwo depths, d = 0.07mm and d = 10mm, as measures of

exposure to weakly and stongly peactrating radiation respectively. The former is

representalive of dose 1o skin and the laler represent dose to the blood forming organ.
I exposure o the eye is of purticular concern, a depth of 3mm represents the eye lens.
(JAEA, 1995) Muesvurement of fidividual exposare el e done with sadlible

instruments such as quartz fibre pocket meters, film hadges, and THDY dasimeiers,

Pocket_Dosimeter: These are ol two (ypes, the condenser (ype and (he direg
reading type. The direct reading dosimetér operates on the prineipic of the pold leaf
clectroscope. A quartz fibre is displaced clectrostatically by charging it to a potential
ol’ ubout 200V, An image ol the libre is (oeased on a scale and 1s viewed through a
fonx ntame vind of the instrument, EXposure nl'llhc dusimeter w radhiation dischuarges

the fibre. thereby allowing it (o retarn to g originnl position, The mmaont ol diseharge

and consequently the chanse in nosition of the fibre is pronurtional 1o the radintion.

EXPOSUIC,

.



Film Badge Dosimeter; This dosimeter consists of a photographic (ilm and a

filter in a holder. The film usually has two emulsions of fast and slow sensitivities
extending the dose response from one hundred microsievert to ten sievert.  The
ermulsion may be on the sime or separate bases and sealed 1 paper o prevent thete

exposure to lipht,

The holder ereates a distinetive pattern on the thn indicating the type and
energy of radiation to which it was exposed. Cumulative doses from beta, X, gamma
and thermal neutron radiation are calculated by measuring the optical densities of the
film under the Glters (IAEA, 1995)  The film badge has a number ol advantages. [t
provides a permanent exposure record and can measure dose over a very large range.
The type and energy of the radiation may be inferred from Hilm exposure. It s
mechanically rugged. The disadvantages are the long delay time between exposure,
development and interpretation of the lilm, and the relatively inaccurate exposures.

{(Herman, 1983)

2.7 X-RAY FILMS

A common type of X-ray film has two layvers of emulsion which consist of
gelatine in which is suspended a very large number of tiny fat triangular crystals.
most ol silver bromide and small amount of other silver halides. The crystal is
uniformly distributed throughout the gelatine layer. In between the two layers of
emulsion is a thick trunsparent layer known as 1ilm base, which is made ol polyester.
It supports the fragile emulsion layers. It is moderately flexible: comparatively non-
flammable and neither contract nor expands during use. A sketeh ol X-ray lilm is

shown in figure 2.1 below: -
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Fig 2.1 Sketch of X-ray Film

The very thin dayer ol gelatine plus a solvent tor polyester (3) ensures (hat the
cmulsion layer is lirmly altached to the base. The layer (4) is known as supper coating
which consist of clear gelatine. 1t serves o protcet the cmulsion layer from

mechanical damage such as pressure, scratching or friction.

2.7.1 lmage Formation on X-ray Filmy

Exposure of a film by the X-ray depends upon the number of photons incident
upon a given ared, henee the pattern contained in the X-ray beam will be impressed on
the film. The change that has oceurred i‘n the {ilm is called an image. During
development the itradiated silver bromide erystal are converted into tiny opagque black
silver specks, while those, which have not been sulficiently affected. remain in their
prevision yellowish translucent state, During {ixation, the unalleeted silver bromide
crystals are dissolved away. The film is then washed thoroughly and dried. (Mercditl&,
and Masscy 1977).

2.7.2  Film Calibration | Uy, i _
¢ Rq oo

The film sensitivily varies for different types ol [ilm, and for dilTerent batch of
the same type. The sensitivity under tin filter is constant over a wide range of energy,

50, it is possible lo calibrate the film at only one energy using hard gamma rays from
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Rudiunt whose exposure rate ol g ol Tem (gomma (aetory s Tairly accurintely
known.The usual procedure is to expose a number of films with their badges to
known exposures of the hard gamma ray. The films are left for different lengths of
time at a constant distance from the central source. These specially exposed film and
the monitoring s are developed together and a calibration curve for the bateh of
films in use can be made. The doses corresponding 1o the blackening of the

monitoring {ilms are casily read off on this curve, (Meredith, 1977).

2.7.3  Properties of X-rny Filin

I the amount of blackening of o Ll is plotted against the amount ol X-ray
that produce it, a characteristic curve of the film is obtained. The bliuckening is

measured by means of a quantity known as the optical density or Absorbance.

—C

Optical
Density

Log Lxposure mSv

g, 2.2 Sketeh of Characteristics Curve lor X-ray Filn

The optical density is detined as

lu
D=log — (2.7
|



Where 1, is the intensity of visible light incident on the film and i the intensily of
light transmitled through the fitm. The optical density is independent of the intensity
..: pf the light used for the mecasurcment. The rangc..of optical - densitics that is
encountered in radiography runs [rom about 0.25 up to 2.5. (Mcredith, 1977). The
density of the transparent {ilm s superimpaosed on the actual blackening ol the film, it
;ls therefore necessury 1o sublract the density of (e 1T Trom measured volue W
obtain the true density of the Fitm., The difference in density between various regions

of the film can be pamed the contrast, which is 2xpressed as
Contrast C =1}, - I, (2.8

Filay manulpcturing, stormge and process control the shape ol charnetoristic
curve, It is therefore not to be expected that all films will have the same charactleristic
curve, but all curves do have the same peneral shape. The curve consists of four
different regions which are; the fog level (ab), the straight portion (cd), the toe (be)
undd shoulder (de) of the curve, See ligure 2.2

The straight-line portion between points ¢ wid d is the most iniporlant region

of the il The stope of the curve is called the “Glm gamma’. This s defined as the
maximum slope of the characteristic curve and is measured by
12,- 13

Gamma, y = (2.9)
Log BEj - logls,

Therelore, Contrast =y log {L2/l) (2.1
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The [ilm gamma depends on film type, and condstions during its manufacture. [tis a

measurc of the speed of the film. A fast film has a large gamma.

The effect of development on film characleristic is very important, This
depends on the chemical composition of solution and its temperature, developing time
and the degree of agitation of the film in the solution during development. Increase in

any of these [actors lead to increase in film density for a given exposure.

L
Optical
Density
DD,

Log lix-log I

Log Exposurce (mSv)

Fig 2.3 Delermination of Film contrast

| 2.8 QUALITY CONTROL IN X-i{AY DEPARTMENTS

| Quality control comprises the qluaiitativc and quantitative measurcments or
tests of performance of an instrument or program and the determination of udcquzlu:y
and acceptability of performance. It includes the sct of operations (programming, co-
érdinatilmg) intended 1o maintain or to improve quality. In other words, as applicd to
diagnostic pfoccdurcs, covers maoniloring, evaluation, and maintenance at optimum
levels of all characteristics of performance that can be delined, nmicasured and

controlicd, (Rehani, 1995)

The application of a service of quality control includes multiple stages of a

procedure to verily that all aspect of the procedure ure aceeptable quality, This is
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termed quality assurance. This can also be defined as all those planned and
systemaltic actions necessary to provide adequate confidence that a structure, system

or component will perform satisfactorily in service, (Rehant, 1995)

29  PHOTOMETRY

The part of radiated cnergy, which can be perceived by the cye, is the
luminous flux and is measured in lumen. This is defined as the amount of visible light
energy emitled into a solid angle of onc steradian in one sccond by a uniform point
source of light having a luminous intensity ol one candela. One candela is the light
emitted by a black body of an area of 1/6 x 10°'m? at the melting temperature of
platinum (1772°C).  The amount of light reaching an observer is inverscly
proportional to the square of the distance from the source, This is referred to as light
flux per unit area, and is measured in lux, while luminance is light flux per unit arca

. . " i 2
per unit solid angle and is measured in candela per e,

2.10  PHOTOCONDUCTIVITY

The photoconductive elfect is due o incrcase in the conductivity ol certain
crystals  when  they are  exposed o light. Al materials,  which  exhibit
photoconductivity, arc semiconductors. Those most  gencrally  employed in
photoconductive devices include the element selenium, germanium and silicon, and
compounds such as cadmium sulphide and lead sulphide. In these devices, metallic
clectrode are litted to the erystal so that when they are connected to source of cleetrie
supply, clectrons can enter the crystal at the negative clectrode (cathode) and feave the

crystal at the positive electrode (anode). (Harley, ¢t al, 1963 ).



In semiconductors, the energy levels in the valence band are all occupied and

only a narrow gap or forbidden band exists between the valence and conduction

band. This corresponds to the stable bonding between the atoms in the crystal lattice

in which o pair ol electrons constitutes each bond, one from cach ol the two adjacent

atoms, (Harley, et ul, 19203)0 However, due to thermal ngitation, there are always al

room temperature a few electrons with energies in the conduction band, The material
therelore has a certain low conductivity, even in the absence of light,

When light Falls upon the material, further electrons are excited from the
valence bund to the conduction band, leaving behind o vacant or hole in o process
known as hole-clectron pair production. This results in large (Tow ol electric current,
With time, clectrons in the conduction band falls back from its excited state into the
valence band where it combines with a hole. At any given temperature of the crystal
there is a condition of equilibrium between the rate of production of hole-clectron
pairs and the rate at which clectron and holes recombine. Both processes arce
influenced by such lactors as irregularities-in the crystal lattice and the presence of
impuritics. The concentration of charge cariers is determined by the lifetime of the
hole-electron pairs. It is possible to increase this lifetime and thus the conductivity by
introducing mto the erystal lattice impuritics in the form of small numbers of atoms ol

some other suitable elements,

2.10.1 Coadmimm Sulphide Cells

This cell, known as Light Dependent Resistor (LDR) consists of o thin plate of
specially prepared  cadmium sulphide, with metallic clectrode deposited on the
surface, enclosed in o glass envelop for mechanical protection.  The plates are

prepared from very pure cadmium sulphide o which is added an aceurately controlled
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proportion of activating material such as a mixture of gallium and copper. Heal
treatment improves the granulae strueture and ensures distribution ol the activators.
The powder v compressed injo ablets and given o secand hend trenhment (o improve
both the mechtical steongth and lndice structiro, To sinty (he two prime conditiony
{or light photo=sensitivity numely u large sensitive arca and u snudl inter-clectiade
distance, (he cleetrodes are deposited as o metallic fitm in the JTorm ol inler-locking
combs. the material ¢.g copper, silver, aluminium or gold, evaporated in vacuum,

The dark resistance ol this cell is'i!l the order of 10° 10 10* ohms, depending
on the type of cell. When light falls upon it, its resistance decreases rapidly to values
in the order of 1000 ohms. The cell presents a pure resistance and the value of

“photocurrent is independent of the polarity of the :applicd voltage. When illuminated,
generation ol clectrons and holes takes place, resulting in increasing conductivity. The
resistance is cxpressed by the equation, (Collins, 1987)

R=BL* Q.10

Where B and K are constanis and L is the illumination level in lux.

The resistors are slightly temperature dependence. They have their muaximuom
sensitivity at wavelenglhs of about 650nm, (erange-red colowr) which correspond to
maximum sensitivity of human cye.  (Kaye, and Laby, 1978). They also exhibit o
recovery time when o corlain illumination level is saddenly reduced to darkness due
lo o time deluy in the recombination process. The recovery ate is Lypically 200kos™,

(Collins, 1987)
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2.11  SUMMARY

Interaction of X-ray was discussed in this chapter, Radiation dosimetry was
also discussed including film badge and TLD dosimeters, Propertics of X-ray film
was discussed followed by Quality control in X-ray Iacpunllicnt. The physics of
Photoconductivity was also discussed. The next chapter discusses the experimental

procedures.



N
b
i

(vii) A 3V Dircet Current Source ( Dry cell) f’:}g,

CHAPTER THREE .

EXPERIMENTAL METHOD

31 INTRODUCTION

The main componcnts of a dcnsibmclcr arc a source of light, a Light-
Dependent-Resistor that converts light i.nl(‘) clectrical signal and an ammeter to read
the eleetric current. In (his chapter the materials used for construction and testing are
considered first, followed by an experiment to cxamine the characteristics of the lght

dependent resistor, The construction and testing are later discussed,

3.2 MATERIALS USED FOR CONSTRUCTION

(i} A lighl bulb with-in built convex lens capable of producing parallel beam ol light

Gi) A concave reflector

(iii) Light Dependent Resistor Model R_l’tr' 03 manulactured by SIEMES of West
Germany.  The Light Dependent Ré:sislor is a dise shape 2mm thick with a

diamcter of Smm. It has two connecting pins and a light scnsitive {ront which

surface is covercd with glass.

(iv) A Digital Multimeter, Model DT 8308 by ALDA CORPORATION INC.,,

JAPAN,

(v} A mctal (iron shect) box with dimensions 17x1 1x2'/2 cm constructed with spaccs
to contain various component of the equipment.
Lo
P
; 22

(viy A shecl of rubber J:‘L?,p
T
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3.3 MATERIALS USED FOR TESTING, AFTER CONSTRUCTION.

X — ray films; a fast film manufactured by AGFA

(ii) Mercury in glass Thermometer.,

(iil)  Lead shicld, aboul tworcentimetre thick, twenly cendmetre square surlfice
[{IEM I N

(iv)  Scli-rending  quartz fibre Radistion Dosimeter, Model 19020 nude by

Dosimeler Corporation. (Ohio U.S.A
{v) X - ruy natichine with three phase Tull wave rectification, tungsten target, und
tube filter of 0.7mm, illuminator filter of [.5mm, total (ilter of 2.2mm. It was

manufactured in London in 1983 with the tube secrial number SE 241 and

i:lanel serial number CW 234,

R

‘,,',,.,, W

3.4  INVESTIGATING THE CHARACTERISTIC OF LIGHT DEPENDENT
RESISTOR (LDR) -

Since the densitometer was Ilo converl light intensity (o clectric current, the
behaviour of LDR wax examined. This was to know whether the change in current is
lincarly proportional to change in light intensity, Fleetrie currents in the LDR were
measured at various illumination levels. Keeping a constant source of light at various
distances from the LDR varied the intensity af light. This was donc inside a light
proof pipe lo avoid inlcrl'cl'cnccl [rom the environment. The intensity at a distance x

from the light source, according to inverse square law, is proportional o x 2.

Ten
values of currents were measured with a digital multimeter, for ten corresponding '
~ distances x between light source and the LDR.

*
L]
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3.5 CONSTRUCTION OF THE DENSITOMETER.

i A Light Dependent Resistor was mounied into small eylindrical opaque tube,
'Il"hisl was then inserted into an opening on a sheet of rubber. The rubber was sercwed
loone side of a :110@1 box inside which is the light IJLI[E and digital multimeter. The
I!..bealrﬁ. of light from the bulb fall‘s direetly on the LDR through an opening. The LDR,
Light bulb and a digital ammelter were conneeted in a circuit and conlained in the

" metal box. A slit was provided between thc_’L.DR and the bulb where X — ray film can

be inserted for measurement of optical density. The rubber was made to press firmly

from the outside the box do not reach the surface of the LDR, T'wo swilches were
provided on the cquipment. Onc to coatrol the main cireuit, and the other to control

- the light bulb.

(@

q
/
I

_ Ammeter LDR
B ) Lamp
-]
K, ' Cell

Fig. 3.1 Circuit diagram of a densitometer

3.6 TESTING OF THE DENSITOMETER.
3.6.1 Exposing X - ray I'ilms for Yarious Optical Densitics.

The temperature of the X-ray room and that of the chemicals for developing

the films were measured, and fixed throughout the experiment. X-ray [1lm was placcd

under collimated beam of light on the X-ray bench. A lead shicld was placed on the

on the mctal box, and their contact surfaces were very smooth to ensure that light rayé -
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film such that only the portion to be exposed was not covered. Two dosimeters were

placed on the film under collimated beam of light o determine the dose to the film

< during exposure. A lubel was placed on the (ilm for identification.

Films exposed wilh varying peak voltage (KVp) The X—ray machine was set

at Film Focus Distance (FFD) of fifly centimetre, and current-time of five

milliampere — second (mAs). The peak vollage of the machine was sct at forty kVp
and the film was exposed. This was repeated for four other values of voltage between

40kVp and 120 kVp. The (ilms were developed for five minules.

Another sct of films were exposcd at litm-locus-distance of one hundred
centimetre, current-time of thirly mAs, and cight values of voltage (rom florly to onc

hundred and ten kVp. They were developed lor three minutes.

) In order to vary optical

density with respect to current ~ time of the X-ray machine, the peak vollage and f{ilm
~focus distance were kept constant al filty kVp and filty mAs respectively,  The

current — time was varicd between five and twenty-five mAs Jor five seis of

exposures, The films were developed for live minules.

The samc procedure was repeated at film-focus-distance of one hundred
centimetres, voltage of cighty kVp, and five values ol current — time from (wo 10 one

thousand mAs. These tilms were developed for threc minutes.

: The peak voltage of

the X-ray machine was sct at a constant value of filty kilovoltage, the current —time
was constant af five mAs. The distance between lilm and X-ray lube was varied

between forty centimetres and one hundred and twenly centimetres, for five sets off

W Y
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exposure. The (ilms were developed for (ive minules. Throughout the experiment,

3.6.2 Mocasuring Optical Density of Films with the Densitometer

Each of the exposed film was in'sclrtcd into the densitometer to measurc the
fraction ol light transmitted through it.  This was donc as lollows: The digital
multimeter was set Lo read clectric current up to a maximum ol tweaty milliampere,
. with a sensitivity up 1o a hundredth of milliampere. The bulb on the densitometer box
;vas switched on and it illuminated the LDR. The clectric current in the LDR duce o
~ the illumination was measurcd as i, An X-ray film was inscrted (o intereept the rays
of lighf reaching the LDR from the bulb. The light transmitted through the film
illuminated the LDR and the corresponding electric current was recorded as i, This
was repeated several times tc; oblain an ulvcragc vilue for cach film. The ratio of the

currents (i,/1) was found.

3.0.3  Variation of QOptical Density ol Kilm Basce.

The same procedure for measuring optical density of exposed (Ghn was
recpealed for the optical density of unexposcd ransparent film basc. The different |
values of LDR currents, indicaiing some reduction in the light passing through the
fitm — basc, was recorded for several parts of X-ray film and an average value was

obtained,
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CHAPTER FOUR

RESULT

4.1 INTRODUCTION

This chapter consists of the result of all experiments. In section 4.2, the result
of experiment to investigate the characteristics of Light Dependent Resistor (LDR)
was presented, as can be seen in figure 4.1 and figure 4.2, The results of experiment
to measure the Optical Density of X-ray lilms were presented in section 4.3, which
include figure 4.3 to 4. 11. The variation of dosc with kilovoltage and current — time

of X —ray machine is presented in section 4.4 as figures 4.12 and 4.13.

4.2 CHARACTERISTICS OF LIGHT DEPENDENT RESISTOR (LDR)

To examine the behaviour of LDR when illuminated, the distance between
light source and the LDR was suceessively varied to obtain different clectric currents
in the LDR for different intensities ol light, In figure 4.1, the cleetric current in
ampere is plotted on vertical axis against distance X, in meters. A curve was obtained
that showed decreasing current as x increases. The curved was litted with an equation
as,

Y =0,1394 %1207 (4.1)

Also, in ligure 4.2, the logarithm of electric current is plotted on vertical axis against

4 S . . . = A ‘
logarithm ol x™*. A straight line curve was oblained and was fitted with equation as

Y = 0.6339 x - 4.8561 (4.2)
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Fig. 4.1 Characteristics of Light Dependent Resistor (LDR)
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Fig 4.2 Characteristics of LDR on Log-Log Scale
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OPMTICAL DENSITY OF X ~IRAY FI1.MS

AL the (i were exposed al the tollowing icmperatures;

Roomn lemperuture: 291
Deveioper temperature: 26MC -
Fixer tenpersture; 25°C

Variation of Optical Density with Peak Voltage.

Figure 4.3 is the graph of optical density against dose, for {ilms exposed al

constant FFD of 50cm, current-time of 5 mAs and devcloped for five minutes. The

optical density is on the vertical axis against dosc on the horizontal axis. The optical

density increases as dose increases, The curve was fitted with equation

Y = 0.355 Ln (x) + 2.9814 o (4.3)
]
I

o 0.1 0.2 0.3 0.4
Dose {mSv) )

. Fig 43 Variation of Optical Density with Dose at Varying Peak Voltage for {ilins :

devcloped for five minutes




In figurc 4.4, the optical density  against dosc for films exposed at FFD of
100em, current —time of 30 mAs and developed for three minutes, was presented. The

curve was fitted with ¢cquation.

¥=0.1305 Ln (x) + 2.3263 (4.4) S
_ e e e o I -
2.3
2.2
-
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Fig 4.4 Variation of Optical Density with dose at varying kVp for lilms developed
for three minutes

" 4.3.2  Variation of Optical Density with Current — time

Figure 4.5 presents the optical density of films exposed at 50kVp, 50cm and

BN

devcloped for five minutes. The curve was fitled with equalion

Y =0.3789 Ln (x)+ 3.2748 ' (4.5)
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Fig 4.5 Variation of Optical Density w:lh Dosc at varying mAgs for ilms developed
: for five minutes

The result of film cxposed at 80 kVp, 100cm and developed [or threc minutes

arc shown in figure 4.6. The resulting curve was [fitted with equation.

Y =0.22441 Ln (x) + 1,959 ' (4.0)
5 “ 7
i 3 O
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' .. Fxg 4. 6 Variation of Optical Density w11.h Dosc at varying mAs of (ilms developed
- for threc minutes




4.3.3 Variation of Optical Density with Film Focus Distance (FFD)

Figure 4.7 present the optical density of films exposed at varying FIFD, The
voltage was constant at 50 kVp, and current-time at five milliampere- seconds, The
films were developed for five minutes. The optical density is seen 1o increase as dose

increases. The curve obtained was fitted with equation as

Y = 0.8504 Ln (x) +4.6748 (4.7)

2.5

Optical Density

0 l | i
0 0.01 0.02 0.03 0.04 0.05 0.06

Doso{x 10 ? Sv)

Fig 4.7 Variation of Optical Density with Dose at varying FID for films developed
for five minutes
The figure 4.7 was replotted on a semi — log scale, to have logarithm of dose
on the horizontal axis. This is presented in figure 4.8. A lincar curve is obtained. The

slope of the line was found to be 1,64,
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Fig 4.8 Variation of Optical Density with Dose at varying FFD ( fig. 4.7 on semi log
scale)
4.3.4 Optical Density of Films, for Wide Range of Doscs,

Some X —ray films were exposcd. to cover wide range of doscs. The optical

density of the films plotied on vertical axis against dose is as shown in figure 4.9.
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Fig 4.9 Variation of Optical Density with Dose for wide range of values



Between dose values of zero and 0.0, (figure 4.9) the optical density
increases rapidly, while for doses higher than 0.05 there was little change in the

optical density. The curve obtained was fitted with an cquation.
Y = 0.6909 Ln (x) + 4.024 _ BN CR)

In figure 4.10 logarithm of dose is plotied on the x — axis Tor values of doses
used in ligure 4.9. An S — shape curve, which is similar to the familiar characteristic

curve of (ilms, was oblaincd. -
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Fig 4.10, Variation of Optical Density with Dose for wide range values on semi log
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The lincar region ol the figure 4,10 was extracted and examined in figure 4.11, which

yiclded o slope of 1,98,

COpbical Density
e

1 -
0.5 _
D L T P T EE TR Y P |
-2.0 -2 -1.0 -1 -0.6 a

Loy Dose (x {0 ¢ $v

Fig. 4.11 Linear Region of fig, 4,10

4.3.5 Optical Density of Film Base

Since transparent [ilm base contribule o the oplical density and is onc of the
reason for presence of fog level in the characteristics curves of [films, the oplical
density of the busc were examined al various portions ol uncxposed parls of the film

usced, The table 4.1 below shows the measurements,

Table 4.1 Optical Density of Film Base

l/mA | /mA Optical Density

+ (.01 00 | U001
| 13.35 09,4 | (1,239 [
1 13.32 i 11,02 TR |
[ 1334 10, 11 ' 0 18%
l |

‘The average value [or theee dilterent parts of the Dl waoy Tound 1o be 0,207,
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4.4. FORMULAE FOR X-RAY DOSES

The doscs mcasurcd .at various -peak voltages when other parameters were
constant, and the onc measurcd at varying mAs when peak voltage and other
parameters were constant, are compared with the var.}./ing parameters as shown in
figures 4.12 and 4.13.

In figurc 4.12, Dosc was compared with peak vollage. The curve obtained
.showcd that Dosc varies but not lincarly as peak vollage. The curve was fitted by

equation
Flo-ﬁx 2.62. | . (4- 10)

This cxperiment was carricd out at SmAs, S0cm FFD. The total filtration was 2.2mm.
The samc applics to figure 4.13 where variation of dose with mAs was observed.
There is a lincar relationship between dose and mAs. This curve was filted with

cquation as:

© Y=0.007X-0.005 | .- @11
e
0.35 ' bt
0.3 /
> 0.25 _ e ’
E 00| Wat <A
' e 2.
‘% 0.15 e i
-~ .
0.1 | e L
0.05 > | <
0 [P " § .. . | . \ . ;
0 50 100 ‘ 150 |
Peak Voltage (kVp)

Fig 4.12 Variation of Dose with Peak Voltage at Constant mAs
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Fig. 4.13 Variation of Dose with mAs at constant kVp

4.5 SUMMARY OF RESULT

The characteristic ol LDR was presented in figure 4.1 on a lincar scale, and in
figure 4,2 on o log scale, CGraphs of oplical density versos doge are shown in ligure 4.3
o Ggure 4 L Baelh ol the eorves was lided with an equation. The optical density off
film bage wi presented in table 1, while o lgaee A 12 and AL 10 the dependence of

energy output ol an X ray machine on kilovoltige and current  thine were presented.
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CHAPTER FIVE

DISCUSSION, CONCLUSION AND RECOMMENDATION

“S1  DISCUSSION

AR Optical Density of X —ray Films,

4
Vi .l

\ -~ The Optical Density measurcd in this work were evaluated with the formula
OD = 1.578log (is/1) - (5.1)

Where 1, and i are clectric current read on milliameter for two illuminations
’» Ly(incident beam) and L (transimulied beam) respectively.  All films which densitics
were measuted in this work show that optical density increascs as dose increascs,

4
Meanwhile, there are differences in the optical density and gamma values {or different

films that were exposed to the same doscs but developed under different conditions.

Comparing figuwre 4.3 and 4.4, it was obscrved that opticul density reach

- saturation much more quickly at values less than 2.2 in figure 4.4 while the saturation
level is closc to 2.5 in ligure 4.3, The lilms of Ogure 4.3 are relatively darker because
they stayed longer in the chemicals during-developent, This comparison was also
made between figure 4.5 and .4.6. Saturation is quickly reached in figure 4.6 than 4.§,
which means that films in 4.5 are relalively darker than that of 4.6 becausc they

staycd longer in chemical during development, -

A complete characteristics curve of [lm was oblained in figure 4.10. The
 linear region of these curves ranged between OD of 0.5 and 2.3, and dose of 0.01x107
10 0.09 x 10 % Sv. The optical density of film base, which was found to be 0,207 +

0.001, contributes to the fog level in figure 4.10. The range ol oplical density for all
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The Optical Density measured in this work were evaluated with the formula

OD = 1.578log (is/i) - | 5.1)

Where i, and i arc clectric current read on milliameter for two illuminations

e Lo(incident beam) and L (transmitted beam) respectively.  All lilms which densities - -
were measurcd in this work show that optical density increases as dose increascs,
Meanwhile, there are differences in the optical density and gamma values for different

films that were cxposcd to the samc doses but developed under different conditions.
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,» - Comparing figure 4.3 and 4.4, it was observed that oplical densily reach
saturation much more quickly at values less than 2.2 in figure 4.4 while the saturation
level is close to 2.5 in figurc 4.3. The [ilms of figure 4.3 are relatively darker because
_thcy staycd longer in the chemicals during development,  This comparison was also

" made between figure 4.5 and 4.6. Saturation is quickly rcached in ligure 4.6 than 4.5, . '

which means that films in 4.5 are relatively darker than that of 4.6 because they
- stayed longer in chemical during developiaent. -
- A complete characteristics curve of film was obtained in figurc 4.10. The

linecar region of thesc curves ranged between OD of 0.5 and 2.3, and dose of 0.01x1072 _ i K

10 0.09 x 10 * $v, The optical density of film base, which was found to be 0.207 +

0.001, contributes to the fog level in figure 4.10. The range of optical density for all




exposure ranged between 0035 and 2.5 This compares with Meredith, (1977), The
gamma values oblained are 1.04 + 0.05 (hgure 4.8) and 1.98 + 0.05 (figurc 4.11).

The values arc not the same since these sets of films were not from the same pack.

The gamma value is a measure of the speed of X-ray tilm. “The [ilm which gamma

was found to be 1.98 is fast compared to the one with gamma valuc of 1.64.

5.1.2 The Densitometer

' . The densitometer which dimensions are 17x11x2'/; e¢m is portable. The

current in LDR is determined by level of illumination. The currents were measured in

milliampere with sensitivity of up to one hundredth ('/;00™

) of milliampere. Small
difference in light intensitics not perceptible (o eye were casily and quickly detectuble
by the densitometer. A maore aceurale result was obinined when values of currents
waere mensured on o mierometer scale, A rechargenble secumalntor or o rectilied Jow

voltage from mnios supply provided o more stendy curveat which pave stable intensily

ol light, Muintenunce ol this densitometer is very casy.

5.1.3 Variation of Dosc with kVp.and mAs in X-ray Machine

Figures 4.12 and 4.13 show curves obtained when Doses were compared with

i kVp and mAs. In figure 4.12 a graph of Dosc versus kVp results into a curve that was

fitted with cquation

Y = 107 ' S (5.2)

_ This implies that dose varies as kVp with a power of 2.62 + 0.01. Similarly figure

T

4.13 showed that Dose has a lincar relationship with mAs.  The experiment was

carried out al constanl values ol five miAs and Nve centimelres FID. Polal (flration
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of the machine is 2.2mm and the machine is a three-pbhase unit.  Substituting these

values into cquation lor X-ray unit output, the dose from the machine was deduced as

2.21x% 10 *kV**mAs
Dose (mSv) = - (5.3)

TFD*x Tx P

The index of kV, 2.62 + 0.01 were comparable with some previous works as follows:

Meredith, (1977) obtained a value of 2, but explamcd further that the value may llc

.'..between 2 and 4 for various X-ray machincs. Edmonds, {1984) obtained a valuc of
1.74, Kumar, (1991} obtained o value of 2,558, Chougule, and 1lussaini, (1993)
obluined 1985, Kumar, (1996) obined two values depending on toind Hleation; thal
in 2,749 (or ilration less (han 3nan, sncd 2,79 Tore Gileation grenter than Inum, The

value obtained in this work was 2.02 1 (. l)l for a machine which Gluation is 2,2nmm.

52  CONCLUSION

The LDR has no lincar responsc_to intensity of light. T'he current flowing in

the resistor is refated 1o intensity of light as

The value of K in this work was found to be 0.6339. This has been uécful in

calculating values of optical density of X-ray films with formula:
Optical Density = [.578 log ( i/i )

Where iy and 1 ace the currents in LDR corvesponding o two level of iluminations (.,

and 1. ‘The optical densities were obtained which varies as doses vary. The oplical

density was nlvo affeeled by the developing conditions, The range of oplical density
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in radiography as obtained in this work was between 0.35 and 2.50.  This comparcs
with Meredith (1977) whose value range between 0.25 and 2.50. The shape of all
characteristic curves obtained resembles the Familiar characteristic curves ol X-ray
films. Optical density calculated to three l..lUL'IiI‘llilI places is accurate within a tolerance
of £ 0.001. Gamma values of 1.64 + 0.05 and 1.98 + 0.05 were obtained. A f[ast film
is expected to have gamyma of about 4 (Meredith, 1977). The lilms uscd here are not
lust (TIms, The dose output of an X-ray machine was found (o depend on (m-focus-
distance (FED), millinmpere-second (mAs), and peak Kilovaltape (KVp) as:
221 x 107 kV*? mAs

Dose (msv) e
FED* x T x 1

53 RECOMMENDATIONS

To improve on this work, a lincar clectronic system comprising integrated
circuit (1C) may be used to obtain a lincar relationship between illumination and
cleetric current in the circuit. The cquipment will also become more elficient il some
clectronic system could be incorporated to evaluate and display directly the value of
optical density inslc:‘zd of using a calculator. This will eliminate the possibility of any

gross error in using the instrument.

A standard lamp (whose intensities are known) with a standard light meter for
investignting the characteristics of LDR is requived Tor an reliable improved result.
The densitometer can be better calibrated using o conunercinl model with well-
defined choracteristies,  The effect ol storape on Neray films and the eltect of

concentration of the developer on oplical density need further investipation,
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The formula for cstimating the output of X-ray units depends on kVp, mAs,

'. phasc and filtration of the X-ray machine, investigation of their relationship for a wide

range of machine usc in'Nigeria can be an arca of interest for follow up rescarch,
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APPENDICES

Appendix 1 The prove of equation used to examine the clharacteristics of

Light Dependent Resistor o .
" The relations between resistance of an LDR and illumination is
s .. R =BL*
Where B and K are constants to be determined.  [llumination 'L of an object at a

distance x from a sourcg of light 8§ is, according to irtverse square law of light,

Where § is a constant depending on the intensity of the source. The absorption of the
light in air betwcen source and illuminated object at ¢losc distances used in this
experiment (Scm to 35c¢m) is negligible,  Combination of the two cquations above

with ohms law ol ¢lectrical resistance (V=iR) gives

’

i=vBs*

And taking log of the equation,

. _ ' Logi=Log (V_BSk)Jrk Log X2

A graph of log i versus logx™? therefore yicld the values of k and (VBS_") as

slope and intercept respectively.

The current flowing in the LDR when light was being moved away from it

- was shown in figure 4.1, It was seen that the current reduces as light intensity reduces

. at longer distances.  Light intensity at distance x, decording to inverse square law is

-], 208

- proportional to x, When this was compared with x oblained in cquation 4.1, it




a0 R

'f:
was deduced that the current in the LDR has a responsc that is not lincar with light
intenyity. The current was therefore re-plotied in fgure 4.2, on o logarithm scale. A
linear curve swas ublained, which slope is L339 The currend @ in LD was
proporhios] o illamibdlon boas

=1t
Where 13 is a constant and k = 0,0334,

r ' . .

The value of k was used 1o derive a formula for caleulating optical density,
using cleetric curredls in the LDR. For two illuminations L, and L. there were two
“eurrents 1, and 1 respectlively. Delinition o) oplical densily is Q1 =Log (L /L), Using

electric current in this LDR, Optical Density was defined as

OD = 1/k Log (is/i)

Where 1/k is 1.578. The optical density measured in this work werc cvaluated with

the formula

OD = 1.578 log (i/i) . "
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Appendix 2 Tabie of observationy

' Table A.1 Charactcristir:s of LDR

LDR-light LDR current (I) | Log X*  [Logl
source X10™ Amperc : :

Distance (X) +0.01

(melcrs) + (0.001 -

0.050 535 2.602 3272
0.100 12,95 2.000 .3.530
0.200 .12 1.398 -3.951
0.300 0.67 1.046 -4.174
0.400 0.46 0:796 | -4.337
0.500 0.34 . 10.602 -4.469
0.600 - 0.27 0.444 -4.569
0,700 0.21 0.310 -4.678
0800 - foag " 0.194 -4,745
0,900 015 c 10,092 -4.824

The tables below show the result of experiment Lo test the densilomeier, The

oplical clcnsitics‘wcfc calculated using OD = 1.578 log (i,/1)

Table A2 Variation of optical density wnh varym}: X-ray peak voltape (kY p) at
S5mAs, 50cim and development time of 5 minules

kVp Dose (mSv) | Optical
1 0.05 ,| Density

+ 0.001

. 140 0.02 1.491
+ | 60 0.06 2.018
80 0.11 2.380
100 ' {0.22 | 2.404

120 0.37 _ 2.492
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Tuble A Varintion of opiieal densaty wilth voryime X-vay pak vodtuge, ni WAy,
[ 00 ad dovelopisent tine of Jininaies

r e it . !

kvp Dose (misy) Log Dose | Oplical Dengity
100 | 008 1 0.05 (AL
) 0.023 -1.038 . 1.564
50 0042 -1.3%77 1690
6i) 0067 -1.074 1.744
70 0.101 (1,996 2.0587
80 U.143 -.843 2.079
90 0.194 S -0.712 2,092
100 025 - -(.592 2.140
110 (.329 -(0.483 2,176

Jabh, A4 Variation ol optical density with varying mAs, at 50kVp, 50em and
dcvclopmcm of 5 minutes

mAs + 0.01 | Dosc (mSv) + 0.05 | Optical Density
~ - 1 0.001

05.00 0.03 . | 1.862

10.00 0.07 2.394

15.04) 0,10 24758

20,00 0,14 ' 2,504

25,00 07 oo 2514

Tuble A5 Varintion ol optical density witly virying mAs, af 80 kv, l(}lh.m
- and th_w,lnpmunl ol 3 minules.

mAs +0.01 | Dose ™ (mSv) - | Optical Densily
{).05 £ 0.001

2.0 0.010 0.702

20.0 0.095 1.520

100.0 0.47 ' | 1.800

200.0 0.952 o 2.095

1000.0 | 4.760 ‘ 2.167
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1 B
Table A6 Vanation ol opueal deosity with varying (tha-locus-distaoce (FI1F1D 3t
SmAS, 30 KV and developiment time of 5 minutes

CFED 4 0.05 Daose 10.05 | Oplical Density
+ (0.001
40 0.054 . 2.173
60 -1 0.024 1.521
80 10013 _ 1.052
100 . 0.009 0.581
120 - 0.006 (.344

_ "able A7 Variation ol’éplical density with dosc for wide range of doses.

Dose (x 10 % Sv) | Optical Density -
+0.05 : +0.001
0.006 0.344
0.009 (0.581
1 0.013 = ] 1.052 :
0.024 I I £33 :
0,030 1862
0.054 _ 2.173
0,070 2,304
0,100 2.475
0,144 ‘ 2,504
0,170 , AL
L3
Y §



