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الخلاصة 
هناك العديد من خوارزميات التصنيف التي تطبق على قضايا تصنيف النصوص، الجزء الغالب هو تطبيقها على اللغة 
أصعب  العربية  اللغة  العربية.  اللغة  على  الخوارزميات  هذه  طبق  الباحثين  من  جدا  قليل  الاخر،  الجانب  على  الانكليزية. 
بكثير من اللغة الانكليزية وبالتالي معالجة اللغة العربية أكثر صعوبة وتحدي من اللغة الانكليزية. في هذا البحث خوارزمية 
Maximum تطبق على النصوص العربية بعد المعالجة الاولية للنصوص حيث عدد النصوص (16757) ملفا  Weight
Maximum  يمكن ان تطبق على النصوص العربية  Weight عربيا نصيا يستخدم لأول مرة. بينت النتائج ان خوارزمية

fold-10  لموثوقية نتائج هذا المصنف. cross-validation حيث بلغت دقتها (%83) بالمعدل، حيث تم استخدام

الكلمات المفتاحية
Maximum Weight معالجة النصوص العربية، تصنيف النصوص، خوارزمية
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Abstract 
Many algorithms of classification implemented to the issue of text categoriza-

tion. A large portion of the work implemented in the English text. On the other 
hand, very few researchers implemented in the Arabic text. The nature of Ara-
bic text is very different than English text, and the preprocessing of the Arabic 
text is extremely difficult and more challenging. In this paper, Maximum Weight 
(MW) algorithm applied after preprocessing on the Arabic dataset that consists of 
(16757) text files used for the first time. The results showed that MW is applicable 
to Arabic text, it reached about (0.83) on average. 10-fold cross-validation used to 
the reliability of the result.

Keywords
Exponentiated exponential Pareto distribution, reliability function, reversed 

hazard function.
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1. Introduction
A huge amount of electronic texts is pro-

gressively accessible through the web and asso-
ciations, making the process of retrieving data 
and information transforms into a genuine is-
sue without great ordering and summarization 
of documents contents. Text or document clas-
sification is the solution for the issue. Numer-
ous statistical learning technique implemented 
in the field of text classification. Text classi-
fication is the process of classifying text into 
predefined category belong to it depending on 
their contents. Text classification consists two 
phases: the first phase is preprocessing and the 
second phase is classification which cannot be 
applied without the first phase. In this paper, 
Maximum Weight applied on dataset after 
preprocessing that consists of Tokenization, 
Stop-words removal, Stemming, in addition 
to term weight[1].

Electronic text classification can significantly 
reduce human time and effort in arranging and or-
ganizing any type of electronic data.

Arabic corpus didn’t as like as English cor-
pus that commonly used such as Reuters data-
set collection which has different versions.  Ar-
abic corpus lack of publicly available, for this 
reason, ِa new corpus built from the Iraqi media 
consist of (16,757) documents manually classi-
fied into 5 different categories and can be used 
in future where it published on the internet.

Another difficulty is the nature of morphol-
ogy Arabic that creates ambiguity in the text, 

the process of electronic text classification 
depends on the contents of documents. For 
this reason, Arabic documents classification is 
very difficult [2]. The Arabic language is very 
rich in its vocabulary where there is word has 
many of meanings, we can be extracted to one 
meaning using the stemming algorithm, and 
can be reduced of the dimensionality of the 
term space using feature selection.

There are many algorithms used for Arabic 
document classification as Decision Trees, K-
Nearest Neighbor, Naïve Bayes, Maximum En-
tropy, and others which give good accuracy.

K Nearest Neighbor, Naïve Bayes, Multino-
mial Logistic Regression, and Maximum Weight 
on same data set.  The results of these classifier 
for one test is (78.903%), (80.334%), (76.937%), 
(81.585%) respectively.  

In this paper, Maximum Weight classifier 
implemented on the dataset collected after 
preprocessing phase.

The outline of this section as the following: 
in section 2 text classification, then section 2.1 
preprocessing (first stage in text classification 
process) that consists four steps, classification 
using Maximum Weight in section 2.2, the 
data set that applied classifier on it in section 
3, then implementation and result in section 4, 
and conclusion and future work in section 5.

2. text classification
Text classification (TC) (also known as text 

categorization, topic spotting, document cat-
egorization, or document classification) is an 
important part of text mining (TM) and natural 
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language processing (NLP) that tries to replace 
and save human effort required in performing 
manual classification. It consists of assigning 
and labelling documents using a set of pre-
defined categories based on their content. Cat-
egories selected from a previously established 
taxonomy[1].

There are two approaches to text catego-
rization: rule-based, and machine learning-
based. The rule-based approach means that 

the classification rules defined manually and 
documents classified based on these rules. 
Machine learning approach means that clas-
sification rules or equations defined automati-
cally using sample labelled documents[3]. 

Text classification consists of two phases: 
the first phase is preprocessing that contains 
tokenization, stop-words removal, stemming, 
in addition to term weight. The second phase 
is classification by classifier. It explained in 
Fig. (1) below:

Fig (1): Methodology of Maximum Weight

2.1. preprocessing
Preprocessing represents the first step in 

TC. It is process prepared and format docu-
ments to be an input to machine learning 
techniques with high efficiency and accuracy. 
Documents should, firstly, be preprocessed 

which is an important stage in TC.
 The aim of preprocessing is to reduce 

dimensions and to distinguish between the 
most important documents by selecting the 
significant or relative words and ignore the 
irrelevant words. This will convert the docu-
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ments into the more suitable format can ma-
nipulate by computer. 

The general idea of preprocessing ex-
plained in algorithm (1) below.

          Algorithm 1: Preprocessing

            Input: D: collection of documents

            Output: V: collection of vectors

            Step 1: for each document in D do:

• Tokenization

• Stop-Word Removal

• Stemming

• Calculate the weights of each word

• Add the vector of weights to V.

• End.

Algorithm (1): The general idea of prepro-
cessing

Step 1: Tokenization
Tokenization is the first phase of prepro-

cessing. It is the act of breaking up a sequence 
of strings into pieces such as words, keywords, 
phrases, symbols and other elements called 
tokens. In the process of tokenization, some 
characters like punctuation mark discarded. 
The tokens are the input for another process 
like parsing and text mining. Usually, tokens 
or words separated by white space, punctua-
tion marks or line breaks that represent the 
boundary of words. All characters within con-

tiguous strings are part of the token[4]. 

Step 2: Stop-Words Removal
Stop word removal is one of the most 

commonly used preprocessing steps across 
different NLP applications. The idea is sim-
ply removing the words that occur commonly 
across all the documents in the corpus and un-
important words that appear in a text such as 
an article or web page (i.e. pronouns, prepo-
sitions, conjunctions, etc.). Stop-word will be 
the word that sifted through earlier or after 
the handling of natural language processing 
(NLP). They are generally thought to be a 
“single set of words”. It really can mean dif-
ferent things to different applications. For ex-
ample, in some applications removing all stop 
words right from determiners (e.g. the, a, an) 
to prepositions (e.g. above, across, before) to 
some adjectives (e.g. good, nice) can be an ap-
propriate stop word list. To some applications. 
However, this can be detrimental. For in-
stance, in sentiment analysis removing adjec-
tive terms such as ‘good’ and ‘nice’ as well as 
negations such as ‘not’ can throw algorithms 
off their tracks. In such cases, one can choose 
to use a minimal stop list consisting of just 
determiners or determiners with prepositions 
or just coordinating conjunctions depending 
on the needs of the application. Finally, this 
phase consists of the following steps[5]:

i. Converting the documents into individual 
words stored in an array (Tokenization)
ii.  Stop word removal. A comparison made 
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between the arrays received from step i and 
the array representing the stop word list, if a 
match is received, the word deleted from the 
array. Some fast search technique used by 
scanning the words array.
iii. Repeating step ii until all stop-words re-
moved from the array. 

This step can be speeded up by the used 
representation of stop list as a suffix tree.

According to this paper, the list of stop 
words is containing (16178) words that de-
leted from the text file, in addition to a list 
containing 169) words including correlatives, 
signal pronouns, prepositions, etc.

Step 3: Stemming
Different forms of a word often communi-

cate essentially the same meaning. Stemming 
is the process for reducing inflected words to 
their word stem (base form) which can be re-
moved any affixes (prefixes that added to the 
beginning of the word, infixes that added to the 
middle of the word, and suffixes that added to 
the ending of the word) from the words to re-
duce these words to their stems or roots under 
the assumption that words sharing the same 
stem. Thus, stemming process is merging 
those forms to the same stem. In other words, 
it is the process of reducing modulated words 
to their word stem, root or base. It is a hard 
stage in light of the fact that the word could 
have numerous determinations that change 
the stem itself, along these lines, it is difficult 
to recognize root letters and fasten letters[6]. 

There are two major approaches are very 
common in Arabic stemming: Light stem-
ming (also called stem-based stemming) that 
removes prefixes and suffixes of words such 
as “Khoja stemmer” works well with this 
approach. And Root-based stemming (also 
called aggressive stemming) which reduces a 
word to its root [6].

In this, ISRI [7] has been used. It belongs 
to the Information Science Research Institute 
(ISRI) and shares many characteristics with 
Khoja stemmer, but it does not use a diction-
ary for word roots.

Step 4: Term Weight
There are many of methods for compute 

weight of feature subset selection are TF-
IDF, Information Gain, Chi-Square, mutual 
information, and Gini index. In this paper, 
the method to select feature is TF-IDF where 
compute term frequency and inverse docu-
ment frequency according to equation (1).

tf: Term Frequency tf(t,d) of term t in docu-
ment d is defined as the number of times that 
t occurs in d.

idf: Inverse Document Frequency esti-
mates the rarity of a term in the whole docu-
ment collection. (If a term occurs in all the 
documents of the collection, its IDF is zero)

 …(1)

TF-IDF combine the definitions of term fre-
quency and inverse document frequency, to 
produce a composite weight for each term (t) 
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There are two major approaches are very 
common in Arabic stemming: Light stem-
ming (also called stem-based stemming) that 
removes prefixes and suffixes of words such 
as “Khoja stemmer” works well with this 
approach. And Root-based stemming (also 
called aggressive stemming) which reduces a 
word to its root [6].

In this, ISRI [7] has been used. It belongs 
to the Information Science Research Institute 
(ISRI) and shares many characteristics with 
Khoja stemmer, but it does not use a diction-
ary for word roots.

Step 4: Term Weight
There are many of methods for compute 

weight of feature subset selection are TF-
IDF, Information Gain, Chi-Square, mutual 
information, and Gini index. In this paper, 
the method to select feature is TF-IDF where 
compute term frequency and inverse docu-
ment frequency according to equation (1).

tf: Term Frequency tf(t,d) of term t in docu-
ment d is defined as the number of times that 
t occurs in d.

idf: Inverse Document Frequency esti-
mates the rarity of a term in the whole docu-
ment collection. (If a term occurs in all the 
documents of the collection, its IDF is zero)

 …(1)

TF-IDF combine the definitions of term fre-
quency and inverse document frequency, to 
produce a composite weight for each term (t) 

in each document that is calculated as follows:
 …(2)

Each word with idf equal to zero is deleted 
when computing weights, thus reduces the 
size of the text file.

2.2. classification
After the preprocessing stage that men-

tioned in detail in the previous section, the 
data set is ready to input to the second stage 
from phases of text classification, which is 
techniques of classification that applying on 
the text. The classifier applies rules (may be 
learned from labelled data) on the input. 

In this paper, Maximum Weight classifier 
has been used to classify Arabic text docu-
ments. The input for this classifier is the out-
put of preprocessing where each document 
represented as a vector consists two columns, 
the first for words and the second for weight 
as showed in Fig. (2)[8].

ments. The input for this classifier is the out-
put of preprocessing where each document 
represented as a vector consists two columns, 
the first for words and the second for weight 
as showed in Fig. (2)[8].

Fig (2): supervised classification

• Maximum Weight
 Maximum Weight can be implemented 

simply where each feature will be related to 
one class not more, this help us where feature 
reduction is not matter for the same mentioned 
reason because each class has different subset 
of all features set and then feature reduction 
inclusively used. The algorithm (2) of this 
classifier is below:

algorithm 2: Maximum Weight
Input: set of classes C ={c1,c2 … cn};  txtfwtr=

dictionary of words and weight of it for traning

data; txtfwts =test document
.Output: name of class
Step1: Let Wimax= maximum weight of the term i

.among all these classes

Step2: Let Cij= is a binary value which indicate the

class j contain the maximum weight of the term i

Step3: for each word (w) in txtfwts do

for each class in C do                 

If (class contain w) then                    

Result=Cij*Wimax                       

End for                   

Add result to dictionary                   

End for              

.Name of class=argmax dictionary              

Return name of class             
.End

Algorithm (2): The algorithm of this clas-
sifier

3. corpus
Corpus used in this paper collected from 

Al Sabah newspaper. It is written in Arabic 
Language. It used for first time in machine 
learning. The corpus took a long of time to 
clean and arrangement and classified it manu-
ally. It consists of (16757) Arabic documents 
belong to 5 different categories (see Table 
(1)). Preprocessing implemented on it then 
MW classifier that is supervised learning; the 
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reform the corpus used for learning and evalu-
ating the performance which is divided into 
two parts training and test data. (15080) docu-

ments (90%) is training data and (1677) docu-
ments is used for testing (10%). 

Table (1): Dataset

Category Total documents# training documents# testing documents #

Literature and Arts 2175 1957 218

Family and community 1017 915 102

Economy 3411 3070 341

Sport 8546 7691 855

Science and Technology 1608 1447 161

Total 16757 15080 1677

غياب أوين عن مانشستر يونايتد ستة أسابيع
12:00 صباحا  16/11/2011

بغداد –وكالات
أعلن نادي مانشستر يونايتد بطل الدوري الإنكليزي لكرة القدم في الموسم الماضي أن المهاجم مايكل أوين سيغيب عن الملاعب نحو ٦ أسابيع 

بداعي الإصابة.
وأوضح النادي أن أوين يaعاني من إصابة في ظهره تعرض لها خلال المباراة التي فاز فيها الفريق على غالاتي الروماني (۲-۰) قبل نحو أسبوعين 
ضمن مسابقة دوري أبطال أوروبا.وساهم أوين في صنع الهدف الأول بتمريرة جميلة إلى زميله الإكوادوري لويس انطونيو فالنسيا الذي وضعها 

في الشباك (۸).
من جانبه، قال المدرب الاسكتلندي أليكس فيرغوسون أن أوين الذي أصيب لد￯ قيامه بحركة صعبة للسيطرة على الكرة، «يعاني من تمزق 

عضلي وسيغيب ٦ أسابيع“.

Fig. (3) Sample on Data Set

4. Implementation and Result
MW text classification algorithm on the 

new Arabic corpus after many stages from pre-

processing (Tokenization, Stop-Words Remov-
al, Stemming, Stop-Words Removal second 
time to reduce text file). In addition to compute 
weight of each term is calculated using. 
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The result of implement MW is (82.66%) 
in average where 10-fold cross validation to 

reliability of this classifiers. The result shown 
in Table (2). Below.

Table (2): Result of MW using 10-fold cross validation

Fold# training files # testing files # MW

1 15080 1677 81.585%

2 15080 1677 83.13%

3 15080 1677 82.11%

4 15080 1677 74.84%

5 15080 1677 85.39%

6 15082 1675 83.363%

7 15082 1675 85.868%

8 15082 1675 83.304%

9 15082 1675 84.496%

10 15082 1675 82.469%

The accuracy of MW for 10 tests are explained in Fig. (4) below:
 

 

Fig. (2): Accuracy of Maximum Weight 
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5. Conclusion And Future Work
As we can see, the work focus on: (i) pre-

processing Arabic text documents (ii) con-
structing a new Arabic corpus taken from Iraqi 
media which can be used by the researcher in 
the future, (iii) testing the corpus with a new 
classifier called Maximum Weight that proves 
efficiency and speedily.

In MW where each feature is relative to 
one class not more result in each class has its 
own features. In other words, each class has 
the different subset of all features set, and then 
feature reduction inclusively used. This algo-
rithm tested with a new Arabic corpus. It can’t 
be used for multi-class classification problems 
without modification. 

It can be applied on anther dataset such as 
handwritten, social web, image, video, etc.
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الخلاصة
 تم تحضير نماذج من مخلوط بولي فاينيل الكحول مع الأثلين كلايكول ومضاف مسحوق قشور الرمان المغربل. 
تم تشخيص مسحوق قشور الرمان والمخلوط باستخدام مطياف تحويلات فورير للأشعة تحت الحمراء. تم قياس 
المواصلة،  الحر،  الفضاء  سعة  العزل،  فقد  العزل،  ثابت  مثل  الكهربائي  العزل  معاملات  الكهربائي.  العزل  قيم 
زيادة حجم  مع   2.639 الى  العزل  فقد  بالاهتمام في  جدير  نقص  ان  وجد  المستمر.  والتوصيل  المتناوب  التوصيل 
حبيبات مسحوق قشور الرمان المغربل الى (600) مايكروميتر النموذج (4) ومختلف الدراسات اللاحقة لفاعلية 
حجم   (3) و   (2) للنماذج  الكهربائية  التوصيلية  في  زيادة  وجد  البوليمرات.  مع  الرمان  قشور  مسحوق  انسجام 

حبيبات قشور الرمان (212) مايكروميتر و(300) مايكروميتر ونقص عند النموذج (4).

الكلمات المفتاحية
مخلوط، مضاف، تشخيص، عزل، السعة، الحث.
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Abstract
       Samples are prepared from mixture of manufacture foam material 

polyvinyl alcohol with ethylene glycol (PVA-EG) and additive of crushed and 
sieved pomegranate peel (PP). Crushed pomegranate peel (PP) and the mixture are 
diagnosed by Fourier transforms infrared (FTIR) spectrophotometer. The electrical 
insulation parameters are measured. The dielectric parameters such as dielectric 
constant (ɛ′), dielectric loss factor (ɛ′′), free space capacitance (Co), conductance 
(Gs), dependent conductivity (σac), and independent conductivity (σdc) have 
been investigation. There is a significant decrease in dielectric loss factor ε′′ to 
2.39 as the grain sizes of crushed and sieved (PP) increased to (600) µm sample 
(4), and various recent investigations of functionalization of PP fillers to improve 
compatibility with polymers. The electrical conductivities of composites are found 
to increase at sample (2) and (3) PP grain size (212) µm and (300) µm and decrease 
at sample (4).

Keywords
 Mixture, Diagnosis, Insulation, capacitance, Inductance.
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1. Introduction:
Applications of polymers have been in-

creasingly used for many technical tasks, such 
as biopolymers, Copolymers and composites. 
Biopolymers may occur in natural or synthe-
sis sources as proteins and carbohydrates and 
synthetically prepared as poly (lactic acid), 
polyvinyl alcohol (PVA), polyethylene gly-
col (PEG) etc. most natural biopolymers are 
degradable soon after treating to be used for 
industrial purposes [1].  Polymers com-
posites have many lubricants, that can be 
used in various applications such as dielec-
tric materials, Nano-sized conductor fillings, 
including grapheme nanoplatelets, can create 
a filter network inside the polymer matrix in 
low-weight part, while the presence of con-
ductive nanoinclusions into a polymer matrix 
could alter the permittivity of the composite 
systems resulting in enhancement of their en-
ergy storing capability [2]. Pomegranate poly-
phenols are strong antioxidants and chemical 
protective factors but possess low availability 
and biological half-life. For example, punica-
lagin (PU), is the phenol in pomegranates, is 
not absorbed in its proper form and for those 
decomposed into ellagic acid (EA). The major 
polyphenols in pomegranate are decomposed 
to ellagic acid (EA) moieties and rapidly me-
tabolized into short-lived metabolic product. 
A pomegranate contains many polyphenolic 
compounds with high antioxidant and free-
radical-scavenging activity including flavo-
noids, condensed and hydrolyzed tannins, and 
hydrolyzed tannins (ellabitannins (ETs) and 

Gallo tannins). Encapsulation of ellagitannins 
(ETs) into biocompatible and biodegradable 
nanoparticles (NPs) may overcome their sus-
ceptibility to gastrointestinal hydrolysis, poor 
absorption, low systemic bioavailability and 
short half-life. The hypothesis that encapsu-
lation of pomegranate polyphenols into bio-
degradable sustained release nanoparticles 
(NPs) may circumvent these limitations [3]. 
Chloroform is a volatile liquid has a molec-
ular weight 119.38 with molecular formula 
CHCl3 was supplied from Sd Fine chem.-lim-
ited, India. Polyvinyl alcohol (PVA) was hot 
water soluble supplied from HIMEDIA REF 
Laboratories Put ltd. India. PVA is a hydro-
philic linear polymer, has molecular weight 
89,000 to 98,000. Chemically and physically 
modified PVA with molecular formula -[CH2-

CHOH]- repeated unit, (C2H4O). Polymer 
systems have been developed due their high 
ionic conductivity and became main objec-
tives in polymer research. Due to their poten-
tial applications as electrolytes in solid-state 
batteries, fuel cells, electrochemical display 
devices/smart windows, photochemical cells 
etc., according to their high conductivity, high 
energy density, wide electrochemical stability 
and easy process ability. The main advantages 
of polymer electrolytes are their mechanical 
behaviors, ease of fabrication of thin films of 
desirable sizes and their ability to form prop-
er electrode/electrolyte in contact in electro-
chemical devices [4].

 More over their studies of phase sepa-
ration in thin films of binary mixtures is ef-
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fective production and commercially impor-
tant for different coatings and films, including 
insulating layers, photographic materials and 
paint systems. Film of polymer blends exhibit 
more desirable characteristics than individual 
homopolymer, many blends polymer compo-
nents are also highly incompatible with each 
other, will remix and phase separate. The de-
gree separation in polymer blends will greatly 
affect the resulting morphology, that can have 
adverse effects on the resulting film [5]. FTIR 
technique has attained high precision and ac-
curacy in measurement to be sufficiently re-
producible for most industrial; research and 
development purpose. Spectra from poly-
meric samples are usually relatively rapid and 
straightforward. Moreover, FTIR micro-spec-
troscopy combines the spatial specificity of 
microscopy with the powerful chemical spe-
cific of spectroscopy [6].

 Ethylene glycol is a chemical com-
monly is used in many commercial and in-
dustrial applications including antifreeze in 
winter and coolant to reduce over heating in 
summer. The molecular formula of ethylene 
glycol is HOCH2OH or C2H6O2 and its molec-
ular weight is (62.067) g/mol, is a colorless, 
odorless, viscous dihydroxy alcohol. Bulk 
dielectric polymer film with an intrinsic ul-
tralow dielectric constant at (10) kHz has been 
successfully synthesized based on a novel 

polyimide. More importantly, such outstand-
ing dielectric properties remain stable up to 
(280) oC. The excellent ultra-low dielectric is 
mainly because of the large free volume (sub-
nanoscale), that intrinsically exist in the amor-
phous region of polymeric materials [7]. The 
aim of the project is focused on the dielectric 
own quality of the composites, specifically the 
measurement of dielectric parameters and the 
dielectric properties are investigation.               

      
2. Experiment Work
2.1. Manufacture of Foam Material of PVA
(10) gm of polyvinyl alcohol (PVA) pow-

der supplied from HEMEDIA Laboratories, 
Ltd, India, has been weight by using Sartorius 
balance, Germany. (10%) concentration of 
PVA with (100) millimeter of distilled water 
have been emplaced into a bottom round flask 
was put into isomental heater and stirrer sort 
Heidolf, Germany is used to mix the mixture. 
The system operated with temperature has 
been raised between (92-98) oC as in Fig. (1). 
Each (15) minutes the system is stopped to 
measure the temperature by thermometer and 
the vapor steam is let out to avoid solidifica-
tion of the material, continuation of the oper-
ating the system until a complete dissolve of 
PVA in time period one and half hour. The ob-
tained product of foam material of PVA is col-
lected in clean glass container as in Fig. (2).                                                                                   
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Fig. (2): Foam material of PVA and 
set up of measurements

  Fig. (1): Setup of Manufacture 
foam material of PVA

2.2. Samples Preparation: 
Glass substrates were emplaced in flask 

that is cleaned with distilled water for (10) 
minutes and was rinsed with acetone then 
is washed by distilled water. The glass sub-
strates were put in vacuum furnace at (90) 
oC until they were dried. The furnace is put 
off and the clean glass substrate is left inside 
the furnace over night to let the temperature 
falls to room temperature and the clean glass 
substrates are taken out for use. Pomegran-
ate peel (PP) was left to be dried in open air 
for two months. The dried pomegranate peel 
was crushed by stainless steel mortar and was 
kept in plastic container. The crushed PP. was 
sieved for different grains size, (75) µm, (212) 
µm, (300) µm, (600) µm and remaining from 
the last sieving is large than (600) µm grain 
size (2360) µm. Each weight (0.03) gm. of 
pomegranate peel particle size was dissolved 

in (0.025) mole of chloroform and mixed by 
spatula to ensure homogeneous solution; this 
is added and mixed with (0.092) mole polyvi-
nyl alcohol (PVA). And (0.041) mole of eth-
ylene glycol (EG) mixture, all the mixtures 
were deposited on the clean glass substrates as 
samples. Two copper electrodes were fastened 
at both ends of the films and left over night 
to be dried and to ensure the chloroform will 
be evaporated from the mixture. These speci-
mens are subjected to dielectric measurements 
by using FLUKE PM (6303) RCL meter serial 
number 781003, Germany. The dimensions of 
the specimens and the cross sections of the 
tip vicinity have been measured with Vernier 
Caliper Certificate made in China. Table (1):
indicates the samples preparation
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Table (1): Samples preparation

Cross sectional
area of the tip
.vicinity mm2

Thickness of
specimens

.mm

Width of
specimens

.mm

Length of
specimens

.mm
PP. grain
sizes µmEG molesPVA moles

0.81.3120.0016.20750.0410.091

0.9151.3318.5316.542120.0410.091

0.1421.52112.3515.223000.0410.091

3.141.5112.9516.336000.0410.091

0.1381.6313.4216.65> 6000.0410.091

3. Calculations and Results:
3.1. Dielectrical Insulation
Dielectrical parameter measurements were 

included quality factor (Q), dissipation factor 
(D), impedance (Z), parallel resistance (Rp), 
series resistance (Rs), parallel capacitance 
(Cp), series capacitance (Cs) and phase shift 
(ɸ). Table (4) indicates the dielectric measure-
ments and calculations. Dielectric constant (έ) 
and dielectric loss (ἕ) of samples were calcu-
lated using the following relations [8]:                                   

Where Cs: the series capacitance in pF
εo permittivity of free space F.m-1.                                                               

d: the thickness of sample mm.
A: cross sectional area of effective elec-

trode area mm2.                              Dielectric 
loss factor is given by [9]:

Where w: angular frequency 2πf. And f: 
frequency Hertz.

The free space capacitance  

Where εo: permittivity of free space 
8.85*10-12 F m-1. 

A: electrode area mm2

d: thickness of the electrode mm.
Co is equal to 4.863*10-4 pF
Conductance is given by 
Gs = ε’ Co ω  (5)
ac conductivity σac:
 σac= εoε’’w  (6)
Total conductivity σt is:

3.2. Fourier Transforms Infrared (FTIR) 
Spectroscopy:   

FTIR spectroscopy of crushed PP grain 
size (75) µm is carried out with kBr disc by 
using JASCO spectrophotometer (4200), 
serial No. C08176018, Japan. Spectra are 
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taken in wave number (400-4000) cm-1 as 
in Fig. (3). Band at (3410.98) cm-1 is the 
presence of stretching primary amines, 
band at (2928.76) cm-1 is due to secondary 
amines with corresponding vibration peak 
at (1615.57) and band at (1364.86) cm-1

corresponding to C-N stretching vibration 
aromatic group[10] and band at (1049.09) 
cm-1 is corresponding to C-H of alkanes, 
peak at (1445.39) cm-1 stretching vibra-
tion C-OH of protein and polyphenols and 
peak at (1731.760) cm-1 corresponding to 
C=O stretching vibration of flavonoids and 
amides[11], peak at (639) cm-1 alkenes[12]. 
Table (2) is the comparison of the obtained 
results with previous studies. FTIR spec-
troscopy of (PVA-EG-PP), for sample (1) 
at foam material of PVA (0.092) mole, EG 
(0.041) mole and crushed PP grain size (75) 
µm and 0.03 gm. in weight is dissolved in 
(0.025) mole of chloroform and added to the 
mixture (PVA-EG). The spectra have been 
carried out in wave number (400-4000) cm-1

as in Fig. (4) by using JASCO spectropho-
tometer (4200), serial No. (C08176018), 
Japan. Band at (3385.42) cm-1 attributed to 
OH [13], band at (2927.41) cm-1 related to 
the presence of –CH groups [14] and band 
at (1078.98) cm-1 is not noted and used as 
an indicator for PVA structure [15]. Peak 
(1727.42) cm-1 and peak (1616.54) cm-1

pomegranate peel powder [16] and peak 
(1364.39) cm-1 C-N complex reaction, Yang, 
et al [11]. Table (3) is the comparison of the 
obtained results with previous studies.       

4. Results and Discussion: 
FTIR test of pomegranate peel (PP) grain 

size (75) µm as shown in Fig. (3), have been 
investigated. Table (2) indicates the com-
parison between the obtained results with 
other studies, band (3410.98) cm-1 is prima-
ry amines, in comparison with Fig. (4); of 
PVA-EG-PP, Table (3) band (3385.42) cm-1

is determine OH. Peak at (1364.34) cm-1 for 
PVA-EG-PP is complex reaction took place 
between C-N. Table (4) Maximum calculated 
dielectric constant is (2.47*103) for sample 
(1) PP grain size (75) µm and minimum value 
is (16.301) for sample (4) PP grain size (600) 
µm. the dielectric constant decreases with 
increasing of PP grain size so that the giant 
dielectric constant is close to (75) µm of PP 
[17]. The maximum calculated dielectric loss 
factor is (2.03*103) for sample (1) and mini-
mum value is (2.639) for sample (4). ε′ and ε′′ 
are experimentally observable parameters and 
used to characterize dielectric dispersion over 
(1) kHz [18]. Dielectric constant measures 
the efficiency of an insulating material and 
is used to determine the ability of an insula-
tor to store electric energy [19]. If a material 
is to be used for strictly insulating purposes, 
it would be better to have a lower dielectric 
loss. However, one of the major reasons for 
the choice of a particular dielectric material 
its dielectric constant. Those with high di-
electric constant enable high values of capaci-
tance to be achieved, each one having a dif-
ferent permittivity or dielectric constant. Free 
space capacitance Co value (4.863*10-4) pF. 
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Maximum conductance is (2.768*10-9) S for 
sample (1), and minimum (4.97*10-11) S for 
sample (4), Maximum σac (1.132*10-4) S m-1

for sample (1) and minimum (1.46*10-7) S m-1

for sample (4). Maximum σdc is (1.078*10-4) 
S m-1 samples (1) and minimum (12.2*10-8) 
S m-1 Samples (4). Fig. (5) Indicates the rela-
tion between the dielectric constant ε′ and the 
series capacitance Cs, the decrease in Cs will 
cause decrease in ε′, consequently the larger 
relative permittivity is the larger resulting ca-
pacitance becomes as in sample (1) and (2), 
the important of the case is to maintain the 
conductance Gs. Fig. (6) Indicates the depen-
dence of the ac conductivity on the dielectric 
loss factor ε′′ according to the linear relation-
ship the value of σac increase with increasing 
ε′′. It is important to consider the losses in ac 
capacitors. The complex dielectric constant 
is usually defined as ε* = ε^’- jε’’. The real 
part of permittivity ε′. It is a measure of how 
much energy from an electric field is stored 
in a material.  ε′′ is the imaginary part of per-
mittivity. It is a measure of how dissipative 
or lossy a material is to an external field. The 
ratio (ε’’/ϵ’) is tanδ.[20].  Fig. (7), the depen-
dant of the dielectric constant ε′ on PP grain 
size µm, the value of ε′ is decreased at sample 
(4) and alternatively cause decrease in val-
ues of Gs, σac and σdc. Fig. (8), the depen-
dant of ε′′ on PP grain size as the grain size 
increase ε′′ decrease except at sample (4), is 
nearly the same as in Fig. (8). Fig. (9), indi-
cates variation of the σac S m-1 with PP grain 
size µm, σac decreases as the PP grain size 

increases. Fig. (10), the variation of σdc S m-1

with particle size PP µm the variation gave a 
peak at sample (3), σdc is equal to (8.58*10-

4) S m-1 and electrical conductivity gradually 
decreases as the PP grain sizes increases, this 
is related to the complex dielectric constant, 
similarly complex AC conductivity consists 
of real and imaginary part [21]. Fig. (11) the 
variation of conductance Gs S with PP grain 
size µm, Gs decrease at sample (4) and (5) 
(4.97*10-11) S and (1.22*10-9) S. Fig. (12), the 
variation of total conductivity σt S m-1 with 
PP grain size µm there is increase at sample 
(3) (8.71*10-4 S m-1). Capacitive reactance 
Xcs and inductive reactance XL have been 
calculations. Generally, PP filler enhance the 
electrical conductivity and the polar behavior 
of PVA [22]. The dielectric behavior relates to 
the tendency for capacitance build-up, that is 
commonly involve electric polarization. The 
associated charge movement can be due to po-
lar bond rotation, functional group movement 
etc. [23] the measurement of capacitance (as 
measured at 1 kHz) for the composites of the 
specimen’s inclusion the effect of the two 
copper wires and the tip vicinity at the points 
of contact.
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Fig. (3): FTIR spectroscopy of (75) µm Pomegranate Peel (PP)

Table (2): Comparison of the obtained results with previous studies

Wave number cm-1Functional groups of referenceWave number cm-1Functional group ob-
tained results

ref.10,3371Primary amines3410.98Primary amines

ref. 10 ,2927Secondary amines1615.57 ,2928.86Secondary amines

ref. 10 ,1373C-N stretching vibration aro-
matic groups1364.86C-N stretching vibration

aromatic groups
ref. 11 ,1060C-OH of alkenes1049.09C-OH of alkenes

ref. 11 ,1616C-OH stretching of protein and
polyphenols1445.39C-C stretching vibration

of Aromatics

ref. 11 ,1724.90  C=O stretching vibrations of
flavonoids1731.76C=O stretching vibra-

tions of flavonoids
ref, 12 ,698.23Alkenes639Alkenes

Fig. (4): FTIR of PVA-EG-PP
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Table (3): The comparison of the obtained results with previous studies.

Wave number cm-1Functional groups of refer-
encesWave number cm-1Functional groups of ob-

tained results

3391.21, ref. 13OH3385.42OH

2940, ref. 14-CH2 groups2927.41-CH2 groups

1150-1050, ref. 15Indicator for PVA structure1078.98Indicator for PVA struc-
ture

1614, ref. 16Pomegranate peel powder1727.42, 1616.54Pomegranate peel powder

1350.64, ref. 11C-N complex reaction1364.39C-N complex reaction

Ls 
kH

Lp
kHCs pFCp pFZ MΩRs MΩRp MΩDQSamples

3.0387.44.95.871.9536.333.320.8471.0775µm 
PP.

2.3827.428.96.973.622.628.80.9121.24212 µm 
PP.

0.30.2--------------788.21.011.07300 µm 
PP.

0.30.3--------------32780.1622.07600 µm 
PP.

0.30.2---------------26730.2983.82< 600
µm PP.

ɸLɸcXL 
MΩ

Xcs 
MΩ

σt S

m-1
σdc S m-1σac S m-1Gs Sε′′ε′

68.0-69.919.07832.49710-6*4.53210-4*1.08710-4*1.13210-9*2.768103*2.039.06*102

82.6-88.714.95817.891
6.65*

10-4
6.00* 10-56.5*10-54.46* 10-9103*1.171.46*102

-----
---84.2----53010-4*8.7110-4*8.581.35*10-5

8.81*

10-9
102*2.443.6*102

-----
---80.7----530

2.39*

10-8

12.2*

10-8
1.46*10-7

4.97*

10-11
2.63916.301

-----
---76.2----530

1.43*

10-5

0.78*

10-5

6.60*

10-6
10-9*1.22102*1.183.99*102
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Fig. (5): the relation between the dielectric 
constant ε′ and Series capacitance Cs 

Fig. (6): the dependant of ac conductivity 
σac on the dielectric loss ɛ′′ factors ε′′

Fig. (8): the dependant of dielectric loss 
ε′′ on PP grain size µm

Fig. (7): the dependant of dielectric     
constant ε′ on PP grain size µm

Fig. (10): the variation of Dc conductivity 
σdc S m-1 with PP grain size µm

Fig. (9): the variation of AC conductivity σac 
S m-1 with PP grain size µm 

Fig. (11): Variation of conductance Gs S 
with PP grain size µm

Fig. (12): Dependant of total conductivity σt 
S m-1on   PP grain size µm
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5. Conclusions:                                                                                                         
1- Decrease in the dielectric loss factor is 

due to the dielectric material changes polarity 
and in specimen (4) is due to increase particle 
size of PP. to 600 µm.

 2- The volume of capacitor depends on the 
dielectric material that was chosen.           

 3- Capacitors are used for a wide variety 
of purposes and made of different materials 
and in different styles. They will consider 
three board types, that is, capacitors made for 
ac, dc and pulse applications. ac case is the 
most general since ac capacitors will work (or 
at least survive) in dc and pulse applications 
and the reverse may not be true.                       

4- Losses in ac capacitor one is due to a 
conduction loss represent the actual freight-
age flow in the dielectric and the other is a 
dielectric loss due to movement or rotation of 
the atoms or molecules in an alternating elec-
tric field.                                                                                           

5- Dielectric loss refers to the energy that 
is lost to heating of an object that is made of 
dielectric material if a variable voltage is ap-
plied to it. This loss happen because as the 
material changes polarization                   6- 
Ideal capacitor is a purely reactive device, 
containing absolutely zero resistive (power 
dissipation) effects.                                                      

7- Dependent frequency ac conductivity 
can be calculated from the equation     and.                                         

8- Composites, the wonder materials are 
becoming an essential part of today’s materi-
als due to the advantages such as low weight, 
corrosion resistance, high fatigue strength and 

faster assembly. They are extensively used as 
materials in making aircraft structure, elec-
tronic packaging to medical equipment and 
space in extensive composite polymers with 
an appropriate weight, appropriate electric 
conductivity and/or appropriate impact value 
for use with practical articles.                          
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الخلاصة
مرض القلب التاجي هو تضيق الشرايين التاجية للقلب بسبب تجمع المواد الدهنية وبناء البلاكات او الاغشية الحية على 
جدرانها، هذا المرض يسبب نقصان ورود الدم الغني بالأوكسجين لعضلة القلب، ويعاني مرضى القلب التاجي من الم شديد 
اللثة وما حول  الوثيقة بين مرضى (التهاب  بالعلاقة  بالذبحة الصدرية. ان ازدياد الادلة الخاصة  الراحة وهو ما يعرف  وعدم 
هو  المتوفر  الاساسي  والدليل  الاخيرة.  السنوات  خلال  وملاحظتها  تمييزها  تم  الوعائية  القلب  بأمراض  واصابتهم  الاسنان) 
او  البلاكات  في  الاسنان  حول  وما  اللثة  لالتهاب  المسببة  المرضية  بالجراثيم  الخاص  (الدنا)  النووي  الحامض  تواجد  اكتشاف 
الاغشية الحية على جدران الشرايين التاجية المتصلبة والذي يعتبر الخطوة الاولى لتوضيح العلاقة الاساسية بين هاتين الحالتين 

المرضيتين.

الكلمات المفتاحية
أمراض الشريان التاجي: تصلب الشرايين ، التهاب اللثة ، PCR ؛ بورفيوموناس اللثة 16S الريبوسوم RNA والأنماط 

.fimA الجينية
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Abstract
Background: Coronary heart disease is a narrowing of coronary arteries due to accumulation of 

fatty materials (plaque) build-up on its walls. This disease will decrease the oxygen-rich blood supply. 
Coronary heart disease patients will suffer from pain and discomfort known as angina. Increasing 
evidence regarding the potential association between periodontal diseases and cardiovascular diseases 
has been identified in recent years. The available evidence underlines the importance of detecting 
DNA of periodontal pathogens on atheromatous plaques as the first step in demonstrating the causal 
relationship between these two conditions.

Keywords
Ccoronary artery diseases: Atherosclerosis, Periodontitis, PCR; Porphyromonas gingivalis 16S 

ribosomal-RNA and fimA genotypes.

a. Materials and Methods
Atheromatous plaques from coronary arteries were achieved by diagnostic and therapeutic 

catheterization, homogenized, and bacterial DNA was extracted. To obtain a critical “keystone 
periodontal pathogen (Porphyromonas gingivalis), two amplifications of the eubacterial (16S ribosomal-
RNA gene) and  fimA genotypes were carried out for each sample with specific primers for the target 
bacteria and performed by a conventional monoplex and multiplex polymerase chain reaction (PCR) 
technique. Statistical analysis test included the x2test.

b. Results
Seventy four coronary artery atheromatous plaque samples were analyzed. Most of them )54/74( 

(73%) were positive for the target bacterium Porphyromonas gingivalis according to genus and species 
level due to presence of eubacterial 16S ribosomal-RNA gene and species specific fimA genotypes 
in coronary artery atheromatous plaque samples, the simultaneous presence of several and various P. 
gingivalis fimA genotypes within the same atheromatous plaque specimen was a common observation. 

Conclusions: This study was conducted to investigate the presence of a particular DNA from the 
most common periodontitis-associated bacteria  P. gingivalis both at genus and species level in coronary 
artery atheromatous plaques retrieved by endarterectomy, this finding is provide an additional evidence 
that supports the potential association between chronic periodontitis and cardiovascular diseases, in 
which the periodontal P. gingivalis can access to the systemic circulation (bacteremia), colonize at 
distant sites, and thus, might influence the pathophysiology of coronary artery atherogenesis.
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1. Introduction  
Cardiovascular disease is a common cause 

of death in industrialized countries, account-
ing for (29%) of deaths worldwide. Athero-
sclerosis is the principal cause of all cardio-
vascular diseases; it is responsible for (50%) 
of all mortality in the United States, Europe, 
and Japan [1]. More than 50 prospective co-
hort and case control studies undertaken dur-
ing the past 25 years demonstrated evidences 
for an association between periodontitis and 
cardiovascular diseases like, atherosclerotic 
vascular disease, including stroke, myocar-
dial infarction, peripheral vascular disease, 
abdominal aortic aneurysm, coronary heart 
disease, and cardiovascular death [2,3].  

 Coronary heart disease is a narrowing 
of coronary arteries due to accumulation of 
fatty materials (plaque) build-up on its walls. 
This disease will decrease the oxygen-rich 
blood supply. Coronary heart disease patients 
will suffer from pain and discomfort known as 
angina [4].   

Atherosclerosis is the major event in the 
pathophysiology of cardiovascular diseases, 
in which large- to medium-size muscular and 
large elastic arteries become occluded with fi-
brolipidic lesions, known as atheromas. These 
atheromatous plaque are responsible for end-
stage complications or events associated with 
cardiovascular diseases, such as coronary 
thrombosis, acute myocardial infarction, and 
stroke [5].

Periodontitis is a chronic inflammatory 
disease caused by bacterial colonization, 

which results in destruction of the tissues be-
tween the tooth surface and gingiva, loss of 
connective tissue attachment, erosion of al-
veolar bone, and tooth loss, periodontitis is 
common and increases with age, in a United 
States of America  survey, about half of adults 
aged (>30) years have some periodontitis and 
almost 10% have severe disease [6]. 

Several studies have demonstrated that the 
presence of oral bacteria in atherosclerotic 
plaques is implicated in the pathogenesis of 
cardiovascular diseases, and that atheroscle-
rosis and cardiovascular diseases are both ac-
celerated by periodontal disease [3, 7].  A link 
between periodontitis and cardiovascular dis-
ease has been proposed, periodontal disease 
and cardiovascular disease are highly preva-
lent in the modern community. Both patholo-
gies are chronic inflammatory disorders, like 
periodontitis, atherosclerosis is a complex 
condition with a suspected microbial etiology 
in which P. gingivalis is attracting increasing 
attention for its possible role in accelerating 
disease progression [5, 8]. 

Porphyromonas gingivalis, an anaerobic 
Gram-negative coccobacillus which belongs 
to the Bacteroidaceae family. In the natural 
environment, P. gingivalis is a constituent 
of the multispecies biofilm, It considered the 
main periodontal pathogen involved in onset 
and progression of various forms of periodon-
tal diseases [9]. P. gingivalis, is a keystone 
pathogen in chronic periodontitis, it has been 
found to associate with remote body organ in-
flammatory pathologies, and it has the ability 
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to evade the host immune response and access 
nutrients in the microenvironment which is 
directly related to its survival, proliferation, 
and infection.

More recent analyses from large-cohort 
studies suggest new onset, and prevalent 
periodontitis, as well, is associated with in-
creased cardiovascular diseases like Myocar-
dial Infarction, Atherosclerosis [10], Diabe-
tes Mellitus [11], Rheumatoid Arthritis [12], 
Preeclampsia with low birth weight [13], 
Orodigestive Cancers Mortality [14], and Al-
zheimer’s Disease[15].

The systemic inflammatory or immune re-
sponse to periodontal infection may increase 
cardiovascular risk. Also, pathogens from the 
mouth can enter atherosclerotic plaques via 
the blood stream, and this could promote an 
inflammatory or immune response within the 
atherosclerotic plaque. Adverse ranges of oral 
bacterial pathogens and bacterial DNA have 
been detected in atherosclerotic plaque [16].

Despite for heterogeneity of the studies, 
overall results of epidemiological studies sug-
gest for a modest but significant association 
between periodontal infections and cardiovas-
cular disease that is independent on the effects 
of confounders. Scientific evidence support-
ing a possible role of oral bacterial species in 
atherosclerosis relies to a large extent on the 
detection and identification of bacterial DNA 
in human arterial wall tissues or atheroscle-
rotic plaque in cross-sectional study designs 
[17]. DNA from P. gingivalis, a major peri-
odontal pathogen, has been detected in coro-

nary atherosclerotic plaques and atheroscle-
rotic vessels [18]. 

 An association between oral bacte-
ria and atherosclerosis has been postulated. 
A limited number of studies have used 16S 
RNA gene sequencing based metagenomics 
approaches to identify bacteria at the species 
level from atherosclerotic plaques in arterial 
walls [19]. Because of the high prevalence of 
periodontitis in humans, and because cardio-
vascular diseases are the main cause of death 
in developed countries, an increasing inter-
est was raised in the scientific community to 
identify the potential links between both enti-
ties [20].

Therefore, the aim of this investigation was 
to detect DNA from periodontitis-associated 
bacteria P. gingivalis at the genus and species 
level in coronary artery atheromatous plaque 
recovered from patients using strict sample 
procurement and laboratory procedures. Our 
hypothesis was that bacterial DNA from peri-
odontopathic bacteria would be present in the 
retrieved atherosclerosis samples, and this 
presence would be related to the oral health 
status of the patients.

2.Materlals and methods   
2.1. Collection of Specimens
After clinical diagnosis of coronary artery 

atherosclerotic patients, atheromatous plaque 
thrombosis samples from diagnostic cath-
eterization and therapeutic catheterization or 
both for seventy four coronary artery athero-
sclerotic patients (who received endarterec-
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tomies because of various manifestations of 
ischemic vascular disease) aged between (29 
to 73) years who admitted to the Heart and 
Arteries catheterization Unit (Cardiology) in 
AL-Hussein Educational Hospital in Kerbala 
City during the period from July 2016 to April 
2017. A pool of (24) diagnostic catheteriza-
tion tissue specimens were taken from clini-
cally non-atherosclerotic areas of coronary 
artery from subjects was obtained as a control 
group. Then, the atheromatous plaque samples 
were rapidly transferred into (1.5) ul polypro-
pylene microcentrifuge tube contained 500 ul 
of (0.9%) sterile normal saline solution, and 
subjected to the laboratory for molecular bac-
teriology detection. 

Detection of P. gingivalis by Essential Genes

2.2.DNA Extraction 
Isolation of DNA from atherosclerotic 

plaques samples were done using Genomic 
DNA Mini Kit (Geneaid, Korea) / Tissue us-
ing a protocol in accordance with the manu-
facturer’s instructions, each atherosclerotic 
plaque sample (coronary artery plaque tissue 
of the catheter tip) with (500) ul of (0.9%) 
sterile normal saline  was used for DNA ex-
traction, extracted DNA aliquots were mea-
sured with Q5000 UV-Vis Spectrophotome-
ter, (20-25) nanogram /microliter of extracted 
DNA aliquots were used for microbiological 
and molecular detection.

Molecular detection of P. gingivalis was 
performed by monoplex PCR of (16S rRNA 
gene) amplification according to [21] and 
multiplex PCR of species specific fimA gene 
amplification according [22]. Using the fol-
lowing amplification primers in Table (1): and 
according to the amplification reaction pro-
grams of (Tables 2, 3).

Table (1): The Primers used in molecular detection of P. gingivalis

ReferenceProduct   size (bp)´Duplexing primers 5´- 3Gene

[23]404
F AGG CAG CTT GCC ATA CTG CG

R ACT GTT AGC AAC TAC CGA TGT

P. gingivalis

16Sribosomal RNA

[24]392F CTG TGT GTT TAT GGC AAA CTTC
R AACCCC GCT CCC TGT ATT CCGA

Type I fimA

[22]271F CAG CAG AGC CAA AAA CAA TCG
R TGT CAG ATA ATT AGC GTC TGC

Type Ib fimA

[24]257F ACAACTATACTT ATG ACA ATG G
R AACCCCGCT CCC TGT ATT CCG A

Type II fimA

[24]247F ATTACACCTACA CAG GTG AGG C
R AACCCCGCT CCC TGT ATT CCG A

Type III fimA
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[24]251   
F CTATTCAGG TGC TAT TAC CCA A
R AACCCCGCT CCC TGT ATT CCG A

Type IV fimA

[25]   462    
F AACAACAGTCTC CTT GAC AGT G

R TATTGG GGG TCG AAC GTT CTG TC
Type V fimA

Amplification Reaction programs:-

Table (2): Cycling parameters for monoplex PCR of 16S rRNA gene amplification

No. of cycles Stage Temperature °C Time

1 Initial denaturation 95 5 min.

35

Denaturation 94 30 Sec.

Annealing 60 30 Sec.

Elongation 72 1 min.

1 Final extension 72 10 min.

Table (3): Cycling parameters for multiplex PCR of species specific fimA gene amplification

No. of cycles Stage Temperature °C Time

1 Initial denaturation 95 5 min.

35

Denaturation 94 30 Sec.

Annealing 58 30 Sec.

Elongation 72 30 Sec.

1 Final extension 72 7 min.

2.3. Agarose Gel Electrophoresis
A concentration of (1,2%) Agarose gel used 

for PCR products electrophoresis. Which, ac-
complished with the use of two types of DNA 
ladder (Accu Ladder 100 bp Bioneer/Korea) 
and (50 bp DNA Step Ladder Marker Prome-
ga/ USA). 

2.4. Statistical Analysis
The collected data were analyzed using the 

statistical system and Chi-Square (χ2) test, 
with P-value of (≤ 0.05). 

3.Results and discussion 
There are (3,000) years of history suggest-

ing the oral influence, particularly of periodon-
titis on the general health of human subjects 
[26]. In periodontitis, P. gingivalis represents 
a keystone pathogen causing microbial and 
immune dysbiosis [27]. P. gingivalis has an 
arsenal of potent virulence factors, can in-
vade periodontal, atherosclerotic, and brain 
tissue, thereby avoiding immune surveillance 
and maintaining its viability, it may act as the 
main organism in periodontitis and in related 
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systemic diseases and other remote body in-
flammatory pathologies including dementia 
[15], atherosclerotic plaques of patients with 
cardiovascular diseases[16], [18].    

More recent analyses from large-cohort stud-
ies suggest new onset, and prevalent periodon-
titis, as well, is associated with increased coro-
nary heart disease risk [28] and there is a graded 
association between tooth loss and stroke, car-
diovascular death, and all-cause mortality in pa-
tients with stable coronary artery disease [29]. 

The prevalence of the most Periodontal 
pathogen  Porphyromonas gingivalis in the 
total 74 coronary artery atherosclerosis plaque 
Patients were 73%) )54/74() distributed in (36/
66.7%)  (54) in males and (1833.3%)   (54 /)
in females and (3361%) (54 /) in coronary ar-
tery atherosclerosis plaque Patients with 29-
60 years and 2139%) 54 /) in atherosclerosis 
plaque Patients with >60 years, more than in 
control group  (520.83%)  (24 /) as demon-
strated in table no.1 

Table (1): Distribution of Periodontal Porphyromonas gingivalis in coronary artery atheroscle-
rosis plaque Patients and control groups.

Porphyromonas gingivalis  in  Subject

Variable

No, Percentage(+)

Atherosclerosis group Control group

(-) No,

Percentage
(+) No, Percentage (-) No, Percentage

Gender
Male 36 (66.7%) 12 (16.2%) 3 (12.5%) 14 (58.33%)

Female 18 (33.3%) 8 (10.8%) 2 (8.33%) 5 (20.83%)

Age
29-60 years 33 (61%) 14 (70%) 2 (8.33%) 13 (54.17%)

> 60 years 21(39%) 6 (30%) 3 (12.5%) 6 (25%)

On the other hand, detection of P. gingi-
valis in coronary artery atherosclerosis plaque 
patients and control groups was achieved by 
monoplex PCR of 16S rRNA gene amplifica-
tion and multiplex PCR of species specific
fimA gene amplification, all atherosclerosis 
plaque samples were positive for the genus 
specific level according to 16S rRNA gene as 
demonstrated in figure no.1 and various spe-
cies specific level according to fimA genotypes 
that were represented by fimA genotypes I, II, 

III, 1V and V as demonstrated in figures (2 and 
3), these results indicate confirmatory diagno-
sis of the highly virulent periodontal pathogen
P. gingivalis in atherosclerosis plaque samples 
of coronary artery disease patients, further-
more, interpret the ability of this potent bac-
terium to use its arsenal virulence factors in 
attaching different types of body tissues, es-
tablishing various complications, these results 
were agreed with multiple previous similar 
studies revealed that in addition to local in-
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flammation at the initial site of infection, P. 
gingivalis has the ability to disseminate from 
ulcerative periodontal tissues to circulate and 
interact with the heart, liver, and other body 
tissues, therefore, P. gingivalis play an impor-
tant role in periodontitis-associated systemic 
diseases, such as atherosclerosis [30].    

Furthermore, presence of multiple fimA
genotypes I, II, III, 1V and V in coronary 
artery atherosclerotic plaque samples in the 
present study is compatible to other scientific 
evidence supporting a possible role of oral 
bacterial species in atherosclerosis relies to 
a large extent on the detection and identifica-
tion of bacterial DNA in human arterial wall 
tissues or atherosclerotic plaque in cross-sec-
tional study designs [31]. Most importantly, 
Kozarov et al. demonstrated that viable P. gin-
givalis and A. actinomycetemcomitans could 
be isolated from atherosclerotic plaque [32]. 

Fig. (1): positive results of coronary artery ath-
erosclerosis plaque samples with 16S rRNA gene 
amplification. Lanes (1, 2, 3, 4, and 5): 404 bp. 
amplicon, and lane M: DNA 100 bp. molecular 

weight marker.

Fig. (2):  P. gingivalis positive coronary artery 
atherosclerosis plaque samples for fimA genotypes 

lane (1) fimA genotype (III) 247 bp., lanes (2, 3) 
fimA genotypes (1V) 251bp., and fimA genotype (I) 
392 bp., lane (4) fimA genotype (II) 257 bp.,  lane 
(5) fimA genotype (V) 462 bp., and lane  M= DNA 

Ladder  (50 bp).

Fig. (3): positive coronary artery atherosclerosis 
plaque samples for P. gingivalis fimA genotypes. 
Lanes (1, 2, 3) fimA genotype (III) 247 bp., lanes 
(4, 5, 6) fimA genotype (II) 257 bp., lanes (7, 8, 9) 
fimA genotypes (IV) 251 bp., and lane M= DNA 

Ladder (50 bp.).

The present study demonstrated the pres-
ence of DNA from periodontal bacteria
P.gingivalis in atheromatous plaque retrieved 
from patients who received endarterecto-
mies of various manifestations of ischemic 
coronary artery vascular diseases was (54/74)

1 2 3 4 5 M
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73%)), this prevalence was approximately to 
many previous investigations revealed that 
the prevalence of the most commonly peri-
odontal virulent pathogen P.gingivalis in pa-
tients who received similar clinical cardiovas-
cular manifestations was (3378.57%)  (42 /) in 
carotid artery atheromatous plaques samples 
[33]., as well as previous clinical, epidemio-
logical and molecular study indicated that
P.gingivalis was by far the most abundant 
species, representing nearly (80%) of nearly 
600 known oral bacterial species in artery 
tissues were obtained from patients with ath-
erosclerotic cardiovascular disease who un-
derwent coronary or femoral artery bypass 
surgery [34], and more than the concomitant 
detection of DNA from P.gingivalis observed 
in (61.90%) followed by A. actinomycetem-
comitans  (66.67%) of atheromatous samples 
[33]. As well many other authors identified
P.gingivalis and A. actinomycetemcomitans as 
the most prevalent DNA from bacteria in ath-
eromatous plaque from coronary arteries [35].             

Another related study revealed a diverse 
range of oral bacterial pathogens and bacte-
rial DNA has been detected in atherosclerotic 
plaque [16]. Etiologically, the chronic pres-
ence of periodontal microbes can lead to ath-
erogenesis via two pathways: (1) direct inva-
sion of the arterial wall and (2) the release, in 
response to infection, of systemic inflamma-
tory mediators with atherogenic effects [36]. 
These pathogens, especially P. gingivalis, 
have demonstrated the ability to interact with 
the endothelial surface and to induce smooth-

cell proliferation, causing damage and impair-
ing the vasomotor functionality of the endo-
thelial cells [37], indeed, in animal models, 
infection with P. gingivalis increases athero-
sclerotic plaque volume with the accumula-
tion of cholesterol esters and inflammatory 
mediators [30], [38]. 

In large cohort studies it has been suggest-
ed that pathogenesis of atherosclerosis is asso-
ciated with both innate and adaptive immune 
responses. Maekawa et al. 2011 claimed that 
oral infection with P. gingivalis accelerates 
atheroma formation by shifting the lipid pro-
file of the host [39], and higher antibody titers 
against P. gingivalis have been detected in pa-
tients with cardiovascular disease and stroke 
[40], atherosclerosis [41], and myocardial in-
farction than in controls [42].      

Furthermore, many up to (30%) of coro-
nary artery atherosclerotic plaque samples 
exhibited (2-3) fimA genotypes in the same 
site and single fimA genotype in the control 
group enrolled in the current study, these in-
vestigations were suggested various explana-
tions, such as the presence of several differ-
ent P. gingivalis fimA genotypes colonizing 
the same atherosclerotic site, and a higher 
intra individual heterogeneity of P. gingivalis 
which established and showed allelic varia-
tion in the P. gingivalis housekeeping genes 
indicating genetic recombination and genetic 
variability, resulted different clones of P. gin-
givalis fimA genotypes colonizing the same 
atherosclerotic plaque site as demonstrated 
in P. gingivalis fimA genotypes colonizing 
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the same periodontal pocket [43], [44], Other 
investigation demonstrated that the recogni-
tion of genes linked to chromosome 9p21, 
and related to transforming growth factor beta 
regulation, predisposes to periodontitis, and 
to coronary artery disease, as well, provides 
further evidence that common pathophysi-
ological pathways are important for the two 
diseases [45]. Indeed, previous support study 
indicated that severe periodontal disease is 
associated with a (25%) to (90%) increase in 
risk for cardiovascular diseases after adjust-
ment of other risk factors [46], if causal, these 
associations would be of great importance be-
cause of the potential that preventing or treat-
ing periodontal disease could reduce the risk 
of major adverse cardiovascular events [3].

4. Conclusions and recommendations:
Within the limitations of this investiga-

tion, we have identified periodontitis-as-
sociated bacterial DNA in coronary artery 
atheromatous plaque retrieved by endarter-
ectomy, These findings provide additional 
evidence that supports the potential associa-
tion between periodontitis and cardiovascular 
diseases, in which a keystone periodontal P. 
gingivalis which access to the systemic circu-
lation (bacteremia), colonize at distant sites, 
and thus, might influence the pathophysiology 
of atherogenesis. 

However, the mere presence of bacterial 
DNA in these atheromatous plaque did not 
imply that live bacteria were present within 
the plaque, and therefore, further investiga-

tions are warranted. These studies should seek 
microbiologic data from atheromatous plaque 
and   gingival crevicular fluid (GCF) and se-
rum from the same patients, thus being able to 
confirm this likely direct relationship between 
periodontitis and cardiovascular diseases. 

Confirmatory studies are thus needed to 
determine the number and abundance of more 
virulent pathogenic species present in athero-
sclerotic plaque and clinically periodontitis 
patients for activation of vaccination pro-
grams or protocols in order to minimize or get 
rid of these two chronic, problematic, related 
dangerous syndromes. 
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الخلاصة
تم التخطيط لهذه الدراسة لتقدير الظروف المحيطة لانتشار مرض السكري في الأطفال والمراهقين، وأقل 18
بداية المرض، عدد  الناصرية، وفقا للسن والجنس والمنطقة،  2013) في مدينة  2012 - مايو  خلال فترة (أكتوبر 

الأزمات، عوامل الخطر الجينية، ومستو￯ اقتصادي للأسرة، المظاهر السريرية، مكونات الدم.
الذكور  من  سنة،   (18-1) بين  ما  أعمارهم  وتتراوح  والمراهقين،  الأطفال  من   (100) العمل:  وطرق  المواد 

والإناث تم تشخيصهم سابقا وكانوا مصابين بمرض السكري نوع الأول (DM-1) بما لا يقل عن (3) أشهر.
1 يوم الى 1 سنة، و(44%)  النتائج: في هذه الدراسة تم استنتاج ان مرض السكري يؤثر بنسبة (%34) من عمر
من المرضى في سن (1-5) سنوات و (%69) من المرضى تكون أسرهم لديها مستو￯ اقتصادي معتدل والغالبية 
العظمى من العينات بنسبة (53%) لم يتعرضوا الى الأزمات. أظهرت غالبية العينات بنسبة (%68) غير مرتبطة 

بعوامل جينية.

الكلمات المفتاحية
داء السكري، مرض السكري من النوع الأول (DM-1)، الأطفال والمراهقون.
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Abstract
The aim of This study was planned to estimate the conditions surround the 

prevalence of diabetes mellitus in children and adolescents, less than18 years of 
age throughout the period of (October 2012 - May 2013) in the Nasiriya city. 

Materials and methods: (100) children and adolescents, the ages range between 
(1-18) years, male and female previously diagnosed for at least (3) months with 
Type 1 diabetes (DM-1), according to age, gender, area, onset of disease, crises 
number, genetic risk factors, family economical level, clinical features, blood 
parameters were included in the study.

The results: In the present study, diabetes mellitus affects(34%) at age of 1 day 
to 1 year, and(44%_ of the patients at the age of (1-5) years and(69%) of family’s 
patients have a mild economical level, and the majority of samples that didn’t 
found crisis(53%). Showed the majority of the samples non genetic related risk 
factors(68%).

Keywords
Diabetes Mellitus, Type 1 diabetes (DM-1), Children and Adolescents.
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1. Introduction
Diabetes Mellitus-1 is widely understood 

to be caused by an autoimmune process that 
destroys the insulin-secreting beta-cells in the 
pancreatic islets [1]. While it is accepted that 
genetic factors play a key role in its develop-
ment, environmental and nutritional factors are 
believed to be modifiers [2-4], as only ~(5%)
or fewer subjects with genetic susceptibility 
to Diabetes Mellitus-1 develop the clinical 
disease [5]. In Australian children, Diabetes 
Mellitus-1 incidence increased significantly 
between 2000-2004, from 19 to 24 new cases 
per 100,000 of the children’s population [6], a 
trend that is reflected globally [7]. There are 
a major regional and between-country differ-
ences in the incidence of Diabetes Mellitus-1 
[8], and even between high income OECD 
(Organization for economic cooperation and 
development) countries the incidence varies 
by a factor of more than (2) [9].

         
 In the 19th century, diabetes was uncom-

mon and the incidence of childhood diabetes 
was relatively low and Table until the middle 
of the twentieth century. There has been an up-
turn in the incidence of Diabetes Mellitus-1. 
The rise has been too rapid for the explanation 
to be purely genetic. The causes are not yet 
completely understood, although various fac-
tors have been proposed such as rapid growth 
in early childhood, early exposure to certain 
food constituents (e.g. Cow’s milk hypothe-
sis), enter virus infection, chemicals and re-
duced exposure in early childhood to infective 

agents that contribute to the development of a 
healthy immune system (the ̂hygiene hypoth-
esis’) [10]. Diabetes Atlas, fifth edition: www.
diabetesatlas.orgNote: These figures are based 
on what countries report, and the figures will 
depend on screening strategies. Although nu-
merous studies have documented worldwide 
increases in diabetes, [11]. Few data exist on 
the population prevalence of diabetes among 
ways to estimate the conditions surround the 
prevalence of diabetes mellitus in children and 
adolescents in Iraq. Early exposure to dairy 
proteins increases the in- cadence of diabe-
tes in BB rats (2). Controversy exists over the 
possible protective effect of breast- feeding on 
the risk of insulin-dependent diabetes melli-
tus (IDDM) in humans [3,4]. The incidence 
of childhood IDDM in Finland is the highest 
in the world [5]. There for we were deciding 
to do this study, which aimed to estimate the 
conditions surround the prevalence of diabe-
tes mellitus in children and adolescents, less 
than18 years of age throughout limited period.

      
2. Materials and methods: 
A descriptive study (cross-sectional design) 

was conducted in (2) observational centre Bint 
al-Huda educational hospital and Diabetic and 
Endocrine glands centre in Nasiriya city. Non 
–Probability (purposive) sample of (100) chil-
dren and adolescents, the ages range between 
(1-18) years, male and female previously di-
agnosed for at least (3) months with DM-1. 
They visited the diabetic centre for check –up 
and get their medicine. The data are collected 
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through the use of semi-constructed question-
naire, which consists of 17-items medical test 
items. Reliability of the questionnaire is deter-
mined through a pilot study and the validity 
through a panel of (18) experts. The data were 
described statistically and analysed through 
the use of the descriptive and inferential statis-
tical analysis procedures (SPSS). 

3. The results:
  The findings of the present study indicate 

that the diabetes mellitus affects (34%) at age 
of (1) day to (1) year, and (44%) of the patients 
at the age of (1-5) years that’s mean (78%) of 
our study’s sample are children under than 5 
years old Table (1). Our study showed that the 

most samples (69%) of family’s patients have 
a mild economical level, and the majority of 
samples that didn’t found crisis (53%)

 Also this study showed the majority of 
the samples non genetic related risk factors 
(68%). The results showed the higher range 
of the patient’s fasting blood sugar (200-349) 
mg/dl were (47%) of the patient sample, and 
the majority of patient’s random blood sugar 
were (48.7%) in the range (200–349) mg /dl. 
The blood urea was (43%) of selected patients 
in the range (20–24) mg/dl urea. And our re-
sults showed the majority of the patient’s 
(98%) serum creatinine were in the range (0.6 
–3) (mg/ l, but the cholesterol is (63%) of the 
patients in the range (125 – 174) mg/dl. 

Table (1): Date of the onset of disease

Date of the onset of disease Patient’s number % Percentage

Day – year 34 % 34

Year – 5year 44 44%

5year – 10 year 20 20%

10year – 12year 2 2%

Table (2): Descriptive Statistics for the Practice items of Juveniles who effected by DM-1
(MS) Mean of Score, (SD) Standard Deviation, and (RS) Relative Sufficiency of the Diabetes 

Mellitus Diseases

The practices of Juveniles who affected by diabetes
(Type 1 )

.No .M.S .S.D .R.S .Ass

3 Reaction of adolescent care of singe and Symptoms

3-1-1 Body energy 100 1.18 0.52 39.33 F
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3-1-2 Prevent hypoglycaemia 100 2.12 0.86 70.67 P

3-1-3 Fruits and leafy vegetables 100 1.72 0.82 57.33 F

3-1-4 Amount of fluid 100 1.21 0.56 40.33 F

3-2 Dental  Care

3-2-1 Oral hygiene 100 1.45 0.69 48.33 F

3-2-2 Teeth and gum   infected 100 1.13 0.37 37.67 F

3-2-3 Examine my teeth 100 1.33 3.01 44.33 F

3-3 Injection method

3-3-1 Store 100 2.37 0.88 79.00 P

3-3-2 Dose 100 2.30 0.92 76.67 P

3-3-3 Check up  the vial 100 1.10 0.36 36.67 F

3-3-4 Hand clean 100 1.17 0.49 39.00 F

3-3-5 Shake the vial 100 1.89 0.93 63.00 F

3-3-6 Sterilization 100 1.54 0.82 51.33 F

3-3-7 Avoid the inflammation 100 1.20 0.57 40.00 F

3-3-8 Injection places  sterilization 100 1.38 0.74 46.00 F

3-3-9 Air bubbles 100 2.39 0.87 79.67 P

3-3-10 Amount of  insulin 100 2.38 0.90 79.33 P

3-3-11 Grasp 100 1.19 0.53 39.67 F

3-3-12 Angle 100 1.38 0.75 46.00 F

3-3-13 Syringe   units 100 2.20 0.94 73.33 P

Table (2): Container 

The practices of Juveniles who affected by diabetes
(Type 1 )

.No .M.S .S.D .R.S .Ass

3-3-14 Pressure on skin after  injection 100 1.12 0.41 37.33 F

3-3-15 Measurement   glucose 100 1.39 0.68 46.33 F

3-3-16 Change the injection 100 1.24 0.59 41.33 F

3-4 Foot care

3-4-1 Skin cleanness 100 1.16 0.49 38.67 F
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3-4-2 Examine my feet 100 1.24 0.61 41.33 F

3-4-3 Family 100 1.72 0.89 57.33 F

3-4-4 Feet hygiene 100 1.20 0.59 40.00 F

3-4-5 Change socks 100 1.15 0.46 38.33 F

3-4-6 Shoes 100 1.31 0.61 43.67 F

3-4-7 Warm water 100 1.55 0.83 51.67 F

3-4-8 Nails 100 1.12 0.38 37.33 F

3-4-9 Rub 100 1.21 0.56 40.33 F

3-4-10 Skin ointment 100 1.27 0.65 42.33 F

3-4-11 Walking 100 1.17 0.51 39.00 F

3-4-12 Hot is exposed 100 1.28 0.59 42.67 F

3-4-13 Washing with hot or cold water 100 1.20 0.43 40.00 F

Table (3): Showed the number of families.

Number of family Patient’s number Percentage %

5 - 3 15 % 15

10 – 6 61 61%

15 - 11 17 17%

20 – 16 7 7%

Table (4): Frequency of family economical level.

Family economical level Patient’s number Percentage %

Good 19 19%

Mild 69 69%

Poor 12 12%



Makarim M. Ali and Najim A. AL-Awwadi and Ali B.Roomi, Fatima Assad and Hadyel Kamel

57AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies

Vol. 9, No. 17 and 18, P. (51-62), Jun, 2019

Table (5): Frequency of fund of crisis.

Found of crisis Patient’s number Percentage

Crisis 47 47%

No crisis 53 53%

\
Table (6): Show the frequency of clinical features.

Clinical features Patient’s number Percentage

Weight loss 46 46%

Polyphagia 61 61%

Polyurea 89 89% 

Polydepsia 78 78%

Blurred vision 42 42%

Table (7): Frequency of the area.

Area Patient’s number Percentage%

Urban 56 56%

Ruler 44 44%

Table (8): Frequency of gender.

Sex Patient’s number Percentage%

Male 55 55%

Female 45% 45%

Table (9): Frequency of genetic risk factors.

Causes Patient’s number Percentage

Genetic 32 32%

Non genetic 68 68%
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Table (10): Frequency of weight risk factors.

Weight Patient’s number Percentage%

Thin 46 46%

Normal 43 43%

Overweight 11 11%

Table (11): Frequency of education, level of the mother.

Education level of 
mother Patient’s number Percentage%

Illiterate 23 23%

Read and write 14 14%

Primary school 26 26%

Secondary school 20 20%

Diploma 9 9%

Bachelors 8 8%

Table (12): Frequency of patient’s fasting blood sugar.

Fasting blood sugar 
mg/dl Patient’s number Percentage

50 – 99 8 12.12%

100 – 149 10 15.15%

150 – 199 7 10.6%

200 – 249 7 10.6%

250 – 299 12 18.18%

300 –349 12 18.18%

350 – 400 6 9%

More than 400 4 6%
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Table (13): Patient’s random blood sugar test.

Random blood sugar Patient’s number Percentage

100 – 149 5 14.8%

150 – 199 5 14.7%

200 – 249 9 26.4%

250 – 299 2 7.8%

300 – 349 8 14.5%

350 – 400 2 13.8%

More than 400 3 8.82%

Total 34 100%

Table (14): Frequency of patient’s random blood urea.

Blood urea mg/dl Patient’s number Percentage

20 – 24 43 67%

25 – 29 34 53%

30 – 34 22 29%

More than 35 1 1%

Total 100 100%

Table (15): Frequency of the patient’s serum creatinine.

Serum creatinine Patient’s number Percentage

0.6 – 3 98 98%

More than 3 2 2%

Total 100 100%
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Table (16): Frequency of patient’s serum cholesterol.

Serum cholesterol Patient’s number Percentage

95 – 124 25 25%

125 – 174 63 63%

175 – 200 11 12%

Total 100 100%

4. Discussion:
Our study a descriptive (cross-sectional 

design) was conducted in (2) observational 
centre Bint al-Huda educational hospital and 
Diabetic and Endocrine glands centre in Na-
siriya city, and this study started from October 
2012 to April 2013 and included the ages of 
the patients (1-18) years. The results revealed 
that the majority of samples from school age 
in which there is no super advice and because 
as showed by the results the low educational 
level of the patients’ mothers or family, so the 
uncontrolled nutritional system by the chil-
dren represented by the increase amount of 
candy intake lead to hyperglycaemia and may 
be overweight. Table (1) showed the sudden 
onset or susceptible age affected by diabetes 
in children are from (year to 5 years) repre-
sented (44%) of the patients. 

    This result agrees with the study of 
[12] which referred to the incidence of DM-1 
is increasing in children and youth by about 
(3%) (range about 2–5%) per annum, with the 
greatest rate of rise in the under 4-yr-old age 
group [12]. Our results also supported by a 

prospective data collection in Kuwait between 
1992 and 1997 showed an incidence in chil-
dren under the age (5) years rising dramatical-
ly to (20.9) per (100 000) (5)  years later. The 
rise was particularly steep in those aged (5–9) 
years [13].  In Table (2) there are no any sig-
nificant differences between the mothers age 
categories. There is an enormous gap between 
knowledge and practice of optimal diabetes 
care, and a major factor in this gap is lack of 
care organization and the disease knowledge. 
Regarding to the family members’ number (6-
10) is a higher than other number’s categories 
and the majority of the patient’s family have 
a mild economical level as described in forms 
and Tables (4). The increase of diabetes is 
closely related to socioeconomic and environ-
mental factors together with a genetic influ-
ence. There was a 10-fold difference between 
the different countries, with higher rates in 
the diabetes, and those from low incidence 
countries, as well as those from families of 
a lower socioeconomic status [22]. The de-
scribed changing patterns of pre-sanitation of 
diabetes have also changed the incidence and 
severity of DKA in children [21]. Although 
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more than)85%( of DM-1 occur in individuals 
with no previous first degree family history, 
the risk among first degree relatives is about 
15 times higher than in the general popula-
tion. About the crisis, the statistical Table (5), 
showed the patients did not have crisis were 
higher than the patient has a crisis. The de-
velopment of complications is related to the 
duration of diabetes, and youth with diabetes 
represent a population at high risk for devel-
oping these complications. Indeed, persons 
diagnosed with diabetes before (20) years of 
age have a markedly lower life expectancy 
than the general population without diabe-
tes [23]. According to the area, the statisti-
cal Table (8), so the majority of patient were 
urban According to the gender, the statisti-
cal Table (9) shows the male sex was higher 
than female sex. Between 10- to 19-year-old 
youth, we found a higher prevalence among 
female youth (compared with male youth) in 
(3) of the (5) racial/ethnic groups (black, API, 
and AI). A study found an excess prevalence 
of female youth among black youth, but not 
among NHW youth [19].  Regarding to the 
genetic risk factor, the statistical Table (10), 
showed the patients did not have genetic risk 
factor were higher than genetic risk factor as 
only ~(5%) or fewer subjects with genetic 
susceptibility to DM-1 develop the clinical 
disease [5]. According to the weight risk fac-
tor the statistical Table (11), showed the thin 
patient riskier than other weights. Although 
children with type 1diabetes are typically not 
overweight, the population of many countries 

is becoming more overweight. It is estimat-
ed that as many as a quarter of children with 
DM-1 in these countries may be overweight at 
the time of diagnosis [15]. 

Regarding the investigations in the Table 
(13), there is an increase in threading of fast-
ing blood sugar in the range (250-299) mg\dl 
were 12 patients (18.18%) of the total number 
of patients (66), that’s who made fasting blood 
sugar test and range (300-349) mg\dl so on. Pa-
tients who made random blood sugar they were 
(n=34) patients. Most read recurrent from (200-
249) mg\dl in Table (14). And other investiga-
tion, routinely made for diabetic patient, such as 
blood urea there is increasing over the normal 
range. Most recurrent reading was at the range 
(20-24) mg\dl and (p=67%) in the Table (15). 
At the serum creatinine more patient’s serum 
creatinine was (98%) of the range (0.6-3) mg\
dl in Table (16). And serum cholesterol greater 
reading was at the range (125-174) mg\dl were 
(n=63), (p=63%).  We conclude with these re-
sults the age of patients, age of the patient’s 
mother, number of family, economical level of 
family and education level of the mother was 
effected to the onset of disease.
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الخلاصة
البياني ، إذا كان كل قمة في هذه المجموعة،  المجموعة المهيمنة هي المجموعة ذات الهيمنة المزدوجة في الرسم 
ا على رأسين لا ينتميان إلى المجموعة المهيمنة. في هذا العمل ، تم تقديم خمسة تعريفات جديدة للهيمنة،  تسيطر تمامً
وهي عبارة عن صيغ معدلة للهيمنة المزدوجة: «هيمنة ثنائية مستقلة ؛ الهيمنة الثنائية الكاملة ، الهيمنة الثنائية المتصلة، 
الهيمنة المقيدة ، شجرة تكميلية ثنائية الهيمنة «. يتم تحديد الحدود العليا والدنيا لحجم الرسوم البيانية التي تحتوي 

على هذه المعلمات.

الكلمات المفتاحية
ثنائية الهيمنة ، مجموعة ثنائية الهيمنة مستقلة ، مجموعة ثنائية الهيمنة الكلي ، مجموعة ثنائية الهيمنة المتصلة ، شجرة 

تكميلية ثنائية الهيمنة، هيمنة ثنائية مقيدة.
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Abstract
A dominating set is a bi-dominating set in a graph, if every vertex in this set, 

dominates exactly two vertices that, do not belong to the dominating set. In this 
work, five new definitions of domination have been presented, which they are 
a modified versions of bi-domination: “independent bi-domination; total bi-
domination, connected bi-domination, restrained domination, and complementary 
tree bi-domination”. Upper and lower bounds are determined for the size of graphs 
having these parameters.

Keywords
bi-domination, independent bi-dominating set, total bi-dominating set, 

connected bi-dominating set, complementary tree bi-domination, restrained bi-
domination. 
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1. Introduction
Let G=(E,V) be a graph with a set V(G) of 

vertices of order n and a set E(G) of edges of 
size m. The “degree of a vertex v∈ V(G)”,  of 
any graph G is defined as the number of edg-
es incident on v. It is denoted by deg(v). The 
“minimum and maximum degrees of vertices 
in G denoted by  δ(G) and ∆(G) respectively 
”. The “open neighborhood “N(v) is the set of 
vertices adjacent to v, and the “closed neigh-
borhood”  N[v]=N(v)∪{v}.” The subgraph of 
G induced by the vertices in D is denoted by 
G[D],[2].

O. Ore is the first one who introduced the 
term “domination number” and “dominating 
set ”[5]. A set D “⊆” V is a “dominating set 
“ in G, if every vertex in V – D is adjacent 
to a vertex in D, that is N[D]=V. The mini-
mum cardinality over all dominating set in G 
is the “domination number γ(G)”[7]. In recent 
years, many types of domination-related pa-
rameters have been studied. For a historical 
reference in this regard see books written by 
Haynes et al [3, 4, 6].

A dominating set D is an “independence 
dominating set” in G if [D] ,doesn’t has edges, 
and where a set D is a “total dominating set” in 
G if G[D]  , has no isolated vertex and, if G[D] 
is connected, then this is known as a “connect-
ed dominating set” in G, if G[D] is connected, 
also set D known as a “restrained dominating 
set” where, “every vertex doesn’t belongs to 
dominating set D, is adjacent to a vertex in 
D and, to another vertex not in D”[3]. A set 

D is a “complementary tree dominating set” 
if, G[V-G] is a tree [8]. Finally, the new defi-
nition is the “bi-domination” where a domi-
nating set D is a “bi-dominating set” in G, if 
every vertex in set D dominates exactly two 
vertices in V-D [1].  

Here, the definitions of the parameters of 
some types of bi-domination like “indepen-
dent bi-dominating set, total bi-dominating 
set, connected bi-dominating set, complemen-
tary tree bi-dominating set and restrained bi-
dominating set” are introduced, this study in-
cludes the bounds of the size of any graph has 
these types of domination.

1.1. Definition [1]
“For any graph G(V,E) which is finite and 

simple undirected graph without isolated ver-
tex, a subset D ⊂ V(G) is a bi-dominating set 
if every vertex in D dominates exactly two ver-
tices in V-D, such that |N(v) ∩ V-D| = 2. The 
minimum cardinality of bi- dominating set is 
denoted by γbi (G). The domination number of 
G, denoted γbi (G) is a minimum cardinality 
over all bi-dominating set in G”.

1.2. Observation [1]
For any finite simple graph G(n,m) with a 

bi- dominating set D and bi-domination num-
ber  γbi(G).  We have

The order of G is n ≥ 3.
δ(G) ≥1 , ∆(G) ≥2.
Every v ∈ D, deg(v)≥ 2.
Every support vertex v,v∈ D.
γ(G) ≤ γbi (G).             
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2.  Independent bi-dominating set
2.1. Definition
“A subset D⊂ V(G) is an independent bi-

dominating set in graph G if, D is a bi-dom-
inating set such that, the induced subgraph 
<D> has no edges, while the minimum cardi-
nality of an independent bi-dominating set is 
denoted by γbi

i (G)”.

2.2. Theorem
If  graph G(n,m)  has an independent bi-

domination number γbi
i (G) then

Proof. 
The proof requires two cases and as fol-

lows: let  D be a  γbi
i - set of G.

Case 1. To prove the lower bound 2 γbi
i

(G)≤ m :
By the definition of independent bi-dom-

inating set, G[ D ] is a null graph, and there 
exist exactly two edges incident to, every ver-
tex in D. Let G[ V-D] be a null graph. So G 
contains as few edges as possible and G[ V-D] 
will not violate the definition of independent 
bi-domination. Therefore, the number of edg-
es is 2 |D|=2 γbi

i (G). Thus, in general   m≥  2 
γbi

i (G).
Case 2. To prove the upper bound:
Since set D is independent then, all verti-

ces of G[D] are isolated and since, the number 
of edges of G[V-D] does not affect vertices of 
set D then, let G[V-D] be a complete induced 
subgraph. Let  m1  be the number of edges of 
G[V- D] Therefore, 

Since, D is a bi-dominating set, so let 
m2=2|D|=2 γbi

i (G) ,so m=m1+m2.   

3. Total bi-dominating set
3.1. Definition
“A subset D⊂V(G) is, a total bi-dominating 

set in G if set D is a bi-dominating such that, 
<D> has no isolated vertex,  γbi

t (G) is the mini-
mum cardinality of a total bi-dominating set in 
G”.

3.2. Theorem
Let G(n,m)  be a graph having a total bi-

domination number γbi
t (G) then

Proof.
Let set D be a  γbi

t-set of G.
Case 1. To prove the lower bound 3 γbi

t

(G)≤m:
This case occurs when the induced sub-

graph G[ V-D]  is a null graph, and since D 
is a total dominating set, so every vertex in D 
has at least a degree equal to 3.  Therefore, the 
number of edges is m=3 |D| so  3 γbi

t (G)≤m.
Case 2. To prove the upper bound, this 

case occurs where, the two induced subgraphs 
G[D] and G[V-D]  are complete, so let  m1

and m2  be the number of  edges of G[D] and 
G[V- D] respectively. Therefore, 
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And according to the definition of bi-dom-
ination set we have m3 edges between G[D] 
and G[ V-D]  where, m3=2|D|=2 γbi

t (G), so in 
this case m=m1+m2+m3.   

Hence, 

In general, m≤m1+m2+m3.

4. Connected bi-dominating set
4.1. Definition
 “Let D be a subset of  V(G)  then D is a 

connected bi-dominating set in G if, D is a bi-
dominating set, such that, <D> is a connected 
induced subgraph. γbi

c (G) is the minimum 
cardinality of a connected bi-dominating set”

4.2. Theorem
The size of graph G(n,m)  has connected 

bi-domination number γbi
c (G) is

Proof.
We prove the required by two cases that 

depend on the bounds as follows: Let set D be 
a γbi - set of G

Case 1. To prove the lower bound 3γbi-1≤  m.
Based on a Theorem 2.3 the number of 

edges is  m1= 2 |D|=2γbi since D is a bi-dom-
inating set. Moreover, the induced subgraphs 
G[D] should contain as few edges as possible 
to be a connected. Thus, the minimum num-
ber of edges is m2=(D-1)=( γbi

c (G)-1) thus, 

m=m1+m2=2 γbi
c (G)+( γbi

c (G)-1)=3 γbi
c (G)-1. 

In general,   m≥ m1+m2.
Case 2. The same proof in Theorem 3.2 

(case 2).

5. Restrained bi-dominating set
5.1. Definition
“A bi-dominating set is a restrained bi-

dominating set D in a graph G, such that G[V-
D] has no isolated vertices. The minimum car-
dinality of a restrained bi-dominating set, is 
the restrained bi-domination number of G, is 
denoted by γbi

r (G).” 

5.2. Theorem
The size of graph G(n,m)  has restrained 

bi-dominating set  γbi
r (G) is

Proof.
Let D be a  γbi

r - set of G, so the number 
of edges is calculated from the two following 
cases.

Case 1. To prove the lower bound 

This case occurs where the induced sub-
graph G[D] is a null graph, and since D is a 
bi-dominating set then the number of edg-
es is m1= 2 |D|=2 γbi

r (G). Additionally the 
graph G[V-D] should be containing as few 
edges as possible to be a graph with iso-
lated vertices. Thus, the number of edges is 

, so in this case m=m1+m2.  
Hence,  .In general, 
m≥m1+m2.
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Case 2. The same proof in Theorem 3.2 (case 2).

6. Complementary tree bi-dominating set
6.1. Definition
“The complementary tree bi-dominating 

set D is, a bi-dominating set such that, the 
induced subgraph <V-D> is a tree. The mini-
mum cardinality of a complementary tree bi-
dominating set, is denoted by γbi

ct (G) “.

6.2.Theorem
Let G(n,m)  has complementary tree bi-

dominating set γbi
ct (G), then

Proof.
Let D be a  γbi

ct- set of G, so we prove 
the required by two cases that depend on the 
boundaries as follows:

Case 1. To prove the lower bound  γbi
ct

(G)+n-1≤m. 
Depending on a definition of bi-domi-

nating set the number of edges is m1= 2 |D|= 
γbi

ct(G). Moreover, the induced subgraph G[ 
V-D]   should contain as few edges to be a tree 
graph so the number of these edges is m2=|V-
D|-1=(n- γbi

ct-1). So, in this case, m=m1+m2=2 
γbi

ct+(n- γbi
ct-1).  Hence,m≥ γbi

ct+n-1.
Case 2. The same proof in Theorem 3.2 (case 2).
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الخلاصة
في هذا البحث تم استخدام برنامج الأنسس لتحليل الاجهادات الناتجة عن اصطدام رصاصه عيار (9) ملم 
زجاجية  والياف  واحد  اتجاه  ذات  كربونية  ألياف  هي  البحث  هذا  في  المستخدمة  المواد  الهجينة.  المركبة  بالصفائح 
مع الايبوكسي. التجارب العملية في هذا البحث تتضمن تصنيع صفائح هجينه من الألياف الكربونية والزجاجية 
مع الايبوكسي وبسمك مختلف وإطلاق الرصاص عليها بسرعه (371) م\ث ومن مسافة (5) م. لإثبات النتائج 
المتحصل عليها من برنامج الأنسس تم مقارنة سرعة خروج الرصاصة واقل سرعة لازمة لاختراق هذه الألواح 
والطاقة الممتصة من قبل الالواح مع النتائج العملية. وقد بينت النتائج أن إجهاد القص والانفعال يكون في أعلى 
قيمة في الطبقات الأولى بينما إجهاد الشد يكون في أعلى قيمة له في الطبقات الأخيرة وان اقل سرعة لازمة لاختراق 
لوح من الالياف الكربونية والزجاجية والايبوكسي بسمك (5) ملم هو (371) م\ث، استخدام الالياف الزجاجية 

مع الالياف الكربونية يقلل الكلفة ويحسن امتصاص الطاقة ويزيد من مقاومة الصدمة. 

الكلمات المفتاحية
برنامج الأنسس، بالصفائح المركبة الهجينة، مقاومة الصدمة.
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Abstract
In this work finite element ANSYS program is used to analyze the impact 

stresses of (9) mm bullet impact on hybrid composite plate using explicit dynamic 
and autodyne code. The material used in this work is unidirectional carbon fibers 
and plain weave E-Glass with epoxy as matrix. The experimental work includes 
manufacturing composite plates made from Carbon/E-Glass/Epoxy with different 
thicknesses subjecting these plates to impact by 9mm bullets at speed of (37) m/s 
from (5) m distance. The numerical results were proved by comparing the bullets 
residual velocity, the ballistic limit, and the energy absorption with the results from 
the experiment work. The results show that the shear and strain are maximum in 
the front layers while the tensile stress is maximum at the rear layers. The hybrid 
plates have good ballistic limit, and using E-Glass fibers with carbon fibers reduce 
the cost and improving the energy absorption and the impact resistance.

Keywords
ANSYS program, Hybrid composite plate, Impact resistance.
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1. Introduction
Impact studies are so important in many 

fields like military, airspace and motivate the 
researchers to conduct more experiments and 
studies to get clear picture to the impact behav-
ior. This search analysis and study the impact 
stresses of striking bullets on composite plate, 
and a unidirectional Carbon Fiber Reinforced 
polymer (CFRP), plain weave E-Glass fibers, 
with epoxy as matrix were used in this work. 
The high mechanical properties of compos-
ite material such as the high strength and low 
density compared to conventional material 
gave it important role in aerospace, automo-
tive, and military manufacturing such as hel-
mets and body armor. Harpreet and Puneet [1] 
conducted numerical and experiment analysis 
to find the impact damage of the composite 
materials using ABAQUS/Explicit. The mate-
rial used in this work is graphite/epoxy and 
)6.5(g steel bullet with different speeds. The 
authors concluded that the numerical result in 
prediction the composite

damage matches well with the experiment 
results. V. Narayanamurthy et al. [2] performed 
numerical simulation to analyze the impact of 
steel bullets on steel target using ANSYS LS 
DYNA software and the authors proved this 
software can efficiently have calculated the 
impact parameter such as the damage, bul-
let residual velocity, and bullet displacement. 
Rimantas and Ausra [3] conducted a series of 
numerical analysis to prove that by using LS-
DYNA software the bullet residual velocity 
can be accurately calculated. The authors have 

used Twaron textile in modeling the target and 
lead in modeling the bullet. The authors con-
cluded that the residual velocity can be accu-
rately calculated by using LS-DYNA software. 

In this work impact stress analysis of 
Carbon/E-Glass/Epoxy composite plate is 
performed using ANSYS 16.1 software and 
the results proved by comparing the bullets 
residual velocity, the ballistic limit, the en-
ergy absorption with the experiment work. 
The result shows good agreement between the 
numerical and experimental work also shows 
hybrid plate with(5)mm thick can resist (9) 
mm bullet with speed of (371)m/s.

2.  Projectile energy balance: 
According to the conservation of the total 

energy, the projectile kinetic energy (KEP) can 
be obtained by summing the projectile resid-
ual kinetic energy (KEr) and the total energy 
absorbed by the target at that instant (KEabs) 
which can be represented as follows [12]:

KEP=KEabs+KEr ….. (1)

3.The Hybrid Fabrication:
In order to integrate the best characteristics 

of both carbon and glass fibers reinforcement 
composite hybrid composite are introduced. 
Carbon fibers make the specimen stronger and 
the glass fibers preventing the material from 
collapsing [12], this does not mean that there 
is no internal damage but the carbon fibers re-
tain in their place by the strengthening effects 
of nearby glass fibers. The hybrid laminates 
were fabricated using a unidirectional carbon 
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fiber type (sikawrap-230C), plain weave E-
glass type (EWR600), and (sikadure-330) ep-
oxy as matrix. The laminates were fabricated 
with volume fraction of (40%) fibers and ep-
oxy volume fraction of (60%). In manufactur-
ing the hybrid, the first ply was carbon fibers 
oriented in  direction, the second ply was E-
glass fibers in  direction, the third ply was car-
bon fibers in  direction and so on as in Table 
(1). All E-glass fibers plies placed in  direction 
and carbon fibers ply alternating between  and  
because according to [9] the ballistic limit 
and the energy absorption are maximum for 
the (0/90) lay-up laminate. The mechanical 
properties of the Carbon/Epoxy and E-glass/
Epoxy were calculated according to the man-
ufacturer data sheet and the lamination theory 
as in Table (2) and (3).

Table (1): The hybrid layup

E-Glass fibers

Carbon fibers

E-Glass fibers

Carbon fibers

E-Glass fibers

Carbon fibers

Table (2): Carbon/Epoxy properties

Density 1.49 g/

E11 97.9 GPa

E22 7.4 GPa

E33 7.4 GPa

G12 2848.71 MPa

G23 2607.971 MPa

G13 2848.71 MPa

ν12 0.27

σT 1768.6 MPa

εT 0.018

Table (3): E-Glass/ Epoxy properties

Density 1.584 g/

E11 9.14 GPa

E22 9.14 GPa

E33 5.15 GPa

G12 1823.124 MPa

G23 1215.277 MPa

G13 1215.277 MPa

ν12 0.112

σT 162.7 MPa

εT 0.034

4. Impact Testing:
The experimental test was created accord-

ing to the guidelines given by the National In-
stitute of Justice (NIJ) standards (MIL-STD-
662E, NIJ standard 0108.01) which is the 
most reliable test that widely used by agencies 
and armor manufacturers for product accep-
tance test [10]. The schematic of ballistic set-
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up of (NIJ) test are shown in Fig. (1). The test 
weapon used was (9) mm handgun and fixed 
on stand to insure that the bullets are fired in 
strait line with the target and the chronograph 
also laser beam is used to help in aiming as 
shown in Fig. (2), and in order to determine 
the velocity of the bullet a Caldwell chrono-
graph was used which is shown in Fig. (3). 
The test procedure used to test the composite 
plates was done using specimens of different 
thicknesses. The test specimens were perpen-
dicular to the line of bullet flight at the point 
of impact, and one bullet was fired on each 
specimen. The bullet used in this test has flat 
ended and conical nose, the core was made 
from lead and the jacket from copper, the bul-
let length was (15.38) mm and the diameter 
(9) mm, and its weight 8g. Fig. (4) shows a 
tested hybrid plate 5mm thick consisting of 
(6) layers of carbon fibers and (6) layers of 
E-Glass fibers.

Fig. (1): The ballistic testing [10]

Fig. (2): Gun fixing mechanism

Fig. (3): The ballistic chronograph

Fig. (4): The front face of hybrid plate (5)mm thick 
[6 layers E-Glass and 6 layers Carbon fibers]
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5. Projectile modeling:
For modeling the (9) mm bullet it has been 

used the lead metal as core and copper metal 
to encase the lead core as in Fig. (5). Jonson 
cook failure low is used in modeling the lead 
and copper metal [11]. The lead and cop-
per metal properties are taken from ANSYS 
(16.1) engineering data sources- explicit ma-
terials. The projectile was modeled in detail 
according to the projectiles used in the experi-
ments and in order to save computation time 
the planer symmetry condition in a quarter 
models is used as in Fig. (6), and in meshing 
the projectile a mesh of size 1 mm is used as 
in Fig. (7). The numerical analyzes is done by 
setting the bullet initial velocity of (371) m/s 
as it obtained from the experiments and due to 
the lack of thermal material data for the target 
material the heat generated during the impact 
is neglected.

Fig. (5): Bullet modeling in ANSYS

Fig. (6): Bullet symmetry

Fig. (7): Bullet meshing

6. Hybrid modeling:
In modeling of the hybrid composite plate 

the plies are layup in the same way that used 
in the experiment work. Ply to ply contact for 
the composite were defined using automatic 
contact, that because in the experimental work 
all the layers are fully bonded to each other, 
and the friction between the bullet and plate is 
set (0.2) [12]. All the plates are modeled in the 
same size and details as in experiment with 
(15)cm length, (15) cm width, and different 
thicknesses, and meshed with size of (1) mm. 
The boundary condition that has been used 
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is fixing the four edges of the plate. In this 
work the numerical analysis of the stresses of 
the impact is made using ANSYS 16.1 and a 
comparison with the experimental work were 
made. Symmetry boundary condition of ( and   
are used to save time as shown in Fig. (8).

Fig. (8): Quarter model with symmetry condition 

X=Y=0.

7. Comparison between the Numerical 
Solution and the Experiment Work Results:

Fig. (9) shows the change in the residual 
velocity with plate thickness for the hybrid 
plate in both experimental and analytical so-
lution. The residual velocity decreases with 
plate thickness increment and reaches zero 
at (5) mm thickness. The numerical solution 
shows reducing in the error with increasing 
plate thickness to reach zero in (5) mm case, 
that because the bullet temperature and the 
weather condition has been neglected due to 
the lack of data available, and this effects the 
bullet residual velocity. 

Fig. (9): The change in the residual velocity with plate thickness for the

hybrid plates in both experimental test and numerical solution.
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Fig. (10) shows the change in the bullet re-
sidual kinetic energy with plate thickness for the 
hybrid composite in both the experiment and the 
numerical work. Both the residual kinetic energy 

curves are decreasing with thickness and reach 
zero at (5) mm plate thickness that because with 
increasing the thickness the plates become stron-
ger and therefore absorb higher energy.

Fig. (10): The change in the bullet residual KE with plate thickness for
 the hybrid composite plate

Fig. (11) shows the change in the bullet 
energy absorbed with plate thickness in both 
the experiment and the numerical work. Both 

energy absorbed curves in this Fig. shows in-
creasing with plate thickness until absorbed 
all the bullet energy at (5) mm plate thickness.

Fig. (11): The change in the energy absorbed
with plate thickness for the hybrid composite plate
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Fig. (12) shows comparison in ballistic 
limit for the hybrid plate (5) mm thick be-
tween experimental work and the numerical 

solution. The ballistic limit in the experimen-
tal work is (371) m/s and the experimental and 
numerical solution shows good agreement.

Fig. (12): Comparison in the ballistic limit for
the hybrid plate (5) mm thick impacted by (9) mm bullet.

8. ANSYS Results of the Hybrid Models:
8.1. The Directional Deformation Result:
Fig. (13) shows the directional deformation 

in Z-direction for the hybrid plate )4(mm thick 
impacted by (9) mm bullet. The Fig. shows 
complete penetration to the hybrid plate, also 

it shows conoid formation and the maximum 
directional deformation is (0.035173) m. Fig. 
(14) shows the change in the directional defor-
mation with time. The maximum directional de-
formation curve increasing with time and reach 
maximum at the end of impact setting time.

Fig. (13): The directional deformation in Z-direction 
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Fig. (14): The change in the directional deformation with time

8.2. The Maximum Principal Stress Re-
sult for The Hybrid Composite Plate:

Fig. (15) shows the stress distribution in hy-
brid plate at 0.0001s and the maximum princi-
pal stress at this time is 9.5536×107Pa. Fig. (16) 

shows the change in the stress with time. The 
maximum principal stress curve increases with 
time to reach maximum value 2.2791×108) Pa 
at (1.5×10-5s. After that time the stress decreas-
es because of the failure in the hybrid layers. 

Fig. (15): The maximum principal stress distribution 



Abdul Kareem Abdul razzaq Al-Humdany and Jawad Talib Abodi 
and Salah Mahdi Ali

79AL-Bahir Quarterly Adjudicated Journal for Natural and Engineering Research and Studies

Vol. 9, No. 17 and 18, P. (69-83), Jun, 2019

Fig. (16): The change in the maximum principal stress with time 

8.3. The Maximum Principal Stress 

Result for The 9mm Bullet:
Fig. (17) shows the stress distribution in 

the bullet at the time 0.0001s and the maxi-
mum principal stress at this time is (1.129) 
Pa. The Fig. also shows deformation in the 
front end and the middle of the bullet, and the 

copper jacket has slide backward. Fig. (18) 
shows the change in the stress with time. The 
maximum principal stress increases with time 
reaching its maximum value (5.31 Pa at (2.5s. 
After that time the bullet are begins to leave 
the hybrid plate and therefore the stress is de-
creasing.

Fig. (17): The maximum principal stress for the 9mm bullet 
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Fig. (18): The change in the stress with time for the 9mm
bullet 

8.4. The Maximum Shear Stress Result:
Fig. (19) shows the shear stress distribution 

in the hybrid plate at the time (0.0001)s and the 
maximum shear stress at this time is (4.8015 
×10-5) Pa. Fig. (20) shows the change in the shear 

stress with time. The maximum shear stress 
curve are increasing with time to reach maxi-
mum (1.201 ×108) Pa at the time (1.5 ×107s). 
After that time the hybrid layers start failing and 
therefore the shear stress carve decreases.

Fig. (19): The maximum shear stress distribution
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Fig. (20): The change in the maximum shear stress with time

8.5. The Maximum Principal Strain Result:
Fig. (21) shows the strain distribution 

in the hybrid plate at the time 0.0001s and 
the maximum principal strain at this time is 

(4.2696%). Fig. (22) shows the change in the 
strain with time. The maximum strain curve 
shows increasing with time to reach maxi-
mum at the end time.

Fig. (21): The maximum principal strain
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Fig. (22): The change in the maximum principal strain 

8.6. The Internal Energy Result:
Fig. (23) shows the change in the internal 

energy with time for the hybrid plate. Both 
E-Glass/Epoxy and Carbon/Epoxy shows in-
creasing in the internal energy with time un-
til (0.0264) s. after that tim e the bullet start 

to exit the hybrid plate therefore both curves 
show fluctuation because of the stress waves 
acting on the plate until the time (0.0496) Ms. 
After that time the bullet is completely exit 
the plate therefore sharp decreasing in the in-
ternal energy happen.

Fig. (23): The change in the internal energy with time
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9. Conclusions:
1. The absorbed impact energy is increas-

ing with the increase in the plate thickness.
2. In all cases for the bullet velocity which 

are above the ballistic limit the damaged area 
are decreasing with the increase of the bullet 
velocity.

3. In all cases for the bullet velocity which 
are below the ballistic limit the damaged area 
are increasing with the increase of the bullet 
velocity.

4. In all cases the damage was more to-
wards the exit side of the laminates than the 
entry surface.

5. Adding E-Glass fibers to the carbon fi-
bers increase the energy absorption and re-
duce the co
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الخلاصة
هذه  أثارت  لذلك  العلوم  مختلف  في  كثيرة  تطبيقات  لها  التكاملية  فريدهولم  معادلات  ان  القول  البديهي  من 

المعادلات انتباه الكثير من العلماء والباحثين في ميدان علم الرياضيات. 
الثاني  النوع  التكاملية الغير متجانسة من  في هذا البحث سنقدم طريقة جديدة وموثوقة لحل معادلة فريدهولم 
الطريقة  هذه  عمل  آلية  شرح  وسيتم   (Adomian Decomposition Method) الطريقة  هذه  وتسمى 

بصيغتها الاصلية وصيغتها المعدلة في الحل من خلال مجموعة متنوعة من الامثلة. 

الكلمات المفتاحية
معادلات فريدهولم التكاملية، طريقة تحليل أدوميان، طريقة التحليل المعدلة.
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Abstract
It is arbitrary that, Fredholm Integral Equations have got many variable 

applications in different scientific domains. So, such brand of equation has attracted 
many scientists’ and researchers’ attention in mathematics science.

Then, in this research, the researcher will produce new authentic method to 
solve the second kind inhomogeneous Fredholm Integral Equation whose name 
is Adomian Decomposition Method. The procedural steps of this method will be 
produced and explained with its original as well as its modified modes in terms of 
solution process through multiple kinds of examples.

Keywords
Fredholm Integral Equations, Adomian Decomposition Method, Modified 

Decomposition Method.
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1. Introduction
It is evident that, Fredholm Integral Equ-

ation exists in many fields of scientific app-
lications. For example, Newton’s law, stating 
that, the rate of change of the momentum of a 
particle is equal to the force acting on it, can 
be translated into mathematical language as 
a differential equation. Similarly, problems 
arising in electric circuits, chemical kineti-
cs, and transfer of heat in a medium can all 
be represented mathematically as differential 
equations. These differential equations can be 
transformed to the equivalent integral equati-
ons of Fredholm types.In mathematic field of 
science, Fredholm came to the prominence as 
a Swedish scientist who established the brand 
of (Integral Equation) in the applications mat-
hematical domain.

In this sense, this scientist was enabled to 
convert the boundary value problems into in-
tegral Equations which coined lately by his 
name. In the last years of previous century, 
this mode of equation (Fredholm Integral 
Equations) was employed effectively in vari-
able fields of physical and chemical problems, 
accodingly. Consequently, the scientific cont-
ribution of such Equation engaged many rese-
archers to study it deeply. 

        
The researcher will produce the method to 

solve these problems which is termed Adomi-
an Decomposition Method. This method was 
discovered by the scientist Adomian in 1990.

        It is well known that, Adomian De-
composition Method has been used by many 
scientists and engineers in order to solve high-
ly nonlinear integral equations which can not 
be solved by other methods. But this method 
has been used globally to solve the second 
kind from Volterra integral equations and Fre-
dholm integral equations and it is impossible 
to be used regardimg to solve the first kind 
from these two equations.

        
Haifa Ali and Fawzi Abdelwahid have 

been published a scientific article under a tit-
le (Modified Adomian Techniques Applied to 
Non-Linear Volterra Integral Equations) in 
(Open Journal of Applied Sciences) in 2013 
to explain  Adomian Decomposition Method 
to solve Volterra integral equations. On the 
other hand, I explained the mechanism and 
procedures this method regarding to deal with 
Fredholm integral equations.                       

2. Basic Definitions
It is understood that, some definitions have 

been selected in order to help us to understand 
integral equations and their types generally as 
well as to understand Fredholm integral equa-
tions, specificly.   

Definition 1. [1]An integral equation is an 
equation that involves the unknown function 

)(xu  that appears inside of an integral sign. 
The most standard type of an integral equation 
in )(xu  is of the form 
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∫+=
)(

)(

)(),()()(
xh

xg

dttutxKxfxu λ      (2.1)

Definition 2. [2] If the function 0)( =xf
in equation (2.1), then equation (2.1) is called 
homogeneous. Otherwise it is called inhomo-
geneous. 

Definition 3. [3] If the limits of the inte-
gral in equation (2.1) are fixed so, is called a 
Fredholm integral equation.

These types of equations are classified into 
two types, the general form of Fredholm inte-
gral equation of the first kind is

∫=
b

a

dttutxKxf )(),()( λ
  
(2.2)

where, the unknown function )(xu  appears 
inside the integral sign.

The second kind given by

∫+=
b

a

dttutxKxfxu )(),()()( λ  (2.3)

where, the unknown function )(xu  appears 
inside and outside the integral sign.

3. The Adomian decomposition method
Polyanin and Manzhirov conclude that, 

this method arises to work for linear, nonli-
near integral equations, differential equations 
and integro-differential equations.

We shall explain the technique of this met-
hod by expressing )(xu  in equation (2.3) in 
the form of a series

),()(
0

xuxu
n

n∑
∞

=

=   (3.1)

or equivalently,
...)()()()( 210 +++= xuxuxuxu   (3.2)

Where the elements of, 0),( ≥nxun  will be 
identified redundantly. The mode of the Ado-
mian decomposition method links itself with 
finding the elements ,,, 210 uuu …. singly. The 
setting of these elements or components can 
be solved in a fair easy way through a redun-
dant relation which includes normally simp-
le integrals which in turn can be evaluated, 
simply [4].

However, Collians maintains that, firstly, 
we set the value of  )(0 xu  as the term outside 
the integral sign of equation (2.3) 

)()(0 xfxu =

To found the redundant relation, we substi-
tute (3.1) into the Fredholm integral equation 
(2.3) to obtain [5]:

dtxutxKxfxu
b

a n
n

n
n ∫ ∑∑ 








+=

∞

=

∞

= 00
)(),()()( λ

                                 
or equivalently,

[ ]dttututxKxfxuxuxu
b

a
∫ +++=+++ ...)()(),()(...)()()( 10210 λ

Usman and Zubair state that, we can get 
the value of the components ),(0 xu ),(1 xu

),(2 xu  ..., ),(xun  ... of the unknown function 
)(xu  as follows:

)()(0 xfxu =

dttutxKxu
b

a

)(),()( 01 ∫= λ
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dttutxKxu
b

a

)(),()( 12 ∫= λ

dttutxKxu
b

a

)(),()( 23 ∫= λ

.0,)(),()(1 ≥= ∫+ ndttutxKxu
b

a
nn λ  (3.3)

Then, we can get the solution )(xu  by
...)()()()()( 3210 ++++= xuxuxuxuxu

that converges to a closed form solution [6].

3.1. Some Applications
I have chosen these group of examples 

which are employed to explain the Adomian 
decomposition method clearly and compre-
hensively as compared with other modes of 
examples.   

Example (1): 
To Solve the following Fredholm integral 

equation

.)()(
1

0

dtttuxxexu x ∫+−=   (3.4)

Here, Wazwaz sees that, the Adomian 
decomposition method assumes that, the so-
lution )(xu has a series form given in (2.1). 
Substituting the decomposition series (3.1) 
into both sides of (3.4) gives [7]

.)(
1

0 00
dtutxxexu

n
n

x

n
n ∫ ∑∑

∞

=

∞

=

+−=   (3.5)

or equivalently,

[ ]dttututxxexuxuxu x ∫ +++−=+++
1

0
10210 ...)()(...)()()(

It is understood that, Hosseini explains 

that, we identify the zeroth component by all 
terms that are not included under the integral 
sign. Therefore, we obtain the following re-
currence relation

,)(0 xexu x −=    
.0,)()(

1

0
1 ≥= ∫+ kdtttuxxu kk

Hence,
,)(0 xexu x −=

,
3
2)()()(

1

0

1

0
01 xdttetxdtttuxxu t =−== ∫∫

,
9
2

3
2)()(

1

0

2
1

0
12 xdttxdtttuxxu === ∫∫

,
27
2

9
2)()(

1

0

2
1

0
23 xdttxdtttuxxu === ∫∫

,
281
2

27
2)()(

1

0

2
1

0
34 xdttxdtttuxxu === ∫∫

and so on [8].
Using (3.1) gives the series solution

.....
27
1

9
1

3
11

3
2)( 






 +++++−= xxexu x

  (3.6)

It is clearly that, the infinite geometric se-
ries at the right side has ,11 =a  and the ratio 

3
1

=r  . The sum of the infinite series is there-
fore given by

,
2
3

3
11

1
=

−
=S   (3.7)

substituting (3.7) into (3.6) gives the exact 
solution

.)( xexu =
Example (2): 
 To Solve the following Fredholm inte-
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gral equation 

.)(sin)(
2

0

dttuxxxxu ∫+−=

π

  
(3.8)

It is knowledgeable that, Porter and Stir-
ling maintain that, by substitute the decompo-
sition series (3.1) into both sides of (3.8) we 
find

.sin)(
2

0 00
dtuxxxxu

n
n

n
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∞

=

∞

=

+−=

π

(3.9)

or equivalently,

[ ]dttutuxxxxuxuxu ∫ +++−=+++
2

0
10210 ...)()(sin...)()()(

π

Then, we set all terms that are not included 
under the integral sign as the zeroth compo-
nent 

,sin)(0 xxxu −=
   

.0,)()(
2

0
1 ≥= ∫+ kdttuxxu kk

π

Hence, we obtain that,

,sin)(0 xxxu −=

,
8
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22
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0
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,
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0
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,
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0
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,
4096512

)
51264

()()(
862

0

642

0
34 xxdtxxxdttuxxu ππππ

ππ

−=−== ∫∫
and so on [9].
Hence, by using (3.1) gives the series solu-

tion
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−+ xx ππππ

  (3.10)

By canceling the identical terms with op-
posite signs in (3.10), we will obtain the exact 
solution

.sin)( xxu =

Example (3):
To Solve the following Fredholm integral 

equation 

.)(
3
4)(

1

0

dtttuexxu x ∫+−+=   (3.11)

Malrknejad and Mahmoudi state that, sub-
stituting (3.1) into both sides of (3.11) gives 

.
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dtutexxu

n
n

x

n
n ∫ ∑∑

∞

=

∞

=

+−+=

or equivalent, 

[ ]dttututexxuxuxu x ∫ +++−+=+++
1

0
10210 ...)()(

3
4...)()()(

Then, we set 
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,
12
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and so on [10].
By using (3.1) we obtain,

.....
8
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4
1

2
11

3
2

3
4)( 






 +++++−+= xexxu   

(3.12)

It is clear that, the infinite geometric series 
has ,11 =a  and the ratio 

2
1

=r . Therefore, the 
sum of the infinite series is given by

.2

2
11

1
=

−
=S

The series solution (3.12) converges to the 
closed form solution 

xexxu +=)(

4. The modified decomposition method 
If the function  )(xf  consists of a mixture 

of two or more of trigonometric functions, hy-
perbolic functions, polynomials, and others, 
the evaluation of the components 0, ≥ju j

requires long time and difficult work.
Henceforth, Ali and Abdelwahid accept 

that, we can set the function )(xf  as the sum 
of two partial functions, such as )(1 xf  and 

).(2 xf  In other words, we can set, 
)()()( 21 xfxfxf +=

we identify the component )(0 xu  by one 
part of )(xf  to minimize the size of calculati-
ons. We will use the other part of )(xf  to find 

the value of the component  ).(1 xu  In other 
words, the modified decomposition method 
introduces the modified recurrence relation

)()( 10 xfxu =

dttutxKfxu
b

a

)(),()( 021 ∫+= λ

.)(),()(1 dttutxKxu
b

a
kk ∫=+ λ

  
(4.1)

We can get the exact solution )(xu  by cor-
rect selection of the functions )(1 xf  and )(2 xf
and by using very few iterations, and some-
times by evaluating only two or three com-
ponents. The success of this method depends 
only on the correct choice of )(1 xf  and ),(2 xf
and this can be made through experience only. 
A rule that may help for the correct choice of  

)(1 xf  and )(2 xf  could not be found until now.
We can not use this method if )(xf  con-

sists of one term only, in this case the standard 
decomposition method can be used [11].

4.1. Some Applications
Example (1):
To Solve the Fredholm integral equation 

by using the modified decomposition method:

.)(1)(
1

0

dtttuexu x ∫+−=   (4.2)

Firstly, we will solve this equation by the 
“standard decomposition method” as compa-
red with modified decomposition method. 

Substituting the decomposition series (3.1) 
into both sides of (4.2) gives
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or equivalently,
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we identify the zeroth component by all 
terms that are not included under the integral 
sign. Therefore, we obtain the following re-
currence relation

,1)(0 −= xexu    .0,)()(
1

0
1 ≥= ∫+ kdtttuxu kk

Hence,

,1)(0 −= xexu

dtetdtttuxu t )1()()(
1

0

1

0
01 −== ∫∫

1

0

2

1 2
)1()( 








−−=

ttexu t

[ ]
2
11

2
10)(1 =−−



 −=xu

dttdtttuxu ∫∫ ==
1

0

1

0
12 2

1)()(

4
1

4
)(

1

0

2

2 =







=

txu

dttdtttuxu ∫∫ ==
1

0

1

0
23 4

1)()(

8
1

8
)(

1

0

2

3 =







=

txu

dttdtttuxu ∫∫ ==
1

0

1

0
34 8

1)()(

8
1

8
)(

1

0

2

4 =







=

txu

and so on [10].
By using (3.1) we obtain,

.....
8
1

4
1

2
11

2
1)( 






 ++++−= xexu   (4.4)

It is clear that, the infinite geometric series 
has ,11 =a  and the ratio 

2
1

=r . Therefore, the 
sum of the infinite series is given by

.2

2
11

1
=

−
=S

The series solution (4.4) converges to the 
closed form solution 

xexu =)(
To solve equation (4.2) by using the mo-

dified decomposition method, Wazwaz sees 
that, first, we set

1)( −= xexf
hence,

xexf =)(1 ,  12 −=f
By using (4.1) we obtain,

xexfu == )(10

,)(1)(
1

0
01 dtttuxu ∫+−=

,1)(
1

0
1 dttexu t∫+−=

[ ]
1

0
1 )1(1)( −+−= texu t

[ ])10()0(1)( 01
1 −−+−= eexu

[ ])1(01)(1 −−+−=xu

11)(1 +−=xu

0)(1 =xu
It is clearly that, each component of
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1, ≥kuk

is zero. So the exact solution given by [12]
.)( xexu =

Obviously, we got the solution for the equa-
tion (4.2) in a standard Adomian method after 
we got the value of four components. While, 
we were able to get the solution after we got 
the value of two components when we used 
the modified Adomian decomposition meth-
od. This mode of solution “ modified Adomian 
decomposition method” has been employed to 
reduce the mathematical calculations as com-
pared with the standard technique.     

Example (2):
To Solve the Fredholm integral equation 

by using the modified decomposition method:

.)()317(
16
13)(

1

0

4 dtttueexxu xx ∫++−+=

Almazmumy and Hendi conclude that, 
first, we set,

),317(
16
13)( 4 xx eexxf +−+=

hence,

xexxf 4
1 3)( +=

,  
).317(

16
1

2
xef +−=

By using (4.1) we obtain,

,3)( 4
10

xexxfu +==

,)()317(
16
1)(

1

0
0

4
1 dtttuexu t ∫++−=

( ) ,3)317(
16
1)(

1

0

44
1 dtettexu tt ∫ +++−=

( ) ,3)317(
16
1)(

1

0

424
1 dttetexu tt ∫ +++−=

( )
1

0

43
4

1 14
163

3)317(
16
1)( 








−+++−= tetexu

t
t

( ) 



−−








+++−=

16
13

16
1)317(

16
1)(

4
4

1
eexu

16
17

16
3)317(

16
1)(

4
4

1 +++−=
eexu

0)(1 =xu

It is clearly that, each component of
1, ≥kuk

is zero. So the exact solution given by [13]
.3)( 4xexxu +=

Example (3):
 To Solve the Fredholm integral equati-

on by using the modified decomposition met-
hod:

.)(sin)(
2

0

dtttuxxxxu ∫+−=

π

 Davies states that, first, we set
xxxf −= sin)(

hence,
xxf sin)(1 = ,      xf −=2

 By using (4.1) we obtain,
xxfu sin)(10 ==

.)()(
1

0
01 dtttuttxu ∫+−=

,sin)(
1

0
1 dtttttxu ∫+−=

[ ]
2

0
1 cossin)(

π

ttttttxu −+−=
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[ ])1(00)0(
2

1)(1 −−



 −+−=

πttxu

[ ]01)(1 −+−= ttxu

ttxu +−=)(1

0)(1 =xu

It is clearly that, each component of
1, ≥kuk

is zero. So the exact solution given by [14]
.sin)( xxu =

5. Conclusion
It is clear that, the integral Equations have 

got many applications in the fields of scienc-
es and to help us understanding the natural 
phenomena in terms of design for instance. 
In these papers, we produce and explain new 
authentic and dependable method which is 
called (Adomian Decomposition Method) in 
order to solve (Fredholm integral Equations).

        
The researcher produced and explained ac-

cordingly, the procedural mechanism of this 
method in terms of its original mode as well 
as its modified one through variable sets of 
examples.
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الخلاصة
[0,1] ، والمتغيرات لقياس  المغلقة  الفترة  ℑ الى  المتكامل  قياس الامكانية هي دالة مجموعة معرفة من الحقل 
الامكانية هي دالة قابلة للقياس من فضاء قياس الامكانية الى مجموعة الاعداد الحقيقية . في هذا البحث نسمي قياس 

. ρ ρ ومتغيرات  الامكانية بمتغيرات  الامكانية  بقياس 
نناقش في هذا البحث انواع من التقارب في هذا النوع من القياس وندرس العلاقة بينهم ونبرهن بعض المبرهنات 

المهمة. 

الكلمات المفتاحية
. ρ ، التقارب، متغيرات  ρ σ،الفضاء القابل للقياس، قياس  الحقل المتكامل 
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Abstract
 possibility  measure  as  a set  function   ρ  : →ℑ [0,1]  where ℑ   is σ

-field.  Possibility  variable  is  measurable  function  of    possibility space to set 
of  real number, in this paper  we called possibility measure  as ρ -measure and 
possibility  variable  is ρ -variable.

        In this paper we discuss the kind of convergence in ρ -measure  and study 
relations  between them  by prove some important theorem.

Keywords
σ -field, measurable space, ρ -measure, convergence , ρ -variable.
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1-Introduction
Possibility theory is mathematical theory 

with certain kind of uncertainty and is substi-
tutional to probability theory [1], possibility 
measures were introduced by Zadeh [2] in 
1978. 

In  this paper we  study  the  kinds  of con-
verge in ρ -measure  first almost everywhere. 
We called almost everywhere ρ -almost ev-
erywhere . After that define almost uniform-
ly, uniform convergence is a kind of conver-
gence stronger than point wise convergence. 
It is clear from these definitions that uniform 
convergence imply pointwise convergence for 
every, and define converge in 

ρ - measure many author discuss converge 
in measure (see [3,4,5])  in this paper we dis-
cuss converge in another measure is called ρ

- measure .
In [6] discussion convergence in another 

measure.
After that discussion of kinds of converge 

in possibility variable as converge almost 
surely, converge in mean and converges in dis-
tribution, and prove some properties theory. 

2.Preliminaries

2.1. Definition [1]
A family  ℑ of subsets of   a set Χ  is  

called  a σ -field on a set X if
(1) ℑ∈Χ
(2) If  A ℑ∈  , then  cA ℑ∈
(3) If ,...2,1, =ℑ∈ nAn   then ℑ∈

∞

=
n

n
A

1

),( ℑΧ  is a measurable space, where Χ  is 
a set and ℑ is σ -field onΧ

a subset  A of Χ  is called measurable  to 
the σ -field ℑ,   for all A∈ℑ is called  a mea-
surable set.

2.2. Definition [5] 
Let (Χ ,ℑ)  is  a measurable space,  the set 

function ρ  : ℑ→ [0,1] is  called  ρ - measure 
if  it is holds the following axioms:

(1) 1)( =Xρ , 0)( =φρ       
(2) For every sequence }{ nA  in F,  we have 

)}({max)(
11

nnn
n AA ρρ

∞≤≤

∞

=

=

a space is a tripe ),,( ρℑX  where X  is a 
set, ℑ is σ - field, ρ - measure  on  ℑ.

2.3. Definition [3]
Let  ),,( ρℑX  is  a ρ - measure. A func-

tion RX →:ξ  is said 
a  ρ -variable  if  X   is a  Borel  measurable
 . i.e.  

}{ { }1( ) ( : ( )A X A x X x Aξ ξ− = ∈ = ∈ ∈ ∈

  Let ξ   be a ρ -variable on ),,( ρℑX . The 
ρ - distribution ϑ  defined  as   of 
any ρ -variable  })(:{)( xwXwxx ≤∈= ξρϑ
for any Rx∈ .  

2.4. Definition [3]
 Let X is a ρ -  variable  on ),,( ρℑX , then  

the expected value of  X   is defined as 
       

∫∫
∞−

+∞

≤−≥=Ε
0

0

}{}{)( drrXdrrXX ρρ
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2.5. Theorem 
Let ),,( ρℑX   be ρ -measure  space, then 
(1) 1)(0 ≤≤ Aρ .
(2) ).()()( 2121 AAAA ρρρ +≤

(3) If FAA ∈21 , and 21 AA ⊂ then 
).()( 21 AA ρρ ≤ .

(4)  If 1A , 2A …, nA F∈ ,  then  

)}.({max)(
11

k
nk

n

k
k AA ρρ

≤≤=
≤

(5) )()(
11

k
ik

k AA ρρ ∑
∞

=

∞

=
≤

(6) )}(),(min{)( 2121 AAAA ρρρ ≤

(7) (2A∩1A)ρ≥1-(2A)ρ+(1A)ρ

 (8) If FAA ∈21 , ,  then . ρ(A1-A2 )≥ρ(A1)-
ρ(A2)

In the following definition we define the 
kind of converge by ρ - measure by using the 
definition in [1]and [6]  that was use converge 
another measure

2.6. Definition 
Let ),,( ρℑX ρ -measure space, sequence 
)( nf of  real–valued measurable function on 

X  said  be 
1- converge ρ -almost everywhere to a.e

real –valued measurable  function f  denoted 
by ff

ea

n

.
→  if for each 0>ε  and Xx∈  ex-

ist a set ℑ∈E  and  a natural  number N such 
that ερ <)(E   and ε<− )()( xfxfn  , cEx∈
and each Nn ≥ .

2- converge  ρ -almost uniformly to an a.e 
real –valued measurable function f  denoted by 

ff
ua

n

.
→  if for each 0>ε   there is a set ℑ∈E

and  a natural number N such that ερ <)(E

and ε<−=−
∈

∞
)()(sup xfxfff n

Ex
n

c
 ,  Nn ≥

.
3- converge in ρ -measure to an a.e 

real –valued measurable function f de-
noted by ffn

ρ
→  if for each 0>ε

0))()(:(lim =≥−∈
∞→

ερ xfxfXx nn
 .

2.7. Definition [7] 
Let ),,( ρℑX ρ -measure space  is called 

complete if ℑ contains all subsets of measure 
zero. That is, if 0)(, =Ηℑ∈Η ρ  and Η⊂A
then ℑ∈A .

2.8. Proposition 
Let ),,( ρℑX  complete  ρ -measure  

space and  gf =  a.e  if  f  is measurable on  
ℑ∈Η    as well  g.

Proof
Let R∈ψ and )}()(:{ xfxgHxN ≠∈=

then ℑ∈N  and 0)( =Nρ
Now 

})(:{})(:|{})(:{ ψψψ >∈>Η∈=>Η∈ xgNxxgNxxgx 

})(:{})(:|{ ψψ >∈>Η∈= xgNxxfNx 

2.9. Proposition 
Let ),,( ρℑX  complete  ρ - measure 

space ,  nf   is   sequence  of measurable func-
tion on  ℑ∈Η   is   converges to  f  a.e ,  then   
f  is measurable  on  H.

2.10 .Theorem
Let ),,( ρℑX   is ρ -measure  space  and 

nf   is   sequence of  
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real-valued  measurable  functions  on  X ,  
if  a sequence nf  converge 

ρ - almost uniformly , then  it is  converge 
in the  ρ -measure  to  f . 

Proof 
 the sequence nf  converges  ρ -al-

most  uniformly  to f ,
 there exist   measurable set H and a natural 

number N such that 
ερ <)(E  and   ,   0>ε

and 
ε<− )()( xfxfn   ,  HXx |∈∀

and  Nn ≥ .
now ,  for all  Nn ≥ . 

HxfxfXx n ⊂≥−∈ })()(:{ ε
Then   Nn∈∀

εερ <≥−∈ }))()(:({ xfxfXx n .

2.11. Theorem 
Let ),,( ρℑX ρ -measure space , nf  is a 

sequence of  a.e  real-valued measurable func-
tion on X ,  if  a sequence nf  converges  ρ
-almost uniformly,  then it is  converges ρ -al-
most  everywhere. 

Proof
Let nf  converges ρ - almost uniformly  to 

f , then for each Ν∈n  there is 
a measurable  set nA  for  

n
An

1)( <ρ  such 
that  ffn →  uniformly  of

nAX |  ,   Let )|(
1

n
n

AXA 
∞

=

=  then  

01)()()|(
1

→=≤=
∞

= n
AAAX n

n
n ρρρ 

That is  0)|( =AXρ

Then , for each    as  
∞→n  we gate  ff

ea

n

.
→

2.12. Theorem 
Let ),,( ρℑX   is  a finite ρ -measure  

space  and nf  is a sequence of  a.e  real-val-
ued  measurable  function  on  X . If the se-
quence nf  converges  

ρ -almost everywhere  to f ,  then it is con-
verges ρ -almost  uniformly  to f . 

2.13. Theorem 
Let ),,( ρℑX   is  a ρ -measure space and  

nf   is  a  sequence of  a.e  
real-valued  measurable  function  on  X ,  

if  a sequence nf  converge  in 
ρ -measure  to f , then there exist  a sub-

sequence nkf  to  nf    is  converges ρ -almost  
everywhere  to  f. 

Proof  
Let Nn ∈1  such that for all 1nn ≥

2
1})1)()(:({ <≥−∈ xfxfXx nρ

Now , choose Nn ∈2  such that 12 nn ≥
and for all 2nn ≥

22
1})

2
1)()(:({ <≥−∈ xfxfXx nρ

Next , choose Nn ∈3  such that 23 nn ≥
and for all 3nn ≥

32
1})

3
1)()(:({ <≥−∈ xfxfXx nρ

Continue this process obtaining  an in-
creasing sequence )( kn  of  natural numbers  

kn k
xfxfXx

2
1})1)()(:({ <≥−∈ρ
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For each Nk ∈ , let  

}1)()(:{
k

xfxfXxA nk ≥−∈=

 for  all  Ν∈k , kkA
2
1)( <ρ   have  

∑
∞

=1
)(

k
kAρ  converges  

Then have 0)sup(lim =kAρ

 
∞

=

∞

=
==

1
suplim

k kj
jk AAA

Choose AXx |∈  , then Njx ∈∃ , 

jxAXx |∈  then 

}1)()(:{||
k

xfxfXxXAX
jxk

nkjx ≥−∈=
∞

=



∞

=
≥−∈

jxk
nk k

xfxfXxX }1)()(:|[


∞

=
≥−∈

jxk
nk k

xfxfXx }1)()(:[

Then for  jxk ≥ ,  
k

xfxfnk
1)()( <−

Let 0>ε , jxko ≥  such that  ε<
ok

1

then for all okk ≥

ε<<−
k

xfxfnk
1)()(

Therefore , for all  AXx |∈ , 
)()( xfxfnk →

Then ffnk →  almost everywhere.

3. Relation between converge concept:
3.1 .Definition
Let ),,( ρℑX  is  ρ -measure space  
1- a sequence  nζ  is said to be convergent 

ρ -almost surely (a.s) to
ρ - variable ζ  if exists an event β  with 

1}{ =βρ such that 0)()(lim =−
∞→

xxn
n

ζζ  , for 
all β∈x .

2- a sequence  nζ  is said to be conver-
gent in  ρ -measure to a ρ -variable ζ   if    

0})()({lim =≥−
∞→

εζζρ xxnn
 , for all 0>ε . 

3- a  sequence  nζ  is  called  convergent 
in mean to ζ

if 0])()([lim =−
∞→

xxE n
n

ζζ  , such that 
,...,, 21 ζζζ   be ρ - variables with finite ex-

pected values.
4-  a   sequence  nζ  is said to be convergent 

in distribution to ζ  if ϕϕ →n  , at any point ϕ
such that ,...,, 21 ϕϕϕ   be ρ -  distribution   of 
ρ -variable ,...,, 21 ζζζ , respectively.

3.2. Proposition 
Let ,...,, 21 ζζζ  be ρ -  variable then nζ

converges  a.e  to ζ if and only if for any 0>ε
we have 0)()(|{

1
=










≥−∈

∞

=

∞

=
εζζρ xxXx n

m mn
 

.  

3.3. Definition
Let 1,, ≥nn ζζ  be ρ -  variable defined in 

the possibility  measure  space ),,( ρℑX . The 
sequence nζ    is said  converges ρ -uniformly 
a.s  to ζ   if exist 0)(, →ΑΑ kk ρ  such that nζ
converges  ρ - uniformly   to ζ  in kΑ−ℑ  for 
any  k.

3.4. Proposition 
Let   ,...,, 21 ζζζ    be   ρ -variable   then  nζ

converges  ρ - uniformly   to ζ if and only if  

0)()(|(lim =









≥−∈

∞

=∞→
εζζρ 

mn
n

n
xxXx
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Proof 
Let nζ   be  converges   ρ - uniformly  a.s  to ζ
then  for 0>γ  there exist β  such that 

γβρ <}{  and

nζ  converges   uniformly  toζ on     β|ℑ .
Then  for  any 0>ε  there exists  0>m   s.t  

εζζ <− )()( xxn where mn ≥  and β|ℑ∈x
that is

Then  

γβρεζζρ <≤≥−∈
∞

=
)())()(|{((

mn
n xxXx

Thus  

0)()(|(lim =









≥−∈

∞

=∞→
εζζρ 

mn
n

n
xxXx

 In the second hand
Let 

0)()(|(lim =





 ≥−Χ∈

∞

=∞→
εζζρ 

mn
nn

xxx

For any  0>ε  then  for any  0>γ ,  1≥k
there exists km

k
mn

n k
xxXx

2
1)()(|( γζζρ <


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الخلاصة
نة مسبقاً بدرجة  أستخدم الرش الكيمياوي الحراري لترسيب أغشية أوكسيد الحديد على قواعد زجاجية مُسخَّ
الأشعة  يود  حُ تقنية  ظِفَت  وُ جوي.  بمحيط  و(5000)م   (400)  ،(300) بدرجات  العينات  نت  دِّ لُ 0م.   (200)
السينية لدراسة تأثير التلدين على تركيب أغشية اوكسيد الحديد. ان تركيب الأغشية المرسبة تركيب عشوائي تحول 
زيادة درجة  مع  البلوري  التركيب  ن  [104]. تحسَّ تسيد  مُ باتجاه  0م   (300) بالتلدين على درجة  التبلور  تعدد  مُ الى 
حرارة التلدين. مع المعاملة الحرارية زاد حجم الحبيبات البلورية النانوية من (23.3) الى (29.3) نانوميتر للغشاء 
الإنخلاعات  كثافة  الميكروية،  كالمطاوعة   ￯أخر تركيبية  لَمات  عْ مَ التوالي.  على  0م   (500) بدرجة  ن  والمُلَدَّ ب  سَّ المُرَ
أستعمل مطياف الأشعة  التلدين.  تغيرات درجات  بِطت مع  ورُ بَت  سِ المساحة حُ لوحدة  البلورية  الحُبيبات  وعدد 
فوق البنفسجية والأشعة المرئية لدراسة تأثير التلدين على الخواص البصرية لا غشية اوكسيد الحديد. زادت فجوة 
الطاقة البصرية مع التلدين من (2.105) الى (2.159) الكترون فولت نتيجة نقصان الحالات المتموضعه داخل 

فجوة الطاقة من (0.396) الى (0.162) الكترون فولت. 

الكلمات المفتاحية
التلدين، Fe2O3 , الحجم الحبيبي، التبلور، فجوة الطاقة، عرض الذيول.
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Abstract
Chemical spray pyrolysis was used to deposit Fe2O3 thin films on pre-

heated glass substrates at (200)0C. The films were annealed at (300), (400) 
and (500)0C at ambient atmosphere. X ray diffraction (XRD) technique was 
utilized to study the effect of annealing on the structure of Fe2O3 thin films. 
XRD technique was utilized to study the effect of annealing temperature 
on structural properties of Fe2O3 thin films. It was found that the as deposit 
thin film has amorphous structure but it became polycrystalline structure by 
annealing at (300) 0C with dominant orientation along [104] direction. with 
dominant orientation along [104] direction. Crystallinity of Fe2O3 thin films 
was improved with increasing annealing temperature (Ta). Crystallite size 
increased with heat treatment from (23.3) to (29.3) nm for as deposit and 
annealed sample at (500) 0C respectively. Other structural parameters like 
micro strain (η), dislocation density and number of crystallites per unit area 
were calculated and correlated with the variation of Ta. UV-Visible spec-
trophotometer was used to study the annealing effects on optical properties 
of Fe2O3 thin films. With increasing of Ta; optical energy gap (Eg) values 
increased from (2.105) to (2.159) eV due to decreasing of localized states 
inside the band gap from (0.396) to (0.162) eV.

Keywords
annealing, Fe2O3, grain size, crystallinity, energy gap, band tail.
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 1.Introduction:
Transition metal oxide thin films have great 

interest for their variable      applications. Iron 
oxide is one of these materials with multiple 
applications [1].      Size reduction alters chemi-
cal and physical properties of materials and 
has intense recent research. Metal oxides with 
microstructures like nanorods, nanotubes, and 
nanoparticles as building blocks have been at-
tracted great interest [2]. In applications of thin 
films field, Iron oxide has several employments. 
As a result, to its fast response Fe2O3 thin film 
is using to sense flammable gas [3]. Due to its 
high absorption coefficient and small energy 
gap it is utilized as solar cell [4]. This mate-
rial is low cost, nontoxic, has environmentally 
friendly properties, high chemical stability, high 
corrosion resistance and easy to fabricate [5]. 
Spray pyrolysis method is a simple, versatile 
and low cost technique. Large number of dif-
ferent thin films types can prepare by this tech-
nique. By this method mixed and doped thin 
films are deposited [6]. Also without the need 
of an ultra-high vacuum by using this method it 
can produce large area films and it can be con-
trolled easily [7]. Annealing process is a simple 
method utilized to get multiple advantageous 
for example it is used to improve crystallinity 
and minimized defects and dislocations.                                                                                                             

In this contribution an attempt is done to 
study the effect of annealing on structural and 
some optical properties of Fe2O3 thin film.        

                                                                                
2.Experimental part:      
Fe2O3 thin films deposit on preheated glass 

substrates. The best examined conditions of 
deposition were: substrate temperature (200) 
0C, the time of spraying (5) s, distance between 
substrate and nozzle was (30±1) cm and car-
rier gas was filtered air. The used solution con-
sists from FeCl3.6H2O (1.6221) g powder as 
a precursor of Fe dissolved in distilled water 
(100) ml.  To ensure the complete dissolving 
of powder inside the solution it was left under 
magnetic stirrer for (30) minute. The thickness 
of deposit films was determined by weight 
method; it was (45020±) nm. Shimadzu X-
ray diffractometer is utilized to determine the 
orientations of Fe2O3 miller indices.  To char-
acterize the optical properties of the samples 
UV-Visible (1800) spectra photometer is used. 

                                                                                                                                                                                                                  
3.Results and discussions:
Fig. (1) shows XRD pattern of as deposit 

and annealed Fe2O3 thin films. In general; as 
deposit sample has amorphous structure but 
there is a beginning to form a peaks along 
(104) and (110) planes. After annealing the 
structure transform to polycrystalline with 
dominant direction at [104] beside several 
peaks. According to standard card (JCPDS) 
with number (00033-0664) annealed samples 
have hexagonal phase. The sharpness of all 
peaks increases with increasing of Ta.                              

After annealing at (500) ºC; the dominant 
peak (104) becomes sharper and higher intensity. 
This result attributed to the increasing of sam-
ple’s crystallization and reduction of defects. The 
rearrangements of atoms positions inside Fe2O3

lattice are achieved when Ta reach to (500) ºC [8].
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Fig. (1): XRD of as deposit and annealed samples.

For (104) peak of standard, as deposit and 
annealed Fe2O3 Table 1 shows interplanar 

spacing (dhkl) and peak position (2Ө).                                                                   

Table (1): (104) peak data at different Ta.

Sample type 2Ө  (degree) dhkl     (Å) FWHM (radian)

Standard Fe2O3 33.152 2.7 -

As deposit 33.0798 2.70582 0.0076

Annealed at (300) oC 33.1872 2.69731 0.0075

Annealed at (400) oC 33.1897 2.69711 0.0073

Annealed at (500) oC 33.1957 2.69663 0.0061

    
    In comparison with standard value it was 

found that all annealed samples have shifted 
positions to right and this shift increases with 
Ta. On the other hand, the values of interpla-
nar spacing (dhkl) for annealed samples are 
less than that of standard one. The behavior 
of 2Ө and dhkl is a direct result to Bragg law. 
Crystallite size is calculated by using Scher-
rer’s equation [9].

Where λ is x-ray wavelength, β is the broad-
ening of the hkl diffraction peak measured at 
half of its maximum intensity (in radians) and 
θ is Bragg diffraction angle (o). Crystallite size 
increase with Ta until it reached to (500) 0C 
which it exhibited a maximum size. This re-
sult is in agreement with previous reports [10].          
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Also Fig. (2) illustrates the decreasing of full 
width at half maximum (FWHM) with Ta in-
dicating to the enhancement of the crystalline 
quality of the films. It is known that an increase 

in Ta leads to an increase in kinetic energy of 
the   atoms and molecules making it easier for 
them to correct their occupancy in the lattice 
and then increase the size of the crystallites [8].

Fig. (2): crystallite size and FWHM as function to Ta.

   XRD pattern is utilized again to calculate 
lattice constants (ao and co) by using equation 
2 [11]. 

                                                                                  

Where h,k,l are miller indices. The results 
of are tabulated in Table 2.

Table (2): Lattice constants for as deposit and annealed samples.

(Ta (oC
As deposit

Standard

(JCPDS)
Lattice con-

(stant (Å 500400300

5.0275.0635.0515.045.035ao

13.7313.6813.7013.7913.74co

   Table (2) confirms the recrystallization 
of all annealed samples due to the change in 
co parameter compared with that of as deposit 
sample. Current lattice constants close to that 
obtained by Shinde et al. [12]. After annealing 
at (300) and (400) 0C (ao) increases but it de-
creases at (500) 0C. (co) has reverse behavior 

as equation (2) impose.     For as deposit and 
annealed samples; Table (3) shows the values 
of micro strain (η), dislocation density and 
number of crystallites per unit area by using 
equation (3,4 and 5): [8].                                                                                                                        
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Where t is thin film thickness [13].

Table (3): Some physical parameters of Fe2O3 thin films

Number of crystallites 
per unit area  *109(cm-2)

Dislocation den-
sity *1011(cm-2)Micro strain % (η)Sample

3.41.830.36 -As deposit

3.61.750.29Annealed at (300)0C

2.971.670.43Annealed at (400)0C

1.91.160.72Annealed at (500)0C

    A strain can define as following: it is 
measure of deformation representing the dis-
placement between particles in the body rela-
tive to a reference length. For as deposited 
film non-uniform strain in the films is respon-
sible on broadening in XRD profile, these 
strain is caused during the growth of thin film 
[14].  From Table 3 and Fig. (2) it is clear that 
the increasing of micro strain is related to the 
increasing of crystallite size which increases 
with Ta. This may due to decrease of mechan-
ical surface-free energy with annealing. The 
dislocation density, defined as the length of 
dislocation lines per unit volume [15]. Table 
3. shows the decreasing of dislocation den-
sity with Ta, the sample annealed at (500) 0C 
has minimum dislocation density this can at-
tributed to its minimum crystallite size of this 
sample.                                                                                                                     

   Finally, the number of crystallites per 
unit area decreases with increasing of Ta. This 
result may explained by the mobility of crys-
tallites along the surface of substrate [16]. Fig. 
(3) shows the variation of transmission (T%) 
against wavelength. There is no difference in 
(T%) between that of as deposit and annealed 
one at (300) 0C; this may due to the substrate 
temperature (200) 0C at spray time. (T%) of 
all samples is approximately the same beyond 
(600) nm. The falling of (T%) toward short 
wavelength at spectral region of fundamental 
absorption is sharper for annealed sample at 
(500) 0C; this behavior may relate with the re-
crystallization at this temperature.  
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Fig. (3): T % as a function of wavelength for deposit and annealed Fe2O3 thin films.    

For all samples (except that annealed at 
(500) 0C there is no sharp absorption     near 
absorption edge; this is attributed to the ex-
istence of sub-band gap levels  which re-
late with defects. This result is expected 

due the minimum dislocation density of an-
nealed sample at (500) 0C as in Table (3).                                                                                      
Fig. (4) shows the evaluation of energy gap 
(Eg) values for all samples. Table (4) shows 
the values of Eg.                                                                                              

                                                                                         

Fig. (4):  energy gap (Eg) values for deposit and annealed samples.
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Table (4): Eg values for all samples.

Eg (eV)Sample type

2.107As deposit

2.111Annealed at (300) 0C

2.115Annealed at (400) 0C

2.159Annealed at (500) 0C

   The Eg values increase with Ta; this is 
attributed to decreasing of energy levels in-
side energy gap that relates with defects and 
dislocations [17]. Fig. (5.A) illustrates rela-
tion between lnα and photon energy for as 
deposit and annealed Fe2O3 thin films, where 

α is absorption coefficient. With increasing of 
Ta localized states in the band gap decrease 
as Fig. (5.B) shown. This result explains the 
increasing of Eg in Fig. (4) This result is in 
agreement with that obtained by Mubarak et 
al. [18]

                                

Fig. (5): A-Determination of localized states width (ΔE) (band tail energy or Urbach energy). B- 
ΔE verses Ta.

A B

Ta (oC)

    Fig. (6) shows the variation of α with 
photon energy. It is clear that the absorption 
coefficient increases with increasing of Ta and 
slightly shifted to lower photon energies. The 

high values of α refer to the allowed direct 
transition for all thin films. This result is in 
agreement with that obtained by Khalid [19]. 
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Fig. (6): absorption coefficient variation with photon energy.

                                

Fig. (5): A-Determination of localized states width (ΔE) (band tail energy or Urbach energy). B- 
ΔE verses Ta.

A B

Ta (oC)

4. Conclusions:
Increasing of Ta changed structural and 

optical properties of Fe2O3 thin film; crystal-
lite sizes are increased and the crystallinity of 
it is improved. The annealing process reduces 
dislocation density and the number of crystal-
lites per unit area but it enhances the micro 
strain. The Eg and the absorption coefficient 
values increase with annealing due to decreas-
ing of localized states in the band gap.                                                             
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الخلاصة
تم وضع نموذج لخلية شمسية مكونة من زوج من النقط الكمية باستخدام معادلة استمرارية الحاملات الثانوية 
الكمية،  للنقط  الأرضي  المستوي  مساهمة  بالحساب  الأخذ  ممكنا  جعل  النموذج  هذا  الكثافة.  مصفوفة  نظرية  مع 
الطبقة الرطبة، والحاجز تم اختبار مساهمة معدلات الاسترخاء المختلفة، والكفاءة الكمية للخلية. لقد وجد إن أعلى 
المعدلات يخص الإلكترونات من طبقة الحاجز إلى الطبقة الرطبة في حزمة التكافؤ، لذا فإنه للحصول على كفاءة كمية 

عالية لابد أن يكون هذا المعدل عالياً. 

الكلمات المفتاحية
النقطة الكمية، الخلية الشمسية، الطبقة الرطبة، نظرية مصفوفة الكثافة.
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Abstract
Double quantum dot solar cell system was modeled and studied by cou-

pling the minority carrier-continuity equation with the density matrix theo-
ry. This makes it possible to take into account the contribution from ground 
state in quantum dot (QD) in addition to wetting layer (WL) and barrier. The 
contribution of different rates and the quantum efficiency are examined. It 
is shown that the highest rate was that from barrier-to-WL in the conduction 
band, thus, to get high QE one needs that this rate was high.

Keywords
Quantum–dot, Solar cell, Wetting layer, Density matrix theory.
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1. Introduction  
Solar cells (SCs) suffer from low conver-

sion efficiency (~ 40%) due to the limited 
range of photons that can be absorbed from 
solar spectrum. Many approaches are used to 
increase efficiency, like; hot carrier relaxation, 
quantum cascade structure, and intermedi-
ate band structure. Nanostructures, especially 
QDs, has shown to cover these approaches 
[1, 2]. Hot carriers can be cooled in QDs by 
fast relaxation, cascading is possible in QDs 
by their inter-sub band transitions, and finally, 
QDs can work as an intermediate band corre-
sponding to the bulk band gap [3-5].  

Due to their promising results, In As/GaAs 
QDs was extensively studied as a quantum 
dot solar cells (QDSCs). This comes from 
their possibility in band gap engineering and 
the concept of the intermediate band solar cell 
(IBSC) due to increase the power conversion 
efficiency of QDSCs [6].

Quantum coherence can be realized in 
QDs by manipulating their electron-hole (e-h) 
transitions. This can be done by designing QD 
geometry to obtain localized states at the de-
sired energies energy states. This resulting in 
a controlled de-phasing times [7]. This opens 
the way to desire a QD collections to realize 
the required application such us SC. Double 
quantum dot (DQD) structures can now be 
grown by self-assembling technique [8, 9].

Gioannini et. al. introduces a set of arti-
cles that models QDSCs by connecting drift-
diffusion equations of bulk carriers with QD 
carrier dynamics to study the effect of ther-

mal-assisted processes [10, 11-13]. Joelly et. 
al. compares the influence of inter-sub band 
optical absorption with thermal inter-sub band 
optical absorption [1]. Using the model pre-
sented in [10], Cedola et. al. studied the effect 
of excitonic carrier escape on QDSC perfor-
mance [14]. In [11] Cappelluti et. al. studied 
the QDSC under selective doping where they 
predicts that high doping dominates the emis-
sion from wetting layer (WL). Plasmonic QD-
SCs were examined by Foroutan and Baghban 
in [12]. 

Although of these examples, which is a 
very few part of QDSC researches, but the use 
of DQD as a QDSCs was not examined to now 
and we examine DQDSC for the first time. 

2. DQD structure
Considering a QD molecule synthesized 

from double dots. Each QD was an In As QD 
of a quantum disk shape with radius of a and 
height of h. QD sizes are (h= 2 nm, a =14 nm) 
for the first dot and (h=3.5 nm, a =13 nm) for 
the second dot. Each QD have one conduction 
and valence sub-band, while the WL conduc-
tion and valence sub-band are the reservoir 
states for both dots. Thus, three conduction 
sub-band and three valence sub- band were 
considered. Barrier conduction and valence 
bands were also considered. A sketch of en-
ergy band diagram for DQDSC structure was 
shown in Fig. (1).  

3. The dynamical equations of DQD system 
Considering the system Hamiltonian of 
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DQD system
7

0
(1)iw t

j m
j m

H w j j e−

= ≠

= + Ω∑ ∑ 






Note that jw  is the energy of the jth state. 
  and m any two sub band in the system and 

2
m

m
Eµ

Ω =  



 is the Rabi frequency and mµ  is 

the momentum matrix element for the transi-
tion between   and m states. Note that mµ  is 
calculated considering orthogonalized plane 
wave  between WL and QD states [5,15]. w



is the frequency corresponds to Rabi field mΩ

as in Fig. (1).

Fig. (1): Schematic energy diagram for DQD system with WL and barrier bands.

The dynamical approach for DQD system 
is written as follows [16],

[ ], (2)i H
dt
d ρρ

−=


Substituting the Hamiltonian H into the 
above density matrix equation, two types of 
dynamical equations can be written for DQD 
system with WL and barrier shown in Fig. (1),

7

0
) )(ã ( (3)jjj jj jj j j jiρ ρ ρ ρ ′

′=
′ ′ ′= − + Ω − Ω∑ 



�
  

7

0
) )(R ( (4)j jj j j ji i cωρ ρ ρ ρ ρ

′=
′ ′ ′+ + −= − Ω∑ 



�
     

Note that   and j  are refers to the states 
0 , 1 ,..... 7  with 4 , 5 are conduction and 

valence band WL states, and 6 , 7  are refers 
to conduction and valence bands in the bar-
rier layer. Other states are DQD states, see 

Fig. (1). Also, jjρ  refers to the occupation of 
state j , the off-diagonal density matrix ele-
ments jρ  are correspond to transitions be-
tween states   and j , while jjγ  refers to the 
relaxation from state j . The Rabi frequency 
was / 2j jj E µ=Ω     with jω  is the frequency  
of transitions energy jω . Note that ( )n pJ  was 
the or electron (hole) diffusion photocurrent 
defined in the following section.

4. Relaxation rates
The relaxation rates are defined as 

0(1 ) / 5[ ] ( )ij ij jj ijR ρ ρ τ= −

So for example 0
10 10 00 10(1 ) / ][R ρ ρ τ= − . 

This includes the following rates: 10R ( 23R )
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is the inter-DQD electron (hole) relaxation rate, 
QD electron (hole) capture rate from WL; 41R
, QD hole emission rate from QD to WL; 35R ,
Inter-DQD recombination rates are 30R and 21R
, and QD recombination rates are 31R  and 02R .

5. Derivation of QE in solar cell
Beginning from the minority carrier-conti-

nuity equation and applying the boundary con-
ditions on each side of the junction for holes 
on the n-side and electrons on the p-side, one 
can write [17, 18],

2

2 0, (6)n n
p L

p

p pD G
x
δ δ

τ
∂

− + =
∂                

 (6)
2

2 0, (7)p p
n n

n

n n
D G

x
δ δ

τ
∂

− + =
∂                 (7)

where the excess hole (electron) concentra-
tion due to external excitations is expressed as 

0,n n np p pδ = − 0( )p p pn n nδ = − , with ( )n pp n
is the total hole (electron) concentration in the 
n-region (p-region), and 0 0( )n pp n  is the hole 
(electron) concentration without any injec-
tion. pτ  and nτ  are the hole and electron life-
times, respectively. Dp and Dn are the diffu-
sion coefficients for the hole and electron. The 
electron-hole generation rate as a function of 
the distance is given by [18],

( ) (1 ) ( ) (8)xG x R x e αα −= − Φ
              

 (8)
where R is the optical reflectivity between 

the air and semiconductor, ( )xα  is the coeffi-
cient absorption (as a function of the distance 
x) of the optical intensity, and Φ is the illumi-
nated photon number. In Eq. (22), ( )G x  = LG
, and the generation rate is at steady state. For 
the p-side, the generation rate was [17]

( ){ }(1 ) exp , (9)n n n j d p jG R x W x x Wα α α α  = − Φ − + + − − 
       

 (9)

 where pα , nα  , dα  are the absorption co-
efficients of the p − , n − , and depletion lay-
ers, respectively, jx  is the depletion depth, 
and W is the depletion width. Eqs. (6) and 
(7) are solved by summing the homogeneous 
and particular solutions. After some manipu-
lations, the relation of the hole density is de-
rived. It is given by

( )
( ) ( )

2 2
( / ) ( / )

2 22 2

1 cosh( / ) ( ) ( )
{ [ ] } 10
sinh( / ) ([ / ] ) ([ / ] )1

n j j p p nx x L x Ln p p p n p p n p x
n

j p p p p p p pn p

R x L D S D S
P e e e e

x L D L S D L SL
α αα φ τ α α

δ
α

− −− − −
= − + −

− −−

Note that pS  is the surface recombina-
tion velocity at the p-layer. ( )p p pL Dτ=  is 
the hole diffusion length. The hole diffusion 
photocurrent on the n-side is dominated by the 
diffusion and is given by

The electron density in the p-region can be 
derived in a similar way to that used for the 
hole density. It is written as shown below, 

( ) ( )
( )

( ) ( / )

2 2

'2

2

( )'/
2

1
{

1

sinh ( / )
[( ) ]

sinh( '/ )[ ]

[ ] } (11)

n j d j n

p

p jn

x W x x W Lp n
p

p n

Hj n
p n

n
n n

n

x x WH Ln
n

n

R
n x e e

L

x x W L
S eDH L S

L
D S e e
L

α α

α

α

α φ τ
δ

α

α

− − − − −

−

− − −−

−
=

−

− −
+ −

−

− − −

Note that '     jH H x W= − − . 
After obtaining the photocurrent density in 

p-region from Eq. (10) using;

. (12)p p nJ qD P
x
δ∂

≈ −
∂     

 (12)

and a similar one for nJ  .
The drift photocurrent density from the 

depletion region is defined by [17].
( ) ( )1 1 (13)n j dx W

drJ q R e eα αφ − −= − −
         

 (13)
while the QE is defined by the relation [17]

( )
( )

(14)
1

p n drJ J J
QE

q Rφ

+ +
=

−              
 (14)
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6. Computational skills
The dynamical equations, Eqs. (3)-(4) 

are solved by using the 4th order Rang-Kutta 
method under Matlab after coupling it with 
the derivatives of the current densities ob-
tained from Eqs. (10) and (11). The QE was 
calculated using Eq. (14). QD energy sub 
band are calculated under quantum disk mod-
el [19], momentum matrix elements under or-
thogonalized plane wave approximation were 
calculated [5, 15]. 

7. Results and discussion
Fig. (2-a) shows the hole current density 

( )PJ  versus junction depth where the current 
density was reduced with increasing depth. 
Fig. (2-b) shows the electron current density 
( )nJ  versus junction depth where the current 
density was reduced with increasing depth. It 
is shown that electron current density lowers 
that of holes in Fig. (2-a) by three orders.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

1

2

3

4

5

6

7

8
x 10

-8

xj(µm)

J p

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

0.5

1

1.5

2

2.5

3

3.5
x 10

-11

xj(µm)

J n

Fig. (2): (a) The hole current density ( )PJ  and 
(b) The electron current density ( )nJ  versus 

junction depth.

7.1. Effect of DQD rates
A comparison between e-h model with 

exciton model was done in this section. Fig. 
(3) shows the variation of occupation prob-
ability vs the inter-DQD capture rate 10R . It 
is shown that 00ρ  occupation in the exciton 
model exceeds the separate e-h model, in the 
contrary to the case of 11ρ  occupation. In the 
e-h model, while 00ρ  increasing with 10R , 

11ρ  descending. The bistability behavior was 
shown in both 00ρ  and 11ρ  at low 10R  rate. 
In the exciton model the occupations are con-
stant with changing 10R  rate.
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Fig. (3): The variation of occupation probabili-
ties vs the inter-DQD capture rate 10R : (a) 00ρ , 

(b) 11ρ , (c) 10ρ .

Fig. (4) shows the variation of occupation 
probability vs the interdot transition rate 20R . 
Also 00ρ  occupation in the exciton model exceeds 
the separate e-h model, in the contrary to the case 
of 22ρ  occupation. In the e-h model, while 00ρ
increasing with 20R , 22ρ  descending. Also occu-
pations are constant with changing 20R  rate in the 
exciton model. The rate 20R  was greater than 10R .

Fig. (4): The variation of occupation probabili-
ties vs the interdot transition rate 20R . 10R : (a) 

00ρ , (b) 22ρ , (c) 20ρ .
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Fig. (5) shows the variation of occupation prob-
ability vs the QD  capture rate 40R  from WL. Here,  
the occupations in the exciton model lower than that 
in the separate e-h model. In the e-h model, the rate 

40R  in the e-h model was less by one order than the 
exciton model. The capture rate 40R  was smaller than 
both 20R  and 10R  which is due to the difference be-
tween continuum WL and completely quantized QDs. 
Note that one must refers to the lowest momentum 
matrix element for transitions between WL and QDs.
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Fig. (5): The variation of electron occupation probability 

vs the QD  capture rate 40R . (a) 00ρ , (b) 44ρ , (c) 40ρ .

Fig. (6) shows an important property of us-
ing DQD structure. While the capture rate 40R
from WL to QD was the least compared with 
QD-QD transition rates, the captur rate 41R
from WL to another QD was high. The sepa-
ration between WL and QD energy state was 
one of important parameters controlling the 
momoentum matrix element. This can speed 
up the processes in DQD structure. Multista-
bility behavior in both 11ρ  and 44ρ  occupa-
tions was obvious in the insets of figures.

Fig. (7) shows the electron capture rate 
from barrier to WL 64R  vs carrier occupations 

44ρ , 66ρ , and 64ρ . Compared with the above 
figures, it is shown that this WL capture rate 

64R  was the highest rate in this DQDSC stru-
ture. While WL carrier occupation 44ρ  was 
very low, the carriers in the barrier layer 66ρ
are very high. Except the case of 10 11R ρ−  (Fig. 
2 (b)) where the occupation 11ρ  in e-h model 
exceds that in exciton model at some rates, 
all other occupations in the exciton model ex-
ceeds their values in e-h model. Here, 66ρ  in 
e-h model exceeds that in the exciton model at 
all 64R  rate. From Figs. (3-7), it is shown that 
the highest rate was that from barrier-to-WL 
in the conduction band 46( )R .

Fig. (8) shows the hole capture rate from 
QD to WL 25R  vs carrier occupations 22ρ , 55ρ
, and 25ρ . For these three occupations, the val-
ues of exciton model exceeds e-h model.

7.2. Effect of junction depth
Let us examine the carrier occupations of 
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structure states versus the junction depth jx
. Fig. (9) shows electron occupations 00 11,ρ ρ
in the QDs. Occupations in the exciton model 
exceeds that in the e-h model.

Fig. (10) shows hole occupations  22 33,ρ ρ
in the QDs where they are in the same range 
of QD electron occupations in Fig. (10). For 

33ρ , e-h model exceeds the exciton model. 
Fig. (11) shows electron occupations of 

WL 44( )ρ  and barrier 66( )ρ  vs junction depth. 
Low WL occupation, as also seen in Fig. (7), 
with high electron occupation in the barrier. 
While the carriers are ascending with junction 
depth jx  in WL, they are descending with jx
. Carriers in WL using exciton model exceeds 
that calculated from e-h model while both 
models are conicides in 66 jxρ −  curves for 
barrier layer.

Fig. (12) shows hole occupations of WL 

55( )ρ  and barrier 77( )ρ  vs junction depth. Hole 
occupation was also low in  WL and high in 
the barrier. Hole are constant with junction 
depth jx  in WL, while they are descending 
with jx  in the barrier. Carriers in WL using 
exciton model exceeds that calculated from 
e-h model while both models are conicides in 

77 jxρ −  curves for barrier layer.

7.3. Quantum efficiency of DQDSC 
Fig. (13) shows QE vs inter-DQD capture 

rate 10R . QE appears at 10R  rate in exciton 
model higher than that of e-h model. This is 
a result from the occupation of CB QD states 
shown in Fig. (3). The same behavior was also 

shown for CB-CB, and CB-VB QD states. As 
an example Fig. (14) shows QE vs rates of 
CB-VB QD states. This behavior then chang-
es for WL-QD rate 40R  as in Fig. (15) where 
QE appears at low rate for exciton model. For 
WL-barrier, QE appears at the same rate 64R
as in Fig. (16). 

From Figs. (14-16), it is shown that the 
rates in the exciton model are more efficient 
in changing QE while the rate 64R  was effi-
cient in both models. This returns to the im-
portance of both WL 44( )ρ  and barrier 66( )ρ
occupations as shown in Fig. 13. Thus, to get 
high QE one needs to have high 64R . This also 
comes from our recent conclusion that WL 
washes out the modes due to its long capture 
time compared with that of inter-dots [20]. 
Practically one can chosse a barrier material 
that having a long relaxation time to WL com-
pared with relaxation between dot state.

8. Conclusions
By coupling the minority carrier-continuity 

equation with the density matrix theory, DQD 
solar cell system was modeled and studied for 
the first time. The momentum contributions 
for QD-QD, QD-WL, and barrier-WL where 
used to calculate the contribution from ground 
and excited states in QD in addition to WL 
and barrier. The contribution of different rates 
and the quantum efficiency are examined. It 
is shown that the highest rate was that from 
barrier-to-WL in the conduction band 46( )R . 
Thus, to get high QE one needs to have high 

46R .
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Fig. 6: The variation of electron occupation probability vs the QD  capture rate 41R . (a) 11ρ , (b) 

44ρ , (c) 41ρ .
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Fig. 7: The electron capture rate from barrier to WL 64R  vs electron occupations (a) 44ρ , (b) 

66ρ , (c) 64ρ .
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Fig. 8: The hole capture rate from QD to WL 25R  vs hole occupations (a) 22ρ , (b) 55ρ , (c) 

25ρ .
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Fig. 9: Electron occupations 00 11,ρ ρ  in the QDs versus the junction depth jx .
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Fig. 10: Hole occupations 22 33,ρ ρ  in the QDs versus the junction depth jx .
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Fig. 11: Electron occupations of WL 44( )ρ  and barrier 66( )ρ   versus the junction depth jx .
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Fig. 12: Hole occupations of WL 55( )ρ  and barrier 77( )ρ versus the junction depth jx .
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Fig. 13: QE vs inter-DQD capture rate 10R .
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Fig. 14: QE vs rates of CB-VB QD states.
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Fig. 15: QE vs WL-QD rate 40R .
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Fig. 16: QE vs WL-barrier rate 64R .




