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الدراسات والبحوث والنشاطات والمؤتمرات التعميمية وعقد الدورات والندوات لرفع  : تشجيعرابعااً

 المستوى العممي والميني لتدريسي الجامعات والمعاىد العراقية.
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 في حالات العجز الكامل أو الوفاة وتوفير الرعاية الصحية للأعضاء وأسرىم.
 العلاقات مع الاتحادات العربية والدولية المماثمة.: التعاون وتوطيد ثامنااً
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Abstract:  
 The rising demand for electrical energy in Iraq, as well as the severe shortage of 

processing hours for citizens, particularly during the summer, and the significant 
environmental pollution it causes, means that the Iraqi government is tending toward clean 
energy (environmentally friendly). A study was carried out to evaluate the PV solar 
module's performance in two different regions of Iraq. The first is Abu Al-Khaseeb, which 
is located in southern Iraq in the province of Basra and is distinguished by its low altitude 
of 3 (m) above sea level, its high humidity, and the temperature in the summer, while the 
second is Daquq, which is located in northern Iraq in Kirkuk province and is distinguished 
by its higher altitude of 150 (m) and the lower temperature and humidity in summer. This 
study is based on real data collected from two metrological stations in 2019 that includes 
all influencing weather conditions such as winds, clouds, dust, humidity, and temperature, 
as well as values that were extracted by computer programs in MATLAB, such as the half-
monthly rate for the cell temperature, output power, and electric efficiency. As a result, 
this work is a comparative study to show an investor interested in solar power stations how 
to choose the best among the two according to the data and results of the current study. 
The results of this study show that the performance of the PV solar module is similar in 
both areas studied, with the only difference being the environmental conditions. This 
indicates that the two areas are suitable for the construction of solar power plants to 
generate electricity. 
Keywords: Solar radiation, PV solar module, Solar cell performance, Solar cell efficiency, 
Meteorological Station. 

 لخص:ستالم
إُ اىطيت اىَززاٝذ ػيٚ اىطبقخ اىنٖزثبئٞخ فٜ اىؼزاق، فضلاً ػِ اىْقص اىسبد فٜ سبػبد اىَؼبىدخ ىيَ٘اطِْٞ،       

ٝؼْٜ أُ اىسنٍ٘خ اىؼزاقٞخ رزدٔ ّس٘ اىطبقخ اىْظٞفخ  ،خبصخ خلاه فصو اىصٞف، ٗاىزي٘س اىجٞئٜ اىنجٞز اىذٛ ٝسججٔ
)اىصذٝقخ ىيجٞئخ(. رٌ إخزاء دراسخ ىزقٌٞٞ أداء ٗزذح اىطبقخ اىشَسٞخ اىنٖزٗض٘ئٞخ فٜ ٍْطقزِٞ ٍخزيفزِٞ ٍِ اىؼزاق. 

ً ف٘ق ٍسز٘ٙ  3الأٗه ٕ٘ أث٘ اىخصٞت اىذٛ ٝقغ فٜ خْ٘ة اىؼزاق فٜ ٍسبفظخ اىجصزح ٗٝزَٞز ثبّخفبض اررفبػٔ 
أٍب اىثبّٜ فٖ٘ داق٘ق اىزٜ رقغ فٜ شَبه اىؼزاق فٜ  ،سطر اىجسز ٗاررفبع ّسجخ اىزط٘ثخ ٗدرخخ اىسزارح فٜ اىصٞف

ٗاّخفبض درخخ اىسزارح ٗاىزط٘ثخ فٜ اىصٞف. رسزْذ ٕذٓ ً 150ٍسبفظخ مزم٘ك ٗرزَٞز ثبررفبػٖب اىؼبىٜ اىجبىغ 
رضَْذ خَٞغ اىظزٗف اىد٘ٝخ اىَؤثزح  2019ِٞ فٜ ػبً اىذراسخ إىٚ ثٞبّبد زقٞقٞخ رٌ خَؼٖب ٍِ ٍسطزِٞ ٍززٗى٘خٞز

ٗمذىل اىقٌٞ اىزٜ رٌ اسزخلاصٖب ث٘اسطخ ثزاٍح اىنَجٞ٘رز فٜ  ،ٍثو اىزٝبذ ٗاىغًٞ٘ ٗاىغجبر ٗاىزط٘ثخ ٗدرخخ اىسزارح
MATLAB، ىذىل فئُ  ٍثو اىْصف. اىَؼذه اىشٖزٛ ىذرخخ ززارح اىخيٞخ ٗطبقخ اىخزج ٗاىنفبءح اىنٖزثبئٞخ. ّٗزٞدخ

ٕذا اىؼَو ػجبرح ػِ دراسخ ٍقبرّخ رجِٞ ىيَسزثَز اىَٖزٌ ثَسطبد اىطبقخ اىشَسٞخ مٞفٞخ اخزٞبر الأفضو ثِٞ الاثِْٞ 
زست ثٞبّبد ّٗزبئح اىذراسخ اىسبىٞخ. رظٖز ّزبئح ٕذٓ اىذراسخ أُ أداء ٗزذح اىطبقخ اىشَسٞخ اىنٖزٗض٘ئٞخ ٍزَبثو فٜ 

زلاف اى٘زٞذ ٕ٘ اىظزٗف اىجٞئٞخ. ٕٗذا ٝذه ػيٚ أُ اىَْطقزِٞ ٍْبسجزبُ لإّشبء ٍغ الاخ ،ملا اىَدبىِٞ اىَذرٗسِٞ
 ٍسطبد طبقخ شَسٞخ ىز٘ىٞذ اىنٖزثبء.

 ،مفبءح اىخلاٝب اىشَسٞخ ،أداء اىخلاٝب اىشَسٞخ ،اى٘زذح اىشَسٞخ اىنٖزٗض٘ئٞخ ،الإشؼبع اىشَسٜ :الكلمات المفتاحية
 ٍسطخ الأرصبد اىد٘ٝخ.
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1. Introduction 
Internationally, there is a significant increase in energy consumption, especially 

electricity. The excessive use of fossil fuels in various aspects of life has led to an increase 
in the level of pollution in the atmosphere. The emission of gases associated with the 
combustion of fossil fuels has led to a rise in global temperature as a result of global 
warming. In other words, the world wants to give up the energy that causes pollution for 
clean and environmentally friendly energy like solar, wind, and other renewable energies 
for the generation of electrical power [1-4]. 

The output power from the PV solar module is affected by some factors, such as the 
high humidity that characterizes the city of Basra in southern Iraq compared to the low 
humidity of the city of Kirkuk in northern Iraq. These two cities are under the current 
study, as is dust and the high temperature that characterizes the Iraqi atmosphere, 
especially in the summer. These factors affect the performance of the PV solar module and 
reduce the efficiency of the PV solar panel. Investments in the construction of solar power 
plants should take these weather conditions into consideration [5, 6]. 

Despite the pessimistic picture, Iraq is one of the countries located in a high-density 
solar energy region, and most of its regions are suitable for building high solar energy 
plants [7-9]. Iraq possesses huge natural gas reserves, which will support the 
implementation of electric power generation projects as well as projects to build renewable 
energy plants [10]. Iraq has more than enough water to clean the solar plant of dust and 
bird droppings. In Iraq, massive amounts of electricity are currently required. In this 
situation, considering solar energy production and assisting with that generated by gas 
turbine stations at night is a brilliant and acceptable idea, see [11,14] for more information. 

The price of depletable petrochemical fuels is increasing dramatically, which is unlike 
photovoltaic units whose prices are dropping rapidly, which led to their widespread use. It 
is believed that photovoltaic energy is useful and attractive only in isolated and remote 
areas [15–18]. 

 
2. Iraq Solar Energy Potential 

Iraq’s energy profile remains barred from patterns common to the pre-2003 period. 
Other than hydropower, the contribution of renewable energy is insignificant, with no clear 
steps to tap its renewable resources expected. Iraq has abounding solar energy potential 
with intensive daylight throughout the year because it lies within the world's sunbelt 
geographic area (the Global Sunbelt is the area where the most solar power stands to be 
harvested). By 2030, the 66 countries in the Global Sunbelt could reach an installed solar 
PV capacity of 1.1 TW), [19]. Using PV panels, each unutilized 100 km

2
 of the western 

and southern desert (Al-Badiya Al-Shimaliya Wal Al-Janoubiya) has the potential to 
provide 30 million tons of oil equivalent (MTOE) per year. This makes Iraq a perfect place 
for investment in solar energy and will be a long-term solution to the electricity shortage. 
The average daylight is 3244 hours per year (of a doable 4383) with an average of 9 hours 
of daylight per day. The average solar radiation resource in Iraq provides an annual Global 
Horizontal Irradiation (GHI) of 2350 kWh/m², which might be thought of as an awfully 
robust resource and compares favorably to South Africa, which incorporates a GHI of 
2218 kWh/m², however, but the Atacama Desert in Chile, that has a GHI of 3000 kWh/m² 
in the bound area and is amongst the best resources in the world) [19]. While the average 
efficiency of a modern solar panel is between 15 and 25%, total solar energy is estimated 
to be around 3.4 billion kWh per year, equating to 16% efficiency. Solar energy can be 
used in roughly two-thirds of Iraq's regions. In Iraq's southern and western regions, 
horizontal radiation is greater than 6.5–7 kWh/m, with solar radiation durations of 2800 
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and 3000 hours per year, respectively (see table 1). As a result, the two regions are ideal 
for solar power plant investment. 

 
Table 1. Average direct normal irradiation (DNI) for different locations [19]. 

Location Karbala Najaf Samawah Mosul Ramadi Baghdad Erbil 

Average Annual Global Horizontal Irradiation (GHI) [kWh/m
2
] 

 2248 2233 2226 2200 2193 2190 2171 

 
During the 1980s, the Republic of Iraq made a formidable commitment to developing 

alternative energy sources for generating electricity. The renewable energy law was issued 
in 1982, and the first rooftop solar panels in the Middle East were installed at the Solar 
Energy Research Center in Jadriyah, Baghdad, in 1986. However, three decades of 
resulting wars and economic sanctions have drastically undermined the renewable energy 
plans. Any progress was stalled till 2009 when the Ministry of Electricity proclaimed a 
concept to put in six thousand off-grid solar-powered street lamps to remove darkness from 
the streets of Baghdad as a part of a bigger theme to pay up to the US $1.6 billion to add 
four hundred megawatts of solar and wind generation stations by 2016. The plan was 
ditched after the crash of international oil prices. Interest in solar power revived yet again 
in November 2017, once the government proclaimed an EOI for PPP to create around 700 
MW of solar plants by the end of 2018, table 1.2, [19]. The international market's 75 
percent drop in PV module prices has encouraged the public to install off-grid rooftop 
solar panels to replace private diesel generators and non-subsided district power run by 
private companies [19]. 

 
Table 2. Iraq's IPP renewable energy plan (2017) [19]. 

Province Project Capacity 
(MW) 

Muthana Sawa-1 30 

Muthana Sawa-2 50 

Muthana Kbadber 50 

Najaf Haydayriyha 100 

Anbar Ramadi 100 

Anbar Falluja 40 

Anbar Amireya Sumud 50 

Anbar Qarma 50 

Babel Iskandariya 225 

Total  695 

 
For the present work, Abu-Al-Khaseeb and Daquq Meteorological Stations have been 

selected for the purposes of analyzing the data obtained from them. The data includes the 
horizontal solar radiation rates, ambient temperature, and wind speed rates. This 
information is later used for the prediction of the performance of solar module fields 
placed in this geographical zone. At the same time, the Daquq meteorological station is 
located in the Daquq district, which is a district of the Kirkuk Governorate in northern Iraq, 
at an elevation of 150 m above sea level, with a longitude of 44.42° E and latitude of 
35.16° N. 

On the other hand, a monocrystalline solar module, type SHARB (NT-R0E3E-
SHARP), was used as a unit of the solar plant so that its performance would be detected. 
The characteristics of this module are listed in table 3. 
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Table 3. Characteristics of monocrystalline solar module (NT-R0E3E-SHARP). 

Parameter  Value 

Pmp (W) 170 

Voc (V) 44.2 

Isc (A) 5.3 

Vmp (V) 35 

Imp (A) 4.86 

Module efficiency 13.10% 

Fill Factor 72.60% 

Power Tolerance -5.00% ~ 10.00% 

Maximum System Voltage Vmax (V) 1000 

Maximum Series Fuse Rating (A) 15 

Temperature coefficient of Isc 0.053 %/ºC 

Temperature coefficient of Voc -0.35 %/ºC 

Temperature coefficient of Pmp -0.49 %/ºC 

Cell Type Monocrystalline 

Cell Size(mm) 125 × 125 

Number of Cells 6 × 12 

Dimensions 1575.0 × 826.0 × 46.0mm 

Weight 17.0Kg 

 

3. Mathematical Remediation 
Since the current work combines the real data collected from the Abu-Al-Khaseeb 

and Daquq metrological stations with the theoretical data computed using MATLAB 
programs, in order for the outputs from the PV solar module to be accurate, such as the 
output power and electrical conversion efficiency, the performance of this PV solar module 
can be expected based on these results. Therefore, depending on the mathematical 
equations taken from [20], which describe the open-circuit voltage Voc, short circuit current 
Isc, and output power from the PV solar module, the open-circuit voltage Voc is inversely 
proportional to the operating cell temperature T, and the short circuit current Isc is directly 
proportional to the incident global solar radiation G. Therefore, Isc and Voc can be 
described by the following equations. [20]. 

Isc G = Isc STC  x G  in 1 
kW

m2     (1) 

Voc T = Voc STC − 0.0023 x number of cells x  T − 25   (2) 
The operating cell temperature T is calculated with wind speed vwind by [20].  

T = Tam +  
0.32

8.91:2vwind
 G    (3) 

Were Tam, ambient temperature. The output power P of the PV solar module can be 
calculated by the following equation [20]. 

P G, T = Isc G Voc T      (4) 
While the conversion electrical efficiency η (%) of the PV solar module is defined as the 
ratio of output power P (G, T) to the incident optical power (input power (Pin)) [21].  

η % =
P G,T 

Pin
x100%    (5) 
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Where Pin is given by: 
Pin = AG     (6) 

Where A is the area of the PV solar module.  
 

4. Results and Discussion 
The results of the metrological stations alone, without a comparison between them, 

may not provide the investor with confidence in the study. As a result, the most important 
outputs that provide evidence of the study's credibility and the investor's desire to choose 
the appropriate area for him to invest in the field of solar energy, namely solar fuel, output 
power, and electric conversion efficiency of the PV solar module installed in each station 
under study, were compared. 

The variables measured by Abu-Al-Khaseeb and the Daquq meteorological station 
in this work correspond to the year 2019. The daily radiation rates incident on a horizontal 
surface, measured in megajoules per square meter, the daily ambient temperature, and 
wind speed rates are all measured. 

Figure 1 indicates the monthly average variation of ambient temperature during the 
year. From the figure, it is seen that the rates increase towards the summer and that the 
ambient temperature rates recorded in Abu Al-Khaseeb station are higher than their 
counterparts recorded in Daquq station. The difference in temperature is obvious because 
the Abu Al-Khaseeb station is located in the Basra Governorate in southern Iraq, which is 
characterized by high humidity and high temperatures, especially in the summer, in 
contrast to the Kirkuk Governorate, where the Daquq station is located, which is 
characterized by low humidity and lower temperatures in the summer. 

The maximum value of the monthly rate of ambient temperature is 45.93 
o
C in 

July, as recorded in Abu Al-Khaseeb station, while it is 41.20 
o
C in July, also recorded in 

Daquq station. 
The monthly rates of wind speed at both stations are depicted in Figure 2. 

Although wind activity in Iraqi airspace is moderate and rarely subject to hurricanes, we 
can see from this Figure that wind actively in the Abu Al-Khaseeb station is higher 
throughout the year than in the Daquq station, with the highest value of wind speed in the 
Abu Al-Khaseeb station being 4.53 (m/s) in July and 2.51 (m/s) in June. 

 

  
Figure 1. Variation of monthly rates of 
ambient temperature, along the year 

Figure 2. Variation of monthly rates of wind 
speed throughout the year 
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Monthly averages of total solar radiation falling on the horizontal surface during 
the year for the two stations under study are shown in Figure 3. It is clear from Figure 3 
that the levels of radiation increased towards the summer and reached their maximum 
(6622.2 Wh/m

2
/day) in July at Abu Al-Khaseeb station and (7416.67 Wh/m

2
/day) in July 

at Daquq station. 
According to the variance in the amount of incident solar radiation, there were 

variances in the peak sun hours, which represent the solar fuel as shown in Figure 4. These 
values are promising for an investment in solar energy, especially in the summer, which 
reached 6.62 hours in Abu-Al-Khaseeb station and 7.42 hours in Daquq station. The 
annual peak solar hours were 4.70 and 4.75 hours, respectively, in Abu-Al-Khaseeb and 
Daquq stations. 

 

 
 

Figure 3. Variation of incident global solar 
radiation rates in horizontal surface along year 

Figure 4. Variation of monthly peak sun 
hours along the year 

 
Figure 5, shows the global solar radiation values were calculated in (W/m

2
) at each 

hour of the half-month throughout the year with a tilt angle of 30
o
 which represents the 

best annual angle at which the solar module will be tilted for both stations. These values 
are required to predict the performance of the PV solar modules in the solar plant that will 
be used to generate electric energy. 

For the Abu Al-Khaseeb station, the annual value of the half-monthly rates of 
global solar radiation falling on the PV solar module inclined at an angle of 30

o
 with the 

horizon is around 113 (kWh/m
2
/year), while the Daquq station is around 114 (kWh/ m

2
/ 

year). 
Figure 6 describes the half-monthly rate of the solar cell temperature. The high half-
monthly rates of solar radiation cause an increase in T, of the PV solar module and, 
consequently, an increase in the (I-V) curve as well as the maximum point [22, 23]. On the 
other hand, the high level of T, contributes to the decrease in the performance efficiency of 
the PV solar module. However, the output power of the PV solar module increases in 
parallel with the sun's radiation and the output current [24]. The maximum value of the 
half-monthly rates of cell temperature of the PV solar module placed in Abu-Al-Khaseeb 
station is 56.23 

o
C in July, while the maximum value of the half-monthly rates of the 

Daquq station is 53.97 
o
C in July as well. 
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Figure 5. Variation of half-monthly rates of 
global solar radiation received with the tilt 

angle of 30
o
 along the year 

Figure 6. Variation of half-monthly rates of 
solar cell temperature during the year. 

 

 
Although an increase in PV solar cell temperature rates leads to a decrease in the 

output power, the output power increases as we move towards the summer because it 
depends more on the amount of incident solar radiation than the cell temperature. High 
temperatures affect the solar cell voltage, while the value of the photocurrent increases 
further by increasing the level of the incident rays and is, clearly, not affected by the 
increase in cell temperature. This fact is demonstrated in Figure 7. Also, it is clear that the 
summer days are leading the rest of the year in terms of power generation output. The 
output power rates reach their maximum values in June while falling to their minimums in 
December. The maximum values of the output power of Abu-Al-Khaseeb station are 83.84 
W in June and the Daquq station is 83.52 W in May. 

When the sun's rays fall on the PV solar module, a portion of this radiation is 
converted into electrical energy is called efficiency. The half-monthly rates of PV module 
Figure 8 show the efficiency of the PV solar module depending on the T, of the solar 
panel. The high temperature of the panel leads to a gradual decrease in the performance of 
the PV solar module and thus reduces its efficiency in producing electrical energy. That is, 
the solar radiation that the PV panel receives during the middle of the day, i.e., the peak 
period of the sun, makes the PV solar panel ineffective [25]. It is true that the electrical 
energy produced by the PV solar module increases with the increase in solar radiation, but 
the high temperature of the PV solar module is considered a critical problem in predicting 
the production of electrical energy. The electric conversion efficiency of Abu-Al-Khaseeb 
station ranges from 10.75% in the summer to 13.04% in the winter, while Daquq station's 
ranges from 10.91% in the summer to 13.29% in the winter. In the winter and summer, the 
electrical conversion efficiency of this solar cell decreased by 1% to 2%. 
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Figure 7. Variation of half-monthly rates of 
output power along the year 

Figure 8. Variation of half-monthly rates of 
electrical conversion efficiency along the year 

 
5. Conclusions 
 Clean energy is to fill the country’s needs from the lack of electric power produced 
from fossil fuel stations, which causes great pollution to the living environment, and for 
the purpose of attracting investors in this field of energy after studying the best places in 
Iraq in which solar power plants can be built. So, the current work, which represents a 
comparative study of the performance of the same PV solar module placed in each of the 
two study locations in Iraq, shows that the PV solar module's performance is very similar 
in both locations. In other words, despite the slight climatic differences between the two 
locations, solar power plants can be built in both to generate solar energy. 
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Abstract 
    A group of physical and mathematical concepts was adopted to calculate the variables 

affecting the scattering process of electron due to the electron mirror in a Scanning 
Electron Microscope. These equations were based on simplified engineering mathematics 
to describe the scattering of the incident electron with the surface potential energy of 
dielectric sample under study using the matched beam ion microscope and scanning 
electrons. An acceleration voltage of 30 kV was used for charging the insulator to the 
saturation with a time of 5 minutes, and the accumulated charge was 0.3 nC, from which 
the surface voltage was calculated over the working distance (WD= 15 mm). In the second 
step, scanning voltages (Vsc= 2, 3, and 4 kV) were used, and in each of them it was found 
that the scattering angle (β) was inversely proportional to the incidence angle (θ) as the 
angle between the incident and scattered electron (2𝛂) increased with the increase in 
incident angle. It was also found that the vertical height of the scattering point is inversely 
proportional to the incident angle of the electron.  

Keywords: SEM, Electron Mirror Effect, Electron trajectory. 
 :خلصستالم
ذى اعرًاد يجًىعح يٍ انًفاهيى انفيشيائيح وانزياضيح نحساب انًرغيزاخ انري ذؤثز عهى عًهيح ذشرد الإنكرزوٌ     

تسثة يزآج الإنكرزوٌ في يجهز انًسح الإنكرزوَي. اعرًذخ هذِ انًعادلاخ عهى رياضياخ هُذسيح يثسطح نىصف 
اسنح قيذ انذراسح تاسرخذاو يجهز شعاع الأيىَاخ انًرطاتق ذشرد الإنكرزوٌ انساقظ يع انطاقح انكايُح انسطحيح نهعيُح انع

دقائق ، وكاَد انشحُح  5كيهى فىند نشحٍ انعاسل نهرشثع نًذج  30ويسح الإنكرزوَاخ. ذى اسرخذاو جهذ ذسارع قذرِ 
(. في انخطىج WD= 15 mmَاَى سي، وانري ذى حساب انجهذ انسطحي يُها عهى يسافح انعًم ) 0.3انًرزاكًح 

( ذرُاسة عكسياً يع β(، وفي كم يُها وجذ أٌ ساويح انرشرد )Vsc= 2, 3, 4 kV، ذى اسرخذاو جهذ انًسح )انثاَيح
( يشداد يع سيادج ساويح انسقىط. وجذ أيضًا أٌ الارذفاع 2𝛂الإنكرزوٌ انساقظ وانًشرد )( كشاويح تيٍ θساويح انسقىط )

 ح سقىط الإنكرزوٌ.انزأسي نُقطح انرشرد يرُاسة عكسياً يع ساوي
 يسار الإنكرزوٌ.، ذأثيز يزآج الإنكرزوٌ، SEM: الكلمات المفتاحية

 

 1. Introduction 
     The scanning electron microscope is one of the effective devices for photographing and 
analyzing a wide range of materials and showing details that may reach the limits of the 
nanometer using a focused electronic beam with different voltages starting from (0-30 
kV).The mechanism that generates the image is the detection of products resulting from 
the interaction of the primary beam with specimen atoms and a large number of signals 
will be generated like backscattered electrons, secondary electrons, X-Rays, Auger 
electrons, cathodoluminescence and specimen current [Hafner 2007].  
 When using conductive sample, the incident beam of electrons leads to the injection of 
specimen with electrons quickly flowing through the metal base (on which the sample is 
based) to the ground, on the contrary, when using non-conductive sample, these injected 
electrons accumulate on the specimen surface and at a certain depth in it leads to establish 
a potential that increases with the time of electron irradiation until it reaches the level of 
saturation at relatively long times, leading to the generation of a repulsive force with the 
higher energy electrons (relative to the energy of the surface potential) coming towards the 
sample and the result will lead to a decrease in the energy of the incident electron. 
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But by using a low scanning energy i.e. low energy of electrons less than what of the 
specimen surface, the incident electron will gradually slow down by the energy of the 
surface potential until all of its kinetic energy turns into potential energy, and thus it will 
stop at the scattering point and disperses at a certain angle to the top part of evacuated 
chamber at a rate of kinetic energy growing from zero to the scanning voltage (Ei) that is of 
the electron left the exit column diaphragm, this phenomenon is called the Electronic 
Mirror Effect and it symbolized as EME. 
In 1999, Vallayer et al. studied the electron trajectories using Rutherford scattering cross 
section and Gauss‟s approximation, in the case of a point charge and low scanning voltage, 
to calculate the trajectories and then connected between some variables of the image and 
trapped charges [Vallayer et al. 1999]. 
By 2010, Milani et al. discussed a basic model to calculate the inversion point of electrons 
of the primary beam against the dielectric surface potential with zero incident angle for 
several scanning potentials [Milani etal. 2010]. 
After three years, A theoretical study is carried out by Al-Obaidi et al. to describe a 
scanning electron path using low scanning potential with parabola model of Rutherford 
scattering [Al-Obaidi etal. 2013]. 
Additionally, Al-Zahy in (2015) derive an equation for the differential cross-section of 
reflected electron for low scanning voltages less than (1 kV) by using Electron Mirror 
Phenomenon [Al-zahy 2015]. 
This work provides important information about the phenomenon of the mirror effect in 
relation to the angles of incident electron during scanning process, the angles at which the 
electron scatters and the trajectories in which it falls on the inner parts of the upper surface 
of the vacuum chamber by the influence of the equipotential surface to the surface 
potential arising from the accumulated charge on the insulating specimen as well as 
distance work and the diameter of the electronically irradiated area on the dielectric. 
 

 2. Method 
 An insulator specimen irradiated with scanning potential 30 kV, it will be accumulated 
charge (Qt) at each time on the insulator surface until reach the saturation (Qs) at long time 
according to equation: 

𝑄𝑡 𝑡 = 𝑄𝑠𝑒
−
𝑡

𝜏 … (1) 
Where τ is the time constant of the specimen. When the accumulated charge on insulator 
surface at saturation 0.3 nC [Milani etal. 2010] as a result of the incident electrons in a 
regular scanning pattern with an accelerating potential 30 kV within (5-minutes) scan 
period, then a potential energy and electric field will be generated as a result of that 
accumulated charge can be calculated as [Abbood 2010]: 

𝑒𝑉𝑆 𝑅,𝑦 =
2𝑒𝑄𝑡

4𝜋𝜖0𝑅
2   𝑦

2 + 𝑅2 − 𝑦 , 𝐸𝑦 𝑅,𝑦 =
𝑄𝑡

2𝜋𝜖0𝑅
2  1 −

𝑦

 𝑦2+𝑅2 
1
2

  … (2) 

As the voltage will be a function of both the radius of the irradiated area (R) and the 
working distance (WD) between the chamber stage and the diaphragm exit of the incident 
electrons. 
Now, when an electron falls vertically with a scanning voltage less than the surface 
potential of the dielectric sample, it will be affected by a repulsive force that reduces its 
energy at every point of its path toward the sample surface, and a portion of its kinetic 
energy turns into potential energy with the sum of its kinetic and potential energy 
remaining constant according to the equation: 

𝑒𝑉𝑠 = 𝐾.𝐸. +𝑃.𝐸. … (3) 
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Until it reaches a certain point in its path, all its kinetic energy turns into potential energy, 
then the electron stops and scatters back (at a point called the scattering point) and begins 
to be affected by the surface voltage with a gradual increase in its kinetic energy and a 
decrease in its potential energy and collides with the walls of the vacuum chamber (upper), 
which leads to release the secondary and backscattered electrons, the secondary electrons 
are gathered through the Everhart Thornley detector to show an image of the inner walls of 
the microscope (instead of the usual microscope doing which is to produce an image of the 
specimen surface under study) in the electronic mirror effect process. At scattering point at 
(eVSC=eVs) and by utilizing equation (1), one can determine the vertical height of 
scattering point (re) by the equation: 

𝑟𝑒 𝑄𝑡,𝑉𝑆𝐶 =
𝑄𝑡

2−𝜆2𝑅2

2𝑄𝑡 𝜆
 … (4) 

 where = 2𝜋𝜖0𝑉𝑆𝐶 . 
 

 
Figure (1): A schematic diagram of the incidence and scattered electrons with its angles and 

trajectories 

 
As shown in figure (1), the scattering point (re = P) is a vertical height of reflection point at 
(θ = 0) according to the last equation.  
It is clear that the height of scattering point have decrease (towards the specimen surface) 
with the increasing of scanning potential VSC because the increasing of scanning potential 
means that the electron has kinetic energy enough to move more towards the specimen 
surface until it will stop at a point more close to the insulator. 
In fact (OP) equals the radius of equipotential surface (OB) of that scanning potential and 
accumulated charges density (as a form of charged disc) in the specimen which have radius 
(R=0.3mm) and height equal to the penetration depth (PD) of incident electron, in 
specimen PET with density (𝜌 =1.38g/cm

3
), is 11.91μm according to the equation [Potts 

1987]: 

𝑃𝐷 𝜇𝑚 =
0.1𝐸𝑖

1.5

𝜌
 ... (5) 

 In figure (1) the incidence angle (θ), scattering point (B), and the scattering angle (β) of an 
incident electron with a scanning voltage (Vsc) on a dielectric sample, can be recognized by 
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an irradiation area with radius (R=0.3 mm). As it is known, the scanning mode allows the 
electron to scan the irradiated area according to the spherical coordinates system (r,θ,φ) 
where (r) represents the path of the incident electron, (θ) the angle of incidence and (φ) the 
angle that is line moves to the second line, and so on. Work in this research will be limited 
to coordinates (r,θ), while (φ=0) that is, in the plane (x, y), and the scan will be on the 
width of the irradiated region from (-R to R).  
 According to the angle of OBG which is equal to 𝛼, so: 

sin 𝛼 =
𝑂𝐺

𝑟𝑒
 …. (6) 

In triangle OAG;  𝑂𝐺 = 𝑊 𝑠𝑖𝑛𝜃 … (7) 
The angle ABL, CBF and OBF are equal to ( 2𝛼 ), θ and 𝛼 respectively, so OBC angle is 
(𝛼- θ) and in triangle OBC;  

𝑂𝐶 = 𝑂𝐵 sin 𝛼 − 𝜃  …..(8) 
 𝑂𝐹 = 𝑊 tanθ ….. (9) 
 CF=OF-OC  …. (10) 

The height of scattering point (BC) can be calculated by: 
𝐵𝐶 = 𝑂𝐵 cos 𝛼 − 𝜃  …(11)  

From figure (1) and equations. (6and7), the angle (𝛂) can be calculated through the 
equation: 

  𝛼 = arcsin
𝑂𝐺

𝑂𝐵
 … (12) 

Obviously, the scattering angle is obtain by the following: 
𝛽 = 180 − 2𝛼 

 

 3. Results and discussion 
Figure (2) shows the relation between the angle of incidence (θ) and the angle of scattering 
(β) and notes that the angle of scattering decreases with increasing the angle of incidence, 
i.e. the angle between the incident and scattered electrons (2𝛂) increases linearly in the 
scanning voltage (Vsc=2 kV) and then moves away from the linearity in the voltages (Vsc = 
4 and 6 kV) as a result of the increase in the repulsion force impacted on the electron 
approaching the sample surface as shown in Figure (3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (2): The relation between the incident angle (θ) and scattering angle (β). 
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Figure (3): The relation between the incident angle (θ) and the angle (2𝛂). 

 
The increase in the incident angle of electron means that the path of the electron will move 
away from the axis (y) and rebound from the reflection point on the surface equal to the 
spherical voltage from the vertical height of reflection point (BC) that decreases with the 
increase in the angle of incidence (θ) as shown in figure (4).  
 

 
Figure (7): The relation between the impact factor (BC) and incident angle (θ). 

 
 Finally, the trajectory of electron can be drawn from knowing its starting point (O,WD), 
its scattering point B (OC,BC), and its collision point (of the upper surface) with the walls 
of the vacuum chamber (AL,WD), as shown in Figure (5).  
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Figure (5): The trajectories of scattered electrons for VSC=2 kV and different incident angles. 

 

 

Figure (6): The trajectories of scattered electrons for VSC=4 kV and different incident angles. 

 
We notice from the figure (5) that the greatest collision distance with the upper surface is 
at the largest angle of incidence (θ=1.1

0
) and is equal to (6.0553 mm) while in the scanning 

voltage (4 kV) the imaged region has radius equal to (18.9061 mm) as shown in figure (6).  
At the scanning voltage (6 kV), it becomes clear that the area of the imaged region is large 
with a radius equal to ( 43.6254 mm) at the angle of incidence (θ=0.9

0
) figure (7), while 

the path of the electron at the angle of incidence (θ=1.1
0
) shows that the electron has 

dispersed at an angle of (β= 87.84
0
) and appeared as a refracted ray and not reflected 

because it scattered from the last point on the circumference of the equipotential surface, 
and therefore, with the effect of the force towards the positive axis (x), it did not go 
upwards, but went to collide with the non-irradiated region of the insulating, and this is 
evident from the small increasing in the photographed region at the top of the vacuum 
chamber of device, as shown in figures (7 and 8).  
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Figure (7): The trajectories of scattered electrons for VSC=6 kV and different incident angles. 

 
Figure (8): The trajectory of scattered electron for VSC=6 kV and incident angle (θ=1.1

0
). 

 
For a specific scanning potential, the electrons scattering points at different incident angles 
along the scan line between + R and -R represent a line of equipotential surface, with a 
radius of re, as a result of the effect of surface potential energy (by the trapped charge 0.3 
nC) on the scanning potential of electron as shown in figure (9). 
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Figure (9): The equipotential surface resulting from the line connected between scattering 
points of electrons with different scanning potentials VSC 

 

The obtained results of this work showed that the scattering angle (β) was inversely 
proportional to the incidence angle (θ) as the angle between the incident and scattered 

electron (2) increased with the increase in the angle of incidence. It was also found that 
the vertical height of the scattering point is inversely proportional to the angle of incidence 
of the electron.  
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Abstract 

Transparent conducting thin films of fluorine doped tin oxide (FTO) have been 
deposited successfully by simple and cost effective chemical spray pyrolysis (SP) 
technique onto quartz substrate at different fluorine doping (0, 5, 10, 15, 20%) at substrate 
temperature (450℃). The transmittance value of 50% for the undoped films is found to 
increase to 70% for 20% of fluorine doping (at 890 nm). The increase in the transmittance 
spectra of the SnO2: F thin films due to the decreasing in the film thickness because of the 
growth rate is decreased with increase fluorine content in the films and, the color of the 
undoped tin oxide thin film is milky white that turned colorless when the doping 
concentration increased to (20%). The optical band gap are found to be (3.5, 3.57, 3.65, 
3.7, 3.75) eV for fluorine doping concentration (0, 5, 10, 15, 20%), respectively. 

 انمستخهص:
انقصذٌر انمشوبت بانفهور انرقٍقت بواسطت تقىٍت انتحهم انكٍمٍائً انحراري عهى قواعذ  تم تحضٍر أغشٍت ثىائً اوكسٍذ

. نقذ نوحظ ان قٍمت انىفارٌت (℃450)عىذ درجت حرارة  (%20 ,15 ,10 ,5 ,0)مه انكوارتس ونىسب تشوٌب مختهفت 
. ان  (nm 890)طول موجًعىذ  %20نلأغشٍت انمشوبت بىسبت  %70نلأغشٍت انغٍر مشوبت انى  %50قذ ازدادث مه 

انسٌادة فً طٍف انىفارٌت لأغشٍت ثىائً أوكسٍذ انقصذٌر انمشوبت بانفهور واتج مه انىقصان انحاصم فً سمك الاغشٍت 
 انمحضرة ورنك لان وسبت الاوماء تقم بسٌادة وسبت انتشوٌب بانفهور, كما ان نون الاغشٍت ٌتغٍر مه انهون الابٍض

. ان قٍم فجوة انطاقت انبصرٌت %20)انحهٍبً( بانىسبت نلأغشٍت انغٍر انمشوبت انى انشفاف عىذ انتشوٌب بانفهور بىسبت 
 عهى انتوانً. (%20 ,15 ,10 ,5 ,0)انمقابهت نىسب انتشوٌب  eV (3.75 ,3.7 ,3.65 ,3.57 ,3.5)تساوي 

 
1. Introduction 

Transparent conducting oxide (TCO) thin films such as zinc oxide, indium oxide, tin 
oxide, indium tin oxide and cadmium oxide have attracted considerable attention because 
of their low resistivity and high optical transmittance [1]. Due to their optical and electrical 
properties, TCOs are used for photovoltaic solar cells, phototransistors, liquid crystal 
displays, optical heaters, gas sensors, transparent electrodes and other optoelectronic 
devices [2, 3]. Among these TCOs, SnO2 films are inexpensive, chemically stable in acidic 
and basic solutions, thermally stable in oxidizing environments at high temperatures and 
also mechanically strong, which are important attributes for the fabrication and operation 
of solar cells [4, 5]. SnO2 has a tetragonal structure, similar to the rutile structure with the 
wide energy gap of Eg= 3.6 – 4.0 eV and behaves as an n-type semiconductor [6, 7]. 
Antimony (Sb), arsenic (As), phosphorus (P), indium (In), molybdenum (Mo), fluorine (F) 
and chlorine (Cl) have been selected as doping elements for SnO2 films [8, 9]. SnO2 thin 
films are produced by different techniques such as thermal evaporation, sputtering, spray 
pyrolysis, sol–gel and hydrothermal [10, 11]. Among these, spray pyrolysis is well suited 
for the preparation of doped tin oxide thin films because of its simple and inexpensive 
experimental arrangement, ease of adding various doping materials, reproducibility, high 
growth rate and mass production capability for uniform large area coatings [1, 12].  
The aim of this work is to investigate the effect of Fluorine incorporation on the optical 
properties of SnO2 thin films produced by (SP) technique. 
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2. Experimental part 
Fluorine doped tin oxide (FTO) films were prepared on quartz substrate (2.5 × 2.5 𝑐𝑚2) 

at a substrate temperature (450℃) for different fluorine doping (0, 0.05, 0.1, 0.15) by a 
homemade spray pyrolysis technique under ambient atmosphere. The experimental setup 
and other details have been reported elsewhere. The spray solution prepared from tin 
tetrachloride penthydrate (𝑆𝑛𝐶𝑙4. 5𝐻2𝑂) dissolved in distilled water at (0.1 𝑀) 
concentration and ammonium fluoride (𝑁𝐻4𝐹) was added into the solution for fluorine 
doping. The deposition parameters were the same for the series of 𝑆𝑛𝑂2:𝐹 films. The 
optical measurements of the SnO2:F thin films are calculated from the transmittance and 
absorbance spectrum at normal incidence over the range (300 – 900 nm), using UV-VIS 
spectrophotometer type (SHIMADZU) (UV-1600/1700 series). 
 
3. Results and discussion 
3.1 Transmittance (T) 

The UV-visible transmittance spectra of SnO2: F thin films as a function of wavelength 
for different fluorine doping have been shown in Fig. 1. It is seen that the transmittance of 
the SnO2: F films increases with increasing fluorine doping in the films, and the average 
transmittance in the visible region (at 550 nm) has been found (40%, 47%, 52%, 59%, 
61%) for the fluorine doping (0, 5, 10, 15, 20%) respectively. The transmittance value of 
50% for the undoped films is found to increase to 70% for 20% of fluorine doping (at 890 
nm). The increase in the transmittance spectra of the SnO2: F due to the decreasing in the 
film thickness because of the growth rate is decreased with increase fluorine content in the 
films and, the color of the undoped tin oxide thin film is milky white that turned colorless 
When the doping concentration increased to (20%), which is in a good agreement with the 
report [2]. The increase of transmittance of SnO2: F thin films with increasing fluorine 
doping concentration is caused by the decrease of surface roughness that leads to the 
decrease of optical scattering in the films. 

 
Fig. 1 Transmittance spectra of 𝐒𝐧𝐎𝟐:𝐅 thin films deposited at different fluorine doping 

 
3.2 Absorbance (A) 
The absorbance spectra of SnO2:F thin films as a function of wavelength deposited on 
quartz substrate at different fluorine doping concentrations are shown in Fig. 2. In the high 
energy spectral range, where the film is strongly absorbent, and the absorbance of SnO2:F 
films decreases with increasing fluorine content. 
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Fig. 2 Absorbance spectra of SnO2:F thin films deposited at different fluorine doping 

 

3.3 Reflectance (R)  
Reflectance spectra of SnO2:F thin films are shown in Fig. 3. It is determined that the 

average reflection value of pure SnO2 films is about (20%) and this value remarkably 
decreases with fluorine incorporation. That decrease of reflectance results from the surface 
roughness, grain boundaries and morphology of the fluorine doped films, as these 
properties affect the intensity of the reflected light. Because of this information, it can be 
said that the pure SnO2 films which have highest average reflection value, lowest 
transmittance value and highest roughness as compared with others. 

 
Fig. 3 Reflectance spectra of SnO2:F thin films deposited at different fluorine doping 

 

3.4. Absorption Coefficient (α)  
The absorption coefficient (α ) has been calculated from equation (1) [13, 14, 15].  

𝛼 =
2.303 𝐴

𝑡
     (1) 

This coefficient depends on the incident photon energy (hυ), the energy gap of 
semiconductor and the type of the electronic transitions. Fig. 4 shows the change of the 
absorption coefficient of the SnO2:F thin films for different fluorine doping as a function of 
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wavelength. It is observed that the absorption coefficient (α) decreases gradually with 
increasing fluorine doping concentration, the value absorption coefficient is greater than 
(104𝑐𝑚−1) which indicates the strong possibility of direct electronic transitions. 

 
Fig. 4 Absorbance Coefficient of SnO2:F thin film deposited at different fluorine doping 

 

3.5 Absorption Index (Extinction coefficient) (K)  
The extinction coefficient (Ko) is calculated by equation (2) [13, 14, 15]. 

𝐾 =
𝛼𝜆

4𝜋
     (2) 

Fig. 5 shows the extinction coefficient versus wavelength plotted for different fluorine 
doping concentration. This behavior agrees with the behavior of absorption coefficient 
which has a direct relation with (Ko) as in equation (2). The extinction coefficient 
decreases with increasing fluorine doping. 
 
3.6. Optical Conductivity (σoptical)  
The optical conductivity of SnO2:F thin films prepared at different fluorine doping 
concentration (0 - 20) % has been calculated using equation (3) [16]:  

𝜎𝑜𝑝𝑡𝑖𝑐𝑎𝑙 =
𝛼𝑛𝐶

4𝜋
     (3) 

Fig. 6 shows the optical conductivity of SnO2:F thin films as a function of wavelength for 
different fluorine doping. It is observed that the optical conductivity decreases with 
increasing fluorine doping concentrate in the films and the optical conductivity (σoptical) 
depends directly on the absorption coefficient as shown in equation (3). We can see that 
the optical conductivity increases with increasing the energy; this suggests that the increase 
in optical conductivity is due to electron exited by photon energy which leads to the 
increase in the concentration of charge carriers.  
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Fig. 5 Extinction coefficient of SnO2:F thin films deposited at different fluorine doping 

 
Fig. 6 Optical Conductivity of SnO2:F thin films deposited at different fluorine doping 

 

3.7 Refractive Index (n) 
The refractive index (n) of SnO2:F thin films for different fluorine doping are 

determined from equation (4) [17] as shown in Fig. 7. 

𝑛 =   
4𝑅

(𝑅−1)2
 − 𝐾2 

1
2 
−

𝑅+1

𝑅−1
    (4) 

All films show similar behavior in refractive index. There is a little decrease in refractive 
index value with increasing fluorine doping concentration. It is concluded that the 
reflection index highly depend on the production technique, surface roughness, grain 
boundaries and morphologies of the produced films, and these properties are changed with 
Fluorine doping concentration. 
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Fig. 7 Refractive index of SnO2:F thin films for different fluorine doping 

 

3.8 Real and Imaginary Part of Dielectric Constant (ε1), (ε2) 
An absorbing medium is characterized by a complex dielectric constant. The real and 
imaginary part of dielectric constant of SnO2:F thin films prepared at different fluorine 
doped (0, 0.05, 0.1, 0.15, 0.2) by spray pyrolysis technique on quartz substrate at substrate 
temperature (450℃) have been calculated using equations (5), (6) [18]. 

𝜀1 = 𝑛2 − 𝐾2 (5), 𝜀2 = 2𝑛𝐾   (6) 
The real and imaginary parts of dielectric constant as a function of wavelength of SnO2:F 
thin films deposited at different fluorine doping are shown in Figs. 8, 9 respectively. It is 
found that the real and imaginary parts of dielectric constant of SnO2:F thin films decreases 
with increase fluorine doping concentration. The real parts of dielectric constant of SnO2:F 
thin films decreases with increasing wavelength while the imaginary part of dielectric 
constant increases with increasing wavelength in the visible region spectra. 

 
Fig. 8 Real part of dielectric constant of SnO2:F thin films for different fluorine doping 
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Fig. 9 imaginary part of dielectric constant of SnO2:F thin films at different fluorine doping 

 

3.9 Optical Band Gap (Eg) 
The optical band gap (Eg) of the SnO2: F thin films is calculated from the allowed direct 

transition given by 𝛼ℎ𝛾 = 𝐴(ℎ𝛾 − 𝐸𝑔)
𝑋 where (hγ) is the photon energy, (Eg) the bandgap 

and (A) the edge parameter. The value of (x) is (1/2) for direct allowed transitions and (2) 
for indirect allowed transition. The films prepared in the present study have direct allowed 
transitions. The optical band gap is determined by extrapolating of the linear part of the 
curve (𝛼ℎ𝛾)2 which intercepts the energy axis, Eg are found to be (3.5, 3.57, 3.65, 3.7, 
3.75) eV for fluorine doping concentration (0, 5%, 10%, 15%, 20%), respectively. As 
shown in Fig. 10, the optical band gap is increase with increasing fluorine doping 
concentration in the films. This result is in a good agreement with the report [2].  
 
3.10 Urbach Energies (EU) 

It is well-known fact that semiconductors represent band tails due to the deformation and 
high carrier concentration. Defects in structure lead to local electric fields that affect the 
band tails, and band tiling is a result of impurity, disorder or any other defects. The 
absorption coefficient (α) in the low Energy range follows the well-known exponential 

low, that is the Urbach tail expressed by 𝛼(𝑣) = 𝛼0exp(
ℎ𝑣

𝐸𝑢
) where (αo) is constant and EU 

denotes an energy which is constant for weakly dependent on temperature and is often 
interpreted as the width of the tail of localized states in the bandgap [19, 20, 21]. EU values 
are estimated from the slope of the linear relationship (lnα) against (hγ) using above 
equation.  
Fig. 11 shows Urbach plots of the SnO2:F thin films. The values of EU obtained from the 
inverse of the slope of (lnα) versus (hγ) are given in Table 1. Urbach energy of SnO2:F thin 
films increases with increasing fluorine doping concentration in the films. 
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Fig. 10 Optical band gap of 𝐒𝐧𝐎𝟐:𝐅 thin films deposited at different fluorine doping 

 
Table 1 Optical properties of SnO2 :F thin films 

Doping % (EU) (meV) (Eg) (eV) 
Transmittance  
(at 550 nm) % 

0 360 3.5 40 

5 342 3.57 47 

10 278 3.65 52 

15 231 3.7 59 

20 199 3.75 61 

 

 
Fig 11 Urbach plots of 𝐒𝐧𝐎𝟐:𝐅 thin films for different fluorine doping 
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4. Conclusions 
Fluorine doped tin oxide (FTO) films were successfully prepared on quartz substrate at a 

substrate temperature equal to 450℃ by a homemade spray pyrolysis technique. The 
average transmittance in the visible region (at 550 nm) has been found (40, 47, 52, 59, 
61%) for the fluorine doping (0, 5, 10, 15, 20%) respectively. The increase in the 
transmittance spectra of the SnO2: F due to the decreasing in the film thickness because of 
the growth rate is decreased with increase fluorine content in the films and, the color of the 
undoped tin oxide thin film is milky white that turned colorless When the doping 
concentration increased to (20%). The optical band gap is increase with increasing fluorine 
doping concentration in the films and, Urbach energy of SnO2:F thin films decreases with 
increasing fluorine doping concentration in the films. 
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Abstract 
In this work, a novel relation between the bulge luminosity (Lbulge), and spiral arm 

pitch angles (P) has been found. We measured the spiral arm pitch angles of a sample of 40 
spiral galaxies by using a 2D Fast Fourier Transform decomposition technique (2DFFT) on 
Spitzer/IRAC 3.6-µm images. We selected a sample of nearly face-on spiral galaxies and 
used IRAF's ELLIPSE routine to determine the ellipticity and major-axis position angle in 
order to deproject the images to face-on, and apply a 2DFFT, we determined the spiral arm 
pitch angles. 
The measurements of the bulge luminosity are based on a 2-dimensional (bulge-bar-disk) 
decomposition program by using Spitzer/IRAC 3.6 µm images. The bulge luminosity was 
determined for a sample of 40 spiral galaxies by applying the two-dimensional 
multicomponent decomposition method. 
Keywords: spiral galaxies, pitch angle, bulge luminosity, classical bulges. 
 

 المستخلص:
 تى (P). وسوايا ييم انذراع انحهشوَيت (Lbulge) في هذا انعًم، تى انعثىر عهى علاقت جذيذة بيٍ نًعاٌ الاَتفاخ

يجزة حهشوَيت باستخذاو تقُيت تحهم تحىيم فىرييه انسزيع ثُائيت الأبعاد  40قياص سوايا ييم انذراع انحهشوَيت نعيُت يٍ 
(2DFFT( عهى صىر Spitzer/IRAC 3.6  .عيُت يٍ انًجزاث انهىنبيت شبه انًىاجهت نهىجه  تى اختيارييكزويتز

نتحذيذ ساويت الإههيهجيه وساويت يىضع انًحىر انزئيسي يٍ أجم  IRAF انخاص بـ ELLIPSE واستخذيُا روتيٍ
تعتًذ قياساث نًعاٌ الاَتفاخ عهى . حذدَا سوايا ييم انذراع انحهشوَيتو،  2DFFTإسانت انصىر إنى انىجه، وتطبيق 

ييكزويتز. تى تحذيذ  Spitzer / IRAC 3.6 قزص( باستخذاو صىر -شزيط  -ثُائي الأبعاد )اَتفاخ بزَايج تحهم 
 .يجزة حهشوَيت يٍ خلال تطبيق طزيقت انتحهم ثُائي الأبعاد يتعذد انًكىَاث 40نًعاٌ الاَتفاخ نعيُت يٍ 

 .لاَتفاخ، الاَتفاخاث انكلاسيكيت: انًجزاث انحهشوَيت، ساويت انًهعب، نًعاٌ االكلمات المفتاحية

Introduction 
A black hole is a region of space-time where gravity is so strong that nothing, not even 

light, can escape from it (Wald 1984).  
Black holes can be divided into three types: supermassive black holes (SMBHs), 
intermediate masses black holes (IMBHs), and stellar masses black holes, (Gebhardt & 
Rich 2005). The normal black holes are thought to be the endpoint of stellar evolution for 
the most massive stars (Valeri & Igor 1998). Supermassive black holes are joint at the 
middle of all or most of galaxies (Mogorrian et al., 1998; Ferrarese & Merritt, 2000) 
Supermassive black holes are joint at the middle of all or most of galaxies, where observed 
that with the resolution of the Hubble Space Telescope (HST) with its high sensitivities to 
observe the centers of spiral galaxies. Also, the central masses of spiral galaxies are in the 
range of thousands to billions of the masses of our sun (Kormendy & Richstone 1995; 
Richstone et al. 1998; Kormendy & Gebhardt 2001).  
Since the last decades, the researches of galaxies of galaxies have led to the detection that 
there are many tight relationships locally between the SMBHs masses and the global 
features of the components of the hosts of spiral galaxies. This suggests an interesting join 
between galaxy formation and SMBH growth (Yuexing 2007). As a result, astronomers 
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think that the energy emitted by growing SMBHs play significant role in shaping the 
characteristics of the host's structure of galaxies (Benson 2010; Fabian 2012). 
There is growing guide which points out that relationships between the mass of the SMBH 
and almost or all the possible parameters of the host galaxy bulges. This suggests that 
SMBHs play an important role in galaxy formation. Most galaxy bulges contain a central 
SMBH whose mass strongly correlates with stellar velocity dispersion (σ*( within the 
effective radius (re, MBH-σ*(; (Ferrarese & Merritt 2000; Gebhardt et al. 2000a; Tremaine et 
al. 2002) with the bulge luminosity or spheroid luminosity of the galaxy (Lbul, M-Lbul; 
Kormendy & Richstone 1995; Magorrian et al. 1998; Marconi & Hunt 2003- hereafter, 
MH03; Häring & Rix 2004; Gültekin et al. 2009), with the bulge mass (Mbul) (Magorrian et 
al. 1998, MH03, Häring & Rix 2004, hereafter HR04), and circular velocity (Ferrarese 
2002), with the galaxy light concentration (Graham et al. 2001), the dark matter halo 
(Ferrarese 2002), with the effective radius (Marconi & Hunt 2003), the Sersic index 
(Graham & Driver 2001, 2007), with the gravitational binding energy and gravitational 
potential (Aller & Richstone 2007), combination of bulge velocity dispersion, effective 
radius and/or intensity (Aller & Richstone 2007), with the radio core length (Cao & Jiang 
2002), and the inner core radius (Lauer et al. 2007). 
As mentioned above, all scaling laws have led previous authors to the conclusion that 
SMBH, growth and bulge formation regulate each other (Ho 2004; Benedetto et al. 2013). 
That means that mass of the SMBH is somehow tied to the structural parameters of the rest 
of the galaxy. 
In this work, using more sophisticated techniques of measuring the bulge luminosity such 
as two-dimensional image decompositions (e.g., McLure & Dunlop 2001; Wandel 2002, 
Hüring & Rix 2004, Hu 2009, Sani 2011), produces a new tighter correlation between 
spiral arm pitch angles and the bulge luminosities of their host galaxies. The structure of 
this work is as follows: in Section 2, I briefly describe the sample. Section 3 is an analysis 
and discussion of the results. The conclusions are given in Section 4.  
 

Sample 
In this work, a sample of 40 Spitzer/IRAS (3.6µm) spiral galaxies were selected (see Table 
1) The bulge luminosity estimates in this work are based on a two-dimensional (bulge - bar 
- disk) decomposition program which more accurately models the Spitzer/IRAC 3.6 µm 
images (Laurikainen et al. 2005).  
The sample consisted of Hubble types ranging from Sa to Sc for which it is possible to 
measure pitch angle for each galaxy.  
For this study, we measured the spiral arm pitch angles (P) of a sample of nearly face-on 
spiral galaxies by first using IRAF to determine the ellipticity and major-axis position 
angle in order to deproject the galaxy images to face-on by assuming that spiral galaxy 
disks are essentially circular. Then a two-dimensional Fast Fourier Transform (2DFFT) 
was applied to the deprojected images in order to measure the spiral arm pitch angles 
(Davis et al. 2012 & Treuthardt et al. 2012). This method removes a great deal of the 
uncertainty present in the measurement of the pitch angles of spiral galaxies (Davis et al. 
2012). 
We obtained spiral arm pitch angles of 18 spiral galaxies from the literature that were 
derived using B and K band images (Seigar et al. 2006, Davis et al. 2012). Spiral arm pitch 
angle has been shown to be independent of the wavelength at which it is measured (Seigar 
et al. 2006a); so, a different band of images were used to determine P for our sample of 
spiral galaxies. The remaining 22 spiral arm pitch angles were measured by applying a 
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two-dimensional fast Fourier transformation (Schröder et al. 1994) to Spitzer/IRAC 3.6µm 
images, assuming logarithmic spirals. 
In this study, a consistent sample of 40 spiral galaxies are considered, which consisted of 
14 non-barred galaxies and 26 barred galaxies, 17 AGN-host galaxies and 23 non-AGN 
galaxies, and 16 galaxies with classical bulges and 24 galaxies with pseudobulges. 
  

Bulge Luminosity 
In this section we present a mid-infrared study of the scaling relations between SMBH 

masses and the structural parameters of the host spheroids in the galaxies that are 
represented by bulge luminosity (Lbul), based on two-dimensional disk-bulge-bar 
decompositions of Spitzer/IRAC 3.6 μm images of 40 galaxies with MBH. 
Although, there are problems in determining the bulge luminosity of spiral galaxies, as a 
result of the difficulty in getting the values precise for bulge–disk decomposition, we used 
2D bulge-disk decompositions of Spitzer/IRAC 3.6 µm images of 40 galaxies, where there 
is a minimum in the bright foreground from interplanetary dust. In addition, we used 
SExtractor (Bertin & Arnouts 1996) to mask out the pixels from foreground stars or bright 
neighbors, background galaxies, and possible irregularly shaped regions such as dust lanes 
across the galaxy. In this work, we preferred to avoid compilations of Lbul values from 
various authors using different methods, as these involve a range of morphologies different 
from spiral galaxies in the MBH - Lbulge relation. 
The interesting thing about this study is that the bulge luminosity is based on a large 
number of pseudobulges, exceeding the number of pseudobulges used in most research 
(i.e. 5 in Hu 2009 or 9 in Sani 2011). The poor statistics of pseudobulges in other studies 
prevent reaching a firm conclusion about the nature of their relation with each component 
of the galaxy. This means that the sample in this work is one of the largest samples used 
thus far to study MBH-host galaxy scaling relations compared with previous works. 
Here we studied the relations between bulge luminosity (Lbul), and spiral arm pitch angle 
(P) listed in Table (1). 
 
Measurement of the bulge luminosity (Lbul) 

The measurement of the bulge luminosity is based on a two-dimensional (bulge- bar-
disk) decomposition program to model Spitzer/IRAC 3.6 µm images (Laurikainen 2005). 
The bulge luminosity was determined for a sample of 40 spiral galaxies by applying the 
two-dimensional multicomponent decomposition method. In this method, an exponential 
function was used to describe the disc: 

Id(r) = Iod exp[-(r/hr)] 
where Iod is the central surface density of the disc, hr is the radial scalength of the disc, and 
r is disc radius. The bulge is described by a Sersic function: 
 
where Iob is the central surface density of the bulge, hb is the scale parameter of the bulge, 
and β=1/n with n=sérsic index. The half-light radius (effective radius), re, of the bulge was 
obtained by converting hb: 

re = (bn)
n
 hb 

where the value of bn is a proportionality constant defined such that Γ(2n( = 2γ(2n,bn(. Γ 
and γ are the complete and incomplete gamma functions, respectively. We use the 
approximation bn ≈ 2.17nb − 0.355 (David 2010(, where nb is the bulge Sersic index.  
The bars and ovals are estimated using a Ferrers or a Sersic function. 
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where Iobar is the central surface brightness of the bar, abar is the bar major axis, and nbar is 
the exponent of the bar model defining the shape of the bar radial profile.  
The orientation parameters were estimated using Spitzer/IRAC 3.6 µm images of 40 
galaxies with MBH estimates. These images were used to measure the minor-to-major axis 
ratios (q = b/a(, effective radii, the radial profiles of the isophotal major-axis position 
angles (φ( and the estimated inclinations of the disk using the mean values in the outer 
parts of the disks (Laurikainen 2005).  
First, foreground stars were removed and all point sources from the Spitzer 3.6 μm images 
were masked out by using SExtractor (Bertin & Arnouts 1996), next, the surface brightness 
profiles were derived using the ELLIPSE routine in IRAF

1
 (Jedrzejewski 1987, 

Laurikainen 2005). To change surface brightness units to mag arcsec
-2

, the following 
formula was used: 
 
Where S3.6μm is the flux value of the 3.6 μm band in units of MJy sr−1, ZP3.6μm is the 
IRAC zero magnitude flux density in Jy and is 280.9 (Reach et al. 2005(.  
 Apparent magnitude was converted to absolute magnitude using luminosity distance and 
absorption in the galaxies according to the NED

2
 database. 

 
Measuring spiral arm pitch angle 
Previous studies described logarithmic spirals in polar coordinates (Lin & Shu 1964; 
Kennicutt 1981; Elmegreen & Elmegreen 2004; Seigar & James 1998a, b, 2002; Seigar et 
al. 2006; Vallée 2002 ). This is a special kind of spiral curve that describes the arm in disk 
galaxies: 

r = r0 e
θ
 
tan(φ(

 
where r is radius, θ is central angle, r0 is initial radius when θ = 0, and pitch angle is -90 ≤ 
Φ ≤ 90.  
Because the spiral arm pitch angle has been shown to be independent of the wavelength at 
which it is measured, multi-band images were used to determine it for our sample of spiral 
galaxies (Seigar et al. 2006a). 
Spiral arm pitch angles were measured using a two-dimensional fast Fourier transform 
(2DFFT( decomposition with logarithmic spirals of Spitzer/IRAC 3.6 μm images of 63 
galaxies, with inclinations of 30

о
 ≤ i ≤ 60

о
. The 2DFFT program analyzes images of spiral 

galaxies and categorizes their pitch angles and number of arms. The two-dimensional fast 
Fourier transform decomposition program is fully described by I. Puerari in Schröder et al. 
(1994). 
The amplitude of each Fourier component is given by: 
  
where r and θ are polar coordinates, I(ln r, θ( is the intensity at position (ln r, θ(, m 
represents the number of arms or modes, and p is the variable associated with the pitch 
angle P defined by tan(P( =−m/pmax.  
 IRAF was used to determine the ellipticity values and major-axis position angle in order to 
deproject the 3.6 μm galaxy images to fully face-on by assuming circular outer isophotes. 
ELLIPSE in IRAF was used to derive inclination angle (α(; (Hubble 1926; Jedrzejewski 
1987), which is defined by: 

                                                 
1
IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Associated 

Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science 

Foundation 
2 http://nedwww.ipac.caltech.edu/  

http://nedwww.ipac.caltech.edu/
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α = cos
-1

(b/a) 
where (a) is the semi-major axis and (b) is the semi-minor axis. Where the value 0

о
 

describes a face-on galaxy and 90
о
 describes an edge-on galaxy, 

A two-dimensional fast Fourier Transform (Schröder et al. 1994) was then applied to the 
deprojected 3.6 μm images. Assuming logarithmic spirals, the spiral arm pitch angles were 
measured by applying the relationship between SMBH and P discovered by Seigar et al. 
(2008).  
 

Results and Discussion  
By analyzing the sample of 40 spiral galaxies and plotting the Lbul − P correlation, we 
conclude that there is a new correlation between Lbul and P. In Table 2, we list the 
parameters of the best-fitting lines shown for this diagram. 
Figures 1-3 illustrate the relations in L-spiral arm pitch angle (we assigned a particular 
marker to these galaxies according to their morphological bulge type: i.e. bulge and 
pseudobulge galaxies. In Fig. 1 we note that both pseudobulges and bulges are located 
between the fitting lines. The best-fitting lines are shown for this diagram:  
  
Pearson's linear correlation coefficient for a correlation between SMBH and Lbul is 0.82 for 
both classical bulges and pseudobulges. This means a strong correlation exists between 
spiral arm pitch angle and bulge luminosity in late-type galaxies.  
Figure 1 shows the correlation of the pitch angle with bulge luminosity distribution for the 
sample of galaxies described as “bulge” in Table 2, where the scatter looks somewhat large 
in the Lbul-P relation.  
Based on the conclusions of Ferrarese (2002 [F02]), Ho (2004), and Ferrarese et al. (2006 
[F06]), the Lbul-P relation supports the notion of regulated formation mechanisms and co-
evolution for the galaxy’s bulge luminosity (the smallest structures in a galaxy( and the 
pitch angle of a galaxy's spiral arms (the largest structures in a galaxy). 
During the decomposition process, the bulge luminosity was measured. For this figure, we 
have recomputed these values, especially for pseudobulges with n ≤ 2, to get more accurate 
results. 
Kormendy & Fisher (2008( pointed out that bulges have steep brightness profiles for bulge 
light in spiral galaxies that often dilute the contrast with the spiral structure, and that bulge 
light especially affects discernibly of the spiral structure very strongly at smaller galaxy 
radii. Note, the spiral structure depends little on radius which is essentially a property of 
the pseudobulge galaxy. 

. 
Figure (1): Bulge luminosity (L3.6) as a function of spiral arm pitch angle.  

The solid line is the fit to all spiral galaxies. 
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The fundamental Lbul – P scaling relation of spiral galaxies was examined while taking into 
account the nature of the bulge (classical or pseudobulge). Figure 2 illustrates the relations 
in Lbul-P, where the classical bulges and pseudobulges have prominent correlations. The 
best-fitting lines are shown for this diagram:  
Pearson's linear correlation coefficient for the correlation between SMBH and Lbul are 0.87, 
and 0.78 for classical bulges and pseudobulges respectively. We note that Pearson's linear 
correlation coefficient values for classical bulges and pseudobulges of spiral galaxies are 
shown to have a strong correlation. These results have a significance of 99.6%, a 3σ. 
Figure 2 also demonstrates that there is a statistically significant correlation between the 
luminosity of the bulge and the spiral arm pitch angle: galaxies with high bulge luminosity 
have smaller pitch angles. The correlation looks somewhat better for pseudobulges with n 
≤ 2. In addition, pseudobulges with small pitch angles follow the same scaling relations as 
classical bulges, while those with large pitch angles deviate from the scaling relations of 
classical bulges. 
The pitch angle–bulge luminosity relation (non-barred, AGN, and non-AGN galaxies; 
Figure (3) shows the same behavior. There is a significant correlation between the pitch 
angle and the luminosity of the bulge for all of them.  

 

 
Figure (2): bulge luminosity (L3.6) as a function of spiral arm pitch angle. The linear 

regression are shown as long dash and dash dot dot dot, respectively, for pseudobulges, and 
bulges galaxies. 

 
Figure 3 shows a plot of SMBH masses calculated from the (Lbul-P) relation, for non-
barred, non-AGN, and AGN galaxies. Pearson's linear correlation coefficient for a 
correlation between Lbul and P was found to be 0.78, 0.83, and 0.79 for non-barred, non-
AGN, and AGN galaxies respectively. 
 Most of the AGNs are host to low-mass black holes (BHs) (Wandel 2000, Greene & Ho 
2006, Hu 2008), so the slope of the Lbul–P relation in the AGNs is somewhat low when 
compared to non-barred, non-AGN galaxies. Pearson's linear correlation coefficient values 
for all types of galaxies are noted to have the significance level at which the null 
hypothesis of zero correlation is disproved, is 3σ. 
 The best-fitting lines are shown in this diagram: 
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Figure (3): bulge luminosity (L3.6) as a function of spiral arm pitch angle. The linear 

regression are shown as long dash, dash dot dot dot, dash dot and dashed, respectively, for, 
non-barred, Non-AGN, and AGN galaxies. 

 
Conclusions 
Based on this work, the following conclusions can be made:  
1- The scaling relations were studied between the bulge luminosity (Lbul), and spiral arm 
pitch angles. The bulge Sérsic index (n) and effective radius (Re) were determined based 
on a 2D decomposition of 3.6 μm Spitzer/IRAC images of 40 spiral galaxies, and 
dispersion velocity values obtained from Hyperleda which were used to estimate the bulge 
luminosity.  
2- The relations between bulge luminosity (Lbul), and spiral arm pitch angle (P) were 
investigated using 2D decomposition of Spitzer/IRAC images at 3.6 µm, and the best-
fitting linear regressions are: 
3- The results of this study indicate that secular evaluation for the pseudobulges and minor 
mergers for the classical bulges of spiral galaxies played an important role in growing 
supermassive black hole masses in center of spiral galaxies. 
4- A mid-infrared (MIR) view of the MBH scaling relations was used based on a 2D 
decomposition of Spitzer/IRAC images at 3.6 µm. The high performance of Spitzer/IRAC 
provided images of advanced quality in the MIR for the 40 spiral galaxies analyzed here. 
IRAC sensitivity permitted the clear identification of morphological features for spiral 
galaxies. Bulge luminosity and that of the bulge structure parameters was determined using 
two-dimensional bulge-disk decompositions of Spitzer/IRAC 3.6 μm images, with high 
accuracy. A new relation was found to exist between the spiral arm pitch angles and the 
bulge luminosities of disk galaxies. 
  
Table 1. Columns: (1) galaxy name. (2) Hubble type taken from the Hyper-Leda catalogue. (3) 
Spiral arm pitch angle (P). Most of (P) taken from Berrier et al. (2013), and Davis et al. (2012). 
The spiral arm pitch angle given for M31, MW, and NGC 4945 are taken from Braun (1991), 

Levine et al. (2006) and Burg et al. (1986) respectively. (4) Bulge luminosity. 

 
LBulge(LΘ) 

(4)
 P (deg) 

(3)
 Leda Type 

(2) 
Name 

(1)
 

9.81 26.7 Sb Circinus 
10.7 16.3 SBb IC 2560 
10.9 8.5±1.3 Sb NGC 224 
10.5 23.68±1.77

(1(
 Sbc NGC 613 
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10.2 19.83±3.6
(1(

 SBa NGC 1022 
10.9 17.3±2.2

(2(
 Sb NGC 1068 

10.8 16.7±2.62
(3(

 SBb NGC 1097 
10.6 12.7±1.8 Sbc NGC 1300 
10.2 20.57±5.38

(1(
 Sab NGC 1350 

9.62 36.6±5.4
(1(

 Sb NGC 1353 

10.9 16.16±3.48
(1(

 Sab NGC 1357 
10.7 15.4±2.4

(3(
 Sb NGC 1365 

11.2 6.2±2
(3(

 SBab NGC 1398 

9.76 25.82±3.79
(1(

 SBab NGC 1433 
10.2 21.31±4.78

(3(
 SABb NGC 1566 

10.2 18.22±14.07
(3(

 Sb NGC 1672 

10.5 23.65±7.77
(1(

 Sa NGC 1808 
10.6 14.95±4.2

(1(
 Sbc NGC 2442 

10.9 15.4±8.6 Sab NGC 3031 

10.4 12.9±9 SABa NGC 3227 
10.8 14±1.4 SABa NGC 3368 
9.81 28.21±2.27

(1(
 SABc NGC 3511 

10.5 21.86±6.34
(3(

 SABb NGC 3521 

10.7 19.34±4.38
(1(

 Sb NGC 3673 
9.84 22.73±2.58

(1(
 SBab NGC 3783 

10.3 24.4±2.6
(2(

 Sbc NGC 3887 

10.6 19.8±3.2
(2(

 Sbc NGC 4030 
10.7 11.8±1.8 SABa NGC 4151 
10.9 7.7±4.2 SABb NGC 4258 

10.7 17.2±5.42
(1(

 SBab NGC 4462 
11.3 6.1 Sa NGC 4594 
11.4 6.2±2.2

(1(
 SABb NGC 4699 

10.4 25.57±3.73
(1(

 Sbc NGC 5054 
10.5 14.9±6.9 Sbc NGC 5055 
9.82 24.3±3.8

(1(
 SBb NGC 6300 

10.9 13.71±2.3
(3(

 SBab NGC 6902 

11.2 7.05±0.28
(1(

 Sa NGC 7213 
10 18.31±9.09

(1(
 SABb NGC 7531 

11 14.7±7.44
(3(

 SBab NGC 7582 

11.5 15.94±6.39
(1(

 SABa NGC 7727 
 
Table 2: Linear correlation coefficient and linear regression coefficients of bulge luminosity as 

a function of the spiral arm pitch angle,  [log(LBul) = α – βP] 

 
correlation 
coefficient 

No. of 
galaxies 

β Α Types of galaxies 

0.87 40 0.056 ± 0.015 11.56 ± 0.81 All galaxies 

0.78 25 0.044 ± 0.01 11.6 ± 0.4 Pseudobulge galaxies 

0.78 16 0.048 ± 0.013 11.26 ± 0.25 Classical Bulge galaxies 

0.83 14 0.056 ± 0.01 11.53 ± 0.7 Non-Barred galaxies 

0.79 18 0.055 ± 0.008 11.49 ± 0.4 AGN galaxies 

0.83 23 0.06 ± 0.009 11.67 ± 0.5 Non-AGN galaxies 
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Abstract: 

In this work, we have studied new correlations between velocity dispersion of the bulge 
and bulge luminosity, using 40 images of spiral galaxies. 
This paper is based on two dimensions, bulge-disc-bar decompositions of images of 40 
spiral galaxies at 3.6μm from Spitzer/IRAC with velocity dispersion values. Our estimates 
of velocity dispersions from the literature. We identified the bulges of spiral galaxies into 
classical bulges and pseudo-bulges by using model decomposition, and compare their 
characteristics with velocity dispersions. Using these data, we analysed the behaviour of 
the coefficients and the intrinsic dispersion. In this work, novel correlations had been 
submitted in this work as far as authors know. Throughout this paper, we use 
H0=70kms

−1
M pc

−1
, Ωm=0.3 and ΩΛ=0.7. 

Keywords: galaxies: classical bulges – pseudo-bulges, photometry – infrared. 
 
 :مستخلصلا

 لوجشاث صىسة 40 باسخخذام الانخفاخ وإضاءة الانخفاخ سشعت حشخج بٍن الجذٌذة الاسحباطاث دسسنا العول، هزا فً
 هن هٍكشوهخش 3.6 عنذ حلزونٍت هجشة 40 لصىس القشصً الانخفاخ ششٌظ ححلل بعذٌن، إلى الىسقت هزه حسخنذ .حلزونٍت

Spitzer/IRAC فً الحلزونٍت الوجشاث انخفاخاث حذدنا. الأدبٍاث هن حشخج لسشعت حقذٌشاحنا. السشعت حشخج قٍن هع 
 هزه باسخخذام. السشعت جحشخ هع خصائصها وهقاسنت الخحلل نوىرج باسخخذام الزائفت والانخفاخاث الكلاسٍكٍت الانخفاخاث

 على العول هزا فً جذٌذة اسحباطاث حقذٌن حن العول، هزا فً. الجىهشي والخشخج الوعاهلاث سلىك بخحلٍل قونا البٍاناث،
H0=70kms نسخخذم البحث، هزا فً. الوؤلفٍن علن حذ

−1
M pc

−1
, Ωm=0.3 and ΩΛ=0.7. 

 .الحوشاء ححج الأشعت - الضىئً القٍاس ،الزائفت الانخفاخاث - الكلاسٍكٍت الانخفاخاث: الوجشاث: المفتاحية ماتكل
Introduction 
During the last ten years, researches of galaxies drove to the detection that there are many 
tight relationships locally among the center of galaxies and the global features of their 
hosts. Accordingly, astronomers think that the energy emitted play significant functions in 
forming the characteristic of the components of the host galaxies [1, 2, 3]. 
There is growing proof that point out those correlations among the center of galaxies and 
almost the possible parameters of the host galaxies. The mass of the central (SMBH) of 
galaxy relates with bulge velocity dispersion (σ*) [4, 5, 6], with luminosity of the bulge of 
the galaxy (Lbul) [7, 8, 9, 10, 11], with the staller mass of bulge (Mbulge) [8, 10], with 
rotation velocity [12], with effective radius of the bulge [9], the Sersic index [13, 14], with 
the integration of effective radius of the bulge and dispersion velocity [15], and spiral arm 
pitch angles [16]. 
In this work, the sample galaxies are divided into those classical bulges and those 
pseudobulges based on the value of Sérsic indices (nb) and the ratio of bulge-to-total (B/T) 
luminosities. Two methods were used for this classification: first, classical bulges have nb> 
2 whereas, pseudobulges have nb ≤ 2 [17]. Second, the value (B/T) of classical bulge is 
(0.4), and the value (B/T) of pseudobulge is (0.16)[7, 17]. The morphological Hubble types 
of spiral galaxies have taken from HYPERLEDA

1
. 

                                                 
1http://leda.univ-lyon1.fr/ 

mailto:ismaeel_2000@uomustansiriyah.edu.iq
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In this paper, using sophisticated techniques of measuring the bulge luminosity on a two 
dimensions, decomposition of images of 40 spiral galaxies at band 3.6 μm from 
Spitzer/IRAC and stellar velocity dispersions, produces an even tighter relationship among 
the luminosity of bulges and the parameters of the bulges (stellar velocity dispersions) for 
(classical bulges, pseudobulges, barred, non-barred, AGN, and non-AGN).  
 

Methods 
The bulge luminosity Measurement (Lbulge). 
The magnitudes of the luminosity of bulges are using a program of 2D (bulge - bar - disk) 
decomposition from Spitzer/IRAC at 3.6 um band [18]. The luminosity of bulge 
determined for 40 images of spiral galaxies based on 2D decomposition technique. In this 
technique, the exponential function applied to characterize the galactic disc: 

Id(r) = Iod exp[-(r/hr)] 
where Iod is the density of central surface of the disc, hr is the radial disc scale length, and r 
is radius of the disc. The exponential function applied to characterize the bulge that 
described by a Sersic function: 

Ib rb = I0b exp − rb hb  β  
where Iob is the density of central region of the bulge, hb is the parameter of scale of the 
bulge, and β=1/n, where (n) is the index of sérsic parameter. The half-light radius (re), for 
the bulge was gotten by using hb, 

re = (bn)
n
 hb 

where: bn is a constant of proportionality, that is Γ(2n) = 2γ(2n,bn), and γ and Γ are the 
incomplete and complete gamma functions. In this work, used the approach bn ≈ 2.17nb − 
0.355 [19], where nb is Sersic index for the bulge. 
The bars are measured using a Sersic function: 

Ibar rbar = I0bar 1 −  rbar abar  2 nbar+0.5, rbar < abar 
= 0                                 , rbar > abar 

where I0bar is the center of region brightness for the bar, abar is the major axis of bar, and nbar 
is the indicator of the bar model.  
 First, front stars have been removed and all the sources of point from the images using 
SExtractor programme [20], next, applying the ELLIPSE routine in IRAF

2
, the profiles of 

surface brightness were derived [18, 21]. To change the units of surface brightness to mag 
arcsec

-2
, the next formula was applied: 

μ3.6μm = −2.5 × log10  
S3.6μm × 2.35 × 10−5

ZP3.6μm
  

Where S3.6μm is the measurement of flux of the 3.6 μm by units of MJy sr
−1

, ZP3.6μm is the 
IRAC zero magnitude flux density in Jy and the value is 280.9 [22, 23].  
 Apparent magnitude (m3.6µm) was transformed to absolute magnitude (M3.6µm) was 
transform applying luminosity distance of the galaxies based on the (NED) database. 
 The resultant 3.6 µm magnitude of each object is listed in column 3 of Table (1) Absolute 
magnitudes were measured applying the standard relation: 

M3.6µm = m3.5µm − 5 log d + 5  ... (1) 
Where (d) is the luminosity distance in parsecs. The luminosity of bulge of the galaxy was 
estimated using a relation: 

log (L3.6µm/Lo) = 0.4(−M3.6µm + 3.24)  ... (2) 

                                                 
2
 IRAF is distributed by the National Optical Astronomy Observatories, which is operated by the Associated 

Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science 

Foundation 
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Measurement bulge velocity dispersion: 

In this work, dispersion velocity were gotten in spiral galaxies from the literature, and 
applying the relation for circular velocity (Vc) and dispersion velocity (σ*) [12]. 
The relationship of Vc– σ* is one of the best common methods applied to measure The 
velocity of the stellar surrounding component (bulge) [2, 12]. This is found by estimating 
the rotation velocity in the disk of galaxy. This relation derive from the observation that 
rotation velocity relate with the dispersion velocity.  
The rotation velocity (Vc) of spiral galaxies were transformed to velocity dispersion (σ*) 
applying the relation [12]: 

log𝑉𝑐 =  0.84 ± 0.09 log𝜎 +  0.55 ± 0.19   … (3) 
Results and discussion 
By analyzing the sample of 40 images of galaxies and studying of the Lbulge – σ* 
correlation, we concluded there is a novel correlations between Lbul and σ*. In Table (2), 
we list the parameters shown for the best-fitting lines for these diagrams. 
According to the NED database, we used luminosity distance of the spiral galaxies to 
convert the apparent magnitude to absolute magnitude. 
The bulge luminosity was calculated using the magnitudes obtained with the two-
dimensional decomposition at 3.6 μm and applying the standard relation: 

log L3,6 L⨀ = 0.4 −M3.6 + 3.24  
where (3.24) is the value of absolute magnitude of the Sun at 3.6μm band [23]. An 
uncertainty of ±0.2 dex was assumed for the bulge luminosities [24].  
To determine the bulge luminosity – dispersion velosity relations, we used the following 
form: 𝐿𝑏𝑢𝑙 =∝ +𝛽 𝑙𝑜𝑔𝑥 − 𝑥° . The fitting results of Lbul – σ* correlations are presented in 
Table (2).  
Figure (1) explains the relationship in (Lbulge- σ*) (we appointed special These galaxies' 
marker based on their morphological type of the bulge - i.e. galaxies have classical bulges 
and pseudobulges in Figure (1) was found that both classical bulges and pseudobulges are 
existing among the fitting line. The best-fitting line is displayed for this figure:  

log10 𝐿3.6 =  0.01 ± 0.01 𝜎 ∗ + 9.07 ± 0.35  
Pearson's linear relation coefficient for a relation for Lbulge and dispersion velocity is 0.74 
for classicalbulges and pseudobulges. That implies, a good relationship exists among bulge 
luminosity and the dispersion velocity in spiral galaxies. Figure (1) illustrates the relation 
of bulge luminosity with the dispersion velocity division for the sample of spiral galaxies 
characterized the bulges in Table (2), we noted the scatter looks somewhat not large in the 
Lbul-σ* relation. 
In this work, we presented a study of the scaling relations for parameters of the host in the 
spiral galaxies, which are shown by bulge luminosity (Lbulge), using 2D- disk - bulge-bar 
decompostions at 3.6 μm band of 40 galaxies. 
 The good about this work is that the bulge luminosity is used a big number of 
pseudobulges overriding the number of pseudobulges applied in most of the researches as 
far as authors know [25, 26]. That means that a sample in this study is the largest samples 
used so far to study Lbulge- σ* relations compared with previous works. 
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Fig 1: Bulge luminosity (L3.6) versus the dispersion velocity (σ*). The line is the fit to galaxies 

 

The fundamental LBulge – σ* scaling relationships of galaxies was studied taking into 
calculation the nature of the bulge (classic or pseudo-bulges). Figure (2) clarifies the 
relationships in Lbul-σ*, and the classicalbulges and pseudobulges have distinguished 
relations. This diagram shows the best-suited lines: 

log10 𝐿3.6 =  8.81 ± 0.4 +  0.012 ± 0.001 𝜎 ∗   pseudobulges  
log10 𝐿3.6 =  9.6 ± 0.25 −  0.008 ± 0.0013 𝜎 ∗  classical bulges 

 

 
Fig. 2: Bulge luminosity (L3.6) as a function of the linear regressions for pseudobulges, and 

bulges galaxies respectively 
 

Figure (2) presents the Lbulge versus σ* divison for the galaxies represented as 
classicalbulge and pseudobulge in Table (2), we found the large scatter in the Lbulge- σ* 
relation was noted by us and many authors for another correlations [25, 26].  
 Pearson's linear coefficient was found for correlations for L3.6 and σ* are 0.77 and 0.78. 
We find that Pearson's linear correlation coefficient value for the two kinds of galaxies 
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shows a moderate correlation. Attention has been drawn by a number of researchers [14, 
25, 27, 28, 29] to the coexistence of pseudobulges and σ*. 
Also, the figure above shows that 12 out of 23 pseudobulges galaxies are consistent with 
the relationship for classic bulges, and the others are inconsistent with the linear regression 
for this correlation. 
Obviously, in these kind of structures for spiral galaxies appears to be better correlated 
with the small classical bulge [26, 28, 29, 30]. Multiple studies confirmed that 
classicalbulges and pseudo-bulges can coexist in the same galaxy [7, 31, 32, 33, 34, 35]. 
The two-dimensional bulge-disk decompositions [18] of Spitzer/IRAC 3.6 µm is very 
important to identify the type of the central bulge [18, 28, 36], whether, classical bulge or 
pseudobulges or both of them. 
These outlier galaxies would then have (σ*) which corresponds to their original Lbul, but a 
lower current Lbulge. This could illustrate why they are outliers in the Lbul-σ* correlation. 
 The bulge luminosity – dispersion relations (barred, and non-barred galaxies) (Figure (3) 
explain the behaviour are the same. Pearson's linear coefficient for a relation for Lbul and 
σ* are 0.77, and 0.781 for barred and non-barred, galaxies, respectively. There is a 
significant correlation between the luminosity of bulge and dispersion velocity for all of 
them. This diagram shows the best suited lines:  

log10 𝐿3.6 =  8.95 ± 0.5 +  0.012 ± 0.002 𝜎 ∗   barred galaxies  
log10 𝐿3.6 =  9.6 ± 0.25 −  0.01 ± 0.001 𝜎 ∗  Non − barred galaxies 

Figure (4) displays a plot of (Lbul-σ*) relation, for AGN, and non-AGN galaxies, 
respectively. Pearson's linear coefficient for a relation for Lbul and σ* are 0.74, and 0.76 for 
AGN, and non-AGN galaxies. The best fitting lines for this diagram are:  

log10 𝐿3.6 =  9.11 ± 0.7 +  0.010 ± 0.001 𝜎 ∗   AGN galaxies  
log10 𝐿3.6 =  9.6 ± 0.25 −  0.01 ± 0.001 𝜎 ∗  Non − AGN galaxies 

 As most of the AGNs have low-mass black holes (BHs) [25, 27]. A comparison to non-
barred, non-AGNs, it is very low in the AGNs in the slope of the Lbul–σ* relationship for 
all types of galaxies, Pearson's linear correlation coefficient values were noted to have the 
degree of significance at Which is disproved at 3σ by the null hypothesis of zero 
correlation. 

 
Fig. 3: Bulge luminosity (L) versus the linear regressions for barred, and non-barred galaxies 

respectively. 
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Fig. 4: Bulge luminosity (L) versus the linear regressions for Non-AGN, and AGN galaxies 

respectively. 

 
Table (1): Estimated Galaxy Parameters. Columns: (1) names of galaxy. (2) Hubble type of 
spiral galaxy (3) Stellar Velocity dispersion, references: [11, 12, 25, 26, 27, 37, 38, 39, 40, 41, 

42, 43, 44, 45, 46,47, 48, 49, 50, 51, 52, 53, 54,55, 56]; (*) dispersion velocity estimated from V 
− σ∗ relation. (4) Bulge luminosity. (5), B-Barred galaxy; nB - Non-Barred galaxy. (6) AGN 

and non-AGN. (7), C – classicalbulge; P – pseudo-bulge. 

 
Name 

(1) 
Leda Type 

(2) 
σ* (km/sec) 

(3) 
LBulge(LΘ) 

(4) 
B or nB 

(5) 
AGN or 
AGN (6) 

C or P 
(7) 

Circinus Sb 75 9.81 nB nAGN P 

IC 2560 SBb 137 10.7 B AGN P 

NGC 224 Sb 160±8 10.9 nB AGN P 

NGC 613 Sbc 125.3±18.9 10.5 B AGN P 

NGC 1022 SBa 99 10.2 B nAGN P 

NGC 1068 Sb 151±7 10.9 nB AGN P 

NGC 1097 SBb 150 10.8 B AGN P 

NGC 1300 Sbc 145±22 10.6 B nAGN P 

NGC 1350 Sab 120.91±2.08* 10.2 B nAGN P 

NGC 1353 Sb 83 9.62 B nAGN P 

NGC 1357 Sab 121±14 10.9 nB nAGN P 

NGC 1365 Sb 151±20 10.7 B nAGN P 

NGC 1398 SBab 216±20 11.2 B nAGN C 

NGC 1433 SBab 84±9 9.76 B nAGN C 

NGC 1566 SABb 100±10 10.2 B AGN P 

NGC 1672 Sb 130.8±2.09* 10.2 B AGN C 

NGC 1808 Sa 148 10.5 B AGN P 

NGC 2442 Sbc 140.74±2.18* 10.6 B AGN P 

NGC 3031 Sab 143±7 10.9 nB AGN C 

NGC 3227 SABa 128±13 10.4 B AGN C 

NGC 3368 SABa 122±(28,24) 10.8 B nAGN P 

NGC 3511 SABc 93.56±2.04* 9.81 B nAGN P 

NGC 3521 SABb 130.5±7.1 10.5 B nAGN C 
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NGC 3673 Sb 117.45±2.07* 10.7 B nAGN C 

NGC 3783 SBab 95±10 9.84 B AGN C 

NGC 3887 Sbc 102.01±2.05* 10.3 B nAGN P 

NGC 4030 Sbc 122.43±2.1* 10.6 nB nAGN P 

NGC 4151 SABa 156±8 10.7 B AGN C 

NGC 4258 SABb 146±15 10.9 B AGN P 

NGC 4462 SBab 146±8 10.7 nB nAGN C 

NGC 4594 Sa 240±12 11.3 nB AGN P 

NGC 4699 SABb 215±10 11.4 B nAGN C 

NGC 5054 Sbc 104.48±2.05* 10.4 nB nAGN C 

NGC 5055 Sbc 101±5 10.5 nB nAGN P 

NGC 6300 SBb 94±5 9.82 B AGN P 

NGC 6902 SBab 145.86±2.1* 10.9 B nAGN C 

NGC 7213 Sa 185±20 11.2 nB AGN C 

NGC 7531 SABb 108.7±5.6 10 B nAGN C 

NGC 7582 SBab 137±20 11 B AGN C 

NGC 7727 SABa 181±10 11.5 B nAGN C 

 
Table (2): coefficients of linear correlation and linear regression of bulge luminosity 

and of the dispersion velosity, [log(LBul) = α – βσ*] 
Types of galaxies α β No. of galaxies correlation 

coefficient 
All galaxies 11.56 ± 0.81 0.056 ± 0.015 41 0.87 

Pseudobulges galaxies 11.6 ± 0.4 0.044 ± 0.010 25 0.78 
Classical Bulges galaxies 11.26 ± 0.25 0.048 ± 0.013 16 0.78 

Barred galaxies 11.53 ± 0.70 0.056 ± 0.010 14 0.83 

Non-Barred galaxies 11.53 ± 0.70 0.056 ± 0.010 14 0.83 
AGN galaxies 11.49 ± 0.40 0.055 ± 0.008 18 0.79 

Non-AGN galaxies 11.67 ± 0.50 0.06 ± 0.009 23 0.83 

 
Conclusions 

 In this work, novel correlations had been submitted in this work as far as authors know. 
We found new relations observed in the local Universe for the bulge luminosity and the 
stellar dispersion velocity of the host bulges. The analysis of this result is based a 
programme of two dimensions decomposition of 3.6 μm band from Spitzer/IRAC of 40 
images of galaxies. 
The relationships between bulge luminosity (LBul), and the dispersion velocity (σ*) were 
investigated using 2D decomposition of Spitzer/IRAC galaxies at 3.6 µm, and the best-
fitting lines regressions were: 
log10 𝐿3.6 =  9.07 ± 0.35 −  0.011 ± 0.001 𝜎 ∗ 
log10 𝐿3.6 =  8.81 ± 0.4 −  0.012 ± 0.01 𝜎 ∗   pseudobulges  
log10 𝐿3.6 =  9.60 ± 0.25 −  0.008 ± 0.001 𝜎 ∗   classical bulges  
log10 𝐿3.6 =  8.95 ± 0.5 −  0.012 ± 0.002 𝜎 ∗    Barred  
log10 𝐿3.6 =  9.6 ± 0.25 −  0.01 ± 0.001 𝜎 ∗   Non − Barred  
log10 𝐿3.6 =  9.11 ± 0.7 −  0.010 ± 0.001 𝜎 ∗     AGN  
log10 𝐿3.6 =  9.6 ± 0.25 −  0.01 ± 0.001 𝜎 ∗     𝑁𝑜𝑛 − AGN  
 In this work, the results support the finding of the previous studies that indicated secular 
evaluation for the pseudobulges of spiral galaxies and minor mergers for the classical 
bulges played an important function in studying the universe. 
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Abstract:  
In this paper, we presented more information about the co-evolution of supermassive 

black holes and their hosts. This work divided into many sections: first, a short history of 
black holes, Second, Supermassive black holes and their hosts which contain: Bulge 
luminosity (LBulge), Spiral arm pitches angle (P), and Rotation velocity (Vrot). 

 : المستخلص
 انعًم هذا ٌُقسى. ويضٍفٍها انهائهت انسىداء نهثقىب انًشتزك انتطىر حىل انًعهىياث يٍ يشٌدًا قديُا ،انبحث انحانً فً
: عهى ٌحتىي انذي ويضٍفها انكتهت فائقت انسىداء انثقىب وثاٍَاً، انسىداء، نهثقىب قصٍز تارٌد أولاً،: أقساو عدة إنى

 (.Vrot) اندوراٌ وسزعت( P) انحهشوٍَت انذراع يٍم وساوٌت ،(LBulge) الاَتفاخ نًعاٌ
 
A short history of black holes 

Black Hole is a region of space-time where gravity is so strong that nothing, not even 
light, can escape from it (Wald 1984). The astonishing idea of that even light could not 
escape from a celestial object was first hypothesized in 1783 by John Michell. An amateur 
British astronomer wrote a letter to the Royal Society in 1783 which stated: “If the semi-
diameter of a sphere of the same density as the Sun were to exceed that of the Sun in the 
proportion of 500 to 1, a body falling from an infinite height towards it would have 
acquired at its surface greater velocity than that of light, and consequently supposing light 
to be attracted by the same force in proportion to its vis inertiae, with other bodies, all light 
emitted from such a body would be made to return towards it by its own proper gravity” 
(Michell 1784). 
In 1796, thirteen years after Michell’s letter, the mathematician Pierre-Simon Laplace 
pointed out the same idea (Thorne 1994), which he referred to as a dark stars. At the time, 
the hypothesis was not widely accepted because it was not understood that light, as a wave, 
could be influenced by gravity (Laplace 1796). 
Both scientists Mitchell and Laplace, understood the concept of escape velocity, which is 
the speed essential to escape an object's gravity. For escape velocity to exceed the speed of 
light, the mass of the parent body (in this case the dark star) has to be above a certain limit. 
Under these circumstances, light could not escape from the star's gravity (Michell 1784 & 
Laplace 1796). In 1916, Albert Einstein who was one of the most brilliant scientists in 
physics published his research on the General Theory of Relativity. The theory of General 
Relativity was expressed mathematically in a set of 10 extremely complex, coupled, 
nonlinear partial differential field equations. From these field equations, the idea of black 
holes could be derived. Einstein’s equations showed that mass curves space and time and 
that gravity is a result of that curvature i.e., by bending space, mass (or gravity) influences 
the path a light ray travels )Einstein 1915(. Furthermore, from Einstein’s earlier work on 
Special Relativity, it was already known that the speed of light was a constant, as well as a 
universal speed limit. 
In 1916, Karl Schwarzschild, a German physicist introduced the modern concept of the 
black hole. He discovered a mathematical solution to Einstein's field equations that 

mailto:ismaeel_2000@uomustansiriyah.edu.iq


 للهندسة والعلىم... يةــاديمــالأك المجلة
 2222لسنة  2العدد  4المجلد 

  J. for Engineering and Science 

 ISSN: 2708-7956, vol. 4, No. 2, 2022 
 

- 64 - 

 

described the gravitational field of a point mass; this solution described the space and time 
around any spherical mass including the distance which known as the Schwarzschild 
Radius (rs). This radius described the distance from the center of a sphere at which light 
cannot escape, where the mass of a black hole is entirely inside its Schwarzschild radius 
(Schwarzschild 1916). 
In 1930, Subrahmanyan Chandrasekhar, an Indian physicist used special relativity and 
Fermi-Dirac statistics to derive the mass limit of a white dwarf (1.4 solar masses). Below 
this mass limit, a stellar remnant’s gravitational collapse would be prevented by the Pauli 
exclusion principle. In other words, the electrons become degenerate, and the inward 
gravitational pull is balanced by outward electron degeneracy pressure. A white dwarf with 
a mass greater than this limit is unable to support itself against its own gravitational pull 
and crunches into a neutron star (Chandrasekhar 1931), an object that is supported by 
neutron degeneracy pressure. Later, in 1939, Robert Oppenheimer and his colleagues 
predicted that neutron stars have an upper mass limit of approximately three solar masses 
(the Tolman–Oppenheimer–Volkoff limit). Above this limit, gravity overcomes neutron 
degeneracy, and the object would collapse into black holes (Oppenheimer 1939). In 1968, 
the American physicist John Archibald Wheeler used the term “black hole” )Hooft 2009(. 
By the 1960s, the concept of black holes had generated great interest among physicists, 
astronomers, and the other people as well. 
Astronomers observed many types of black holes which can be classified into three groups: 
stellar mass black holes, intermediate mass black holes (IMBHs) and supermassive black 
holes (SMBHs) (Gebhardt & Rich 2005). The distinction between normal black holes and 
SMBHs is that normal black holes are believed to be the end point of stellar evolution for 
the most massive stars. The possible end products of stellar evolution are white dwarfs, 
neutron stars (usually observed as pulsars), and black holes. Stars that have masses greater 
than around 5 times the mass of the Sun may end up as a black hole (Valeri & Igor 1998). 
A SMBH is the largest type of black hole. They are typically found in the centers of 
galaxies, with masses in the range ≈10

5
 to 10

9
M⊙. 

Supermassive black holes (SMBHs) are common at the center of all or most of 
galaxies (Mogorrian et al., 1998; Ferrarese & Merritt, 2000) as observed at high 
sensitivities and resolution with the Hubble Space Telescope (HST). In addition, their 
masses are in the range of hundreds of thousands to billions of solar masses (Kormendy & 
Richstone 1995; Richstone et al. 1998; Kormendy & Gebhardt 2001).  
Over the last decade, studies of galaxies have led to the discovery that there are many 
strong or tight correlations locally between the masses of the SMBHs and the global 
properties of the spheroid components of their hosts. This suggests an intriguing link 
between galaxy formation and SMBH growth (Yuexing 2007). As a result, astrophysicists 
believe that the energy released by growing SMBHs play important role in shaping the 
properties of the structure of their host galaxies (Benson 2010; Fabian 2012). 
There is increasing evidence which indicates that relationships between the mass of the 
SMBH and almost or all the possible parameters of the host galaxy bulges. This suggests 
that SMBHs play an important role in galaxy formation. Most galaxy bulges contain a 
central SBH whose mass strongly correlates with stellar velocity dispersion)σ*) within the 
effective radius (re) ( MBH-σ*); (Ferrarese & Merritt 2000; Gebhardt et al. 2000a; Tremaine 
et al. 2002) with the bulge luminosity or spheroid luminosity of the galaxy (Lbul) (M-LBulge; 
Kormendy & Richstone 1995; Magorrian et al. 1998; Marconi & Hunt 2003- hereafter, 
MH03;Häring & Rix 2004; Gültekin et al. 2009), with the bulge mass (Mbulge) (Magorrian 
et al. 1998, MH03, Häring & Rix 2004, hereafter HR04), and circular velocity (Ferrarese 
2002), with the galaxy light concentration (Graham et al. 2001), the dark matter halo 
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(Ferrarese 2002), with the effective radius (Marconi & Hunt 2003), the Sersic index 
(Graham & Driver 2001, 2007), with the gravitational binding energy and gravitational 
potential (Aller & Richstone 2007), combination of bulge velocity dispersion, effective 
radius and/ or intensity (Aller & Richstone 2007), with the radio core length (Cao & Jiang 
2002), and the inner core radius (Lauer et al. 2007). 
As mentioned above, all scaling laws have led previous authors to the conclusion that 
SMBH, growth and bulge formation regulate each other (Hu 2009; Bettoni D. 1997). That 
means that mass of the SMBH is somehow tied to the structural parameters of the rest of 
the galaxy. 
Using more sophisticated techniques of measuring the bulge luminosity such as two-
dimensional image decompositions (e.g., McLure & Dunlop 2001; Wandel 2002, Hüring 
& Rix 2004, Hu 2009, Sani 2011), produces an even tighter correlation between SMBH 
mass and the host galaxy bulge parameters. 
 Kormendy & Richstone (1995) pointed out that the estimated central quiescent galaxy 
black hole masses of eight galaxies have a tight correlation with their host galaxy bulge 
luminosities. Magorrian et al. (1998) used the determinations for a BH sample of 32 
nearby galaxies and suggested that the supermassive black hole mass, MBH, is proportional 
to the bulge mass Mbulge, and luminosity of the host galaxy bulge, such that on average 
Mbh/ Mbulge = 0.006, with a rather large scatter about ±0.5 dex. Based on collections of Mbh 
values from various studies, Kormendy (2000) and H (2009) found a lower mean ratio of 
Mbh/ Mbulge = 0.0015-0.002, with a large scatter. These correlations imply that the processes 
which drive the more intimately linked with galaxy evolution and processes which drive 
SMBH growth (Erwin 2011). 
The correlations between the mass of supermassive black holes (SMBHs) and properties of 
their host galaxies helped to understand the mechanism of nuclear energy by the formation 
and evolution of BHs (e.g., Rees1984; Tremaine et al. 2002).  
Two strong correlations which can be used to estimate the SMBH mass are as following: 
First, the SMBH correlation with the bulge velocity dispersion. Gebhardt et al. (2000b, 
G00) and Ferrarese & Merritt (2000) investigated a significantly tighter correlation of MBH 
with the bulge velocity dispersion σ*, with some disagreement concerning the slope of this 
relation. (Ferrarese 2000, Gebhardt 2000;Tremane et al. 2002). Second the correlation with 
spiral arm pitch angle (Seigar et al. 2008), which has a lower intrinsic scatter, compared 
with other correlations. 
 
Supermassive Black Holes and Their Hosts 
1. Bulge luminosity (LBulge) 
The previous works to determine the bulge luminosity by Marconi & Hunt 2003, Gultekin 
et al. 2009, Hu 2009 and Sani 2011 attempted to compensate for the different methods and 
analysis techniques employed by several bands (V, K, 3.6um), like using the program 
GALFIT, and BUDDA. All of which arrive at different values for the slope of the classical 
bulges and pseudobulges galaxies MBH –Lbulge correlation.  
Marconi & Hunt (2003, hereafter MH03) measure the bulge properties of 37 near-infrared 
galaxies by a two-dimensional bulge/disk decomposition program GALFIT (Peng et al.) 
2002). They obtain tight Mbh-Lbulge and Mbh-Md relations, where Md is the bulge dynamical 
mass. Using more sophisticated techniques of measuring the bulge luminosity or 
dynamical modelingof the host galaxy, such as two-dimensional image decompositions 
(e.g., McLure & Dunlop 2001; Wandel 2002, Häring & Rix 2004, Hu 2009, Sani 2011), 
produces a tighter correlation between SMBHs and the host galaxy. Sani et al. (2011) 
investigated a new relations between SMBH masses and luminosity, bulge mass, effective 
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radius, velocity dispersion of the host galaxies, based on Spitzer/ IRAC 3.6 µm images of 
35 spiral galaxies. 
 

2. Spiral arm pitch angle (P) 
The previous works have found that central SMBH mass is strongly related with spiral arm 
pitch angle of its host (Seigar et al. 2008, Davis et al. 2012, Berrier et al. 2013). Pitch angle 
is the angle between a line tangent to the arm in a spiral galaxy at a given radius and a line 
tangent to a circle at the same radius. The degree of twist of the spiral arms is a 
characterization of the pitch angle, where the galaxies with small and large pitch angles 
have tightly wound spiral arms and open arms respectively (Kennicutt 1981; Ma 2001; 
Savchenko & Reshetnikov 2011). The measurement of spiral arm pitch angle gives a 
measure of how tightly the spiral arms of a galaxy are wound. Since the creation of a 
morphological classification scheme of galaxies by Hubble (1926), authors have competed 
to investigate the wide correlation of the spiral and morphological type of the observed 
galaxies (e.g. Kennicutt 1981). 
There are a variety of methods for measuring the pitch angle, some of them is based 
directly on the search for the angle between the tangents to the spiral arm and to the 
circumference centered at the galaxy nucleus. Also, some other methods are based on a 
Fourier analysis of the point's distribution in the spiral arms of a galaxy ( Athanassoula 
2005). 
 In these methods, the common feature is that they all require determining the orientation 
of galactic disks in space, which are described by the position angle and the inclination. 
For simplicity, the spiral galaxies are assumed as infinitely thin disks )i.e. a spiral galaxy is 
described as an oblate spheroid where the mathematics and result for the oblate spheroid is 
very similar), so the inclination angle (i) can be estimated by using the standard 
formulation for described by (Hubble 1926). 
Although it is clear that an inclination angle derived by this equation is not exact enough, 
most researchers use it in their research (Ma 2001).  
For this study we measured spiral arm pitch angle of a sample of nearly face-on spiral 
galaxies and used IRAF to determine the ellipticity and major-axis position angle in order 
to deproject the images to face-on by assuming that spiral galaxy disks are essentially 
circular. Then two-dimensional Fast Fourier Transform (2DFFT) was then applied to the 
deprojected images in order to measure the spiral arm pitch angles (Davis 2012 & 
Treuthardt 2012). 
This method is in removes a great deal of the uncertainty present in the measurement of the 
pitch angles of spiral galaxies (Davis 2012). 
Seigar et al. (2008) discovered a significant correlation between how tightly wound a spiral 
arm is and the SMBH mass in the nuclei of disk galaxies. This correlation provides a 
simplistic and relatively quick method to estimate SMBH mass by calculating spiral pitch 
angle of nearby galaxies (Davis et al. 2012; Berrier 2013). 
Seigar et al. (2006a,b) and Davis et al. (2012) have concluded in their research that pitch 
angle does not depend measurably on the image's band, where they found consistency 
between B-band and NIR-band in the measurements of pitch angles by using 2D fast 
Fourier transform (2DFFT) analysis with logarithmic spirals. 
 

3. Rotation velocity (Vrot) 
In 1981 and 2011, Kennicutt and Savchenko published two papers in which the relation 
between the spiral arm pitch angles, and its maximum rotation velocity were studied. They 
found a tight correlation between the spiral arm pitch angles and maximum rotation 
velocity.  
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Although, there is only a weak correlation between the pitch angles and the arm structures 
and with the bulge-to-disk ratio (Roberts 1976), a few researchers (as Kennicutt 1981, 
Savchenko 2011) have pointed out that a good correlation exists between the maximum 
rotation velocity and the pitch angle of the spiral arm, suggesting that the form of spiral 
pattern is principally set by kinematic parameters (Verschuur et al.1988).  
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Abstract  

Titanium alloys have been used in biomedical applications because of their 
biocompatibility and mechanical properties. However, it has a possible toxic effect 
resulting from released vanadium and aluminum. The (HAP) coated Ti-6Al-4V alloy 
prevented releasing of undesirable vanadium and aluminum. The aim of this paper is to 
investigate the structural and mechanical properties of Ti-6Al-4V alloy by coating with 
(HAp). This coating was prepared by Radio Frequency Plasma Sputtering (RF) method. 
The thin film of HAp was improved the structural, composition, roughness and hardness 
were characterized by X-ray diffraction (XRD), Field Emission- Scan Electron Microscope 
(FE-SEM), atomic force microscope (AFM) and Vickers hardness respectively. The HAp 
films were crystalline structure. AFM showed different roughness of Ti-6Al-4V when 
uncoating and as-deposited HAp thin film. 
 

 المستخلص:
ذسرخذم سثائك الرٍراًٍىم فً الرطثٍماخ الطثٍح الحٍىٌح تسثة ذىافمها الحٍىي وخصائصها الوٍكاًٍكٍح. وهع رلك، 

ذوٌع إطلاق  HAp الاتراٌد ٌوكي أى ٌكىى له ذأشٍش سام ًاذج عي إطلاق الفاًادٌىم والألوٌٍىم. الطلاء توادج هذسوكسٍذ
الفاًادٌىم والألوٌٍىم غٍش الوشغىب فٍهوا. الهذف هي هزا الثحس هى دساسح الخصائص الرشكٍثٍح والوٍكاًٍكٍح لسثائك 

Ti-6Al-4V  الوطلٍح توادجHAp( ذن ذحضٍش هزا الغشاء الشلٍك تطشٌمح سش الثلاصها تالرشدداخ الشادٌىٌح .RF ذن .)
(، الوجهش الالكرشوًً الواسح الاًثعاز الضىئً XRDوالخشىًح تىاسطح حٍىد الأشعح السٌٍٍح ) ذوٍض الهٍكل والرشكٍة

(FE-SEM( وهجهش المىج الزسٌح ،)AFM على الرىالً. اظهشخ الٌرائج لافلام الهذسوكسٍذ الاتراٌد الوطلٍح على )
 السثٍكح صٌادج فً الهٍكل الثلىسي والخشىًح والصلاتح. 

 

Introduction 
The pure (cpTi) titanium and its alloys (such as Ti-6Al-4V) have been utilized for load 

bearing implants in dentistry, osteosynthesis and orthopedics due to their excellent 
biocompatibility, lightweight, high-strength, corrosion resistance and relatively low 
density[1]. These properties are not high enough to promote direct growth of the bone 
tissue or reduced the healing period and also Ti-6Al-4V alloy has a possible toxic effect 
resulting from released vanadium and aluminum [2]. A modification of metal surface has 
been employed to controlling tissue–titanium interactions; reduce the time for bone 
fixation and to prevent releasing of undesirable ions from the alloy [3]. These problems 
can be solved by using coating layers from bioinert materials as bioceramic HAp. Where, 
these materials are major inorganic component of human bone matrix and have a crystal 
structure identical to human bone and teeth minerals [4]. The coated thin films do not 
release ions into surrounding tissue of the body as do metallic biomaterials so that the 
coating layers on metallic biomaterials to prevent metallic ion release from orthopedic 
implants made of Ti6Al4V [5].  
Many techniques, such as sol gel [6], Plasma electrolytic oxidation (PEO) [7], 
Electrophoretic deposition (EPD) [8], dip coating process[9], Ion Beam Assisted 
deposition (IBAD) [10], pulsed laser deposition (PLD) [11], plasma spray[12] and RF 
plasma magnetron sputtering can be used to deposit HA coatings. RF sputtering has 
several useful applications such as high RF sputtering rates of metals and insulators at low 
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pressures and provision of a DC bias on the substrate surface; RF could also be used to 
sputter insulators, semiconductors, and metal [13]. This technique can produce thin, 
uniform, dense coatings that are homogeneous in composition and structure [14].  

 

Materials and Methods 
Ti-6Al-4V samples used in this project were acquired from WG (William Gregor Ltd, 

London, United Kingdom). Circular (Ti-6Al-4V) samples are cut from rod with 30mm 
diameter and 3 mm thickness. All samples were abraded successively using SiC grinding 
paper with different grits started from 80 grit, and continued by 120, 230, 400, 600,800, 
1000 and 1200 grit to obtain flat and scratch free surface and then polishing with diamond 
suspension start (1, 3, 6, 9, 15 μm( for a smooth and mirror polished surface. A grinding 
and polishing machine model: metaserv 250, buehler was utilized and then cleaned 
ultrasonically and washed with acetone and deionized water.  
 RF sputtering was utilized to prepare thin film of HAP on Ti6Al4V alloy by using high 
purity (99.99%) HAp target, a base pressure was evacuated to (1×10

-5
 mbar) by a 

combination of rotary and turbomolecular pump, then the argon gas (Ar) was passed till 
the pressure reached (1×10

-3
 mbar), and then the target was cleaned by pre-sputtering 

(with 30 W RF power) for 15 min. Ar (99.99%) was supplied as reactive gas at a flow ratio 
of 10 sccm. The distance between the substrate and the target was maintained at 80 mm for 
all deposition experiments with a RF power 200 W for 1 h duration. During the sputtering 
process, the temperature rose to approximately 80 because of self-heating. 
 Various techniques for surface analysis, structure examination and properties evaluation 
are used to investigate modified surface such as XRD analysis was carried out within the 
20–60° range using a (PANalytical X’Pert PRO MRD PW3040, Almelo, Netherlands) with 
a Cu Kα radiation (λ= 1.541 Å) to identify the phases developed of specimens of Ti6Al4V 
alloy. FESEM was performed using a (Leo-Supra 50VP, Carl Zeiss, Germany) equipped 
with an energy dispersive X-ray (EDX) system.. Element distribution in the surface of 
treated and untreated samples is evaluated using EDX mapping. The surface roughness of 
the film was measured by using atomic force microscope (AFM) (Dimension Edge, 
Bruker) in the Tapping operation mode and a NanoDrive dimension edge-apping, image-
processing software.  
 

Result: 
Figure (1) shows the X-ray diffraction patterns of uncoated Ti-6Al-4V alloy. It is 

observed in the figure1 that the lines of Ti-6Al-4V are 100, 002, 110, 101 and 102 at 2𝜃 
values 35.46°, 38.27°, 39.98°, 40.7° and 53.24°, respectively which belong to α and β 
phases of Ti-6Al-4V. 
The coated thin films of HAP appear lines of the XRD with the following Miller indices 
(hkl): (002), (100), (101), (110) and (102), they belong to the Ti-6Al-4V alloy and (313) 
belong to the HAp phase which proved the data reported for hexagonal Ca5(PO4)3OH 
substrate as indicated in Figure (2). This result proved that the crystalline of HAp layer 
became better. 
 Figures (3) and (4) display Field Emission Scanning Electron Microscope (FESEM) 
images of uncoated Ti-6Al-4V alloy and the coated with hydroxyapatite by radio 
frequency plasma deposition RF for 1h, respectively. The substrate sample in Figure (3) 
shows many scratches and smooth surface due to its grinding and polishing. The HAp thin 
film was formed on whole surface of substrate. HAp thin film was found to be the 
crystalline structure as indicated in Figure 4.  
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Figure 2: X-ray diffraction pattern of HAP coated Ti-6Al-4V alloy. 

 

 
Figure 3: FESEM images of the untreated Ti-6Al-4V substrate 

 
Figure 4: FESEM images of the HAP nanostructure deposited on Ti-6Al-4V substrate 
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Field-emission scanning electron microscope images of cross-sectional structure were used 
to measure the average layer thickness of HAp on Ti-6Al-4V alloy was 257.4 as indicated 
in Figure 5. 

 

 
Figure 5: FESEM cross-section of the HAP nanostructure deposited on Ti-6Al-4V 

 
Surface morphology plays an important role in biocompatibility materials. In order 

to study the influence of the surface properties on apatite layer formation and hardness 
properties, samples of uncoated Ti-6Al-4V and HAP coated Ti-6Al-4V were used to 
characterize the change in the surface properties. A surface roughness of the samples after 
RF plasma treatment was conducted using atomic force microscope AFM.  

The uncoated Ti-6Al-4V specimen in Figure 6 shows many scratches and smooth 
surface due to its grinding and polishing with low roughness. It was 6.54 nm. The surface 
topography of HAP coatings on Ti-6Al-4V alloy is shown in Figure (7). The surface 
topography of the thin film was rough and showed layer with longitudinal grooves over the 
whole surface. The HAP layer coated alloy had the crystalline phase resulted harder layer. 
The roughness values increased with HAP coated Ti-6Al-4V alloy where they were 6.54 
nm and 146 nm, respectively as indicted in Table (1). 

 
Table 1: Morphological characteristics from AFM images for Ti-6Al-4V substrate 

And  HAP coated Ti-6Al-4V alloy 

 

 

 

 

 

 

 
 
 
 
 

Material Roughness (nm) 

Ti-6Al-4V substrate 6.54 
HAP coated Ti-6Al-4V alloy 146 
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Figure 6: AFM images of Ti-6Al-4V substrates (a) 2D and (b) 3D 

 

 

Figure 4.13: AFM images of HAP nanostructure on Ti-6Al-4V substrate with 5µm×5µm 
scanning area (a) 2D and (b) 3D 

 
Conclusions: 
The present study concludes that coating of Ti-6Al-4V alloy with HAp has crystalline 
phase. The surface topography of uncoated Ti-6Al-4V and the coated thin films of HAP are 
significantly difference in surface roughness. The coating of HAP on Ti-6Al-4V alloy is 
good method to form excellent hardness layer and prevent releasing of undesirable ions 
from the alloy.  
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 لبعض متغيرات المموثات البيئية لممياه الجوفية باستخدام التحميل الجيواحصائي 
 قضاء الزوراء إنموذجا  -تطبيقات الجيوماتكس

 

 زينب جبر عواد، يحيى احمذعبير د. 
 كلية التربية  –الجامعة المستنصرية 

 
 المستخلص:

 دالتي تع، و ييدف البحث الى الوقوف عمى المتغيرات الكيمائية والفيزيائية والبايموجية وتاثيرىا عمى تموث المياه الجوفية
ود بنى تحتية ومحطات لتصفية المياه ومعالجتيا وبدور التقنيات الجغرافية المصدر الرئيسي لممياه في منطقة الدراسة وعدم وج

الحديثة واستخدام أدوات التحميل الجيواحصائي داخل بيئة نظم المعمومات الجغرافية وتحديد المموثات البيئية عمى المياه الجوفية 
الجوفية في المنطقة تم استخدام عدة أدوات لمتحميل مكانياً لوضع الحمول لمتخذي القرار وتشخيص المشاكل التي تواجو المياه 

العادية والبسيطة ) ومنيا Kringingبجميع عممياتيا وخوارزمياتيا الستو التابعة  Krngingالاحصائي لقياس التموث منيا طريقة 
( ليتم بناء قاعدة بيانات خرائطية بيئية لمموثات IDWوالاحتمالية والعامة والدليل والاستدراكية( واستخدام أداة المسافة الموزونة )

 الابار في المنطقة. 
 

Geostatistical Analysis of Some Variables of Underground Environmental Pollutants using 
Geomatics- Al-Zawra District is the Model 

Abstract: 
The research aims to identify the chemical, physical and biological variables and their impact on 

the pollution of groundwater, which is the main source of water in the study area, the absence of 
infrastructure and water purification and treatment plants, the role of modern geographic techniques 
and the use of geostatistical analysis tools within the GIS environment and the identification of 
environmental pollutants on groundwater Spatially to develop solutions for decision makers and 
diagnose the problems facing groundwater in the region, several tools were used for statistical 
analysis to measure pollution, including the Krnging method with all its operations and its six 
Kringing algorithms, including (normal, simple, probabilistic, general, evidence and remedial) and 
using the weighted distance tool (IDW) to build a database Environmental mapping of well 
pollutants in the region. 
 

 اولًا: المقدمة 
تؤدي العديد من العوامل إلى تردي نوعية المياه الجوفية وتموثيا ومن أىميا تسرب المياه العادمة ورشحيا للأسفل لتصل إلى المياه 
الجوفية وتموثيا أو وصوليا لمصادر تغذية المياه الجوفية وتموثو ليقوم بدوره بتمويث المياه الجوفية، اذ تحتوي ىذه المموثات عمى 

  من النترات والبكتيريا والفيروسات والمعادن الثقيمة. عالية كميات وتراكيز
تعد ظاىرة التموث البيئي من أىم المشكلات التي تيدد كوكبنا اليوم، نظراً لعلاقتو بالنشاط البشري نتيجة فعاليات الإنسان التي قد 

جاءَ انعكاساً لممتغيرات الجغرافية المتعددة مما  تمحق الضرر بالبيئة الطبيعية، ومنيا تموث المياه الجوفية في مدينة بغداد الذي
يتطمب ضرورة تشخيص آثار تمك المموثات )الطبيعية والبشرية( والعمل عمى دراسات متعمقة لإيجاد الحمول الناجزة من خلال 

 وصف وتحميل وتباين قيم عناصر تمك المتغيرات التي تساىم في تموث المياه.
 ثانياً: منطقة الدراسة 

ز العاصمة بغداد في جانب الرصافة ويبمغ عدد سكانيا قرابة ( كم شرقي مرك10يقع قضاء الزوراء )نطاق الدراسة( عمى بعد )
( الف نسمة يتوزعون عمى مساحة تقدر بعشرات الكيمو مترات وىي منطقة سكنية مكتضة جدا بالسكان وتزاول العمل 300.000)

وجغرافيا تجدر الاشارة الى ان المنطقة جزء من السيل الرسوبي بمعامل الطابوق كسمة رئيسية لممنطقة ومنيا جاءت التسمية. 
( وأن اتجاه تدفق المياه الجوفية في جانب الرصافة تكون Mesopotamia Zoneوالتي تقع في منطقة الرصيف غير المستقر )

من أنماط التدفق من الشمال الشرقي باتجاه الجنوب والجنوب الغربي ومناخيا من المناخات الشبو جافة لطيمة اشير السنة ولا 
ار نتيجة ارتفاع اسعار الماء الصالح لمشرب الذي تمتمك المنطقة ماء اسالة او شبكة توزيع مياه نظامية بل تعتمد عمى حفر الاب
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( لتر عمى سكان المنطقة في افضل الحالات كما تعاني المنطقة من تدىور حقيقي عمى صعيد جميع 100يباع بخزانات سعة )
بطالة في الخدمات وتراجع الوعي البيئي والصحي والاجتماعي وانحسار مستوى التعميم لادنى مستوياتو نتيجة تفشي الفقر وال

 (3) .(1المنطقة كما موضح في الخريطة رقم )
 موقع منطقة الدراسة: (1خريطة رقم )

 
 . خرائط المساحة العسكرية وخرائط استحداث الأقاليم وزارة التخطيط 1 :المصدر: من عمل الطالبة بالاعتماد عمى

 .ArcPro V 2. مخرجات برنامج 2                                          
 ثالثاً: مشكمة البحث وتساؤلاتو 

يتجو العالم كمو صوب التطور المعموماتي التقني ومن الطرق الحديثة لمتحميل الاحصائي ووصف الحالة وتفسيرىا والوقوف عمى 
 ع عدة تساؤلات وحسب الاتي: ضبار وتحميل نتائج المموثات مكانياً نالمشاكل بما يتلائم مع الأىداف ومع تحديد أماكن الا

 .ىل من الممكن بواسطة تطبيقات الجيوماتكس اعداد خرائط لممموثات وتحديد المموثات مكانياً .1 
  .فائدة التحميل الجيو احصائي بواسطة تقانة وتطبيقات الجيوماتكس ما.2 
  .كيف يمكننا تحديد مواقع واعماق الابار ونسب التموث فييا.3 

 رابعاً: فرضية الدراسة 
 :الاتييمكن تحديد فرضيات البحث حسب 

  .حصائية لمموثات الابارالتحميل الاحصائي بواسطة التقانات الحديثة تساىم في بناء نماذج تفاعمية إ.1 
  .معرفة القيم والنسب بين المموثات وكميات المياة وبذلك يمكن انتاج وتحميل خرائط لممنطقة.2 

 خامساً: اىداف البحث 
  :ييدف البحث لموصول الى عدة نقاط منيا

 لمتعددة.اتحديد المموثات البيئية مكانيا بطرق الاشتقاق المكاني .1 
  .بناء نماذج واخراجيا خرائطياً ومقارنتيا مع المواصفات العالمية والعراقية لجودة المياه.2 
  .تحميل نتائج التحميل المكاني وتحديد الابار الأكثر تموثاً ومعالجتيا.3 

 سادساً منيجية البحث 
تعتمد الدراسة عمى المنيج العممي الاستقرائي لمتوصل الى فيم طرق الاشتقاق المكاني بعد تييئة البيانات الحقمية واخراجيا عمى 
شكل خرائط وتصنيفيا مع استخدام المنيج التقاني الذي يعتمد عمى البرمجيات الحديثة المتعمقة بتطبيقات الجيوماتكس المكانية 

 ثات بصوره خرائطية رقمية.لاخراج نسب الممو 
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 طريقة العمل 
تم الاعتماد عمى بيانات التموث التي تم الحصول عمييا من الدراسة الميدانية وتم تحميل العينات في مختبرات العموم والتكنموجيا 

وتم تحديد  Garmanنوع  GPSبار المياه الجوفية الموجودة ضمن منطقة الدراسة بحسب احداثياتيا باستخدام جياز آمن  مأخوذة
جية الابار من المياه تناسبناً مع عدد سكان المنطقة ولكن وقوف الدراسة وانتا والمتغيرالميل الييدروليكي ومستوى الماء الثابت 

 .(4و 3و 2عمى مشكمة المموثات ووضع الحمول ليا كما ىو موضح في الخريطة رقم )
 ( مستوى الماء الثابت لمياه ابار منطقة الدراسة3خريطة رقم ) ( الميل الييدروليكي وانتاجياتيا لمياه ابار منطقة الدراسة2خريطة )

عمى بيانات المسح الميداني،  الباحثينالمصدر: من عمل 
 (.ArcGIS Proباستخدام برنامج )

عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 
 (ArcGIS Proبرنامج )

 الماء المتغيير ( مستوى4خريطة رقم )

 
 (.ArcGIS Proاستخدام برنامج )عمى بيانات المسح الميداني، ب الباحثينالمصدر: من عمل 

 
  Interpolationمفيوم التصنيف والتحميل الإحصائي

ما تكون زيارة كل موقع في منطقة الدراسة لقياس ارتفاع أو تركيز أو حجم ظاىرة ما أمرًا صعبًا أو مكمفًا. بدلًا من ذلك،  عادة
يمكن أن تكون نقاط و يمكنك قياس الظاىرة في مواقع عينة متفرقة استراتيجيًا، ويمكن تعيين القيم المتوقعة لجميع المواقع الأخرى. 

 الإدخال متباعدة بشكل عشوائي أو منتظم أو تستند إلى مخطط أخذ العينات.
ان الاشتقاق المكاني لمجموعة البيانات النقطية وبعض المقاييس، مثل الارتفاع أو التركيز أو المقدار )عمى سبيل المثال، الارتفاع 

لضوضاء(. تقوم أدوات الاشتقاق المكاني بعمل تنبؤات من قياسات العينة لجميع المواقع في مجموعة أو الحموضة أو مستوى ا
 البيانات النقطية لممخرجات، سواء تم إجراء قياس في الموقع أم لا.

مختمفة  توجد طرق متنوعة لاشتقاق المكاني لكل موقع ؛ يشار إلى كل طريقة عمى أنيا نموذج. مع كل نموذج، توجد افتراضات
عمى سبيل المثال، قد يفسر أحد النماذج التباين المحمي بشكل  -لمبيانات، ونماذج معينة أكثر قابمية لمتطبيق عمى بيانات محددة 

 أفضل من الآخر. ينتج كل نموذج تنبؤات باستخدام حسابات مختمفة.
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حصائية جغرافية:   تنقسم أدوات الاشتقاق المكاني عمومًا إلى طرق حتمية وا 
تقوم طرق الاشتقاق المكاني بتعيين قيم لممواقع بناءً عمى القيم المقاسة المحيطة وعمى الصيغ الرياضية المحددة التي تحدد نتائج 

 (Esri.comالدراسة وىي عدة طرق وعمى النحو الاتي: )
 Kringing(4)  خاصية 1.

عمى الرغم من عدم وجود اتفاق حول العدد المثالي للأصناف، فأن ىناك اتفاقاً عاماً مفاده، أن الإدراك الذىني للإنسان لا يمكن أن 
( تصنيفاً أو رمزاً لممساحة بالتدرج الرمادي، والذي يعتمد عمى الخصائص المختمفة لمبيانات وتوزيعيا 11يميز بسيولة لأكثر من )

المكانية وتوقيعيا عمى الخريطة التي يتم إدراكيا من قبل القارئ أو المستخدم، وأن ىذه الخرائط يمكن تعميميا، وأن  وتميزىا ودقتيا
المبنية عمى اصناف الفئات مختارة بحسب المقاييس والتصانيف  Statistical Maps مثل ىذه الخرائط )الخرائط الإحصائية(

لجغرافية بأنماطيا التوقيعية مع المحافظة عمى البيانات والمعالم الميمة اثناء تغيير لبيانات المعالم ا (classify) الإحصائية
المقياس من الكبير إلى الصغير بغية الوصول إلى التعميم الإحصائي ليذه البيانات لأجل تصنيف وتمثيل بيانات التموث البيئي 

)خاصية  من خلال استخدام (Geostatistical Analysis) لممياه الجوفية في منطقة الدراسة ثم استخدام التحميل الإحصائي
(Kringing  وبناء نماذجيا عن لمعسرة ونسبة امتزاز الصوديوم ونسبة الاملاح المذائبة في تشخيص الآبار الاكثر كثافة لمتموث

 .والتنبؤ في وسط كل منحنى، إذ يمكن أن تنتج خريطة لمتنبؤ تمثل السطح كمو Kringing لخاصيةطريق مخرجات الطرق الستة 
فيي احد طرق التحميل الإحصائي القائمة عمى التخمين المكاني، إذ تستخدم نماذج إحصائية تسمح  Kringing وأن طريقة كريكنج

بإنتاج خرائط متنوعة، وأن اليدف النيائي ىو إنتاج سطح القيم المتوقعة، وتتضمن التنبؤات والخطأ القياسي لمتنبؤ، فمثلًا إذا كنت 
اع مختمفة من خرائط التنبؤ، ويمكن النظر في الشكل التالي الذي يفترض ان تريد أن تعرف كفاءة التوقع، يمكن إنتاج ثلاثة أنو 

 (5) التنبؤات تتوزع في ثلاثة مواقع من خلال استخدام عمميات المؤشرات الثابتة.
سيكون التنبؤ في وسط كل منحنى، إذ يمكن أن تنتج خريطة لمتنبؤ تمثل السطح كمو، وبالنظر إلى الأرقام الثلاثة عمى اليسار، 

وىكذا، وبالنظر إلى الأرقام الثلاثة  1ستكون المنطقة تحت المنحنى عمى يمين الخط المتقطع في حالة التنبؤ قيمة التنبؤ أكبر من 
في المئة من احتمال الى اليمين، وسوف تكون القيمة في خط متقطع )مأخوذ  5عمى اليمين، إذا كنت ترغب في التنبؤ الكمي مع 

( وىكذا، عند عقد ثابت الاحتمال، يتم إنتاج خريطة كمية 1ع التنبؤات لكل موقع الشكل )من المحور س(، مرة أخرى، يتغير توزي
( استخدام الأساليب 2الجدول )و  (1الصورة )لمسطح كمو، ويمكن إنتاج خرائط الخطأ القياسية لمتنبؤ والخرائط الاحتمالية، كما في 

 ومخرجات طريقة كريكنج إلى جانب الافتراضات الرئيسة.
 ( طريقة عمل خاصية كريكنج في ربط البيانات1صورة ) ( التنبؤ بطريقة كريكنج1الشكل )
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 ( أساليب ومخرجات طريقة كريكنج 2) الجدول

 
–X إمكانية عمل الطريقة في الخاصية 
 يتطمب افتراض التوزيع العادي متعدد المتغيرات *-

 الافتراض المطموب لموضعية الثنائية المتغاير **-
عمى ستة طرق وىي احدى طرق التحميل الإحصائي للاستكمال المكاني، تضع في حساباتيا قياس  Kringing تحتوي طريقة

لوصف الاختلاف في السطح، لذلك فأن النقاط التي تكون متقاربة من بعضيا ليا الارتباط المكاني بين نقط التحكم المرصودة 
درجات خاصة من العلاقات الرياضية الخاصة بيا، وأما النقاط التي تكون منفصمة بشكل واسع فأنيا تصبح مستقمة إحصائياً، ويتم 

ا، ثم يتم تحديد مواقع النقاط المستنبطة والقيم التي حساب الارتباط المكاني بين النقط داخل محيط معين، أو بين نقط التحكم كمي
 (6(، وىذه الطرق ىي: )57، 2012تحمميا تبعاً لقيم الارتباط فييا )داود، 

  Ordinary العادية.1 
  Simple البسيطة.2 
  Probability الاحتمالية.3 
  Universal العامة.4 
  Indicator الدليل.5 
  Disjunctiveالاستدراكية .6 

 
(، يحتوي عمى بيانات وفي صدد ىذه الدراسة تم استخدام التموث من Pointبيانات ذات نمط توقيع نقطي )تتطمب ىذه الطرق 

، وسيتم تطبيق ىذا المتغير بجميع الطرق السابقة TDSومجموع الاملاح الذائبة  SARدوم ونسبة امتزاز الصي Hardnessالعسرة 
 ل نمط التمثيل الذي تتخذه الظاىرة.الذكر، ومن ثم معرفة اي الطرق أَكثر كفاءة من خلا

نسبة امتزاز  لتطبيقيم عمى  Universalوالطريقة العامة Ordinary وفي ىذا البحث تم استخدام طريقتين وىما الطريقة العادية
للإبار حسب  TDSمجموع المواد الصمبة الذائبة و  Hardnessوعسرة المياه  Sodium absorption ratio (SAR)الصوديوم 

 العينات من الدراسة الميدانية.
 

 Ordinary (7) أولًا: الطريقة العادية
ونسبة  Hardnessوتم تحديد عسرة المياه  التي تمتمك المرونة الكافية لتمثيل بيانات ثابتة، Kringing ـىي أحد الطرق الخاصة ب

-5ائط رقم )الخر للإبار حسب العينات من الدراسة الميدانية كما موضح في  TDS، ونسبة الاملاح المذابة SARامتزاز الصوديوم 
 (.Spherical، Circular، linear، Exponetial، Gaussian( والتي تمثل كل من )19
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  عسرة المياهHardness 
حسب الطريقة العادية  Hardness( خريطة العسرة 5خريطة رقم )

Ordinary Spherical 
حسب الطريقة العادية  Hardness( خريطة العسرة 6خريطة رقم )

Ordinary Circular 

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
حسب الطريقة العادية  Hardness( خريطة العسرة 7خريطة رقم )

Ordinary linear 
حسب الطريقة العادية  Hardness( خريطة العسرة 8خريطة رقم )

Ordinary Exponetial 

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
 Ordinary Gaussianحسب الطريقة العادية  Hardness( خريطة العسرة 9خريطة رقم )

 
 (.ArcGIS Proعمى بيانات المسح الميداني، باستخدام برنامج ) الباحثينالمصدر: من عمل 
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  نسبة امتزاز الصوديومSAR 
 Ordinaryحسب الطريقة العادية  SAR( خريطة 10خريطة رقم )

Spherical 
 Ordinaryحسب الطريقة العادية  SAR( خريطة 11خريطة رقم )

Circular 

 
لميداني، باستخدام عمى بيانات المسح ا الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
 

عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 
 (.ArcGIS Proبرنامج )

 Ordinaryحسب الطريقة العادية  SAR( خريطة 12خريطة رقم )
linear 

 Ordinaryحسب الطريقة العادية  SAR( خريطة 13خريطة رقم )
Exponetial 

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (ArcGIS Proبرنامج )

 
ي، باستخدام عمى بيانات المسح الميدان الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
 Ordinary Gaussianحسب الطريقة العادية  SAR( خريطة 14خريطة رقم )

 
 (.ArcGIS Proعمى بيانات المسح الميداني، باستخدام برنامج ) الباحثينالمصدر: من عمل 
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  نسبة الاملاح المذابةTDS 
 Ordinaryحسب الطريقة العادية  TDS( خريطة 15خريطة رقم )

Spherical 
 Ordinaryحسب الطريقة العادية  TDS( خريطة 16خريطة رقم )

Circular 

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
 Ordinaryحسب الطريقة العادية  TDS( خريطة 17خريطة رقم )

linear 
 Ordinaryحسب الطريقة العادية  TDS( خريطة 18خريطة رقم )

Exponetial 

 
ي، باستخدام عمى بيانات المسح الميدان الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Pro) برنامج
 Ordinary Gaussianحسب الطريقة العادية  TDS( خريطة 19خريطة رقم )

 
 (.ArcGIS Proعمى بيانات المسح الميداني، باستخدام برنامج ) الباحثينالمصدر: من عمل 
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  Universal ثانياً: الطريقة العامة
ىي احدى الطرق التي تعتمد عمى النمط العشوائي في التمثيل، إذ تفترض خط عشوائي منحنى يمتد لمسافة طويمة، وتم تحديد 

للإبار حسب العينات من الدراسة الميدانية  TDSمجموع المواد الصمبة الذائبة  SARوامتزاز الصوديوم  Hardnessعسرة المياه 
  Linear driftQuadratic drift.( والتي تمثل كل من25-20ائط رقم )كما موضح في الخر 

 
  عسرة المياهHardness 

حسب الطريقة  Hardness( خريطة العسرة 20خريطة رقم )
  Universal  Linear drift العامة

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

حسب الطريقة  Hardness( خريطة العسرة 21خريطة رقم )
 Quadratic drift Universalالعامة

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
 

  نسبة امتزاز الصوديومSAR 
 Linear  حسب الطريقة العامة SAR( خريطة 22خريطة رقم )

drift Universal 
  حسب الطريقة العامة SAR( خريطة 23خريطة رقم )

Quadratic drift Universal 

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
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  مجموع الاملاح المذابةTDS 
 Linear حسب الطريقة العامة TDS( خريطة 24خريطة رقم )

drift Universal 

 
الميداني، باستخدام  عمى بيانات المسح الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

 Quadratic  حسب الطريقة العامة TDS( خريطة 25خريطة رقم )
drift Universal 

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )
 

 Inverse Distance Weighted (IDW)طريقة المسافة الموزونة المعكوسة 
تمثل ىذه الطريقة مفيوم الارتباط المكاني، اذ تعتمد عمى تقدير ارتفاع النقطة المجيولة عن طريق حساب المسافات من النقطة الى 
النقاط الأخرى المعروفة، وتمت المسافة الاوزان بان تفترض بان القيمة الأقرب الى النقطة المجيولة ليا تأثير أكبر عمى القيمة اذ 

لحسبان أي اتجاىات، بل قيم النقاط المعمومة والمسافات التي تفصميا عن النقاط المجيولة، فالنقاط المعمومة الأقرب انيا لا تأخذ با
ليا تأثير اكبر من النقاط البعيد. عند استخدام طريقة مقموب المسافة الموزونة فان القيم المشتقة لا تتجاوز القيم المستخدمة، وىذا 

اذ ان القيم تتناقص مع المسافة بمعنى ان القيم المتنبئة لن تتجاوز قيم العينات المعمومة فالتنبؤ  ،المسافةالأسموب لو ارتباط وثيق ب
 ( حول المواقع.Bulls Eyesسوف يكون محصورا بين القيم المعمومة. وتنتج نقاط مكورة )

للإبار حسب  TDSمجموع المواد الصمبة الذائبة و  Hardnessوعسرة المياه  SARقام الباحث بتطبيق ىذه الطريقة عمى كل 
 (.Hardness، TDS،SARكل من ) ( والتي تمثل28و 27و 26ائط رقم )كما موضح في الخر  العينات من الدراسة الميدانية

 
  عسرة المياهHardness 

 IDWحسب الطريقة  SAR( خريطة 27خريطة رقم ) IDW حسب الطريقة Hardness( خريطة العسرة 26خريطة رقم )

 
عمى بيانات المسح الميداني، باستخدام  الباحثينالمصدر: من عمل 

 (.ArcGIS Proبرنامج )

 
عمى بيانات المسح الميداني،  الباحثينالمصدر: من عمل 

 (.ArcGIS Proباستخدام برنامج )
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 IDWحسب الطريقة  TDS( خريطة 28خريطة رقم )

 
 (.ArcGIS Proعمى بيانات المسح الميداني، باستخدام برنامج ) الباحثينالمصدر: من عمل 

 
 الدراسة الميدانية والمطابقة 

دراسة لممياه الجوفية في قضاء الزوراء تم تحديد الخواص الفيزيائية والكيميائية اذ أظيرت النتائج أن درجة حرارة المياه لال المن خ
 pHحين كان كل من الاس الييدروجيني تعتمد عمى الموسم وكذلك عمى الخصائص الييدروجيولوجية لمطبقات الحاممة لممياه، في

كانت جيدة وتصنف المياه عمى أنيا جيدة إلى يمكن استخداميا. أما وجود المون نعتقد أن السبب يعود  ECe الكيربائية والإيصالية
 إلى احتوائيا عمى ايون الحديد والمنجنيز الذائب وبقايا مواد عضوية.

 الجوفية العناصر الكيميائية التي تؤثر عمى المياه
ىي المياه الصالحة لمشرب والاستخدامات لمياه الشرب  (IQS) والمقاييس العراقية (WHO)العالمية  الصحة منظمة مقاييس

الذي يتوافق في خصائصو مع متطمبات المواصفة القياسية الدولية كما ىو مبين  المنزلية، والمياه المستخدمة في الصناعات. الغذاء
 (.1رقم ) بالجدول

 

 
FAO standards (chemical properties)  
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 ( مموثات الاثار البيئية4جدول رقم )

OBJECTID X Y TDS WATER_TYPE SAR HARDNESS 
1 44.55318 33.43153 22901 CHLORIDIC 27.92 1122.64 
5 44.51286 33.46629 700 SULPHATIC 1996 239.19 
6 44.55597 33.46801 880 BICARBONA 7.8 796.32 
7 44.52418 33.48343 1950 CHLORIDIC 108 1577.9 
8 44.52822 33.4569 2406 SULPHATIC 19.9 466.32 
9 44.49768 33.48133 488 BICARBONA 757 736.43 
10 44.52618 33.4379 1444 CHLORIDIC 107.33 1878.73 
11 44.55469 33.48506 3344 SULPHATIC 19.2 322.33 
12 44.57911 33.49897 950 BICARBONA 4.2 368.02 
13 44.57538 33.51729 580 CHLORIDIC 1065 743.14 
14 44.58624 33.52815 1308 CHLORIDIC 1028.8 753.49 
15 44.54586 33.45079 420 SULPHATIC 1996 574.82 
16 44.56079 33.45724 450 BICARBONA 6.1 1795.53 
17 44.5401 33.47726 3593 CHLORIDIC 1026.58 1733.43 

 
 الخصائص الكيمائية 4.5

ا يعطي أنطباعا (، مم7.9-7.3لقد لوحظ كذلك بأن الأس الييدروجيني لجميع عينات المياه في فصل الصيف كان يتراوح بين )
(، مما يعطي 8.11-7.3لى الصفة القاعدية الضعيفة. اما في فصل الشتاء كان يتراوح بين )ٳواضحا عمى أن ىذه المياه تميل 

 .لى الصفة القاعدية القويةٳأنطباعا واضحا عمى أن ىذه المياه تميل 
(، والتوصيمية الكيربائية 2855-1325) فترة الفحص بين بينت القراءات المسجمة لمجموع الأملاح الذائبة أنيا كانت تتراوح طيمة

( وبذلك يتضح الفرق بينيا وبين ما ىو مسموح بو من قبل منظمة الصحة 2.21-4.61) cm/µs 2368-1920) تراوحت بين 
 (1600cm/µs)و لمجموع الأملاح الذائبة ppm1000 العالمية والتي أقرت بأن أعمى تركيز مسموح بو يجب أن لا يتجاوز

زيادة تركيز  لىٳرتفاع قيم التوصيمية الكيربائية يعود ٳن ٳلمتوصيمية الكيربائية، وعميو فأن ىذه المياه غير صالحة للأستيلاك و
الأملاح الذائبة وذلك لتماس المياه مع التربة، اذ أن التوصيمية الكيربائية تعطينا دليلا واضحا عمى وجود القوة الأيونية لممحمول 

 او الذي يبين انخفاض قيمة المائي والذي يعتمد بصورة أساسية عمى كمية الأملاح الذائبة ويتناسب ىذين المتغيرين تناسبا طرديا،
TDS  في الأشير المطرية نتيجة زيادة نسب المياه المتغمغمة إلى داخل التربة ثم إرتفاعيا كذلك بحد أعمى في الأشير الحارة نتيجة

 إرتفاع معدلات التبخير. 
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أما الأشكال التالية توضح تغاير ىذه التراكيز مع فترة الفحص، تبرز العلاقة بين مجموع الأملاح الذائبة وكلا من الكالسيوم 
والصوديوم والمغنيسيوم والبوتاسيوم والكموريدات والكبريتات يبين أن مجموع الأملاح الذائبة قد شيدت أزديادا ممحوظا خلال فترة 

زدياد نسبة تبخر المياه. وعميو يمكن توقع تسجيل تراكيز عالية الأشير الحارة والذي  يمكن ان نعزوه الى إرتفاع درجة الحرارة وا 
رتفاع العسرة ٳ(، ويعزز 8و 4كما موضح في الشكل رقم ) ) 1327ppm-767لمعسرة الكمية في تمك النماذج والتي تراوحت بين )

 رتفاع تركيز أيون الكبريتات في مياه الآبار.ٳلى ٳالكمية 
 

 الاستنتاجات:
 توصمت الدراسة إلى جممة من النقاط أىميا:

 م والمعادلات العامة لجميع مؤشرات كريكنج ولأول مرة من خلال ترمة بيئة النظام.التطرق إلى المفاىي -1
 لكل طريقة من الطرق معادلة ونمط تمثيل وتخمين خاص يعكس الافتراض المتوقع عند تمثيل الخط المتقطع الافتراضي.

عند التطرق إلى جميع المؤشرات توصل البحث إلى أن الطريقة الاحتمالية أرب إلى الدقة، وذلك لاعتمادىا عمى الارتباط القائم  -2
 في داخل النظام.  عمى خوارزمية معقدة

 
 التوصيات:

ى أىل الاختصاص وفك الرموز الخاصة ضرورة التعمق في المعادلات المعقدة لكل طريقة وتطبيقيا يدوياً من خلال الذىاب إل -1
 بو كي يتسنى لنا الفيم الأكثر لكل طريقة.

اختيار آبار كثيرة في منطقة الدراسة ومن ثم العمل عمى طريقة كريكنج والخروج إلى نتائج وبعد ذلك أخذ عينات قميمة وتمثيميا  -2
رب إلى الواقع لأن العينات تتناسب دقتيا طردياً مع زيادتيا فكمما زاد عدد أيضاً بنفس الطريقة ومقارنة النتائج ومعرفة أييما أق

 العينات زادت الدقة وكمما قمت زادت نسبة التعميم وارتفعت نسبة الخطأ.
ية الاستكمال كأدوات لتحميل طبيعة توزيع المياه الجوفية وتباينيا يمكن استخدام تقنيات التحميل الإحصائي المكاني وفق آل -3

، إلا أن الخصائص Choropleth المكانية والزمانية، وتعطي نتائجيا كارتوكرافياً لا تقل قيمتيا عن نتائج خرائط التمثيل النسبي
 الإحصائية لقيم قواعد البيانات مثل طبيعة التوزيع والقيم المتطرفة قد تؤثر عمى دقة نماذج السطح.
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