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The impact of public spending policy
on inflation in Sudan during the period
(1992-2021AD)

A. Idrees Taha Idresse Al haj Mohamed
Prof. Hassan Bashir M Nour

Abstract:

the Paper approaches the effect of public expenditure on the inflation rates in
Sudan during the period 1992-2021 compared with some other variables. The
Research problem is the question: how the expenditure policy mechanism in
Sudan influences the inflation rates? The Research is aimed at exposing the
mechanism of government work in achieving its goals of controlling inflation
through drawing and directing public expenditure. The Study hypotheses is
that there is a statistical significance in public expenditure of both parts of
investment and current and the annual inflation rates. The Study adopts the
analytical descriptive method in addition to the standard analysis through the
ARDL. The Study concludes to the presence of a positive relationship of
statistical significance between current expenditure and inflation in the long
and short run, indicating a change in current expenditure of 1%, increasing
inflation rate at (5.7%). Presence of an inverse relationship of statistical
significance between development expenditure and inflation in the long and
short run at the rate of (9.5%). The result is that most expenditure is directed
towards current expenditure. The most important recommendation of the
Research is that the State must rationalize public expenditure by directing it
towards the sectors having positive effect and additional value for national
economy to reflect the increase of GDP and reduce inflation rates.

Key word: inflation, public expenditure, development expenditure, current

expenditure, budget deficit, exchange rate.
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3,178 2.17 27.37 7.2 2006
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INF=f (GR, CS, DS, BD, EX)
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psvaill Juse piis : INF

Wl 64 Ju=s piie : GR
Ssledl Bl pime : CS
Ssaitll BaY o : DS
&jlgbl 3oe y23: BD

Gpall jmw gkt EX

&ilgh) 3o yie : BD

zdsaidl § Coldll usdl 1 BO
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(Blsdl) Gl syl w2 Ui
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(2) Jou=
20
Series: INF
Sample1992 2021
16 Observations 30
12 Mean 54.63300
Median 18.81000
Maximum 359.0900¢
8 Minimum 4.400000
Std. Dev. 76.4233
Skewness 2.48553
4 Kurtosis 9.599727]
0 . Jarque-Bera  85.3345()
0 50 100 150 200 250 300 350 Probability  0.000000
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JoVI 3,41 3.97 0.0011 EX G pall y2w /5
JodI 3,4l -7.375 0.0000 BD Blsbl e /6
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F-statistic K Value
4.55 5

11 Bound 10 Bound Significance

3 2.08 10%
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4.15 3.06 1%
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(6) Jgu=

Prob. t-Statistic Std. Error Coeflicient Variables
0.0334 2.746985 20.28604 5.72545 LOG (CS)
0.0196 -3.159516 2.991155 -9.450604 LOG (DS)
0.1259 1.777182 0.353172 0.627651 GR
0.0192 -3.176339 1.223344 -3.885755 LOG (EX)
0.0366 2.679586 0.783690 2.099965 LOG (BD)
0.0298 2.835198 91.68650 259.9494 C
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(7) Jgu=

Prob. t-Statistic Std. Error Coefficient Variables
0.0003 7.579248 1.681172 12.74202 DLOG(CS)
0.0001 -9.631729 0.220603 -2.124791 DLOG(DS)
0.0006 -6.480361 0.024393 -0.158075 D (GR (-1))
0.0183 3.214567 0.149956 0.482043 DLOG(EX)
0.0362 0.6268 0.512283 0.070838 DLOG(BD)
0.0002 -7.981926 0.082010 -0.654601 CointEq (-1) *
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Hajj and its impact on the internal situation
in Hijaz
Dr. Mohamad Abdalkrem Alknidri

Abstract:

Hayjj is considered the fifth pillar of Islam and is distinguished from the rest of
the four pillars in that it is a jihad with one’s soul and money. Since the dawn
of Islam, the ritual of Hajj has been linked to the holy places in the Hijaz.
Therefore, this region has found a lot of love and appreciation in the hearts of
Muslims in the east and west of the earth. The study aims to highlight Light
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on the Hijaz and DurHajj influencing his internal conditions.The importance
of the study stems from the fact that it works to explain the impact of the
Hajj on the Hijazi cities and its consequences in various aspects. The study
followed the historical, descriptive, and analytical approach in order to reach
a number of results, the most important of which are: Mecca and Medina
are considered among the most important cities and metropolises of Hejaz
throughout history in pre-Islamic times and Islam. Hajj had a clear impact
on the internal conditions in the Hejaz cities in general and on Mecca and
Medina in particular. It was found Hajj careGreat by the rulers and princes of
the Umayyads, who cared for it and worked to facilitate and secure it in the
service of the Muslims.

Keywords: Hajj, internal conditions, Hijaz, Mecca, Medina
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The crisis of ideals among fundamentalists
Dr.Ali Mohammed Ali Elsadig

Abstract:

This study is entitled (The Crisis of Example among Fundamentalists) and its
aim is to explain the effect of repeating the example among scholars of the
principles of jurisprudence in all sources and references of fundamentalism,
which makes the student find few examples to apply to, which contributes
to not strengthening the fundamentalist and jurisprudential faculty, and for
this we cited a number of sources and references. Fundamentalism in which
examples were repeated in all chapters of the principles of jurisprudence,
except for attempts by some contemporary authorities that tried to abandon
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the method of the ancients in citing the same examples and followed a modern
method inspired by the method of other sciences. The specialists tried to bring
it closer to the students’ minds so that these sciences would become closer
to them and they would love them and benefit from this way of proceeding.
In the path of this knowledge and diligence in it, not relying on everything
that is old, but rather a critical and careful look balanced with the law and its
objectives.

KEY Words: Example, jurisprudence, Fundamentalist Thought, Renewal,
repeated
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Management by exception and its impact on
institutional performance

(Study sample of mining companies
in the Blue Nile Region - Sudan during the year 2024)

A.Hadia Khalid Al-Qadi Hamrawi
Dr. Eltgani Elghazaly Abdel-Khair Mohammed

Abstract:

This study aims to identify the extent of application and practice of management
by exception in the Sudanese mining companies sector, and to determine the
impact of its application on the efficiency and effectiveness of institutional
performance. The study used the descriptive analytical method, and the target
study sample consisted of workers and employees in mining companies in
the Blue Nile region. The sample for analysis reached (60) individuals. The
questionnaire was used as a data collection tool, and its data were subjected
to statistical analysis within the programs Amosv.25, SPSS, and structural
equation modeling analysis. The results showed that there is a positive
relationship between the application of the management by exception system
on ingtitutional performance, as well as a correlation between the dimensions
of management by exception and institutional performance. Accordingly,
the study recommended attention and commitment to preparing the work
environment, creating an appropriate and appropriate climate for employees,
encouraging the spirit of cooperation at work, and enhancing the role of
institutional performance, which is reflected in To improve the performance
of employees and encourage them towards innovation and creativity.

Keywords: defining powers and responsibilities, delegating authority,
effective communication, performance evaluation and evaluation, profitability

and productivity.
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Foundations of renewing educational
grammar according to Shawqi Deif and the
Arabic linguistic academies

A. Mashlab Muhammad Al-Shein
Dr. Salah Ramadan Abdullah Abdlbain

Abstract:

The weakness of linguistic soundness, generation after generation, and then
the influence of the science of grammar on the sciences of logic, theology,
and jurisprudence, increased the difficulty of representing its rules, as they
became an end in themselves, not a means of the tongue to maintain melody
and protect the pens from mistakes. This weakened the role of grammar
in improving linguistic performance and its integrity. The result was that
scholars were fed up with it, filled up its books, burdened its issues and rules,
and saw it as a difficult subject that would not lead them to their desired
goals. The difficulty in grammatical study, and the misguided effect of it on
the other hand, formed a crisis in Arabic grammar in the academic theoretical
field and in the practical field. Therefore, trends in grammar resulted, the
most prominent of which are educational grammar. The study showed the
difference between scientific grammar and educational grammar, explaining
the educational foundations on which it is based. This is done through
the descriptive analytical approach, and the importance of the research is
highlighted in knowing what educational linguistics has achieved, in the field
of educational grammar, which was based in its formulation on a linguistic
theory of acquisition and a psychological theory of learning. The research
aims to Laying down the foundations of educational grammar that lead to
understanding the purposes of speech, and correctly understanding what is
read, heard, written, or spoken, so that the concepts are settled in the mind of

02024 paiuu - 1446 Jgill guy/jan - ggitlillg gulill aaall - digiw g1y dolns drale :ojldll dlao m




Gl 2 alll e gliroy Al a2 - Gaindl 200 wiliite |

the performer or recipient, and the meanings and ideas become clear to him,
with no ambiguity or ambiguity on the part of the speaker, listener, or listener.
The reader or writer, and the most important conclusion of the research is the
statement of the urgent need to formulate an educational grammar; Due to the
absence of an integrated vision in teaching grammar, and the rearrangement
of grammatical lessons in the Arabic language curricula according to the
cognitive and educational hierarchy, and the possibility of applying the results
of this research in restoring the methodology used in organizing grammatical
lessons according to educational stages, and formulating them according to
the conditions of educational grammar.

Keywords: educational grammar - Shawqi Deif - linguistic academies.
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The Ottoman position
on European ambitions in the Hijaz
(1900-1920 AD)

A.Abdulasis Hammad Sultan Alhammad

Abstract:

This study aims to clarify the Ottoman position on European ambitions in
the Hijaz (1900-1920 AD), and to work on clarifying the position of the
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Ottoman administration in the Hijaz on the internal conditions and European
ambitions that oppressed the body of the Ottoman Empire as a result of many
internal and external factors. The study also aimed to reveal the extent of
the conflicts. thatHijaz became its theater throughout the period of the study.
The importance of the study stems from the fact that it sought to identify
the nature of Hijaz and its historical, cultural and political importance, as
well as explaining the Ottoman presence in Hijaz and the Arabian Peninsula,
working to address the roots of European ambitions in the Arab Levant and
the Red Sea, and addressing British rivalryThe French study on the Hejaz
region, and the position of the Ottoman Empire before its disintegration
and collapse regarding these ambitions. The study followed the historical,
descriptive and analytical approach, by tracking the historical events in the
Hejaz and describing them in a scientific and analytical way in order to reach
results, including: The Hejaz region is distinguished by many features, which
encouragedAll the active forces throughout modern history sought to extend
their control over it. The collapse of the Ottoman Empire led to an increase in
Franco-British ambitions towards the Hijaz.

Keywords: The Ottoman position, European ambitions, Hejaz, Britain,
France
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Analogy between the grammarians

of Basra and Kufa
(An applied study on some readings of the Holy Qur’an)

Halima Mohammed Ali Osman

D.Salah Ramadan Abdullah Abdlbaien

Abstract:

The study dealt with an important origin of Arabic grammar and a tributary
of the development of the Arabic language, which is analogy according to
the Kufans and Basrans, and the issues of disagreement regarding it. The
study began with an introduction, then defined measurement in language and
terminology, and explained the origins, history, and types of measurement.
The study aimed to shed light on analogy as one of the foundations on
which grammarians built their rules. The importance of the study lies in that
it shows that analogy is an important tributary of the development of the
Arabic language. The researchers followed the descriptive analytical method
in addition to the historical method. The study reached a number of results,
the most important of which are: that analogy began and ended in the Basra
School, and it is not valid to rely on analogy to oppose hearing, and an example
of this is (In) the worker in Debutant and his news.

Keywords: Basra, Kufa, measurement, readings.
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Linguistic rush in the era of globalization
(The Arabic language is a model)

A.Ikram Abdel Razek Ibrahim El Esabi
Dr. Hana Mohammed Abuzeinab Mohammed

Abstract:

This research paper entitled ”Linguistic rush in the era of globalization” 1t
aims to identify the future prospects of Arabic language and challenge that
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face it. To find out the position of Arabic language among other languages.
Previous studies have been used as a tool for data collection.The researcher
used descriptive analytical method to conduct the study. The study reached to
some findings among which are; Arabic language compels since years ago. It
maintains the Islamic heritage from death. It isone of theconsidered language
in the field of translation.The researcher recommends the following to carry
out more studies about Arabic language.

Key words: Arabic language, globalization, Linguistic rush
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Abstract:

This article deals with earthquakes in Sudan and the need to implement
strategies to control shaking to reduce its impact in the country in the country.
The review showed that almost every area of the country is at risk of some
ground-shaking event. Earthquakes in Sudan are associated with the East
African Rift System, Central African Rift System, Red Sea Rift System,
Central Sudan Intraplate, Volcanic origin seismicity, and seismicity caused
by Lake Nasir in southern Egypt. The severity and magnitude of these
seismic events have resulted in devastating damage, including loss of life,
collapse of buildings and civil structures, economic loss, psychological

trauma, displacement of people, and great fear. The available data indicate
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that much of the damage was caused by earthquakes due to the collapse of
buildings. Therefore, it is necessary to discuss objective, implementable, and
sustainable measures to control the threat of seismic events in Sudan. The
paper is expected to raise awareness of the emerging earthquakes in Sudan and
draw the authorities’ attention to the need for timely and practical mitigation

strategies to avoid earthquake-related disasters.

Keywords: Seismicity, Rift systems, seismic hazard, Civil structures, Sudan
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Introduction:

Earthquakes are one of the main disasters that have catastrophic consequences
in today’s world (Kanamori, 1978; Geller et al., 1997; Kanamori & Brodsky,
2004; Obara & Kato, 2016). Since the end of the twentieth century, more than
50 catastrophic earthquakes have occurred worldwide, claiming an estimated
million lives (Guo, 2010; Alaneme & Okotete, 2018; 2022; Over et al., 2023;
Kolivand et al., 2023; Jiang et al., 2023; Hussain et al., 2023) and affect
millions of people every year ( Ritchie & Rosado, 2022).

In 1992, the United Nations (UN) launched the Global Seismic Hazards
Assessment Programme (GSHAP) project (Giardini, 1999; Kossobokov &
Nekrasova, 2012) after recognizing that natural disasters were a significant
cause of loss of life and development (Giardini, 1999). This project was
designed from 1990 to 1999. The main objectives of the project were to raise
global awareness and reduce the risks of natural disasters. The GSHAP was
completed in 1999, and probabilistic seismic hazard assessment maps and
digital analogs were published (Giardini et al., 1999; Shedlock et al., 2000;
Kossobokov & Nekrasova, 2012). The project results are the most accurate
maps of global seismic activity to date. Although the project was completed in
1999, the data collected are still accessible, including maps of the most active
earthquake zones worldwide (Silva et al., 2014). Fig. 1 shows the seismic
hazard map for Africa produced by the GSHAP.

Africa is relatively far from the margins of the plates and has fewer earthquake

zones than other continents (Hartnady, 2002). Nevertheless, sporadic
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activities have occurred (Fairhead & Gridler, 1971; Wadi et al., 2021). These
activities occur mainly in the northern part (Fig. 1), where the Arabian Plate
collides with the Eurasian and African Plates (Poggi et al., 2020). The eastern
part (Fig. 1) is home to one of the strongest African earthquakes (Foster &
Jackson, 1998; Mulwa et al., 2014; Poggi et al., 2017).

Sudan and its surroundings have diverse geological and tectonic structures
(Almond, 1986). The earthquake sources affecting most of the country are
located in and around (1) the eastern part from the East African Rift System
(EARS), (2) the central part from several rifts and volcanic, (3) the Red
Sea coast near the Afro-Arabian border, and (4) Lake Nasir in the far north
(Khattab, 1975; Ali & Whitely 1981; Flege, 1982; Browne & Fairhead, 1983;
Bermingham et al., 1983; Browne et al., 1985; Clark & Browne, 1987).
Earthquakes of varying intensities and magnitudes have occurred in all parts
of the country mentioned above. Fairhead and Stuart (1982) reported that
earthquakes have been recorded in Sudan and neighboring countries since
700 (BC). However, this instrument was used to record events that began
in 2001 (Alhassan et al., 2007). The source in central Sudan has recently
become more active (El Tahir & Midzi, 2019). In addition, there has been a
marked increase in seismic activity in the Nile Basin and surrounding areas,
which justifies an assessment of the seismic hazard of the country and the
region (Clark & Browne, 1987; Abdalla et al., 2001; Ezzelarab et al., 2021).

This study aims to provide detailed insight into the reality of seismic activity
in Sudan. It aims to raise awareness of Sudan’s seismic activity in a language
easily understood by everyone and to influence government engagement and
policy regarding seismic hazards as geoscientists. A more comprehensive

literature on seismicity in Sudan must be compiled to match the scope of the

current study.
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Earthquake Intensity Zones in Africa
This map shows earthquake intensity zones in
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Fig. 1. Global seismic hazard map created by GSHAP after Giardini et al. (1999).
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Terms and concepts:

In the earth sciences, various terms describe the nature and magnitude of
earthquake effects. These terms make it easier for technical and non-technical
experts to understand earthquakes. The two terms most commonly used in

earthquake research are magnitude and intensity.

Earthquake magnitude has been proposed as the basis for geophysical and
engineering analyses of earthquakes (Bath, 1981; Kanamori, 1983). It can be
defined as a quantitative measure used to compare the strength of earthquakes
worldwide, regardless of geological and geographical conditions (Borman,
2021). Therefore, earthquake magnitude is a logarithmic measure of the energy
released by an earthquake (Hammed et al., 2016). Richter (1935) derived
the earthquake magnitude scale from the maximum amplitude measured at
various epicenter distances from the point of rupture in the Earth’s crust. This
scale is known as the Richter scale and is the first approach to assessing the
magnitude of earthquakes (Boore, 1989).

The Richter magnitude also called the local magnitude ML, is, therefore, a
numerical value that characterizes an earthquake and is independent of the
location of the recording station (Rundle, 1989). Body wave magnitude (mB)
is proposed to overcome local magnitude limitations. The magnitude of the
body wave is calculated from the amplitude and period of the seismic body
(Das et al., 2011). According to Kanamori (1983), the main advantage of mB
is that it can be applied to both shallow and deep seismic events. Liu et al.
(2007) pointed out that mB represents the magnitude of long-period body
waves, and mb represents the magnitude of periodic body waves. Furthermore,

shallow and distant earthquakes’ surface wave magnitude (Ms) is derived (D1

Giacomo & Storchak, 2022). Additionally, a relatively new scale, the moment
magnitude (MW) scale, was introduced (Hanks & Canadian, 1979). This scale
has the advantage that it can be used to measure more significant earthquakes
(Baruah et al., 2012; Das et al., 2019).
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Intensity is a term that describes the impact of an earthquake on the earth’s
surface (Dowrick, 1996; Griinthal & Musson, 2020). It is a qualitative measure
of the actual shaking at a location during an earthquake (Hammed et al., 2016).
Terms are shown in uppercase Roman letters. This scale was initially developed
to extract observational data from seismic events. Masson et al. (2010) stated
that the first detection scale was the Rossi-Forel scale, where he used 10 degrees
to define the impact of an earthquake at a location. The intensity scale includes
a range of specific severe reactions, such as moving furniture, damaging
chimneys, and waking people up. There were several intensity scales according
to the Rossi-Forel scale. After several revisions, the Mercalli scale (Eiby, 1996)
became the modified Mercalli Intensity Scale (MMI), which now plays a vital

role among geoscientists (Worden et al., 2012).

Table 1 provides a brief description of the 12 levels of the latest version of
Mercalli strength. Additionally, other scales are used after the MMI scale
in some parts of the world. They are the Medvedev-Sponheuer-Kalnik
(MSK) scale (Hinzen & Oemisch, 2001) and the European Macroscopic
Scale (EMS), a modified version for European buildings (Gruenthal, 1998;
Musson et al., 2010).

The peak ground acceleration (PGA) equals the maximum ground
acceleration at a particular location during an earthquake (Wald et al., 1999).
The maximum ground acceleration corresponds to the maximum absolute
acceleration amplitude recorded at an area during a particular earthquake
(Douglas, 2003). Earthquake shaking generally occurs in all three directions
(Cagnan et al., 2017). Therefore, PGA is often divided into horizontal and
vertical components (Bozorgnia & Campbell, 2016).
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Table 1 Modified Mercalli Intensity Scale (Eiby, 1966)

Level Description
I Not felt except by a very few under especially favorable conditions.
1 Felt only by a few persons at rest, especially on the upper floors of build-

ings. Delicately suspended objects may swing.

Felt quite noticeable by persons indoors, especially on the upper floors
of buildings. Many people do not recognize it as an earthquake. Stand-
ing motor cars may rock slightly. Vibration is similar to the passing of a
truck. Duration estimated

III

Felt indoors by many and outdoors by few during the day. At night, some
awakened. Dishes, windows, and doors are disturbed; walls make crack-
ing sounds—a sensation like a heavy truck striking a building. Standing
motor cars rocked noticeably.

v

Felt by nearly everyone; many awakened. Some dishes and windows
were broken. Unstable objects overturned. Pendulum clocks may stop.

Felt by all, many frightened. Some heavy furniture moved; a few in-

Vi stances of fallen plaster. Damage slight.

Damage is negligible in buildings of good design and construction, slight
to moderate in well-built ordinary structures, and considerable damage
in poorly built or badly designed structures; some chimneys were bro-
ken.

VII

Damage is slight in specially designed structures; considerable damage
in ordinary substantial buildings with partial collapse. Damage is great
in poorly built structures. Fall of chimneys, factory stacks, columns,
monuments, and walls. Heavy furniture overturned.

VIII

Damage is considerable in specially designed structures; well-designed
frame structures are thrown out of plumb. Damage is significant in sub-
stantial buildings, with partial collapse and buildings shifted off founda-
tions.

IX

Some well-built wooden structures were destroyed; most masonry and
frame structures were destroyed with foundations. Rail bent.

Few, if any (masonry) structures remain standing. Bridges destroyed.

2 Rails bent greatly.

Damage total. Lines of sight and level are distorted. Objects are thrown

2l into the air.
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Geology of Sudan:

Sudan is one of the largest countries in the northeastern part of the African
plate (Fig. 1, Fig. 2, and Fig. 3). It is generally underlain by Precambrian
rocks, especially in the southwest, northeast, and center, which were roughly
reactivated during the Neoproterozoic Pan-African tectono-thermal event
(Ezzelarab et al., 2021).

Large parts of northern Sudan are covered by continental clastic sequences
of mostly Mesozoic Nubian sandstones (Schliiter, 2008). Many geoscientists
have described Sudan’s geology (e.g., Reischman and Kroner (1994),
Almond (1978), and Vail (1982, 1987). According to these scholars, the most
important stratigraphic units of Sudan (Fig. 2) are (1) the basement complex,

(2) Phanerozoic sediments, and (3) Cenozoic volcanic rocks.

The basement complex covers approximately 52% of Sudan, extending from
the Archaean through the Early to Middle Proterozoic to the Pan-African
(Schandelmeier & Darbyshire, 1984). Granitic and metamorphic rocks
dominate the basement complex, which can be observed across all provinces
of Sudan (Abdelsalam & Stern, 1993). These rocks have experienced regional
metamorphism, ranging from greenschist to low amphibolite grade, and have

undergone folding, shearing, and thrust faulting on a regional scale.

The Phanerozoic sediments encompass a wide range of ages from the early
Palaeozoic, Mesozoic, and Cenozoic strata overlying the Precambrian rocks
(Wyecisk, 1991). Cenozoic volcanic activity extended from the Late Cretaceous
to the Quaternary to the Paleogene (Almond et al., 1978).
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Fig. 2. Geological map of the study area, modified after GRAS (2004)
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Tectonics features and earthquake history in
Sudan:

Sudan is one of the countries considered to have low-to-moderate seismic
activity (Mohamedzein et al., 2006). However, in the last 60 years, moderate
to large earthquakes have occurred in various parts of the country (Clark &
Sadig, 1967; Clark & Browne, 1985; Gaulon et al., 1992; Abdalla et al., 2001;
Alhassan et al., 2007; El Tahir & Midzi, 2019). These earthquakes included
May 20, 1990, with a magnitude of 7.4 Mw in the southern region (Giardini
& Beranzoli, 1992; Gaulon et al., 1992), August 1, 1993, and November 15,
1993, in the northern part with magnitudes of 5.5 and 4.3 Mw respectively
(Girdler & McConnell, 1994). In addition to these two areas, many parts
of the country are considered active, especially the Red Sea area, which is
constantly seismically shaken (Khan, 1975; Daggett et al., 1986; Youssef,
2015; Mitchell & Stewart, 2018). Fig. (3) provides Sudan’s seismotectonics

and seismicity (historical and current).

Sudan is located in the intraplate region of Northeast Africa. It is bounded
by two active tectonic structures: the East African Rift System in the south
and southeast and the Red Sea Rift Valley in the northeast. It is crossed by
many rift systems (Clark & Browne, 1987). Some of these rifts are major
rifts that span the African continent and beyond (Abdalla et al., 2001). Most
faults associated with rifts have experienced several earthquakes of varying
magnitudes (Ambraseys & Adams, 1986; Fairhead & Girdler, 1971). Fig. 3

shows the major rift system in Sudan and its surroundings.

The Afro-Arabian Rift System (AARS) runs from southeast to northeast
and stretches over 6500 kilometers (Girdler, 1991). The East African Rift
System (EARS) and the Red Sea Rift System (RSRS) are part of the Afro-
Arabian Rift System (Fairhead & Stuart, 1982) and are considered to be very
active (Browne & Fairhead, 1983; Browne et al., 1985; McKenzie et al.,
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1970). The East African rift systems (Fig. 3) consist of two branches: (1) a
western branch that extends from the Mozambique coastal plain in the south
to Lake Mobutu in the north (McKenzie et al., 1970; Ebinger, 1989; Girdler
& McConnell, 1994) and (2) an eastern branch that runs from Tanzania in
the south to the Ethiopian Afar Depression in the north (Chorowicz, 2005).

The Central African Rift System (CARS) extends from southwest to northeast
across the African continent (Fig. 3) over a length of approximately 2000 km
(Fairhead & Stuart, 1982; Bermingham et al., 1983; Fairhead, 1988; El Tahir
etal., 2013). The CARS is part of the West African Rift System and extends
from the Gulf of Guinea to the northeast of Sudan (Jorgensen & Bosworth,
1989; Ibrahim et al., 1996). The CARS are orthogonally connected to the
Atbara, Blue Nile, White Nile, and South Sudan Rift Systems (Abdalla et
al., 2001).

The South Sudan Rift System (SSRS), White Nile Rift System (WNRS),
Blue Nile Rift System (BNRS), and Atbara River Rift System (ARRS)
have similar tectonic features (Medani & Vail, 1974; Browne et al., 1985;
Salama, 1997; Gani et al., 2009). The four rift systems run in a NW-SE
direction and terminate in a line at the north-western end (Fig. 3). The
SSRS extends in a northwest-southeast direction from western Sudan across
southern Sudan and northern Kenya to the Indian Ocean (Bosworth, 1992).
The SSRS overlaps with the CARS at its north-western end (King et al.,
2013). According to Abdalla et al. (2001), the Bahr ElArab earthquake of
February 26, 1947, was attributed to the SSRS. In contrast, the Jebel Dumbeir
earthquake in 1966 and the Bara earthquake in 1974 were triggered by the
WNRS (Qureshi & Sadig, 1967).

The intraplate zone in central Sudan shows scattered and low seismic
activity (Fairhead, 1988; Schandelmeier et al., 1990). The volcanically

induced seismicity of Jebel Marra and Lake Nassir (Fig. 3) also shows low
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seismic activity; its effects are limited to the Darfur region in the west and
Khartoum (Bermingham et al., 1983).

Although geoscientists have paid little attention to the study of seismicity in
Sudan, some studies have described earthquake events in the country. Qureshi
and Sadig (1967) and Clark and Browne (1987) studied earthquakes and
related faults in central Sudan, including a series of earthquakes that began
on October 9, 1966, and continued until April 1967. They hypothesized that
these seismic events were associated with the western branch of East Africa
and the Red Sea Rift System (EARS).

The study conducted by Ambraseys and Adams (1986) revealed that the
majority of Sudan’s activities are situated near the East African Rift System
(EARS). Nevertheless, the northeastern area of Sudan is susceptible to
earthquakes originating from the Red Sea, and there have been instances of
earthquakes in the central intraplate region that could potentially result in

damage.

Two significant earthquakes occurred in southern Sudan in May and July
1990. The primary earthquake, which occurred on May 20th of that year,
was one of the most substantial events ever recorded in Africa and had a
magnitude of 7.4 on the MS scale (Girdler & McConnell, 1994). Its focal
mechanism revealed a left-lateral strike-slip fault oriented parallel to the
Aswa fault zone (Gaulon et al., 1992). This fault zone is a critical Proterozoic
tectonic feature (Baker & Wohlenberg, 1971).

Abdalla et al. (2001) created a probabilistic seismic hazard map for the region
depending on the number of seismic zones. Their results showed that the
maximum peak ground acceleration (PGA) occurs in the Red Sea region,
where the PGA reached 607 cm/sec2 for 250 years, whereas other regions
have a relatively low PGA. Table 2 summarizes the eight regions of Sudan

and their surroundings for different periods.
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According to El-Nadi et al. (2005), most local events occurring near
Khartoum were linked to faults believed to have been responsible for the
Khartoum earthquakes in August 1993. Similarly, Mohamedzein et al. (2006)
discovered that the active rifts and faults in central Sudan can potentially
cause damaging earthquakes in the generally low-hazard area of Khartoum,

the capital of Sudan.

El Tahir and Midzi (2019) utilized seismic data from various sources, including
the Eastern and Southern Africa Catalogue, International Seismology Centre
(ISC), and National Oceanic and Atmospheric Administration (NOAA),
to create regional hazard maps for different return periods and exceedance
probabilities. Specifically, they produced maps with 50-year, 100-year, and
10% exceedance probability return periods. Their analysis revealed a high
seismic hazard in South Sudan, whereas other parts exhibited slightly lower

values.
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Fig. 3. Seismotectonics and seismicity (historical and current) of Sudan and
its surroundings, data from Sudan Seismic Network (SSN), United States
Geological Survey (USGS), Abdalla, et al. 2001, Giardini et al. (1999),
Ezzelarab et al., 2021)
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Table 2 Seismic source region
of Sudan and its vicinity (Abdalla et al., 2001)

Source Maximum
region Source Name Source Boundaries Coordinates  Instrumental
No. Earthquake
I Northern (20.1 E, 19.3N), (36.2 E, 16.0 N) 53
Sudan (30.7 E, 23.5N), (36.2 E, 20.4 N) ’
(29.6 E, 13.0N), (33.9E, 10.7 N)
T Central Sudan 35 6B 17.0N),(36.1 E, 15.0 N) Uk
1 Southwestern (26.3E, 09.4 N), (32.7 E, 06.6 N) 6.8
Sudan (27.2 E, 10.9N), (10.7 E, 08.9 N) '
v Southern (30.9E, 03.6 N), (33.5E, 03.6 N) 79
Sudan (31.7E, 06.5N), (34.4 E, 06.5 N) '
v Equatorial (28.8 E, 00.0 N), (33.5 E, 00.0 N) 75
Uganda (08.9E, 03.1 N), (33.5E, 03.1 N) ’
VI Central (34.0 E, 02.0 N), (36.5 E, 00.0 N) 77
Ethiopia (38.0 E, 13.3N), (40.7 E, 10.7 N) ’
VII Afar and the (36.2 E, 16.0N), (42.5E, 09.0 N) 75
Gulf of Aden (40.7E, 18.7N), (449 E, 13.8 N) '
VIII Red Sea (374 E, 18.7N), (40.0 E, 18.7 N). 79

(37.4 E, 22.4 N), (40.0 E, 20.0 N)

Sudan Seismic Network:
The Sudan Seismic Network (SSN) was established in 2001 by the Sudan

Geological Survey (GRAS) to monitor seismic activity in Sudan and abroad
(Alhassan et al., 2007). SSN is located in Khartoum state and consists of
three long-term stations. These stations are distributed around Silatiat (SLAT),
Melkhyat (MRKH), and Jebel Auliya (JAWL) in Khartoum (capital) and are
32 km, 23 km, and 42 km from Khartoum’s central station, respectively.
Recently, new stations were added to the network to cover a wider country
area. The stations are (1) Arkawwit (ARKT) in the east, (2) Muhammad Qool
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(MQOL), (3) Kasala (KSLA) in the east, (4) Marawi (MRWI), and (5) Abu
Hamad (HMAD) in the north, (6) Jabalia (JBLN) in the south, and (7) Al-
Obeid (OBID) in the west. SSN is currently a full member of the International
Seismological Center (ISC) and regularly sends data to the ISC. Figure 4
shows the distribution of SSN stations.

25°00E 30°00"E
-

25°00 - 350 30°00°E

Fig. 4 Distribution of the locations of the SSN stations and the stations
proposed in this work
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Results and discussion:

Sudan’s seismicity map shows that many regions of the country, particularly
around the Red Sea and Central African Rift Valley (CARS), are vulnerable
to seismic activity of varying magnitudes. These seismic activities can cause
severe property damage, reduce quality of life, and even lead to economic
instability in some affected areas. Magnitude information can be subjective
because it comes from residents of the area where the event occurred.

However, it does indicate the extent of damage and impact for each event.

Reports indicate that the intensity of earthquakes in Sudan varies between
I and VIII, which means that earthquakes in northeast Africa have minimal
or no impact to slight damage to well-constructed buildings (e.g., Sadig
1967; Sykes, 1970; Browne et al., 1985; Shudofsky, 1985; Ambreseys &
Adams, 1986; Clark & Browne, 1987; Gaulon et al.,1992; Mohamedzein
et al., 2006; Alhassan et al., 2007; El et al., 2019; Ezzalarab et al., 2021).
However, the damage has not been very severe, and there is a need to develop
earthquake mitigation methods as Sudan is known to be affected by intra-

plate earthquakes, which increase the frequency of earthquake occurrence.

Earthquakes in Sudan are associated with the following features: (1) East
African Rift System, (2) Central African Rift System, (3) Red Sea Rift System,
(4) Central Sudan Intraplate, (5) Volcanic origin seismicity and (6) seismicity

caused by Lake Nasir in southern Egypt.

The central and Red Sea coasts are the country’s most seismically active
regions. Seismic activity can cause significant structural damage to large
buildings and critical systems. As Sudan does not have seismic codes, it is
highly recommended that such codes be introduced and that engineers be

provided with seismic construction guidelines and regulations.

The tectonic and seismic conditions of the African countries in Table 3 are
similar to Sudan’s. The Sudanese government still needs to introduce an

earthquake risk reduction strategy through norms or regulations.
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Table 3 Seismic Code and Standards in African Countries that are

prone to seismic activities (Modified after Alaneme and Okotete 2018)

S/N  Country Code/Standard Sce:)s;;;c

1 |Egypt Egyptian Code 201 2008-draft (ECP201, Yes
2008-draft) (Serror et al., 2010).

2 | Algeria RPA99/Version 2003 (CGS, 2003) (Zermout et Yes
al., 2008).

3 | Cameroon None No

4 | Democratic | None Exists No

Republic of
Congo

5 | Ethiopia Ethiopia Building Code Standard (EBCS) (1995). Yes
Volume 8 Seismic (Lubkowski et al., 2014).

6 | Sudan None No

7 | South Sudan | None No

8 | Uganda US 319:2003, Ugandan Ministry of Lands, Yes
Housing and Urban (Zajac & Davies, 2015).

9 | Rwanda Building Regulations Manual (2009) from the Yes
Rwanda Ministry of Infrastructure (MININFRA)
(Lubkowski et al., 2014).

10 | Burundi Not Known No

11 | Kenya Kenyan Code (1973) (Worku 2014). Yes

12 | Tanzania Not known. No

13 | Malawi Various Malawi Standards include building No
materials and construction practices (Lubkowski
etal., 2014).

14 | Djibouti Not known No

15 | Mozambique | A version of the Portuguese Code from the No
colonial era (Bommer, 2010).

16 | South Africa | The South African Code — SANS 10160—4:2011 No
(Roth & Gebremeskel, 2017).

17 | Ghana The Ghanaian Code — 1990 (Worku, 2014) Yes

18 | Nigeria Nigeria National Building Code (NBC, 2006) No
(Ogunbiyi, 2014).
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Many studies have highlighted the ineffectiveness of earthquake regulations
in Africa for various reasons (Alaneme & Okotete 2018). The ineffectiveness
of African norms is believed to be due to the lack of legal instruments to
enforce existing norms (Kinde et al., 2011; Worku, 2014). Moreover, the
adoption of narrower-scope codes is limited to government institutions
such as schools, hospitals, and other public institutions (Bendimerad, 2004;
Meslem et al., 2012). Similarly, it has been noted that existing regulations in
African countries do not include specific seismic requirements (Worku, 2013),
which certainly affects the response of civil structures to ground movements
(Kassegne, 2014).

Conclusion:

This paper focuses on Sudan’s often underestimated seismic activity and
highlights the need to apply shaking mitigation strategies. This article shows
that virtually all regions of Sudan are at risk from some seismic event, whose
size and intensity can result in widespread damage. The review emphasizes
the need for proactive measures in Sudan to mitigate earthquake risks,
particularly in regions with seismic activity. It also suggests new measures to

reduce earthquakes and seismic hazards.

Recommendations:

The current Sudan Seismic Network (SSN) should be expanded to cover
a wider area transformed by the rift valley. Potential locations or cities for
additional SSN stations are Atbara (ATBR), Wadi Halfa (WAHFA), Gedarif
(GDRF), Tokar (TKAR), Port Sudan (PRSD), El Damazin (DMZN), Kadugli
(KDGI)), Nyala (NYLA), Kutum (KTM), Zaringei (ZLNG), and EL-Geneina
(GNNA). Figure 4 shows the location of the proposed new station.

Sudan’s architects, civil engineers, geoscientists, and the government

should implement effective seismic regulations in response to the increasing

vulnerability to earthquakes in many parts of the country.
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Abstract:

This study examined some physical properties (frequency, wavelength
and magnetic intensity) of water and their relationship to absorption and
chemical displacement via magnetic resonance. The study aimed to identify
the physical properties of water by using magnetic resonance technology. A
sample of water was prepared, then magnetic resonance spectroscopy was
used to review the spectrum of this sample. The relationship of frequency and
wavelength with the absorption spectrum and the relationship of magnetic
intensity with chemical displacement were determined, and graphical
relationships were drawn between absorption and both wavelength and
frequency, and a graphical relationship was also drawn between magnetic
intensity and chemical displacement. The data for this study were analyzed
using the (Origin 8.6) program, version 6. The results showed that there
are experimental relationships for both wavelength and frequency with
absorption, and there is also an experimental relationship between magnetic
intensity and chemical displacement, and this is consistent with the theoretical

relationship .The absorption spectrum of water gives information about the
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electronic transitions allowed when visible light is shined on it. It has also
been observed that the magnetic field causes a change in chemical energy.
These results recommend studying the absorption and chemical displacement
spectra resulting from applying the magnetic field to more compounds that are
consistent with theoretical relationships to explain the chemical displacement

phenomenon.

Keywords: magnetic resonance, water, chemical displacement, frequency,

wavelength and magnetic intensity.
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Introduction:

Scientists discovered magnets a long time ago, and their well-known
properties, such as attracting iron and generating electricity, were identified
through numerous experiments conducted by scientists. When theories of the
atom came into existence, scientists were able to explain the emergence of
the magnetic field. Scientists attributed the generation of the magnetic field
of the atom to the movement of the charged electron in its orbit around the
nucleus [1]. The development of atomic theory led to the development of
magnetic field theories significantly. The result of this was the classification
of magnetic materials into three types: The first type generates the magnetic
field and is called the ferromagnetic material. The second type strengthens the
magnetic field and is called the paramagnetic material. The third type opposes
the magnetic field and weakens it and is called the antimagnetic material [2].
This led to the expansion of the technical applications of magnetism to include,
in addition to generating electricity, the manufacture of high-speed trains and
the manufacture of high-capacity medical diagnostic devices. The magnetic
field was also used in treatment [3]. The magnetic properties of the material
have many advantages that make it included in various vital applications.
Magnetic resonance depends on these magnetic properties and is widely used
in diagnosis and is considered one of the most accurate diagnostic methods
for soft tissues. The magnetic field inside the atom is generated by the rotation
of negative electrons and positive protons around themselves and around the
center of the nucleus or any other axis. The rotation of these charges generates
an electric current, which generates a magnetic field [4]. The magnetic

moment is formed in a particular atom as a result of the magnetic moments
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of the electrons and protons that rotate around themselves, generating vortex
magnetic spin moments, and when they rotate around a specific axis, they
generate an orbital magnetic moment [5]. Magnetic materials are divided into

three main categories:

1. Paramagnetism.
2. Diamagnetism.

3. Ferromagnetism.

Paramagnetic materials: These are materials that possess magnetic moments
and whose atoms act as small magnets. They are arranged in the direction of
the external magnetic field, strengthening it. The paramagnetic phenomenon
arises as a result of the presence of individual, unpaired electrons in the
shells of atoms or ions, and they have magnetic moments that are distributed
randomly. When a magnetic field is applied, these moments are organized in
the direction of the magnet. The magnetic susceptibility is positive, but it is
very small. The permeability is calculated and is Closest to the correct one
[6]. As for diamagnetic materials, they are materials whose atoms do not have
magnetic moments, so they do not act as small magnets, but rather act as a
self-induction coil. When an external magnetic field is applied to the atom,
it generates a self-inducing magnetic field that opposes the external field and
weakens it, so the magnetic susceptibility is negative, and it depends on the
temperature [7]. Langevin’s theory explains that the current resulting from
the movement of the electron in a circular path leads to the emergence of a
continuous magnetic moment. Movement [8]. As for ferromagnetic materials,
“ferromagnetic materials” are materials whose atoms act as small magnets,
but they differ from paramagnetic materials in that they remain aligned in the
direction of the external field even after its disappearance. Therefore, they
act as permanent magnets [9]. The Zeeman effect deals with the effect of
the magnetic field on An atom with electrons whose magnetic moments are

opposite, these electrons act as small magnets that attract and repel each other
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with the external field, acquiring a different potential energy. This difference
leads to a difference in the energies of the electrons, and gives the change in
energy AE from the relationship:

AE=E,-E_=how=gmgfH
my = The spin quantum number of a magnet
S = Bohr magnetism
H = Magnetic field

g = Landi diffusion coefficient[10].

Theoretical Background:
Water:

Water is a transparent, colorless, odorless substance. It is the basic component
of streams, lakes, seas, and oceans, as well as the fluids in all living organisms.
It is the most widespread chemical compound on the surface of the Earth. The
water molecule consists of a central oxygen atom to which two hydrogen
atoms are connected on either end by a covalent bond, so that its chemical
formula is H O. At standard conditions of pressure and temperature, water
is a liquid; The solid state is formed at the freezing point, and is called ice.
The gaseous state is formed at the boiling point, and is called water vapor.
Water is the basis for the existence of life on planet Earth, and it covers 71%
of its surface, and sea and ocean water represents the largest percentage of
water on Earth, amounting to about 96.5%. The remaining percentages are
distributed between groundwater and the ice of the polar regions (1.7% for
both), with a small percentage in the form of water vapor suspended in the air
in the form of clouds, and sometimes in the form of fog or dew, in addition
to rain or snow showers[11,12]. The percentage of fresh water is only about
2.5% of the water present on Earth, and most of this amount (about 99%) is
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present in the ice masses in the polar regions, while 0.3% of fresh water is
present in rivers, lakes, and in the atmosphere [11]. As for nature, the state of
water changes between the three states of matter on the surface of the Earth
constantly through what is known as the hydrological cycle (or water cycle),
which includes the occurrence of evaporation and transpiration (evaporative
transpiration), then condensation, precipitation, and then flow to reach the
mouth in bodies of water. Obtaining a pure source of drinking water has
been important to the emergence of civilizations throughout history. In recent
decades, cases of fresh water scarcity have been recorded in many regions of
the world. United Nations statistics have estimated that about a billion people
on the surface of the Earth still lack the means available to access a safe
source of drinking water, and that about 2.5 billion lack an appropriate means
for Water disinfection [13].

Physical properties of water:
Frequency:

It is a measure of the frequency of a periodic event, such as the frequency of a
wave. Often we are talking about the frequency of a sound wave, the frequency
of a light wave, or an electromagnetic wave. Since 1960, the frequency unit
has been measured in the hertz (Hz), which is equivalent to 1/second. It is
mainly used to measure the repetition number of a wave oscillation. The
frequency of a periodic wave is 1 Hz if it goes through a complete cycle at
a point in one second. The complete cycle of a wave. Let us imagine here a
wave in the water. The wave in the water continues from rising to falling and

then rising. This is the complete cycle. The distance between two successive

crests in a wave or the distance between two successive troughs in a wave is
called the wavelength [14,15,16].

02024 paiuu - 1446 Jgill guy/jan - ggitlillg gulill aaall - digiw g1y dolns drale :ojldll dlao m



Dr. Mohammedain Adam Allhgabo Belal - Dr.Ali Salih Ali Salih - A.Marwa Abdelrhem Eldow Noraldeen

Wave length:

Wavelength is the distance separating similar identical wave units, that is,
it is the distance separating similar phases (peak with crest or trough with
trough). There are a number of waves that we observe daily, such as light,
sound or water waves. There is an inverse relationship between wave
length and frequency. If two waves have the same speed, the shorter wave
will have a greater frequency. In practice, a wave is a disturbance in local
properties, such as pressure in sound and water waves or the intensity of the
electromagnetic field in light waves[17].The extent to which human senses
(such as sight or hearing) react to waves varies according to the wavelength.
From the electromagnetic spectrum, the human eye can only pick up waves
whose length ranges from 400 to 700 nanometers, while the ear picks up
waves with a frequency between 20 Hz and 20 kHz, meaning that the longest
waves range between 17 meters and 17 millimeters, respectively (1 kHz =
1000 Hz)[18].

Magnetic intensity:

Magnetic field strength is the strength of the magnetic field distributed at
every point in space in a specific, uniform direction. It is symbolized by the
symbol H. It is related to the property of matter with the equation:

B=u H

Where represents the magnetic flux density, represents the permeability
of the material to the magnetic field, and represents the magnetic intensity
[19,20,21].

Chemical displacement:

The chemical shift in nuclear magnetic resonance (NMR) spectroscopy is the

value of the resonance tension of the atomic nucleus relative to a standard
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value measured in the same magnetic field. The value of the chemical shift
when analyzing chemical compounds by NMR spectroscopy is related to the
structure of the molecule [22,23,24].

Materials, advices and method:

The water sample was prepared. It was placed in a file according to the

following specifications:
R= 0.6 2 ,N=250,L =22mH]I,,,=5A
DC power supple =0 —16V I=0 - 54
Leybold Didactic spectromet ray 300nm
Made in USA 1150 nn

A magnetic field was applied to the water sample, then the coils were

connected to an NMR spectrometer
NMR  BETRIEB SOERT
NMR  SUPPLY UNIT

The readings were taken viaa USB device connection for display on a computer
by changing the values of the light frequencies to record the absorption
spectrum, changing the intensity of the magnetic field, and identifying the
change in energy displacement and wavelength. Then the data was processed

using Origin 8.6, version 6.
Results:

The graphs show the relationship between wavelength and the intensity of
absorbed radiation, the relationship between frequency and the intensity of

absorbed radiation, and also the relationship of chemical displacement with

the magnetic intensity of water.
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Figure (2) shows the relationship between frequency and absorption for

a water sample

02024 paiuu - 1446 Jgill guy/pan -

Qgitlillg ulill 220l - dgiw g Gatas dsale :pjlall dlao




Studying some Physical Properties of Water by using Magnetic Resonance

1.00 -

0.75 -

Intensetiy

0.50 -

0.25 =

0.00 -

-0.25

335 268 -2.01 -134 067 000 067 1.34

8 (ppm)
Figure (3) shows the relationship between chemical displacement and
tension for a water sample

Discussion:

Looking at the figures (1) (2) (3) related to the absorption spectrum of the water

sample, itis clear that absorption is at its maximum value at the wavelengths:
404.1nm, 536.6nm, 688.6nm, 854.8nm, 969.8nm . And at frequencies:
7.5x1014 HZ 5 5.6x1014 HZ 5 4.4x1014 HZ 5 3.5x1014 HZ 5 3.1x10!4 HZ

When an external magnetic field is applied, the chemical displacement of
energy is -3.6, -3.2, -2.3, -1.1, and 0.8 for intensities of 1, 1.60, 0.80, 1.70,
and 1.72 Tesla, respectively. This shows that there is a direct proportionality
between the chemical displacement and the intensity of the magnetic field,

and this is consistent with The following theoretical equation:

AE=E,-E_=ho=gmifH
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Conclusion:

This research shows that the absorption spectrum of water gives information
about the electronic transitions allowed when visible light is shined on it. It
also shows that the magnetic field causes a change in chemical displacement,
and that there is a direct relationship between chemical displacement and the

intensity of the magnetic field.
Recommendations:

The absorption spectrum and chemical displacement resulting from the
application of a magnetic field to more compounds can be studied, and
new theoretical relationships can be deduced to explain the phenomenon of

chemical displacement.
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