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Abstract:

Mosquitoes transmit diseases to more than 700 million persons annually
in Africa, South America, Central America, Mexico and Asia with
millions of resulting deaths. Natural products were used to control
different diseases. The present study was aiming to investigate the
biocidal effect of the aqueous extract of Gumbail tree bark, leaves and
fruits on the larvae of Anophelesmosquitoes. The plant materials were
collected from Zalengi and Kass.While mosquito larvae were collected
from Alkariba area, Wad Medani Great locality, Gezira State. A series
of Gumbailtree extracts concentrations were prepared and applied
against the tested organisms. Percentages of mortality were recorded
after 24 hours and each test was replicated three times. The probit
analysis was carried out to determine the proper concentrations for
producing deaths. AllGumbail tree extracts caused severe death on the
tested larvae with varied degrees. The fruits were the highly effective
parts the aqueous extract gave (45.65 mg/l and 463.06 mg/l were the
values of LC50 and LC95 respectively, for Anopheles larvae while the
bark was the lower effective partsthe aqueous extracts gave (96.76 mg/I
and 1435.96 mg/l were the values of LC50 and LC95 respectively, for
Anopheles larvae. There are some degrees of malformation observed
among the larvae. The recommendation of this study is to continue
investigation on natural products to determine and add any products
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potential as mosquito larvaicides and the study recommends more
scientific research on the same topic particularly the active ingredients
of Gumbail tree.
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INTRODUCTION

Mosquitoes serve as vector for various tropical and subtropical
diseases which cause destructive effects to human (Kovendan and
Murugan, 2011). They do not only transmit parasites and pathogens but
they are also a source of allergic reactions that include local skin and
systemic sensitivity (Cheng et al., 2003). The most common diseases
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associated with mosquitoes are dengue fever, chikungunya and yellow
fever (Kovendan and Murugan, 2011). Malaria kills just under one
million person, each year, mainly children in the Sub-Saharan Africa,
with 200-450 million infections annually worldwide (WHO, 2010).
Mosquito control has become increasingly difficult because of the
indiscriminate use of synthetic chemical insecticides, which have
adverse impacts on the environment and disturb ecological balance as
some are non-biodegradable (Lipscomb et al., 1992).

Insecticides and fungicides should reduce insect and disease
problems; be target-specific (kill the pest, but not other organisms);
break down quickly; have low mammalian toxicity; and have minimal
Impact on the environment. Although synthetic products (e.g.,
pyrethroids and neonicotinoids) have long been an important part of pest
management, there are risks in using them. As a result of this, as well as
the increased interest in organic gardening, many people are seeking less
hazardous alternatives to conventional pesticides. Lists of products that
are acceptable in organic plant production can be found at the Organic
Materials Review Institute (Moreau et al., 2006). Insecticides were used
in the Gezira State for many years for controlling mosquitoes and other
agricultural pests. The use of insecticides resulted in many ecological
and environmental problems (Abdel Karim et al., 1985).

Plants may provide an alternative source of compounds for the control
of mosquitoes because they are rich in bioactive chemicals, which are
active against a limited number of species including specific target
insects, and are degradable (Elumalai et al., 2010). Many plant extracts
are known to be toxic to different species of mosquitoes and could be
used to control the diseases they transmit (Willcox and Ellis, 2006).

Gumbail tree (Cordia africana) is awide spread tree in tropical
Africa. It was spreading from Guinea east to Eritrea, Ethiopia and Kenya,
and south to Angola, Zimbabwe, Mozambique and northern South
Africa. It is also found in Saudia Arabia and Yemen, and has been
planted in many tropical countries. In Sudan the tree is confined to the
areas of Ad — Damazin, Darfor and Kordofan (Drummond, 1981). The
present study was aiming to investigate the biocidal effect of the aqueous
extract of Gumbail tree bark, leaves and fruits on the larvae of Anopheles
mosquitoes larvae (Diptera: Culicidae).
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MATERIALS AND METHODS
Collection and maintenance of larvae:

Mosquito’s larvae, pupae and other aquatic organisms were collected
during dipping and were put in large plastic container. Then larvae of
each species (Anopheles and Culex) were separated and transferred to the
beakers of the toxicity tests by means of a plastic dropper.

Preparation of extracts:

The Gumbail bark, leaves and fruits were collected from Darfur, the
collected samples were then let too dry in the shade under the room
temperature away from the direct sun light, each dried sample was
grounded to fine powder by using an electrical blender. Five gram of
each powder was soaked into 15 ml of distilled water and 15 ml of
ethanol 95% in conical flasks for 24 hours and then filtered by using a
filter paper. The dry weight of the non-dissolved powder (filtrate) of each
plant product into each solvent were measured as same as the volume of
each resulted extract, so as to calculate the original concentrations (stock
concentrations) in terms of w/v (mg/ml).

Test Procedure:

In series (normally, 7 concentrations x 3 replicates for each extract)
of plastic cup (each of 250 ml volume), each of which was filled with a
total volume of 250 ml tap water, provided with 20 Anopheles larvae (of
the late third or early fourth instars), and applied with volumes of 0.1,
0.3, 0.5, 1.00, 1.50, 2.00 and 2.50 ml from the stock concentration of
each extract, in addition to three cups as control, the toxicity tests were
run, following the instructions of WHO (1981). The submission periods
were 24 hours. The signs of death to record the mortality data follow
Busvine (1971). The tests were repeated in three different times.
Statistical analysis:

The concentrations used were transformed to the corresponding
logarithms, whereas, the mean (of three replicates) corrected mortalities
were transformed to probit (Finney, 1936). Simple regression analysis
was run for log’s (X variable) and probits (Y variable) so as to obtain the
intercept (a) and the regression coefficient (b), in addition to R?; the
homogeneity factor. By using the regression equation (Y = a + bX), the
lethal concentrations; LCsy and LCgs (in mg/l) were calculated by
substituting Y (in each regression equation) by 5 and 6.64, respectively,

Issue No (29) December 2022 4



_ University of Dalani Journal of Scientific Research of Science and Arts

according to Abbott (1925). The least the LC value, the best will be the
extract.
RESULTS AND DISCUSSION
Effect of aqueous extract of Gumbail bark on Anopheleslarvae

The present investigations involved an attempt to determine the
potential role of Gumbail extracts as natural products to control mosquito
larvae. Seven different concentrations of each extract were used against
the tested organisms.

The tested concentrations were: 12, 36, 60, 120, 180, 240 and 300 mg/I
and recorded percentage mortality were 12.5, 15, 40, 55, 65, 75 and 82.5
on Anopheles larvae, with LC50 and LC95 of 92.88 mg/l and 1054.27
mg/l, Anopheles larvae Table (1).

Generally, several authors recorded superior mosquitocidal effects of
nonpolar constituents of some plants extracted with petroleum ether or
hexane, attributed mainly to triterpenoids constituents (Mullai and
Jebansean, 2007; Abdul Rahuman et al., 2008; Abdu Zahhir et al., 2009).

The plant high larvicidal activities is supported by presence of
phytochemicals such as alkaloids, saponins, flavonoids, steroids and
tannins which showed combination effects in terms of larvicdal action to
mosquito larvae. Saponins are known by their toxicity to harmful insects
(Chaieb, 2010). Flavonoids isolated from water extracts of
Annonasquasma are effective as insecticides against mosquito (Kotkar
et al., 2002), alkaloids the activities of these metabolites arise from their
biological role in their origin. Some alkaloids act as growth regulators
and others as insect’s repellants or attractants (Mann, 1987). Terpenes
are secondary metabolites essential for the maintenance of life and many
of them have physiological effects (Tedder et al., 1972). Groups of
regular and irregular monoterpenes are used as natural insecticides
(Evans, 1989). Phenolic compounds are the wide distribution and more
abundant presence of flavonoids in the plant kingdom active against
mosquito (Wang et al., 2000).

In the past few years, some plant compounds were investigated by
several authors for anti-mosquito potential larvicidal activities (Halawa,
2001; Khater, 2003; Saleh, 1995). Plants may be alternative source for
mosquito repellent agents since they constitute a rich source of bioactive
chemicals (Wink, 1993).
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Table (1): Effect of aqueous extract of Gumbail bark on Mosquito larvae.

Concentration Anopheles
mg/I Log Tested mortality | Probit
0 - 0 -
12 1.08 12.5 3.87
36 1.56 15 3.96
60 1.78 40 4.75
120 2.08 55 5.13
180 2.26 65 5.39
240 2.38 75 5.67
300 2.48 82.5 5.95
R? 0.93
A 1.93
B 1.56
SE-X 0.37
SE-Y 0.185
LC50 92.88 mg/I
LC95 1054.27 mg/|
Y =a+bx

For LC50 Y=5
For LC95 Y =6.64
Effect of aqueous extract of Gumbail leaves on Anopheles larvae
The tested concentrations were: 8, 24, 40, 80, 120, 160 and 200 mg/I
and recorded percentage mortality were 17.5, 22.5, 35, 50, 60, 70 and 75
on Anopheleslarvae, with LC50 and LC95 of 69.23 mg/l and 1653.81
mg/l, Anopheles larvae Table (2).
A survey of literature on control of different species of mosquito
revealed that assessment of the efficacy of different phytochemicals
obtained from various plants has been carried out by a number of
researches on the field of vector control. Sukumar et al., (1991) made an
extensive review of botanical derivatives in mosquito control. Plant
products can be used, either as insecticide for killing larvae or adult
mosquitoes or as repellents for protection against mosquito bites
depending on the type of activity they possess (ICMR, 2003).
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Table (2): Effect of aqueous extract of Gumbail leaves on Mosquito
larvae.

Concentration Anopheles
mg/I Log Tested mortality | Probit
0 - 0 -
8 0.90 17.5 4.08
24 1.38 22.5 4.26
40 1.60 35 4.61
80 1.90 50 5.00
120 2.08 60 5.25
160 2.20 70 5.52
200 2.30 75 5.67
R2 0.95
A 2.81
B 1.19
SE-X 0.12
SE-Y 0.23
LC50 69.23 mg/I
LC95 1653.81 mg/I
Y=a+ bx

For LC50 Y=5

For LC95 Y=6.64

Effect of aqueous extract of Gumbail fruits on Anopheles larvae
During season 2014 the tested concentrations were: 10, 30, 50, 100, 150,
200 and 250 mg/l and recorded percentage mortalities as 12.5, 15, 45,
60, 70, 77.5 and 80, on Anopheles larvae, with LC50 and LC95 of 72.42
mg/l and 802.50 mg/l for Anopheles Larvae Table (3).

A large number of plant extracts has been reported to have
mosquitocidal or repellent activities against mosquito vectors, but very
few plant products have shown practical utility for mosquito control
(sukumar et al., 1991). Phytochemicals obtained from plants usually
have less environmental hazards than synthetic chemicals and this has
renewed the interest in the research on phytocom pounds, considering
them as ecologically safe alternatives to synthetic insecticides (Isman,
2006).
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Table (3): Effect of aqueous extract of Gumbail fruits on Mosquito
larvae.

Concentration Anopheles
mg/I Log | Tested mortality Probit
0 - 0 -
10 1 12.5 3.87
30 1.48 15 3.96
50 1.70 45 4.87
100 2 60 5.25
150 2.18 70 5.52
200 2.30 77.5 5.77
250 2.40 80 5.84
R2 0.93
A 2.08
B 1.57
SE-X 0.19
SE-Y 0.36
LC50 72.42 mg/l
LC95 802.52 mg/l

CONCLUSIONS AND RECOMMENDATIONS:

According to the determined LC50 and LC95 values for aqueous extracts
of bark, leaves and fruits of the Gumbail tree were toxic to Anopheles
larvae.

According to the lethal effect exerted by the extracts of Gumbail, it can
be recommended to use these preparations as methods to control
mosquitoes.Use of extracts from different localities and different strains
of larvae are important to come out with solid LC50 and LC95.To
continue investigation on natural products to determine and add any
products potential as mosquito larvicides.
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Abstract:

Due to the expansion of the cultivation of the okra crop in different
region in the state of south kordofan and scarcity of studies on did eases
affecting the okra crop, especially powdery mildew disease, this study
aimed to find out the extent of resistance of some varieties of the okra to
powdery mildew disease caused by Erysiphe cichoracearum in south
kordofan (Dalanj Locality),during the winter agricultural season
(2018/2019 ) from(October — February ).the varieties were planted in an
area endemic with the disease in basins , and each basin included 30
plants ,where the incidence and severity of infection varied from on
variety to another variety the total infection rate jumueia variety40%,
followed by khartoumia (Abu shara) variety with an infection rate 50%
, Then Karri variety with an infection rate 60% give ,Then Plgari variety
with an infection rate 80% ,Then Hundi variety with an infection rate
90%, and last Om Krishat variety with an infection rate 100% .The study
indicated that the jumueia variety is the most resistant to powdery
mildew disease and the most productive variety. followed by khartoumia
variety ,Then Karri variety.
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Introduction:

Okra crop Co mmon Names: okra,gombo, quimombo, bamya, bamieh,
gumboin, lady’s  finger and okoro (Ndunguru and
Rajuba,2004).Scientific Names: Abelmoschus esculentus and Hibiscus
esculentus (Kumar et. al ,2010). Okra is most delicious vegetable
relished world over. It belongs to the family malvaceae. It is of African
origin and grow extensively in the U.S.A, Africa, Asia, Nigeria, Sudan,
Irag, Pakistan, Turkey, Astralia, U.K and other neigh boring countries
(Anonymous,2013). Major fungal and viral diseases of okra as: Damping
off, vascular wilt, cercospora blight and powdery mildew (Kumar et
al.2013). Amongst the fungal disease powdery mildew caused by
Erysiphe cichoracearum DC is one of the important and of common
occurrence, wherever okra crop is grown(Diaz Franco,1999).Most of the
okra cultivars are susceptible to Powdery mildew disease and depending
upon the age of the plant of the time of infection ,yield losses range
between 17 -86.6%(Sirdhar,1989).The disease is favored by low
temperature(11-28°C) and dry weather conditions and early infection has
more effect on the plant growth and yield than late(Sridhar,1985). Plant
disease are one the major constraints in crop production with drastic
losses in the quality and quantity of the yield. It is one of the most
Important traditional vegetables in Sudan used almost in all parts of the
country. It is cooked either after being dehydrated or as fresh pods. The
dehydrated okra fruits locally known as “Waika™ is collected from the
wild in the rain-lands of the central, Kordofan and Darfur regions
(Mohamed,1991). Apart from introduced varieties such as Clemson
spineless and Pusa Swani, there are a number of varieties obtained from
local types which include a spiny type called Khartoumia. Other local
varieties include Karri, Kassala, Medani, Sinnar and other (Ahmed and
Mohamed,1997). Powdery mildew of okra caused by Erysiphe
cichoracearum DC has become a limiting factor to get economic
production in south kordofan state. The disease is wide spread and most
destructive to the crop under favorable condition. Due to the expansion
of the cultivation of the okra crop in different regions of the state and the

Issue No (29) December 2022 13



_ University of Dalani Journal of Scientific Research of Science and Arts

scarcity of studies on the disease that affect it, especially the disease of
powdery mildew the aim of this research is to the comparative Study of
some okra crop cultivars for resistance to powdery mildew caused by
Erysiphe cichoracearum in south kordofan.

Material and Methods

Study area:

The study was conducted in southern kordofan state (Dalanj Locality).
Durin October - February) the years 2018/2019. The area lies
approximately between latitudes 29°,00-32° ;00 East and longitudes 10
*00-12° ;00 norths. It Covers an area a bout. 135.000Km?. The average
elevation is 600m above sea (Anonymouns, 2002). (IFAD,2006).

Land Preparation:

The field at the seasons (2018/2019) the land were prepared according
to method adopted (disc plough and disc harrow) after that divided in to
plots. The size of plots 3* 2.5 m. Each plot contains 3 rows and the
distance between the rows 70cm and the distance between the hole 25cm.
Field experiments:

In the season to find out the variety resistant to powdery mildew. 6
varieties of okra were planted in basins and each basin included30plants
then 10 plants were selected after flowering stage to know the number of
infected plants and the number of infected leaves in each plant.

Variety e.g.:

- Karri, Plgari, Om Krishat, Hundi, Jumueia and Khartoumia.

Data to be collected at with near survey: At data collect intake
infected plant samples, isolates, disease incidence percent, disease
severity percent. The percentage of infection for each area was calculated

according to the equation percentage of infection = (number of infected
plants / total number of plants) 100) (Large 1966).

Result and Discussion: -

Okra is an important vegetable crop grown in almost all the area of the
country. Among the fungal disease affecting okra crop. powdery mildew
caused by Erysiphe cichoracearum is one of the important and common
occurrence. Wherever this crop is grown and causes of considerable
yield loss. According to the best resistance variety in the conducted field
experiments to fixing okra cultivar for resistance to powdery mildew
disease caused by Erysiphe cichoracearum season (2018/2019), Jumueia
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(local) variety 40%. This variety give 0.45 kg/basin. Followed by
Khartoumia (Abu shara) variety 50% give the productivity 0.42kg/basin,
Then Karri variety 60% give productivity 0.41kg/basin, Plgari variety
80% give productivity0.4kg/basin, Hundi variety 90% give productivity
0.35kg/basin, and last Om Kirishat variety 100% give productivity
0.28kg/basin. See table (1) and table (2). the researcher also obtained that
the local variety of (Jumueia) okra is more resistant to powdery mildew
disease, followed by the (Khartoumia —Abushara) variety, then (Karri)
variety.

Table (1):

Mean incidence of powdery mildew disease in Okra corps at different varieties to
determine resistant varieties:

varieties Number of infected plants in varieties Total | Mean %

No | No | No [ No | No | No | No | No | No | No

1 2 8 4 5 6 7 8 9 10
Jumueia 0 2 0 3 0 0 2 0 0 2 9 0.9 40%
Khartoumia | 1 2 0 3 2 0 0 2 0 0 10 1 50%
Karri 2 0 3 1 3 0 0 3 3 0 15 15 60%
Hundi 3 2 2 2 2 3 2 1 1 0 18 1.8 90%
Plgari 1 1 3 2 3 2 0 3 2 0 17 1.7 80%
Om Krishat | 2 3 2 1 1 2 2 1 2 3 19 1.9 100%

(PMD)in Okra crops

120
100
80
60 .
 (PMD)in Okra crops
40 -
TEEE I
0 - ‘ ‘ ‘
Jumueia Kartoumia  Karri Plgari Hundi OmKrishat

Table (2): Weights (Kg):

Varieties Weights Total Mean
W1 W2 W3 W4 W5 W6 | W7 W8 W9 W10

Khartoumia | 0.59 0.40 0.33 | 046 | 0.56 | 0.50 | 0.86 0.20 | 0.20 | 0.12 4.22 0.42

Karri 0.56 0.95 0.75 | 022 | 018 | 0.29 | 0.33 050 | 019 |o0.12 4.09 0.41
Plgari 0.19 0.18 021 | 049 [ 030 | 0.77 | 0.38 0.65 | 0.70 | 0.13 4 0.40
Hundi 0.27 0.49 047 | 037 | 032 | 036 | 0.26 045 | 031 | 015 3.45 0.35

Omkrishat 0.16 0.21 011 | 011 | 041 | 010 ] 031 0.86 | 0.38 | 0.10 2.75 0.28

Jumueia 0.55 0.40 0.13 | 050 | 051 | 0.53 | 0.60 0.40 | 0.70 | 0.17 4.49 0.45
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Mean of Weights
0.5
04

0.3
0.2 Mean of Weights

0.1

Jumueia Kartoumia  Karri Plgari Hundi OmKrishat
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ABSTRACT:

The study was conducted during seasons 2014 — 2015 at the College of
Agricultural Studies Farm, Sudan University of Science and
Technology, Shambat, Khartoum State, Sudan. The main objective of
this experiment was to Evaluation of Seed Filling Problems in Local
Cultivar of Sunflower (Helianthus annuus L), as Affected by Pollination
and Sowing dates in Tropical. The experiment was arranged in factorial
with two factors in a randomized complete block design (RCBD) with
four replication including two types of pollination and three sowing dates
treatments. Statistical analysis (statistic 8 programs) was used to test the
effects of treatments on different parameters including vegetative crop
characters, yield and vyield components. Results revealed that,
Pollinations was significant increase the plant height, number of seeds
setting per head, number of seeds filling per head, weight of 1000 seeds
setting, weight of 1000 seeds filling, head diameter, plant dry weight and
yield differed in both seasons. The sowing date was significant increase
the sunflower parameters in both seasons including plant height, leaf
area, number of seeds setting per head, number of seeds filling per head,
weight of 1000 seeds filling, head diameter and plant dry weight in both
seasons. The interaction between sowing date and open pollinations
application showed the better significant increase on some sunflower
growth parameters including plant height, leaf area, number of seeds
filling, weight of 1000 seeds filling, head diameter and yield in both
seasons compared to cross pollination in combination with sowing date.
Keywords: Sunflower, pollination, sowing date, seed filling, tropical.
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INTRODUCTION:
Sunflower (Helianthus annuus L.) originated in North America. Now
days, Sunflower is one of the most important crops in the world grown
as edible oil, after soybean, Rape seed and peanut. Sunflower seed is
third largest source of vegetable oil in the world, grown wildly after, soy
bean and Palm (Baldini, et. al., 2000). Sunflower is an annual plant that
grows up to about 3 meters long. The large and beautiful flowers are
capitulum type with diameter of 35cm. It is being grown in most places
around the world. The seeds are very nutritious with of 24% proteins,
47% oil, 20% hydrocarbons, 8% phosphorus and 9% potassium, in
addition to vitamin A. The oil content is composed of 65% linoleic acid,
some phospholipids and vitamin E. For this reason, sunflower seeds are
known to be important in lowering blood triglycerides and in regulating
blood cholesterol (Khidir, 2007). Seed setting and filling problem is one
of the most important constraints in sunflower production and often
considered to be a major reason for low productivity (Ram and Davari,
2011).

In Sudan sunflower demonstrated at first time in the demonstration farm
of ElGezera Station in1932, after that until 1949 experiments showed
that it is a summer crop (growing by farmers in Wad Alnow, Gezera
scheme). During season 1952/1951 empty seeds percentage was 90%
because of low pollination (Ministry of Agriculture, 2008). Extensive
commercial production of sunflower was initiated in Sudan in the late
1980°s and the early 1990’s with the introduction of hybrids such as
Hysun-33 from Australia and PAN-7351 from South Africa (El Ahamdi,
2003; Nour, et. al., 2005). The production was established mainly in rain
fed areas of the country and, to a lesser extent in irrigated conditions. At
about the same time, early maturing accessions of two open-pollinated
sunflower varieties, Rodio and Bolereo, were released under the names
Damazin-1 and Damazin-2, respectively (Adam and Osman, 1989).
Sunflower is categorized as a low to medium drought sensitive crop
(Igbal, et al. 2005). All over the world, Sunflower production in the
countries which have temperate regions is higher than the tropical.
Sunflower can grow on different types of soils but its performance is
better in soils best for the growth of maize and wheat. Among the cash
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crops, sunflower is one of the crops having shortest growing season
around the world.
Sunflower can be planted at a wide range of dates, as most cultivars are
earlier in maturity than the length of growing season in most areas. In
areas of the world with no winters, sunflower has been planted at any
month of the year to obtain satisfactory yields (Joksimovic, et. al., 1999;
Vega and Hall. 2002).
Cross-pollination may still be preferred; however, as it appears to give
higher yields and better quality in terms of oil content. Fertility of self-
pollen may be greatly reduced at high temperatures, which increases the
importance of prompt pollination of self-pollinated varieties during hot
weather (Machado, 2006).
The objectives of this study are:
a- To evaluate the seed filling problems in local cultivar of sunflower in
tropical area.
b- To select the best pollination and sowing date that increases the filling
efficiency.
MATERIALS AND METHODS:
The experiment was conducted at the College of Agricultural Studies
Farm, Sudan University of Science and Technology, Shambat, Khartoum
State, Sudan, during seasons 2014 - 2015. Latitude 15° 40" N, Longitude
32°32' E and 375 m above sea level. The climate is described as tropical
semi-arid. The maximum annual rainfall ranges about 160 mm,
occurring during July to September. Relative humidity ranges between
31-51% during wet season and 12-27% during dry season. Mean
maximum and minimum temperature in Khartoum are 41.7° C and 15.3°
C respectively. The winter from November to March is relatively cool
and dry. The summer season is hot and rainy.
The soil of study area is classified as silty clay loam with non-saline at
surface and non-saline slightly sodic at subsurface which make it ideal
for vegetable and crop production.
The experimental design was a factorial with two factors in Randomized
Complete Block with four replicates including open and close
pollinations which referred to as OP, CP. and three sowing dates (March,
May and July) which referred to as S1, S2 and S3 respectively. Plot size
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was 4 x 4m with 5 rows each of them, 70cm spacing between the ridges
and intra spacing between the plants was 15 cm.

The land was prepared by using a suitable seedbed implements disc
plough, disc harrow and leveler. Three plants were randomly selected
from each plot and measured the vegetative parameters concerning plant
height (cm), leaf area index, plant dry weight (g), yield and yield
components including Head diameter. 100 seeds weight (g), number of
seeds/head, yield (t/ha). The data collected were subjected to analysis of
variance and means were separated for significance by the least
significance differences (L.S.D) at P 5% using statistical 8 Version 2.0
(UK).

RESULTS AND DISCUSSION

Table 1: Effect of pollinations on Plant height (cm), leaf area (cm?),
Number of setting seed/head and Number of filling seed/head of
sunflower (Helianthus annuus L) during seasons (2014 and 2015).

Season |
Pollination Plant height Leafarea (cm?) | Number of | Number of
(cm) L.A L setting filling
seed/head seed/head
OP 117.30° 107.79? 344,28 167.5%
CP 113.62° 104.917 294.4° 156.3%
SE+ 3.30 4.45 24.62 12.76
CV 6.72 9.06 30.77 25.96
Season Il
OP 115.16% 104.11° 612.32 211.7°
CP 114.31° 106.747 218.6° 381.2°
SE+ 2.52 5.39 20.01 30.04
CV 5.11 10.96 31.78 35.35

Means in columns followed by different letters are significantly different
at 5 %. OP = open pollination. CP = cross pollination.

Table 2: Effect of pollinations on Weigh of 1000 seeds filling (g),
Weight of1000 seeds setting(g), head diameter (cm), Plant dry weight
(9) and Yield t/ha of sunflower (Helianthus annuus L) during seasons

(2014 and 2015).
Season |
Pollination Weigh of | Weightof1000 head Plant dry | Yield t/ha
1000 seeds filling(g) | diameter weight (g)
(cm)
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seeds

setting(g)
OP 42.3° 13.5° 9.922 398.3° 1.428
CP 47.5° 15.78 8.92° 436.7° 1.402
SE+ 2.50 0.13 0.36 23.00 0.08
C.V 5.00 0.26 0.73 35.15 0.16
Season |1
OP 55.32 14.3? 10.692 215.40 3.92
CP 51.7° 12.2° 9.93° 268.32 2.0°
SE+ 2.80 0.12 0.34 28.97 0.15
C.V 5.60 0.23 0.69 38.94 0.31

Means in columns followed by different letters are significantly different
at 5 %. OP = open pollination. CP = cross pollination.

Table 3: Effect of sowing dates on Plant height (cm), leaf area (cm?),
Number of setting seed/head and Number of filling seed/head of
sunflower (Helianthus annuus L) during seasons (2014 and 2015).

Season |

Sowing date Plant height | Leaf area | Number of | Number of
(cm) (cm? setting filling

L.A L seed/head seed/head

S1 120.63° 106.82° 186.3° 228.42

S2 110.13¢ 88.66° 293.3° 97.8°

S3 115.63° 117.56° 478.42 159.4°

SE+ 4.04 6.51 24.64 15.63

CvVv 8.23 11.10 37.17 31.79

Season Il

S1 117.96° 79.35P 337.9° 223.7°

S2 109.57° 120.50? 415.7%® 270.7°

S3 116.66° 116.42° 493.3? 394.92

SE+ 3.08 6.60 27.99 25.36

CVv 6.26 13.42 35.37 32.29

Means in columns followed by different letters are significantly different
at5 %. S1=Sowing in March. S2= Sowing in May. S3= Sowing in July.
Table 4: Effect of sowing dates on Weigh of 1000 seeds filling (g),
Weight 0f1000 seeds setting (g), head diameter (cm), Plant dry weight
(g9) and Yield t/ha of sunflower (Helianthus annuus L) during seasons

(2014 and 2015).
Season |
Sowing Weigh  of | Weightof100 head Plant dry | Yield
date 100 seeds filling(g) | diameter weight (g) | t/ha
seeds (cm)
setting (g)

Issue No (29) December 2022 22



University of Dalanj

Journal of Scientific Research of Science and Arts

S1 46.42 07.8° 8.29° 366.3° 1.3°
S2 43,72 16.7° 9.922 532.52 1.1°¢
S3 44.6° 19.22 10.042 353.8° 1.92
SE+ 3.00 0.16 0.44 20.42 0.10
CcV 6.10 0.32 0.89 32.19 0.20
Season 11

S1 50.9° 14.8? 8.46° 215.0° 1.9°
S2 61.42 12.9° 11.482 191.9° 2.8%
S3 48.3° 12.3° 11.00° 318.8? 2.8%
SE+ 3.40 0.14 0.41 25.48 0.17
CV 6.90 0.29 0.84 32.24 0.34

Means in columns followed by different letters are significantly different
at 5 %. Local cultivar. S1= Sowing in March. S2= Sowing in May. S3=
Sowing in July.
Table 5: Effect of interaction between pollinations and sowing dates on Plant height
(cm), leaf area (cm?), Number of setting seed/head and Number of filling seed/head
of sunflower (Helianthus annuus L) during seasons (2014 and 2015).

Season |
Pollination | Plant height | Leaf area (cm?) | No. of setting | No. of filling
(cm) seeds/head seeds/head

Sowing date | OP CP OoP CP OoP CP OP CP

S1 125.0% 116.3* | 107.8° | 105.8° | 218.5° 154.0° | 231.1* | 225.7
a

S2 111.1¢ 109.2" | 84.8° | 92.6° 253.8° 332.8* | 84.9° 110.9
C

S3 115.6° 115.4% | 118.8% | 116.3* | 560.3° 396.5% | 186.7° | 132.2
b

SE+ 5.72 7.71 27.28 22.1

Ccv 11.64 15.69 37.22 34.9

Season 11

S1 118.4% 117.5% | 84.9> | 73.78" | 516.1° 159.9° | 176.6° | 270.8
C

S2 109.9° 109.2° | 116.6% | 124.4° | 662,1° 169.5° | 202.6% | 338.8
b

S3 117.12 116.3* | 110.8% | 122.0* | 660.1° 326.5* | 255.9* | 534.0
a

SE+ 4.35 9.33 28.6 24.1

CVv 8.25 18.98 319 30.9

Means in columns followed by different letters are significantly different
at 5 %. Local cultivar. S1= Sowing in March. S2= Sowing in May. S3=
Sowing in July.
Table 6: Effect of interaction between pollinations and sowing dates on
Weigh of 1000 seeds filling(g), Weigh tof1000 seeds setting (g), head
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diameter (cm), Plant dry weight (g) and Yield t/ha of sunflower
(Helianthus annuus L) during seasons (2014 and 2015).

Season |
Sowin | Weigh of 1000 | Weightof1000 | head diameter | Plantdry weight | Yield t/ha
g date | seeds seeds filling(g) | (cm) (9)
setting(g)
OoP CP OoP CP oP CP oP CP OP | CP
S1 41.7* | 51.2* | 0.67° | 0.91° | 8.18° 8.42° 407.5% | 325,0° | 1.2° | 1.3
S2 44.3* | 43.1° | 1.42°> | 1.92% | 11.00* | 8.84° 455.0* | 610.0® | 1.0¢
0.1°
S3 41.0° | 48.3" | 1.96* | 1.88* | 10.58" | 9.50° 332.5° | 375.0° | 2.0
1,78
SE+ 4.30 0.22 0.62 23.17 0.098
CVv 9.80 0.46 1.26 37.3 0.340
Season Il
S1 51.8° | 50.0° | 1.68% | 1.28% | 9.90¢ 7.03° 158.8° | 271.3° | 2.4° | 1.4°
S2 63.8% |59.0* | 1.38" | 1.20° | 11.60* | 11.35® | 200.0" | 183.8° | 3.6 | 2.0°
S3 50.5° | 46.0° | 1.25° | 1.18% | 10.58" | 11.43% | 287.5% | 350.0*° | 3.0° | 2.62
SE+ 4.80 0.11 0.59 20.18 0.21
CVv 8.70 0.41 1.19 30.10 0.43

Means in columns followed by different letters are significantly different
at 5 %. Local cultivar. S1= Sowing in March. S2= Sowing in May. S3=
Sowing in July.

Regarding table 1, the results of data analysis of this study showed
variation in plant height for the different types of pollination in the same
season as well as between the two seasons. Considering the first season,
open pollination has significant increased plant height (117.30 cm)
compared to cross pollination (113.62 cm), compared to the second
season where the plant heights for the different pollinations were 115.16
cm, and 114.31 cm for open and cross pollination respectively without
significant differences. It is clear that open pollination (OP) produced the
highest plant height in both seasons. This variation in the plant heights
in different seasons may be due to climatic differences. In other hand no
significant differences were observed between the two types of
pollination on leaf area index (LAI) in both seasons. This result may be
due to the relationship between leaf area indexes (LAI) and pollination
and the effect of the environmental conditions prevailing in the area.

As well as the number of seed be setting per head, different types of
pollinations showed significant increase within and between the seasons.
In the first season, OP (344.2) exceeded the other pollination, namely CP
(294.4), compared to (612.3) and (218.6) for open and cross pollination
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in the second season respectively. It is clearly that number of seed setting
for the second season is better than for the first season due to open
pollination. As for as no significant increase was observed between the
number of seed filling per head due to types of pollination in season one,
whereas the cross pollination (381.2) has significant increase in number
of seed filling per head compared to open pollination (211.7) in season
two. It is clearly that number of seed filling for the second season
increased than for the first season. This result may be attributed to
difference in irrigation applications between the two seasons. Machado,
(2006) reported that, it was a major cause for empty achiness in
sunflower plants grown under non-stress conditions. seed set as low as
10-20% results when pollinators are absent and plants self-pollinate,
compared up to 90% seed set in flower heads accessible to pollinators.
Seed set was significantly affected by pollination treatment. (Agustin, et.
al., 2018).

The results given in table 2, including weight of 1000 seed setting,
weight of 1000 seed filling, head diameter and Plant dry weight showed
significant differences within and between the seasons. Cross pollination
gave the highest values of weight of 1000 seeds setting and weight of
1000 seeds filling significantly in season one. However, the open
pollination showed significant differences between the pollination types
on weight of 1000 seeds setting and weight of 1000 seeds filling in
season two. The results might be due to the environmental conditions
and the amount of irrigation applications.

In regard to head diameter, the effect of pollination on head diameter
revealed significant increase obtained by open pollination treatment
compared to cross pollination in both seasons. Considering the first
season, open pollination has significant increased head diameter (9.92
cm) compared to cross pollination (8.92 cm), compared to the second
season whereas significantly increase the head diameter for the different
pollinations were (10.69 cm) and (9.93 cm) for open and cross
pollination respectively, which may be depending on the amount of
water applied and environmental conditions between the seasons. Other
researchers have also observed that head diameter showed differences in
different years depending on climatic factors (Hashim and Schneiter,
1987; Ozer, et al., 2003).
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Regarding the Plant dry weight, cross pollination significantly increased
plant dry weight (436.7 g) compared to open pollination (398.3 g) in first
season and compared to the second season whereas significantly increase
on plant dry weight for the different pollinations were (268.3 g) and
(215.4 g) for cross and open pollination respectively. It is clear that
season one including two of pollinations produced the highest plant dry
weight compared to season two.

In regard to plant yield open pollination had significant increase yield
(3.2 t/ha) in second season compared to cross pollination (2.0 t/ha) and
compared to first season (1.42 t/ha) and (1.40 t/ha) for open and cross
pollination respectively without significant differences between them.
Agustin, et. al., (2018), demonstrate that cross-pollination improves seed
set of sunflower, resulting in higher yields per ha.

Including the data’s in table 3, Sowing date applications in both seasons
showed significant differences on plant height. However, S1 treatment
revealed the highest plant height (120.6 cm) significantly compared to
S3 (115.6 cm) and S2 (110.1 cm) respectively in season one, compared
to second season when S1 (118.0 cm) and S3 (116.7 cm) significant
increase plant height compared to S2 (109.6 cm) in season two, that may
be to differences in environmental conditions between the seasons. It is
clear that season one produced the highest plant highest compared to
season two.

As for as the leaf area index (LAI) concern, in the first season, sowing
date S3 produced bigger LAI (117.6 cm?) compared to S1 (106.1 cm?)
and S2 (88.7 cm?) respectively. While in the second season; S2 produced
the biggest LAI (120.5 cm?), followed by S3 (116.4 cm?) and S1 (79.4
cm?) respectively. Ogunemi, (2000) reported that, optimum sowing date
of sunflower as early and late season crops is relatively well known to
be late May and July — Early August, respectively in the forest-savanna
transition zone.

In regard to number of setting seeds per head showed significantly
increase due to sowing date applications. S3 (478.4) and (493.3) a chive
the higher number of setting seed per head in both seasons respectively
followed by S2 (293.3), (415.7) and S1 (186.3), (337.9). It is clear that
second season produced the highest number of setting seeds per head
compared to first season.
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Regarding the number of filling seeds per head sowing date treatment
was showed significant increase in season one obtained by S1 (228.4)
compared to S3 (159.4) and S2 (97.8), while in second season S3
treatment revealed the highest rate number of filling seeds per head
compared to S2 (270.7) and S1 (223.7) respectively. Villalobos (1996),
reported that, the number of grains per head is influenced by
environmental conditions during the pollination period.

Considering table 4, the results of data analysis of this study showed
increased in thousand setting seeds weight for the different sowing dates
in the same season as well as between the two seasons. Considering the
first season, sowing in S1 has increased thousand setting seeds weight
(46.4 g) compared to S3 (44.6 g) and S2 (43.7 g), without significant
effect compared to the second season where the thousand setting seeds
weight for the different sowing dates were 50.9 g, 61.4 g and 48.3 g for
January, May and July respectively. It is clear that sowing date (S;)
produced the highest thousand setting seeds weight in both seasons.

In regard to thousand weight of seeds filling showed significant increase
in both season, the significant increase in first season obtained by S3
(19.2g) compared to S2 (16.7 g) and S1 (07.8 g), whereas second season
showed significant increase, when S1 (14.8 g) showed the highest weight
compared to S2 (12.9 g) and S3 (12.3 g) respectively. This result may be
due to high temperatures that affected the rate of plant development and
reduced length of the reproductive period. Nihal (2010), reported that
higher temperature reduced vegetative growth and enhanced flowering.
Regarding to head diameter there was significant differences were
observed in both seasons. However, S3 (10.04 cm) and S2 (9.92 cm)
significantly increased the head diameter compared to S1 (8.29 cm) in
first season. Different sowing dates were significant increase S2 (11.48
g), compared to S3 (11.00 g) and S1 (8.46 g). Tanimu, et. al., 1991.
Reported that delay in sowing date significantly reduces the head
diameter. Esechie (2008), showed that, head diameter, increased with
delay in planting date.

Result showed that, plant dry weight was significant increase due to
applications of sowing date within season one, S2 (532.5g) was obtained
the highest value compared to S1(366.3 g) and S3 (353.8 g), and
compared to season two the significant increase in plant dry weight
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obtained by S3 (318.8 g) compared to S1 (215.0 g) and S2 (191.9 g)
respectively. Thompson and Heenan (1994) reported that dry matter
production has been affected by sowing date. Time of sowing has great
influence on dry matter accumulation, (Sofield, 1977).

Sowing date applications was affected the sunflower yield when the S3
recorded (1.9) t/ha significantly flowed by S1 recorded (1.3) t/ha
compared to S2 (1.1) t/ha in first season, in second season S3 and S2
recorded the highest yield (2.8) t/ha significantly compared to S1 (1.9)
t/ha. It is clear that second season produced the highest yield compared
to first season this may be due to differences in environmental conditions
Allam, et. al., (2003), reported that, planting date exerted significant
influence on yield and its components. Seed yield generally decreased
with delayed sowing which might be attributed to the decrease in yield
components (Siddique, et. al., 2002).

The interaction between sowing date and pollinations treatments and
their effect on plant height in table (5) showed significant differences
among the treatments. However, S1 in combination with both open and
close pollination obtained the highest rate of plant height compared to
S2 and S3 in both seasons. Leaf area index revealed that, there were
significant differences between the treatments observed due to
interaction between sowing date and pollination treatments. S3 in first
season showed significant increase on leaf area compared to S1 and S2
respectively, when S3 and S2 significantly increased the leaf area index
compared to S1 treatment.

The significant differences in sowing dates in season one and the non-
significant difference in season two may be due to the relation between
leaf area and pollination and the effect of sowing date and environmental
conditions prevailing in the area.

The data revealed that, the interaction between sowing date and both
pollinations treatments were affected the number of setting seeds per
head. The interaction between S3 and OP increase the number of setting
seeds compared to S2, and Slin first season, when S2 with OP raise the
highest number of setting seeds followed by S3 significantly compared
to S1. However, this interaction between sowings and OP showed
increased in setting seeds per head compared to interaction of sowing
date with CP in both seasons, while the interaction between sowing date
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and close pollination showed increased in filling seeds per head
compared to OP interaction. Whereas S1 in combination with both
pollinations obtained the highest rates of filling seeds in first season one.
In season two S3 in combination with both pollinations obtained the
highest rates of filling seeds compared to other interaction treatments.
These results may be due to difference in irrigation between the two
seasons. It was a major cause for empty achiness in sunflower plants
grown under non-stress conditions.

Considering table (6) no significant effect was observed on weight of
1000 seed setting due to interaction between sowing date and OP in first
season, but the interaction of S2 with OP showed significant increase in
weight of 1000 seed setting compared to S1 and S3, while the interaction
of sowing and CP revealed significant increase in weight of 1000 seed
setting obtained by S1 in season one and S2 in season two compared to
other treatments. In other hand, the interaction showed significant
increase in weight of 1000 seed filling in both seasons obtained by the
combination of S3 and OP in season one and S1 with OP in season two,
whereas, S2 and CP obtained the highest weight compared to other
interactions in first season and there was no significant effect observed
on weight of 1000 seed filling in second season due interaction of sowing
date with CP. Machikowa and Saetang (2008) reported significant
positive correlations between head diameter and 1000-seed weight.

The significant differences were observed on head diameter in both
seasons due to interaction of sowing date and two types of pollinations
in both seasons. Also the plant dry weight was affected significantly due
to the interaction between the treatments, when S2 with OP and CP
obtained the highest value of plant dry weight in first season, while the
S3 in combination with OP and CP obtained the highest value in season
two. Head diameter is very important trait in the sunflower seed yield
structure. The size of the head diameter influences the number of flowers
and seeds per head which directly influence the seed yield per plant.
Head size should be intermediate.

Regarding the interaction between the two factors showed that, S3 in
combination with two types of pollinations recorded significantly (2.0)
t/ha for OP and (1.7) t/ha for CP in first season. Whereas second season
recorded (3.6) t/ha and (2.6) t/ha for S2 in combination with OP and S3
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In combination with CP as the highest rates of plant yield respectively
compared to other treatments. It is clear that second season produced the
highest yield compared to first season this may be due to differences in
environmental conditions

CONCLUSION

Pollinations were significant increase the plant height, number of seeds
setting per head, number of seeds filling per head, weight of 100 seeds
setting, weight of 100 seeds filling, head diameter plant dry weight and
yield differed in both seasons.

The sowing date was significant increase the sunflower parameters in
both seasons including plant height, leaf area, number of seeds setting
per head, number of seeds filling per head, weight of 100 seeds filling,
head diameter, plant dry weight and yield in both seasons.

The interaction between sowing date and open pollinations application
showed the better significant increase on some sunflower growth
parameters including plant height, leaf area, number of seeds filling,
weight of 100 seeds filling, head diameter and yield in both seasons
compared to cross pollination in combination with sowing date.
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Abstract

We investigate the effect of magnetic field B on a beam of orthohydrogen
molecules polarized in the x direction. First we explained that the spin
state of protons and neutrons 1 (t) is an eigenstate of the operator S, ,

corresponding to the component of spin angular momentum. We also
showed that the fraction of molecules emerging from the three output
channels of second magnet in Stern-Gerlach apparatus corresponding
Ms=1, 0, -1 are proportional to probability coefficients, and then we
deduced the value of the magnetic moment of the proton (i) in nuclear
magnetron. Finally, we compare our results with the classical picture for
processing gyroscope which showed well agrees with the obtained one.
Key words: Orthohydrogen, Ster-Gerlach, Proto spin, gyroscope
Lambor frequency
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Introduction:

Orthohydrogen molecules are the dihydrogen molecules containing
hydrogen atoms with a nucleic spin in the same direction. In other words,
the spin of two atoms is aligned parallel to each other, which means that
it is a spin isomer of para hydrogen [1-5].

Recently a strong interest in orthohydrogen molecules within Stern-
Gerlach apparatus (SGE) has been stimulated by progress in many
experimental systems [6-10], which could be used for probing
fundamental questions in quantum mechanics and for high-sensitivity
instruments in general. Proposed experiments include Stern-Gerlach for
detecting the movement of protons or (neutrons) through magnets [11-
13], quantum superposition [14], and many others, all realized in the
relatively massive mechanical degree of freedom of a micro-mechanical
system [15].
Among those experiments, orthohydrogen molecules play a central role
in devices and experiments ranging from electromagnetic theory to laser
and other quantum mechanical approaches for emerging molecules
detection [16]. These experiments rely, in general, on the investigating
the movement of charged particles in magnetic fields. Using this method,
it is possible to investigate the effects of a wide number of molecules.
As it is well known, atoms, in general, are made up of nucleus and many
electrons with no net angular momentum. If we ignore the nuclear spin,
which is irrelevant to our discussion here, we see that the atom as whole
does have an angular momentum, which is due solely to the spin intrinsic
as opposed to orbital-angular momentum of the single electron.
Orthohydrogen molecule is any free neutron or proton (that is not bound
within an atomic nucleus) that has an average energy of motion (kinetic
energy) corresponding to the average energy of the particles of the
ambient materials, relatively slow and of low energy, it exhibit properties
such as large cross sections in fission, which make them desirable in
certain chain-reaction applications [17]. Furthermore, the long de
Broglie wavelengths of orthohydrogen molecules make them valuable
for certain applications of quantum optics [18]. These particles are
produced by slowing down more energetic protons and neutrons in a
substance called a moderator after they have been ejected from atomic
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nuclei during nuclear reactions such as fission [19]. Quantitatively, the
thermal energy per particle is about 0.025 eV with an amount of energy
that corresponds to a neutron speed of about 2,000 metres per second and
a neutron wavelength of about (2 x 10-1° metre) (or about two angstroms)
[20]. Because the wavelength of orthohydrogen molecules corresponds
to the natural spacing between atoms in crystalline solids, beams of these
particles are ideal for investigating the structure of crystals, particularly
for locating positions of hydrogen atoms, which are not well located by
X-ray diffraction techniques [20]. Also, orthohydrogen molecules are
required for nuclear calculations [19].

Although some schemes for this kind of experiments have been done
[21], the answer to the question whether some of the particle can emerge
through the second magnetic field in SGE apparatus is yet unclear. In
this paper, we demonstrate the effect of constant and inhomogeneous
magnetic field in orthhydrogen molecules. The motivations for exploring
this aspect include the study of spin properties of orthhydrogens, by
exploring the quantum motion and their spin properties.

The rest of this paper is organized as follows. In Sec. I, we introduce the
physical model and the Stern — Gerlach apparatus. In Sec. I, we
investigate the spin operator of the system. In Sec. IV we introduce the
spin of Pauli operators and derive their eigenfuctions. In Sec V, we study
the properties of protons as orthohydrogen molecules. Sec. VI is devoted
to the discussion. Finally, we provide a brief conclusion in Sec. VII.
The model:

In this work we consider a beam of orthohydrogen molecules (proton
spin state S=1), traveling along the y axis, passes through a stern-Gerlach
apparatus with its magnetic field along the x axis. The emerging
molecules with Ms = 1 are passed through a second Stern- Gerlach
apparatus with its magnetic field along the x axis. A constant magnetic
field B in the z direction acts along part of the path between the two
magnets, see Fig (1).
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Ms=1, O, -1
Fig.(1): Geometry of the system (Stern- Gerlach apparatus). rana vousir

Spin operators:

The operators corresponding to the x, y, z components of spin angular
momentum are denoted by S, S, S,, and the operator $? which is
corresponds to the square of the magnitude of the spin angular
momentum.

Where S% = S5,°+ S, + S,°. The commutation relations for S, S,, S,,
and S, are the same as for the orbital angular momentum operators. The
pattern of the eigenvalues of the common eigenfunctions of the operator
§2, S, is also the same as for orbital angular momentum, but the quantum
number ¢, is denoted by s for spin angular momentum, and it can take

half integral values, i.e.

s=0,2,1,2,22,.

For given spin number s the qguantum number m, denoted by ms takes
values

ms=s,s—1,s—2,..,,—(s—1),—s. For a single electron, s takes
only the value % with ms =+ %
The two eigenfunctions are denoted by a and g.

Thus
S2a=s(s+1h%a, S?B=s(s+ 1A% S=% .................. (1)
S,a=-ha, S;B=—chf. )

Unlike the orbital angular momentum, the spin operators are defined
only by relations such as (1) and (2).

Issue No (29) December 2022 36



_ University of Dalani Journal of Scientific Research of Science and Arts

. . 1 . .
If we consider the case of spin s = > where there are two eigenfunctions

or unit vector, a« and S, so the Hilbert space for this case is two-
dimensional. The spin state y = aa + bf3, where a and b are numbers,
may be represented as a vector in the space with coordinates a, and b.
The numbers a and b are in general complex.

Since a and B are not functions of space, we cannot use (1) to calculate
a matrix representation for the spin operator S,. Instead we defined a

guantity, known as the scalar product of two state-vector y; and y,, and
use the Dirac notation to denote it by (y;,y5), This definition is an
operational one, that is to say it gives the rules for calculating the scalar
product, which is, in general, a complex number. The scalar product of
a (or ) with itself is unity, while the scalar product of @ and g is zero.
Thus
(a,a)=(B,B)=1 (a,B)=(B,a)=0. ............... (3)
In the usual language we say that « and £ are normalized and orthogonal
to each other. The scalar product of y; = a;a + b, and y, = a,a +
b, is then defined to be
(Y1, V2) = (a1 + by B, a,a + by B)

= a"1ay(a, a) + a*1by(a, B) + b*1a,(B, @) + b*1b,(B, B)

=a*1a, +b*"1by, 4)

One can see that the definition follows from equal. (4), with extra
condition that the numbers in the first vector are replace by their complex
conjugates. The matrix element 4,,,, for spin operator 4 is defined by
A, = (m/An) where m and n are aor B, so the matrix has
dimensions 2 x 2. If § is the operator corresponding to a spin
observable o, then the expectation value of S for the state y is
Sy= /S /)
The method is readily extended to higher spin values. Thus for s=1, there
are 2s+1=3 normalized and mutually orthogonal spin eigenfunctions or
state vectors. The Hilbert space is three dimensional, and the matrix
representing a spin operator has dimensions 3 x 3, and so on.
Pauli spins operator’s eigenfunctions:

The Pauli spin operators o, , gy, o, are defined in terms of the spin

angular momentum operators S,,S,, S, by g, = % and similarly for y
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. 1 .
andz. If we consider the case s=5 . and denote the normalized

eigenfuctions of S, by a and . Using the relations for raising and
lowering operators

1
StPsm, = {s(s+ 1) —mg(mg + D2Ads m s1)s coovvvervneennannnns

©) 1
S_psm, = {s(s +1) —ms(ms — D}ehdg 1) ovvevvnnerinnnnnn, (6)
Fors = %
a= ¢ 1 and B = ¢1_1 gives

2’ 2 2’ 2
S,a=0, S, B=ha, ..o (7)
S_a=hp, S B=0. oo, (8)
Now

1 1.

Se=75(Se+5), Sy=—=2i(S4 =S oo (9)
Therefore
Sqx=-hf,  Sf=-ha, ... (10)

1 1.
Sya = Eha, SyB = —Elha, .................... (11)

Since a and g are eigenfunctions of S, with eigenvalues i%h, we also
have

S,a ==ha, S;B=—2hf. (12)

The Pauli spin operators are defined by S, = gax, etc. Therefore
o= B, oya =i, 0,a=a ..o (13)
o= a, o =1ia, o= . (14)
Since

a and B are normalized, the eigenfunctions of o, and o,, are normalized
by the factor iz . The eigenvalues follow from inspection of (12).

5
Using the matrices @y, 6,,, 6, one can defined
(0 )aga =(a/Ga)={a/L)=0 ... (15)
(ox)ap=a/6B)=(a/a)=1, .................. (16)

And so on. Alternatively, the matrices may be obtained from equ. (15).
Results
1. Eigenfuctions of protons in orthohydrogen:
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The spin quantum number of the two protons in orthohydrogen is S=1,
with Ms values 1, 0, -1. Since the spin of two electrons in the molecules
Is antiparallel, the fields in the Stern-Gerlach magnets, and in the region
between them, act only on the magnetic momentums of the protons. The
spin state function y at t=0(define to be the time when the molecules
enter the magnetic field B along z axis) is an eigenfunction of S, with
eigen value Ms=1. We need to express it in terms of the eigenfunctions
of the Hamiltonian, which are the eigenfunction of S,.

All spin operators are related to the orbital angular momentum, but the
essential feature is that £ = 1, the same value as s here. So the relation
between the eiginfunction of the x and z component operators are
identical.

If ¢4, ¢y, P_; are the eigenfunction of S,, then the eigenfunctions of S,
1+ V2¢ho+ Pp_1

2

with eigenvalue Ms=1 is ( ), i.e.

1/1(0) — (¢1+ \/E;Po‘*‘ ¢—1).

The magnetic momentum of the orthohydrogen molecules is yu = 2u,,
So the energies for the states ¢, ¢, ¢_1 in the magnetic field are

E; = —uB, E,=0, E_.; =uB
Thus

E,t
P(E) = Y(0). exp(—i—-)

Y(t) = {qbl exp(iowt) + V2 ¢ + ¢d_, exp(—iwt)}/Z ............
(17)
Where

_ KB
=5 (18)

We now express ¥ (t), where t is the time the molecules leave the field
B, in terms of the eigenfunctions of S, i.e. we put
l/)(t) — c1(Pp1+ V2do+ P_1) + Co(P1=P-1) | c—1(P1—V2¢o+ Pp_1)

> 72 + Pum R SPPPPPRES
(19)
The coefficients |c;|?, |col?, |c_1|?gives the relative numbers of
molecules emergencing from the three output channels of the second
Stern-Gerlach magnet. The quantities c;, ¢, c_, are obtained by
equating the coefficients of ¢, ¢, ¢_1in equ.(17) and (18).
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Thus

c1 + c_q +V2co=exp(iwt) .....coeivinn. (20)

c1 + c_q — V2co=exp(—iwt) ................ (21)

Cl - C_1 == 1 (22)

Hence

¢, = cosz(w?t), c_, = sin? (w?t), Co = ésin(wt). ................ (23)
Thus

wt . wt
lc,|? = cos* (7) lc_1]|? = sin* (7), lcol? =

. wt wt
2sin? (—) .COS? (—)
2 2

The quantities |c;|?, |c_1|%, |co|? are plotted against wt in Fig. (2).

Varation of probabilty coefficients with time
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Fig. (2): Variation of probability coefficients with time
Deducing the value of magnetic momentum:
It is clear that from the plot of figure (2) that no molecules emerge from
the Ms=1 channel of the second Stern- Gerlach magnet when |c,|?=0,
which, from (23), is when
wt=0C2n+

Where n=0, 1, 2,...., From (18) this corresponds to
1By — Zknly 2n+ m
h h
e

_nh

Hp=5.¢
Where
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By=1.8mT.
If E is the kinetic energy of the molecules, and d the path length in B,
1 d?
E = Emv =m, 1z
Since m, the mass of the molecules, is twice the mass of the proton m,,

then we get
1

_ T E \2
sz ()
Using the values of the variables (d=20mm, B, = 1.8mT, E=25meV )
in the formal formula
1,=1.424 x 1072¢JT~*, which is very essential in nuclear calculations.
Discussion:
It is straightforward that the state function (t) is an eigenfunction of
the operatorS,, the operator for component of spin in the direction
(cosp, —sinp, 0), with eigenvalue Ms=1, where

U

=B
p=3Bt

In other words, the quantum mechanical calculation agrees with the
classical result that the two protons may be regarded as a gyroscope,
which subjected to a couple by the magnetic field. Precesses about the

field with the Larmor frequency w;=yB, where the gyromagnetic
u

ratioy = .
The precession is in the opposite sense to that of the neutron, because,

for the proton, the magnetic moment and angular momentum vectors are

in the same direction. When the spin has precessed through an angle m,

the molecules is in the state Ms=-1 (specified relative to the x axis).

We might have guessed that from physical intuition. However, we might

also have guessed that, when the spin had processed through % the

molecules would be in the state Ms=0. The quantum mechanical
calculation shows this is not so; the state is actually mixture of 50%

Ms=0, and 25% each of Ms=+1, and the expectation value (S,.) for a%

rotation, is of course zero.
Conclusion:
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In conclusion, we have studied a quantum mechanical system comprised
of Stern-Gerlach apparatus of two magnets coupled to a constant
magnetic field B. In quantum regime, we have obtained analytical results
for the eigenfunction and magnetic momentum for the proton. Also we
show that the analytical investigation of the spin quantum number of
moving protons exhibit Lamor frequency, which is related to the
gyromagnetic ratio. Our results show that some protons emerge through
the second magnet of Sern-Gerlach apparatus for Ms=1 and this can be
adjusted by controlling the eigenfunction of the particles. These results
are useful for the accuracy of nuclear calculations and useful in solid
state for investigating the structure of crystals. Possible additional
studies include a different oven temperature of particle source and/or a
different magnet setting.

References:

[1] Y. Chen, Macroscopic quantum mechanics: Theory and
experimental concepts of optomechanics, J. Phys. B 46, 104001 (2013).
[2] Abramowitz, M. and Stegun, I.A., Handbook of Mathematical
Functions with Formulas, Graphs, and Mathematical Tables, US
Department of Commerce.

[3] S. Bose, K. Jacobs, and P. L. Knight, Scheme to probe the
decoherence of a macroscopic object, Phys. Rev. A 59, 3204 (1999).

[4] Giulini, D., Joos, E., Kiefer, C., Kupsch, J., Stamatescu, I.-O., and
Zeh, H.D. (eds.), Decoherence and the Appearance of a Classical World
in Quantum Theory, Berlin: Springer.

[5] Greenberger, D.M. and Zeilinger, A. (eds.), Fundamental Problems
in Quantum Theory, New York: Academy of Sciences.

[6] Scully, M.O. and Zubairy, M.S., Quantum Optics, Cambridge:
Cambridge University Press.

[7] P. Rabl, Photon blockade effect in optomechanical systems, Phys.
Rev. Lett. 107, 063601 (2011).

[8] Brandsen, B.C.., Physics of Atoms and Molecules, London:
Longman.

[9] Barrow, J.D., Davies, P.C.W., and Harper, C.L. (eds.), Science and
Ultimate Reality: Quantum Theory, Cosmology and Complexity,
Cambridge: Cambridge University Press.

Issue No (29) December 2022 42



_ University of Dalani Journal of Scientific Research of Science and Arts

[10] Beltrametti, E. and Cassinelli, G., The Logic of Quantum
Mechanics, Redwood City: Addison-Wesley.

[11] Bialynicki-Birula, I., Cieplak, M., and Kaminski, J., Theory of
Quanta, Oxford: Oxford University Press.

[12] Flato, M., Maric, Z., Milojevic, A., Sternheimer, D., and Vigier, J.-
P. (eds.), Quantum Mechanics, Determinism, Causality, and Particles,
Dordrecht: Reidel.

[13] Bohm, D. and Hiley, B.J., The Undivided Universe. An Ontological
Interpretation of Quantum Theory, London: Routledge.

[14] G. S. Agarwal and S. Huang, Electromagnetically induced
transparency in mechanical effects of light, Phys. Rev. A 81, 041803(R)
(2010).

[15] Herzberg, Gerhard, Molecular spectra and molecular
structure.l.Spectraofdiatomicmolecules,NewYork:  Van  Nostrand
Reinhold.

[16] Y.-D. Wang and A. A. Clerk, Reservoir-Engineered Entanglement
in Optomechanical Systems, Phys. Rev. Lett. 110, 253601 (2013).

[17] Flato, M., Maric, Z., Milojevic, A., Sternheimer, D., and Vigier, J.-
P. (eds.), Quantum Mechanics, Determinism, Causality, and Particles,
Dordrecht: Reidel.

[18] Giulini, D., Joos, E., Kiefer, C., Kupsch, J., Stamatescu, I.-O., and
Zeh, H.D. (eds.), Decoherence and the Appearance of a Classical World
in Quantum Theory, Berlin: Springer.

[19] B. P. Hou, L. F. Wei, and S. J. Wang, Optomechanically induced
transparency and absorption in hybridized optomechanical systems,
Phys. Rev. A 92, 033829 (2015).

[20] Bohm, A., Mostafazadeh, A., Koizumi, H., Niu, Q., and Zwanziger,
J., The Geometric Phase in Quantum Systems, Berlin: Springer.

[21] Braginsky, V.B. and Khalili, F.Y., Quantum Measurement,
Cambridge: Cambridge University Press.

Issue No (29) December 2022 43



_ University of Dalani Journal of Scientific Research of Science and Arts

GC- MS Analysis and Antimicrobial Activity of Curcuma longa
(Zingiberaceae) Oil

Abdelkarim, M*% Fatima, A.'and Tohami, E.?
1- Sudan university of science and technology, faculty of science.
2- University of Bahri,Faculty of Education.

Abstract

Curcuma longa, beside its culinary uses, has a long history in traditional
medicine. Curcuma longa rhizomes, which contain a yellow pigment,
are used as spice and are associated with many pharmacological
activities. Curcuma longa is disinfectant, antiseptic,analgesic and anti-
inflammatory. The plant possesses significant antioxidant capacity and
it is a natural remedy for skin irritations, ulcer and cancer. In this study
the GC-MS analysis of Curcuma longa oil revealed the presence of (45)
components constituents. Major constituents of the oil are: Ar-tumerone
(45%) and cyclohexane carboxamide, N-Benzyl-N-(2-phenethyl)-
(13%).The oil was screened for antimicrobial activity. Curcuma longa
oil exhibited significant activity against Staphylococcus aureus and
Pseudomonas aeruginosa.

Keywords: Curcuma longa, Oil, Constituents, Antimicrobial Activiy.
Introduction:

Curcuma longa (Turmeric) is an evergreen herb in the ginger
(Zingiberaceae) family.The plant is widely cultivated in the Asian
continent and specially in China and India for its economic and
medicinal value.This plant ,beside its culinary uses , has a long history
in traditional medicine’3. Tumeric rhizomes ,which contain a yellow
pigment, are used as spice and are associated with many pharmacological
activities.

Tumeric is disinfectant, antiseptic,analgesic and anti-inflammatory.The
plant possesses significant antioxidant capacity and it is a natural remedy
for skin irritations, ulcer and cancer. Tumeric is also used against
arthritis, allergic conditions and Alzheimers disease®. Tumeric is
antimicrobial, antimutagenic and antiparasitic>®. This plant contains
flavonoids, alkaloids,protein and some important amino acids’.
Materials and Methods
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Materials:
Plant material:
Curcuma longa L. roots were colledted from a forest reserve around
Damazin-Sudan. They were authenticated by direct comparison with
reference herbarium samples.
Microorganisms
Microorganisms used for antimicrobial activity are:
-Bacterial strains:
-Bacillus subtilis
-Staphylococcus aureus
-Escherichia coli
-Pseudomonasaeruginosa
-Fungal species:
- Candida albicans
Instruments
- GC-MS (Model: GC-MS-QP2010Ultra).
- Detector: Mass spectrometer.
- Company: Shimadzu.
- Column: Rtx-5MS, length(30m), dimeter(0.25), thikness(0.25pul).
- Carrier gas: Helium.
Methods:
Extraccion of the oil
The plant material(400g) was macerated with n-hexane at room
temperature for 72h. Removal of the solvent under reduced pressure gave
the oil.
Methylation of the oil
(3ml) of the oil sample was taken in to test tupe. (7 ml) of alcoholic
NaOH (prepared by dissolving 2g of NaOH in 100 ml metanol) were
added followed by (7ml) alcoholic sulphuric acid.The contents were
shaked for about 3 minutes, then left overnight .(2 ml )of supersaturated
NaCl was added .(2 ml) of normal hexane were added and then the
contents were shaked for three minutes and the hexane layer was
collected. (5 pl) taken from the hexane layer were diluted with 5ml
diethylether. (1 gm) of sodium sulphate was added as drying agent.Then
the solution was flitered and 0.45 um(l ul) was injected into the GC-MS
vial directly
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GC-MS analysis

The GC-MS analysis of the extracted oil was recorded on a Shimadzu
QP2010 Ultra, the chromatographic conditions are shown below.
Chromatographic conditions

- Column ovan temperatur : 60.0°C.

- Injuction temperatur : 280.0 °C.

- Injuction Mode: Split.

- Flow control mode: linear velocity.

- Pressure: 93.2 KPa.

- Total flow: 50.0ml/min.

- Column flow: 1.5 ml/min.

- Linear velocity: 44.7 cm/sec

- Purge flow: 3.0 ml/min.

Oven temperature program:

- Rate: 10°C/min.

- Temparture from (60—300) °C

Testing for antimicrobial activity

The cup-plate agar diffusion method was adopted, with some minor
modifications to assess the antibacterial activity of the extracted oil. One
ml of the isolated standardized bacterial stock suspension (108-10° C.F.U
per ml) were thoroughly mixed with 100 ml of sterile molten Mueller-
Hinton agar which was maintained at 45°C. Twenty ml aliquots of the
inoculated Mueller-Hinton agar were distributed onto sterile Petri dishes.
The agar was left to setle, and in each of these plates, two cups (10 mm
in diameter) were cut using a sterile cork borer (NO.4) and the agar discs
were removed. Alternate cups were filled with 100uL of samples of each
of the extracted oil, using standard fine adjustable automatic pipette and
allowed to diffuse at room temperature for two hours. The plates were
then incubated in the upright position, at 37°C for 18 hours. Two
replicates were carried out for the oil against each of the tested
organisms. Simultaneously, positive control involving the addition of
methanol instead of the extract was included. Upon the completion of
incubation, the diameter of the resultant inhibition zones was measured,
averaged and the mean values were tabulated.
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The same method used above was used to assess the antifungal activity.
Sabouraud dextrose agar was used here and the inoculated medium was
incubated at 25°C for three days.

Results and Discussion:

GC-MS analysis of Curcuma longa oil was conducted and the
identification of the constituents was accomplished by retention times
and MS fragmentation pattern. A 90-95 % match was observed when
comparing the mass spectra with the database on MS library. The typical
total ion chromatograms (TIC) is depicted in Fig. (1). Major constituents
of the oil are: Ar-tumerone (45%) and cyclohexanecarboxamide, N-
Benzyl-N-(2-phenethyl)- (13%).

Table 1: Constituents of Curcuma longa L. oil

No. Name Ret.Time | Area%
.alpha.-Phellandrene 5.953 0.13
3-Carene 6.065 0.03
0-Cymene 6.349 0.48
D-Limonene 6.422 0.02
Eucalyptol 6.488 0.58
Isoborneol 9.287 0.03
3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)- | 9.484 0.04
.alpha.-Terpineol 9.773 0.07
Bicyclo[3.1.0]hexan-3-ol, 4-methylene-1-(1- | 10.025 0.09
methylethyl)-, acetate
Thymol 12.129 0.60
2-Pentanone, 4-methyl-4-phenyl- 13.440 0.35
Caryophyllene 14.179 0.27
6,10-Dodecadien-1-yn-3-ol, 3,7,11-trimethyl- 14.612 0.21
.beta.-Bisabolene 14.715 0.04
1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, | 14.801 0.03
Z,727-

Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 15.240 3.39
1,3-Cyclohexadiene, 5-(1,5-dimethyl-4-hexenyl)-2- | 15.454 0.28
methyl-, [S-(R*,S*)]-

cis-.alpha.-Bisabolene 15.687 0.53
Bergamotol, Z-.alpha.-trans- 15.758 0.10
Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6- | 15.968 1.93
methylene-, [S-(R*,S*)]-

.alpha.-Santalol 16.067 0.27
7-epi-cis-sesquisabinene hydrate 16.500 0.21
2,5,9-Trimethylcycloundeca-4,8-dienone 16.579 0.29
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3-[(3-Imidazol-1-yl-propylamino)-methyl]-8a- 16.671 0.10
methyl-5-methylene-decahydro-naphtho[2,3-b]furan-

2-0ne

Curlone 16.891 0.45
p-Menthane, 2,3-dibromo-8-phenyl- 16.960 2.61
7-epi-trans-sesquisabinene hydrate 17.124 0.68
3-Methyl-2-butenoic acid, 2,7-dimethyloct-7-en-5- | 17.187 0.25
yn-4-yl ester

Benzene, 1,4-dimethyl-2-(2-methylpropyl)- 17.383 2.62
cis-sesquisabinene hydrate 17.515 1.17
Benzene, (1,1,4,6,6-pentamethylheptyl)- 17.740 1.56
trans-Geranylgeraniol 17.801 0.99
Pregna-3,5-dien-9-0l-20-one 17.880 1.69
Dichloroacetic acid, 2,7-dimethyloct-7-en-5-yn-4-yl | 18.123 1.27
Ar-tumerone 18.413 45.55
Tumerone 18.449 4.64
Cyclohexanecarboxamide, N-benzyl-N-(2- | 18.967 18.17
phenethyl)-

Naphthalene, 1,1'-(1,10-decanediyl)bis[decahydro- 19.620 1.27
3-Methyl-2-butenoic acid, tridec-2-ynyl ester 19.892 0.47
Pentadecane, 2-methyl-2-phenyl- 19.964 0.54
1H-Indene, 2,3,3a,4,7,7a-hexahydro-2,2,4,4,7,7- | 20.014 3.57
hexamethyl-

2-Propenoic acid, 1,7,7-trimethylbicyclo[2.2.1]hept- | 20.368 0.75
2-yl ester, exo-

Spiro[bicyclo[3.3.0]octan-6-one-3-cyclopropane] 20.548 0.47
1-1sopropenyl-3,3-dimethyl-5-(3-methyl-1-0x0-2- 21.264 0.75
butenyl)cyclopentane

Cyclohexanecarboxylic acid, 3-phenylpropyl ester 21.501 0.46

1 | mit L |
] ] ] | T _M T | T T 1 | T T I | T 1
a0 [H] 10 25
Fig.1: Total ion chromatograms
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Table 2: Major constituents of Curcuma longa L. roots oil

No. | Name R.T Formula Mw | Area%
1 Ar-tumerone 18.413 | CisH200 | 216 |45
2 Cyclohexanecarboxamide, N- | 18.967 | C2H27NO | 321 |13
benzyl-N-(2-phenethyl)-

The IR spectrum of the major components are presented in figures 2 and
3.The molecular ions signals appeared at the expected m/z signals.
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Fig.2 : The mass spectrum of Ar-tumerone

1 e e L
i i j i i | | | | | | i
i i i i i i i i i i i i
N 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
. | . | | . . . . . . |

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1
T--"rT"°°°°° aTTTTTTe s 1=--==" Il I T=°"==°=°° F=======" [ L F=======" [ ===

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1

'sﬂn ﬁn"idm oW | E"'ishn I ﬂzﬁn

Fig .3: Mass spectrum of cyclohexane carboxamlde, N-Benzyl-N-(2- phenethyl)

Antimicrobial activity

Curcuma longa oil was screened for antimicrobial activity against five
standard microorganisms.The results were interpreted as follows.
Inhibition zones were interpreted as follows: <9mm, inactive; 9-12,
partial activity; 13-18mm active; > 18mm, very active. Ampicilin,
gentamycin and clotrimazole were used as positive controls.The studied
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oil showed significant activity against Staphylococcus aureus and
Pseudomonas aeruginosa(Table 3).
Table 3: Inhibition zones (mm/mg sample)

Type Sa Bs Ec |Pa Ca
Oil (100mg/ml) 36 -- -- 25 -
Ampicilin (40mg/ml) 30 15 - - _
Gentamicin (40mg/ml) 19 25 22 21 --
Clotrimazole (30mg/ml) -- -- -- -- 38

Sa.: Staphylococcus aureus; Bs.: Bacillus subtilis; Ec.: Escherichia coli;
Pa.: Pseudomonas aeruginosa; Ca.: Candida albicans
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Abstract:

Recently achieving reliable, successful findings in the field of peace
studies has been a difficult task; it depends on good planning and best
knowledge of the conflict stages. The gradually progress in reaching
solutions gives mediators an opportunity to choose the appropriate stage
of conflict and time to intervene achieving conflict resolution. Conflicts
in Sudan and in the Nuba Mountains (South Kordofan) have its causes
and complications. Achieving an agreement to settle the seventeenth
year's war is not an easy job, in the Nuba Mountains Ceasefire
Agreement (2002), the parties negotiated and agreed on ceasefire led to
the comprehensive peace Agreement (2005). This study, an analytical,
evaluated study for the Nuba Mountains Ceasefire Agreement,
Switzerland, which considered by number of scholars as one of the very
successful ceasefire agreements, it was well organized, supported by the
local and international community assist in successful implementation.
The study talked the Agreement and analysis its eight Articles, the
Articles unbiased and comprehensive. It evaluates the administrative
organization monitoring the Ceasefire Agreement and the good
cooperation between the warring parties and the local and International
community; this led to the Comprehensive Peace Agreement (CPA).
Peace and conflict studies researchers may make use of this study.
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Introduction:
South Kordofan State located in the west of Sudan, as one of the three
States of Kordofan region. Historically the area famous as the Nuba
Mountains, that the Nuba tribes anciently inhabited these hills. Other
tribes sharing settling the area. The colonial regime considered the region
as closed district (the closed district act 1922). This brought so many
complications so far.
Although, the people of the region faced: isolation, lack of education,
health services, political and social injustice concluded in the term -
marginalization.
The Nuba initiated social and political organizations to help their
communities, as they feel, they were marginalized and they were
suffering much more than others.
In 1948 the Black Rock was borne as an organization represented
Negros.

In 1964 The Nuba General Union Party conducted as a political party
and won six members to the Sudanese National association.
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The Nuba after their awareness, initiated many political organizations,
the last one was the Sudanese People's Liberation Movement/Army
/Nuba (SPL/M/A) - in 1983.

They occupied considerable territories on land. Many people both male
and female joint their military and they fight for long period -1985-2002.
The Government of Sudan initiated many opportunities for ceasefire
agreement, but the last one of Switzerland-Burgenstock January 2002,
which was the initiative of the American special envoy to Sudan
Danforth,2001, was the very successful. It was acceptable Agreement,
welcomed by the people of the region. It produced the Joint Military
Commission (JMC), and the Joint Monitoring Unit (JMU), which were
considered as the best pre-peace duration body's yield to Peace
negotiation in Sudan.

The Nuba Cease-fire Agreement was the way achieved peace in Sudan
2005. One of its impacts the South Sudan Ceasefire Agreement and the
Comprehensive Peace Agreement (CPA) between the Government of
Sudan (GoS) and the Sudanese People's Movement /Army (SPL/M/A)
in Nairobi 2005, that emerged anew country added to the world, that is
South Sudan Country. Here in this study Nuba Mountains means: -

The whole South Kordofan and the province of Lagawa in west
Kordofan as it was defined in the Nuba Mountains Cease-Fire
Agreement Burgenstock (2002) - Principles of the Agreement.

The problem:

The Nuba people declared their joint to the Sudanese People's Libration
(SPLA/SPLM), in 1983. They constructed their own military conveyed
from civilian opposition parties to violent conflict parties. Since 1985
they conquered Omdurain village the head quarter of the Moro tribes,
the ever biggest tribe of Nuba tribes and who belongs to the strategic
locations, including Kouda which had been the headquarter of
SPL/A/M/Nuba later.

The Movement was success in persuaded a number of youths, both men
and women to joint their military at that time. They send the polarized
people to Ethiopia for training as Arm Bush Troops. Since 1985 they
returned to the area and began seriously fighting against the government
military. They declared that the unfair wealth and power sharing in
Sudan is the real motive (incentive) for uprising against the republic of

Issue No (29) December 2022 53



_ University of Dalani Journal of Scientific Research of Science and Arts

the Sudan. And declared that they will fight until the problem will be
solved. Since then, the area had been under conflict, both sides polarized
people to their side, but those who were not with them were be killed,
abducted and others taken as prisoners'.

The Nuba Mountains citizens, since then lived under conflict, they
witnessed death, lost their cattle, homes, and displaced. They were really
under critical problems waiting for solutions. The gate to settle conflict
Is peace which would start with ceasefire.

Objectives of the Study:

The study trying to high light on circumstances provided the Cease-fire
Agreement in the Nuba Mountains at Burgenstock - Switzerland 2002,
and evaluates the whole process steps and successful prospect through
analysis of international community attitude, the two warring party’s
positive response and the Cease-fire Agreement Eight Articles to emerge
out the causes of the successful implementation.

Danforth's Efforts:

Between so many attempts of mediations between the government of
sudan and the Sudanese peoples Liberation Movement the American
Special Envoy Danforth succeeded in calling the two warring parties to
sit for negotiation. When Jon Danforth, the nearly appointed United
States of America Presidential Special Envoy for Sudan, visited the
region in October 2001, he unveiled a four-point confidence-building
plan. His aim was to test the willingness of the warring parties the
Government of the Sudan (Go’s) and the Sudan Peoples' Liberation
Movement/Army (SPL/M/A), to settle the 18-years conflict.

Danforth's plan was designed to facilitate a ceasefire in the Nuba
Mountains, to enable humanitarian aid by temporary cessation of
hostilities and to put an end to aerial bombing of civilians and slave
raiding.

After years of preliminary talks pressures has increased considerably on
both parties to come to a settlement — on Khartoum as a result of
supporting Osama Bin Laden in the late 80's and on SPLM/A because its
territories were partially sealed from humanitarian aid resulting in wide-
spread suffering. The Nuba Mountains truce was effectively both a test
case and catalyst for Danforth's ambitious plan.
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The prospect for negotiations was helped because the government forces
had fought to a stand stilly with the SPL/A entrenched in the hills and
the Sudanese armed forces controlling the plains.
Further the areas strategic importance was relatively low, despite its
location at the historical North South border and a stride the pipeline
caring the oil from the south to Port Sudan.
However due to its central position and its wide variety of ethnic groups
of Arab and African origin the Nuba Mountains region considered as the
heard of Sudan. This ethnic mix reflects Sudanese society.
Why the Nuba Mountains ceasefire is first in Sudan?
The conflict in Sudan considered as an ever longest conflict in Africa,
so the international community regard the end of the war in Sudan is a
humanitarian goal that must be achieved.
According to its interests, experiences the United States of America
provided a will and provided an advice that achieving a comprehensive
peace agreement in Sudan is an appropriate starting to settlement, the
beginning from the Nuba mountains because of:
1. The ingredients of the problem are different from those of the
South of Sudan, and the problem reliable to be solved.
2. The conflict in the Nuba Mountains at the transformation stage
(Improvement).
3. The strong will of the community of the region to stop fighting and
achieving peace.
4. The possibility of overpower (domination) of either of the parties
was not expected sooner so this brought them to commitment.
Nuba Mountains will be the appropriate access for planning for
negotiations to stop Sudanese long conflict in Africa.
Stages of Conflicts:
The proper timing for the mediator to intervene in conflict resolution
almost relevant to the stages of the conflict. To give an evident image on
the issue in the Nuba Mountains we should discuss the stages of conflict
to verify that the American intervene came at the time required. The
stages of conflict can be tackled in details according to the researcher
school and vision, but the over whole idea is semi alike.
1. No conflict and The Hidden (Latent) Stage:
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South Kordofan before the year 1964, the post Sudan Independence era,
lived full secured atmosphere. The region was rich with its natural
resources. People were living simply, looking after their cattle, managing
their farms and enjoying their social competitions. They accepted the
poor services produced for them by the governments, hospitals, schools,
roads, etc. The society was ruled by simple uncomplicated native
administration system. The Native Administration system was
constructed by the Turkish and promoted on the English - Egyptian

Ruling era. National Governments of Sudan continued ruling by the

same system. The Native Administration system got an administrative,

judiciary and financial authorities. This system flows its negative
shadows later on the local community. Let us brief some of them below:

- Names; in the colonial Acts for the native administration, the Arab
Native Administration organized as EI-Shiekh, Omda and Nazire.
where in the Nuba as El-shiekh, Mekk and Soltan. The Skelton of the
Arab Native Administrative system was based on unity and assistance
support system, where the Nubian based on unconsolidated tribe’s
system. These names later differentiate between the people who were
of the same society on the same geographic area and under one ruling
system.

- The salaries paid for the Arab Native Administration were higher than
those paid for the Noba system.

- The Nuba tribe’s members admitted to own guns and munitions
where the Arabs were not.

- The taxes were paid in the Arab system for cattle and wealth, but in
the Nuba system for a man head (dignia). Later to some extent people
gained awareness, SO many questions came to the surface.

Why the power and wealth sharing of the region on the National level

was nil. (Either on the political or the public job). On the other hand, the

Arab tribes almost were nomads, while the Nuba tribes were almost

farmers, and the relationships between these economical activities

looked contradictable emerged to deep unannounced hatred between
farmers and pastoralists. All these may consider as general factors
constituted the hidden stage in the Nuba Mountains case.

2. Emergence and Escalation Stage:
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At the democratic era, 1964 — 1968, all the circles for elections
represented by central candidates, they won and depart without devoting
any attention or services to the people of the region. Such phenomenon
added to some awareness in the area guided to conduction of the Nuba
Mountains General Union Party, in 1964, which won six seats to the
Sudanese National Association. This political Party put on shoulders the
issues of marginalization of the region. In 1972 a youth's organization
conducted in Kadugli High Secondary School (Tilo), called Komolo, that
was the plant grown to born Sudanese Liberation Movement (SPLM)
(1983), and the National Sudanese Party also founded. These political
parties composed a case of an organized opposition to the governments
through the official State's Institutions and Organizations. On such
environment the mentioned parties began discussing and planning to turn
the table from civil political conflict to fight the regime.

3. Conflict Stage:

Komolo was working in high secured system. In 1983 they decided to
send number of their members to study the possibility of joining
Sudanese Liberation Movement/Army (SPLM/A) commanded by
Doctor John Garang. Actually they joint (SPL/M/A) in the same year and
declared the starting of a new era, an era of fighting, they declared the
Nuba Mountains as an area of violent conflict number two. They
attacked Elgardood south Talodi province in 1985, they killed number
of civilians. Also attacked El azrag, El-Taiss, Korongo Abdalla and EI-
Hamra, 1989. They declared Kouda as head quarter for SPL/A/ Nuba.
This Stage took the time from 1983 to 2001, the time of the American
Special Envoy to the Sudan Danforth’s mediation.

4. The Improvement:-

The two parties were fighting each other since 1985 up to 2001. The
international community at that time did so many actions to convince the
warring parties to sit for negotiations. The Government of Sudan faced
economical complications; political pressure from the internal
opposition, this made the Government revised its attitude upon the
running war. On the other side the Sudanese Liberation Movement lost
most of its territories occupied before and lack of food and services also
compelled them to do the same. These circumstances brought the two
fighting parties change attitudes and thought about their rights, good will
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about the other, this is the stage of improvement, constituting the best
moment for the mediator to intervene.

Mediation:

Mediation is a structured, interactive process where an impartial third
party assists disputing parties in resolving conflict through the use of
specialized communication and negotiation techniques, all participants
in mediation are encouraged to actively participate in the process.

A mediator is an acceptable person to warring parties who intervene in
an appropriate time to call the parties to sit for settlement and facilitate
the negotiations between the parties to the conflict. Hereby, the United
States of America played this role in our case the Nuba Mountains
Conflict Resolution. The American mediator represented by Danforth,
intervene at the appropriate stage of conflict, the improvement stage. His
pre-negotiation arrangements were good access for signing the Nuba
mountains Cease-fire Agreement (2002) and later the Comprehensive
Peace Agreement in Sudan (2005), Nairobi, Kenya.

The Plan for Cease-fire Talks:

Planning recently has been the key for success. The satisfied information
available to the mediators gave the map for them to take the right way
and stream to settle up conflict in the Nuba Mountains. They draw a good
plan to this. The duration of ceasefire for a renewable period of six
months. This was a properly period in flexible terms. Each delegation
was announced to appoint ten members to the talks, six were took floor
on talks; and the other four members assisted them.

The Governments’ delegation included four members from the region,
from different positions; and the other six members specialized persons.
And the Movements™ delegation included three persons from the region
and seven specialized.

In December 2001, as a result of United States efforts, the government
of Sudan and SPLM agreed in writing that they were "prepared to engage
in direct negotiations on the details of the cease-fire, in the Nuba
Mountains region, and to meet immediately anywhere in a third
country”. Since the parties to the conflict could not agree on allocation
in Africa the Swiss Government was asked to host negotiations.
Negotiations:
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On January 7.2002, an American delegation led by Colonel Dennis

Gidens visited burn to prepare the talks and invited Ambassador Joseph

Bucher from the Swiss ministry of Foreign Affairs to chair the mediation

team due to his long term involvement in Sudanese Affairs — with the

inclusion of additional military and legal experts from both countries, the
mediation for ceasefire talks became a Swiss — American joint venture.

On January 13" and 14" the two Sudanese delegations headed by

commander "Abdalaziz Adam Alhillo (Governor of the SPLM/A region

of the Nuba Mountains), and Dr. Mutrif Sidig Ali (Permanent Secretary
of the ministry of Foreign Affairs in Khartoum), arrived at Burgenstock
in Switzerland to commence the talks.

The Agreement:

On January 19, 2002, after five days of negations, The Government and

the SPLM/A signed the Cease-fire Agreement for the Nuba Mountains

at Burgunstock.

The main three points of the Agreement were:

e A commitment to end all military fighting in the Nuba Mountains for
a duration of six months (this will be renewable with the agreement
of the parties);

e The establishment of the international military commission to assist
the parties in the implementation of the agreement ie. a
disengagement of their military forces within six months (according
to detailed schedules laid down in annex to the agreement).

e The creation of three different zones in the Nuba Mountains (the first
exclusively SPLM controlled, the second demilitarized but
Government controlled and the third — and by far the largest — zone
remaining under government control)

The Agreement consists of eight articles beginning with a preamble of

about five paragraphs. Mentioning the agreement reached between the

two parties representatives during the meetings which took place in

Sudan from the 6™ -13'" of December 2001, to immediately observed and

extend the current military stand - down and to apply it to the Nuba

Mountains to facilitate negotiation of the cease-fire and the relief and

rehabilitation program;

Reaffirming the will of the parties to negotiate an international

monitoring cease-fire agreement to cover the Nuba Mountains,
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supervised by a joint military commission (JMC) including third - party
participation; and their aware of the vital need to establish a settlement
to the conflict which has been taking place for many years and to
promote peace in the Nuba Mountains; they having met at the invitation
of the Governments of the Swiss Confederation and the United States of
America at Burgunstock, Switzerland from 13" - 19" January 2002 to
agree on the terms of such cease-fire.

The Articles of the Agreement tackled different issues relevant to the
implementation of it, covered both sides necessary for easy successful
application.

The Analysis of the Agreement:

The Joint Military Commission (JMC) and the International
Monitoring Unit (IMU).

The Joint Military Commission (JMC) referred to a preamble of the
Agreement, that the internationally monitored cease-fire agreement to
cover the Nuba Mountains, supervised by a joint military Commission
(JMC), including third party participation. Article (V1) detailed on the
(JMC) functions. These functions are relevant to the implementation of
the Agreement Articles.

A joint Military Commission shall be established to assist in the
disengagement and redeployment of the combatants and maintaining the
ceasefire in accordance with the terms of this Agreement.p.84

In Article (VII) of the Agreement detailed on the international
Monitoring Unit (IMU).

An International Monitoring Unit (IMU) shall be established to assist the
parties in implementing this Agreement and maintaining the Ceasefire.
The (IMU) shall work in collaboration with Joint Military Commission
provided for in Article (\VI1). The two bodies initiated as mentioned in
the Articles of the Agreement to assist, share and ease the
implementation of the Agreement.

The (JMC) composed of (3) representatives from each party and a neutral
Chairman with two Vice — Chairmen.

The Chairman and the two Vice-Chairmen shall be appointed by the
participating countries in consultation with the parties. That the total
number of (JMC) members should be (9) persons, (6) of them Sudanese
Nationalities and three were foreign Nationalities. Where (IMU) consists
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of an initial contingent of between 10 and 15 military and civilian

personnel provided by countries acceptable to the parties and deployed

as monitors in the Nuba Mountains.

The two bodies members were appointed almost by countries accepted

to the parties, this is enhanced the conducted body to do its job smoothly,

neutrally and build confidential environment for implementation of the

Ceasefire Agreement. Also this brought the two warring parties to give

their quick serious response for the orientations, request ions and

observations provided by the (JMC) and (IMU).

The functions of the (JMC) and (IMU) were complementary. In few

cases some functions done by the two parties.

The specific functions of the Joint Military Commission mentioned in

Article (V11-2) are:

a. Determining the location of combatants as of the effective date of this
Agreement; verifying their disengagement;

b. Monitoring and reporting on the redeployment of combatants from
combats positions to defensive positions.

c. Monitoring and reporting on the storage of arm, munitions, and
equipment;

d. Supervising the mapping and clearance of mines (this may be done in
phases taking in account the requirements of the humanitarian
assistance;

e. Inspecting all supplies to both parties;

f. Approving all flights destined to the Nuba Mountains and assure

notification to the parties;

Coordinating all military movements in the Nuba Mountains;

. Resolving disputes concerning the implementation of this Agreement

including the investigation of any alleged violation;

I. Facilitating liaison between the parties for the purposes of this
Agreement.

On the other hand, the mandate of the International Monitoring Unit

(IMU) included the following:
= To observe and monitor the cessation of hostilities.
= To monitor the disengagement of forces and their redeployment to

defensive positions as stipulated in the Agreement;

=@
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To verify all information, data, and activities of the parties in the
Nuba Mountains;

To assist the parties in creating a favorable operational
environment for the conduct of the ceasefire;

To conduct liaison with humanitarian organizations for the
purpose of assisting with relief operations; upon request by any of
the parties; to investigate alleged violations of the agreement and
to recommend measures to ensure compliance.

Cessation of hostilities and disengagement:

The first step for the process of cease fire is to convey the theme of
violation to some extent to a good will to each other. It is beginning with
cessation of hostilities, on this side the Agreement mentioning in article
IV, the bellow:

1. The parties shall announce a cessation of Hostilities, to be effective

within 72 hours after the signing of this agreement that announce
of cessation of hostilities shall be disseminated by the parties
through command channels, and shall concurrently be
communicated to the civil Population via print and electronic
media.

. Until the deployment of international observer, the cessation of

hostilities shall be regulated and monitored by the parties through
the JMC. Once it has been deployed, the international monitoring
unit IMU shall report to the IMC regarding verification control and
monitoring of the cessation of hostilities and subsequent
disengagement.

. Once cease-fire has become effective, neither of the Parties shall

engage in movement or redeployment of forces resulting in tactical
or strategic advantage.

. Any violation of the cessation of hostilities and subsequent events

shall be reported to the JIMC through agreed chain of command for
investigation.

In fact, the implementation of this article on land was simply applied.
The people of the area were received the signing of the agreement with
wishes and hopes and real will to progress forward to peace. The term
before established of the international observers, JMC and IMU
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witnessed commitment from parties, militaries and civilians. At this term
no violations recorded but all were committed.

Avrticle V, tackled the process of disengagement of militaries of the two
parties. This is a very important after a successful cessation of hostilities.
Disengagement enhanced the real will of the warring parties to bring
settlement to conflict. In this article of ceasefire (2002) mentioned:

1. Immediate disengagement of all combatants provided in article 11,
paragraph |, principles of the Agreement, shall be limited to
effective range of direct fire weapons. Further withdrawal of
weapons so as to place them out of range shall be conducted of the
Joint Military Commission.

2. Where immediate disengagement is not possible, as determined by
the JMC, a sequence of steps is to be agreed upon by the parties
through the JMC.

3. Allartillery and indirect fire weapon system within and influencing
the Nuba Mountains will be rendered safe in away designated by
the JMC.

The disengagement of the combatants, of course is very important step
in the cease-fire process, to keep militaries away from each other at
appropriate distances, giving the opportunity for both parties and
observers to deal with their troops in case there is any indications of
violations or incompliance. The next is the movement to defensive
positions after disengagement of combatants. Article VI, detailed on the
issue of movement to defensive positions:

1. Following disengagement in accordance with the terms of Article
V, all combatants shall redeploy from combat positions to
defensive positions in accordance with annex B.

2. Upon re-deployment to defensive positions, all combatants shall
provide relevant information on troop strength, armaments and
weapons they hold in each location to the Joint Military
Commission,

3. The JMC shall verify the reported data and information. All
combatants shall be restricted to the declared and recorded
locations and all movements shall be authorized by the IMC.
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All facilities customarily made available to solders, but which cannot be
provided at the defensive positions, such as hospitals, logistics units and
training facilities, shall be supervised by JMC

Authorities of the (JMC):

In Article (VII-5), the JMC shall be authorized to hire contractors,
employ personnel, engage observer and obtain supplies and equipment
to assist it in caring out its responsibilities. The parties agree to facilitate
the importation of necessary supplies and equipment required for the
JMC's activities.

Field of collaboration between JMC, IMU and the parties to the

Conflict.

Acrticle VII.8. gave the parties undertake to provide the

JMC immediately on request with all relevant Information necessary for
implementation of this Agreement.

Agreement including the organization, equipment and positions of their
forces, on the understanding that such information shall be held in strict
confidence.

The parties also under take to accord the JMC and its personnel the
facilities, privilege and munities appropriates to its mission.

Inarticle VIII-4 and 6. The IMU shall keep the parties to the Agreement
of its observation and monitoring operations.

The size of the IMU may be adjusted with the Agreement of the parties

and necessary to carry out the objectives of this Agreement. When we
read through details of article (VII) and (VIII) in the Agreement of
ceasefire we can conclude the following:
These articles well organized, because of the specific roles each of the
JMC and IMU and the parties can play, it evident that the JMC had an
executive responsibility than the IMU, the IMU seems as if it was a
consultancy or controller body so the Agreement trying to avoid
contradictions, this achieved simplicity in the implementation on the
ground. It observed also from the articles that there was a big cooperation
between the parties concerned, JMC, IMU and the two warring parties.
This facilitated the task on the field.

Evaluation and Lessons Learnt from the Nuba Mountains Cease-
fire (2002):
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Here below the statistic refer to complaints received by JMC awarded
ceasefire violations and those responsible. They reflect the developing
situation during the JMC's deployment: in the last two years only few
violations were awarded, equally on both sides. When GoS denied access
to its Pipeline Units, repeated violations were awarded. Only one of them
Is included in the statistics, as all of them refer to the same issue (failure
to provide information).

1. CFA violations 29%.
2. Not CFA violations 31%.
3. Unsubstantiated 22%.
4. No action taken 13%.
5. Not investigated 5%.
6. Open 0%

Here we provide some selected reports evaluated or persons giving their
opinions on the implementation of the Nuba Mountains Ceasefire
Agreement. All of them participated on the process somewhere.

Dr. Motrif Sidig, the Undersecretary of the ministry Foreign Affairs
Sudan, Leader of the GoS Delegation to the negotiations, wrote:

What has been achieved may provide significant of lessons for future
ceasefire and peace initiatives in Sudan, other African countries and
elsewhere in the world.

The JMC is unique for four reasons:

Firstly; the JMC is not mandated by the United Nations as are most
international peace initiatives.

Secondly; the Nuba Mountains Ceasefire Agreement was initiated in the
absence of a comprehensive peace agreement with the primary objective
to meet humanitarian needs of the people of the area as well as
confidence building measures. Thirdly, the mixed structure of the JIMC
of unarmed observers and local teams consisting of representatives from
each of the Sudanese parties and one international staff member provided
impartiality and transparency.

Fourthly; the JIMC was supported politically by the friends of the Nuba
Mountains which was composed of several diplomats based in Khartoum
representing the countries sponsoring the JMC including twelve
European countries and the United States of America. This support gave
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credibility band leverage to the ceasefire agreement, and eventually to
the comprehensive peace process with regards to the entire Sudan.
Commander Abdalaziz Adam Alhilu, SPLM Regional Secretary's Nuba
Mountains (South Kordofan), Leader of SPLM delegation for Nuba
Mountains Ceasefire (2002), reported:

Through three years of hard work and commitment, the JMC has paved
the way for tranquility after a long history of aggression, settlement after
displacement and trust to replace hatred. Not only that, but the JMC has
become a leading example to our country and region. It is an incredible
achievement in such short time, which would not have been possible if
not the quality of both the mission and its personnel.

Bragdier General Jan Erik wilhemsen, Head of Mission JMC, recorded:
By taking on and leading this mission in the Nuba Mountains | had the
opportunity to implement in the field 15 years of theoretical and practical
experience from several other missions and peaces keeping tasks.
Nothing, except for the Ceasefire Agreement, was prepared and that gave
me the position to form the mission from the start in line with all the
good principles laid in the United Nations Charter and the Strategy,
policies and doctrines learned from different peacekeeping missions and
training. | was given a free hand and a lot support from all the nations
and authorities supporting the mission. For this | am very grateful.
Mission members face two cultures; one inside the mission and one in
the Nuba Mountain. In his/her daily work every mission member must
learn and respect both cultures to be able to communicate in a National
culture, and agenda must be suppressed, and unity of effort along the
lines of the idea of the agreement is the key to success.

Relationships and confidence building are the corner stone to achieve the
results on the ground. I found it easy to do this from the first day, as the
people of sudan are very forthcoming, hospitable, polite and kind.

The people, irrespective of rank and status, have shown a positive
attitude to the mission and they want to contribute to solutions and
promote the culture of peace and reconciliation.

This is very promising for the future and makes me believe in a
permanent and peaceful solution for Sudan with the opportunity for
development and a potential to be the good example for the whole region.
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Under, Cultural awareness is the key, brigadier General: Hussain Zakaria
Ismaail, senior GoS representative of the JMC, Chairman Group,
reported:

One key factor for the success of the mission has always been the high
cultural awareness. To me it became very obvious in the last three years,
that problems can never be solved by force, but only by considerate
mental power, it allows us to assist in conflict resolution efficiently,
without interfering with the local culture, | hope very much that future
peace support operations in Sudan will follow the same principles.
Commander Adam Kuku Kudi, Senior SPLA Representative of the IMC
Chairman Group, reported:

| fully concur with all decisions the chairman group has made, we agree
on all issues, though sometimes it took some time and diplomatic skills
to make a good decision-this is something | really learnt in the
Chairman's Group: to discuss things, negotiate solutions and finally find
a good compromise acceptable for both sides. So the Chairman's Group
experience taught us a lot-on the personal level as well as for the
upcoming political decision.

Lisa Schimann from Sweden, Police Monitor, al so reported:

My team includes a GoS police officer and a SPLA police officer, both
male. Though our working language is English, they are for more
comfortable in Arabic, which I am not-So we have a lot of funny
misunderstandings, but in the end we always manage to sort things out,
communicating in our language mixture, with body language and
sometimes with the help of a translator, if all this leads to now here.
Our main work is to strengthen the local police with advice and support.
We monitored ongoing investigations, facilitate the exchange of
information, and we try to incorporate our experience if required. We
have never been prevented visiting or investigating in village-thanks to
Sudanese team members who always find the right words to create an
atmosphere of trust. We can move freely between the two areas. Just as
it has been agreed upon, and this facilitate our work considerably.
Conclusion:

In this study our first finding is that, the real strong will of the local
community, and the fighting parties for peace, with the assistance of the
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International community provided the successful Nuba Mountains

ceasefire.

The second finding is that, the good planning and preparations for the

negotiations by the mediator, and the good appointment of the teams of

the two warring parties born successful negotiations.

Third is that, the specifically definition to the problem help parties to

jump over obstacles to sign the Nuba Mountains Ceasefire Agreement

within five days.

The immediate serious implementation of the Ceasefire Agreement led

to the Comprehensive Peace Agreement in Nairobi, 2005.

The long practical experience teaching the people of Sudan how to

discuss issues and negotiate with each other’s in smart civilized way.

Nuba Mountains region still after separation of the South of Sudan needs

extra assistance from the International Community to attain sustainable

peace and sustainable socio-economic development.
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Abstract

This study tackles the academic accreditation and its role in the
development of academic Programs in Sudan. It aims at investigating to
what extent the accreditation plays role in developing or improving the
actual practices of academic programs. A questionnaire was
administered to (77) university professors in (5) colleges of four private
institutions of higher education in Sudan. The study shows that (91.3%)
of the participants strongly agree that accreditation has a significant role
in the development of academic programs. It also reveals that private
institutions of higher education endeavor to please the accreditation
agencies and satisfy the interest of their candidates by supporting the
teaching/learning processes with appropriate learning resources. The
study recommends that more studies of this sorts at large scale are needed
to include various institutions or to investigate both graduates and
stakeholders. It also recommends that accreditation agencies need to
monitor closely the accredited institutions and programs to maintain
continuous academic performance that meets the accreditation standards.
The study also recommends that accreditation agencies need to exercise
further pressure on private institutions to provide their staff members
with sufficient financial rewards comparable to their counterparts in
other countries.

Keywords: accreditation — agencies -private institutions -stakeholders - monitor
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Introduction:

The private sector, all over the globe, has come to invest in public
education, ranging from kindergartens to colleges and universities. This
trend is driven either by pure financial or educational motives, or both.
For this reason, governments and civil agencies call for state laws and
policies to monitor such institutions and guard the public interest. Sudan
IS not an exception. The country has witnessed an increase in the
establishment of private institutions of high education. This impelled the
Ministry of High Education and Scientific Research, hereafter referred
to as (The Ministry) to subject private or semi-private institutions to
licensure their academic programs to accreditation.

The Ministry represented by the Department of General
Administration of Non- Governmental Higher Education has established
rigorous standards and criteria to ensure quality of education, guarantee
the achievement of high learning outcomes and maintain the public
interest.

The paper investigates the accreditation movement in Sudan and its role
in the development of (1) Theoretical component of programs. (2)
Programs’ practical processes. (3) Professional skills and status of
faculty. (4) Teaching and learning resources, and programs’ learning

outcomes in private institutions of higher education. The findings
indicate that the accreditation process plays a significance role in the
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development and improvement of certain areas of academic programs,
but plays a moderate role in other areas.

The private sector plays an important role in the development of any
society. It establishes corporations, founds companies, builds factories,
and invests in all domains of the society. In recent years, the private
sector has indulged public education. Its investment ranged from nursery
schools to higher education institutions. This trend is actuated by various
motives: financial, educational or both. In other words, there are some
private or foreign educational institutions at one end of the spectrum that
look for financial gains regardless of the quality of education they
provided and invested in.

At the other end, there are others that look for providing quality
education regardless of the profit they make. Some other institutions are
in between. This makes it incumbent upon the Ministry to subject such
institutions to licensure and accreditation.

Licensure and accreditation are two separate but interrelated processes
of external evaluation to guarantee quality education and assure the
public that licensed institutions and accredited programs are in line with
the international standards. Licensure is an official recognition statement
given to a specific institution that meets the standards requirements set
by the licensing authority, which is the Ministry, whereas accreditation
Is a status issued to a given program by an accreditation agency or a
commission delegated by the Ministry. Licensure has to do with the
institution as a whole, but accreditation is specifically assigned to
specific programs or an individual program at one particular institution.
In this sense, accreditation is a subsequent process to licensure and it is
usually sought by the licensed institute itself.

(see Basheer 2002, Teima and Al-Bandari, 2004, Hiiazy et al, 2005 for
further information about the two terms).

In some countries, licensure and accreditation are on-going processes.
After five years from the initial licensure and accreditation, institution
and academic programs have to go through the process of licensure
renewal and academic program-re-accreditation. This is done to ensure
that licensed institutions and accredited programs continue to adhere to
the standards and requirements set by the commission or the Ministry
and to prove that the outcomes meet such set standards.
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(see 2005, 2007 standards for licensure and accreditation, CAA, Ministry
of Higher Education and Scientific Research, U.A.E.).

According to the 2007 standards, “any institution located in the U.A.E.
that provides regular, theoretical, practical, or applied curricula of one
academic year or longer beyond the U.A.E. secondary school certificate,
(or equivalent) and that leads to academic degree, certificate, or diploma,
must be licensed and have its programs accredited in order to be
officially recognized by the Ministry (2007) Ministry Standards.

The Ministry does not only require private institution to adhere to high
standard of quality education and academic performance, but also to
show continuous improvement and provide evidence of quality
education outcomes.

Despite all the tightened rules and regulations specified by the
accreditation commission, the hidden and sometimes public tension
between the targeted institute and the accreditation commission is
undeniable, even though, in most cases, it is shown in a scholarly
manner. Moreover, this could always be a gap between the ideal and the
real and between what is needed and is actually done or can be done. In
other words, net all that is required by the accreditation commission can
always be fulfilled by education institutes. This has been noticed and
stated explicitly by (Gildden 1966; Suspistin and Supitsuna 2007).

For this purpose, the current study endeavours to probe into the role of
the accreditation process in Sudan, in the actual practice of academic
programs at private and semi-private institutions of higher education.

In particular, the study will investigate the role of accreditation in the
development and improvement of academic programs in terms of their
(a) theoretical components, (b) practical processes, (c) faculty, (d)
teaching and learning resources, (€) learning outcomes.

The Conceptual Framework of the Study:

Academic programs are required to go through a meticulous process
and painstaking compilation of data necessary that show their merits and
characters that make them eligible for the accreditation or re-
accreditation whether this process is an indicator of actual development
or real improvement in the programs’ instructional practices and learning
outcomes. The answer to this question represents the main objective of
the current study. The researchers follow the conceptual framework
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below as a guide to the endeavour of answering this question. The
hypothesis is that if the accreditation process has a positive role in the
development of academic programs, the participants will rate high in
each of the following factors: (1) the theoretical components that refer to
the written statements that characterize any given academic program
such as its mission, goals, objectives outcomes, curricula, and study plan;
(2) the practical processes that refer to all pedagogical practices related
to teaching methods and approaches, evaluation, advising, and students’
experiences; (3) the professional skills of faculty, that refer to their
experiences, qualifications and contribution in other areas of activities;
(4) teaching and learning resources, that refer to the available audio-
visual aids, library, instrument and other resources that students have
access to; (5) learning outcomes, that relate to all that the students were
able to achieve from the behavioral objectives, results of tests and exams.
The researchers set 70% as the benchmark in the statistical analysis,
hence, the role of the accreditation in any of the above factors will be
considered significant if that particular factor achieves 70% or more
agreement rate among the participants. One might ask why 70%. The
benchmark 70% is chosen for two reasons. First, it is used by most
programs as a benchmark of the achievement of program learning
outcomes; second, it could be an indicator of equality assurance and
quality education.

The conceptual framework of the study

(Adapted from, volk-wein et al, 2007)

Significance of the Study:

Licensure and accreditation practices exist, almost, in all countries that
look at education as the most important power of the society. Even
justice can’t prevail without equality education, let alone annuities and
expediencies. However, there is a big difference between making
superficial and decorative changes here and there to please the
accreditation commission and making substantial changes to meet the
established standards and obtain high learning outcomes.

As far as we know, no systematic research has been done on the impact
of accreditation on the actual improvement and development of the
higher institutions, private or non-privations. Such research is almost
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non-existent in Sudan. Even countries like the U.A.E. that take the
practice of accreditation seriously, no systematic research has been done.

Even to the whole region, apart from anecdotal, testimonials from
faculty and students and data provided by the academic program for
accreditation purposes, such serious systematic research is non-existent.
Much of what has been written (Basheer, 2002); (Teimaa and Al-
Bandari, 2004); (EI-Amine, 2005), Hijazi, et al, 2005) is descriptive
account of licensure and accreditation processes, details of the
established standards and requirements of accreditation comparison of
the accreditation processes in some Arab countries, or a historical
account of accreditation. In Sudan a 1% of lip-service is given to quality
assurance and quality control but nothing hatches and the result is after
a hole in the air.

Despite the rigorous procedure and standards established by the
Ministry and implemented by the accreditation commission, there may
still be gaps between the theoretical and the actual status of accredited
programs and between what is recommended and what is actually done
or can be done. Claims continue to be claims unless verified in actual
deeds. One way to make sure that claims turn into strategic plans with
substantial concrete evidence to ensure the actual effect of licensure and
accreditation could be seeking viewpoints of faculty, administration,
personal, students’ parents, stakeholders, etc. the current study is an
endeavour to reach the real and the actual based on the perceptions and
beliefs and the people directly involved with academic programs. The
study addresses the role of accreditation to the actual development of
academic programs from the viewpoints of people directly involved in
such programs. The study therefore, constitutes the first step in the right
single direction. It investigates what lies on the ground behind all the
practices, procedures, and endeavours and pursuits carried out by
academic programs to satisfy the accreditation commission.

Objectives of the Study:

This study aims at investigating the extent to which the accreditation
processes play a role in developing and improving the conceptual
framework of the study.

A comparison between the processes of accreditation in the U.A.E and
Sudan may shed light on the actual role of the accreditation process in
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developing or improving the actual practices of academic programs. One
might ask why the U.A.E and not any other country; the answer is simple,
this is because the first researcher happened to be the dean of a faculty
that has been subjected to accreditation and re-accreditation and has
witnessed the role the two processes have improved or developed the
academic programs into ideal programs.

The results of the comparison might stimulate further research and
comparisons and draw the awareness of the accreditation commission to
areas that need special attention to reach optimal results.

Private Higher Education and Accreditation to U.A.E Private
Institution and Accreditation Movement

The Ministry of Higher Education of Scientific Research was founded
in 1990 in U.A.E. Prior to that date there were (32) private institutions.
They were classified into three categories: six licensed institutions
offering higher education, eight non-licensed institutions but offering
high education, and eighteen institutions seeking license and not yet
offering higher education.

This number has reached fifty-five (55) licensed universities, colleges,
and institutes with three hundred and fifteen accredited programs in 2008
as listed to the ministry’s official website (http://www.caa.ae/). The need
for higher education increases as three number of secondary school
graduate’s increases, not all secondary school graduates can be admitted
into the state institution of higher education to the U.A.E, especially
expatriate students. Therefore, the establishment of private institution for
higher education becomes a necessity and a logical response to the rapid
growth to the country’s economy and the rapid increase to the number of
secondary graduates to the past few years.

The increase in the number of private institutions of higher education
together with the absence of academic standards that guide and monitor
the performance of such institution incite some institutions to alienate
from their right track of quality education. The government of U.A.E,
therefore, established their Ministry of Higher Education and Scientific
Research in 1991 as a guarantee of quality education. After the Ministry
issued a decree in 1993 revoking all licensure and accreditations prior to
that date and required interested institution to reply for new licensure and
accreditation. The Ministry, afterwards, formed three commissions for
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academic accreditation, CAA, to carry out responsibilities related to
licensure and accreditation. Two official documents of “standards for
licensure and accreditation” have been separately published in 2005 and
2007 (see the Ministry’s official website at (http://www.caa.oa) almost
all the leading private institutions of higher education are licensed and
the majority of their programs are accredited and listed to the above
mentioned website.

Through licensure and accreditation, the Ministry admits such
institutions officially into the legal organization of specific profession.
The status of such institutions becomes higher, and their accredited
programs acquire the power to award state approved decree (2005 and
2007, ministry standards). Similarly, accredited programs acquire good
reputation, power and recognition. Obtaining accreditation has an impact
on the ability of the programs to admit students.

Both licensure and accreditation have become a philosophy and a
culture. The first thing students and parents ask about is whether or not
an academic program is accredited before they seek admission to it.

This indicates the public awareness of the significance of licensure and
accreditation.

Accreditation to the U.A.E. is interwoven in the accreditation
movement to other parts of the world. There is mutual understanding
between the corporation and the CAA in U.A.E and other accreditation
agencies via experts’ exchanges and mutual interaction between
educational institutions to the U.A.E and other leading institutions all
over the world. One testimony to this is the recent universal trend among
accreditation agencies all over the globe to refocus on their standards and
criteria. Accreditation agencies have started to focus on programs
effectiveness and measurable learning outcomes as criteria for programs’
inputs, learning/teaching processes and human and non-human
resources. (see Volkwein et al (2003-2005 and 2007). This trend is
clearly reflected to the document at the 2007 standard for licensure and
accreditation specified by the CAA at the Ministry of Higher Education
and Scientific Research to the U.A.E. (see the ministry’s website at
http://www.cac.ae) the focus of ten standards defined to the CAA
document published to the above website and their interpreting criteria
on the effectiveness and accountability of institution and their academic
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programs. The assessment processes and their impact on institutional
services and academic programs’ outcomes are given optimal
momentum to the 2007 standards program learning outcomes are looked
at as an essential dimension of program effectiveness. This echoes voices
that say ““students’ parents and the public want to know what the learner
gained in these academic programs, what it means to them as good
citizens and community members”.

The CAA requires institutions and programs to conduct self-assessment
and prove program effectiveness as a condition for re-accreditation.
Programs are also required to show systematic and continuous
improvement to all program components (2007 standards). Any
academic program has to adopt a clear mission, specific goals, clear and
measurable learning outcomes, and scientific measures to document rate
how well those outcomes are being achieved. The purpose and
revenance of accreditation.

The aim of accreditation has been documented by several researchers:
(Wiley and Zaid, 1968, Trivet 1976, Seden and Porter, 1977, Basheer,
2002, Teimas and Al-bandari, 2004 and Pokholkou, 2004).

The first and foremost purpose is to ensure the institutions and
academic programs have the essential characteristics that needed to
achieve a level of excellence in learning outcomes and to ensure that they
continue to show improvement.

Through the ten standards of excellence delineated in the 2007
standards and their criteria the CAA to the U.A.E. intends to assure
students, their families and stakeholders of the kind of education,
students would receive at licensed institutions and accredited programs.
Such institutions and their programs acquire broader recognition in the
academic community if they are accredited: the students benefit from
accreditation in getting better administration services, more effective
instructions, and better resources. Moreover, employers and stakeholders
are assured that graduates of accredited programs are fully qualified to
assume responsibilities. Students also guarantee credit transfer of the
course they have studied at an accredited institution and intend to carry
to another institution. One of the requirements to all U.A.E. state and
private higher education institutions is that only courses taken in
accredited institutions can be considered for transfer. Courses that have
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been taken at non-accredited colleges and universities cannot be
considered.

The impact of accreditation:

In some parts of the world, some students on the impact of accreditation
on academic programs have been conducted; (e.g. Peterson and
Augustine, 2009, Volkwein et al.2007, Suspitsin and Suspitsyna, 2007).
Peterson and Augustine, 2000, for instance, investigated the external
influences and institutional dynamics approaches to students’
assessment. They found that state influences are minor, the accreditation
influences are mixed, and also the report evidence from other research
(Ewell, 1993) that the requirements imposed by accreditation authorities
only incite the institutional practices and promote assessment initiatives,
but the institutional responses are neither rapid (Gill, 1993) nor
comprehensive (Geutman and Rogers, 1987). Volkwein et al (2007)
traces the impact of changes to the standards of professional
accreditation on engineering students’ experiences and learning
outcomes at 40 different institutions that were reviewed in different
years. In Him Wide $ scale study, the researchers collected the data using
various sources, students, alumni, faculty, heads of departments and
deans of colleges. Contrary to Peterson and Augustina (2000) the
findings reveal that engineering programs have changes substantially
due to the implementation of new accreditation changes. Engineering
programs increase their emphasis on curriculum topics, active learning
strategies, professional development activities and assessment activities.
Consequently, students are engaged in more interaction with the faculty,
and more active involvement in curricular activities, more than those
who graduated a decade ago.

Suspitsin and Suspitsyna (2007) probe into the strategies used by
Russian private institutions of higher education to cope with the
normative state pressures of the accreditation agency. The researchers
delineate three different strategies namely: conformity, in which
institutions comply with the state legislation and standards, manipulation
or backdoor strategies, in which institutions provide the accreditation
agency with accurate information in internal programs reviews or use of
government connections as an avoidance strategy; and challenges the
accreditation agency as strategy of getting away from ability by
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established standards (p 67). Suspitsin and Suspitsyna (2007) give a good
account of the tension between accreditation agencies and the private
educational institutions. In spite of the apparent tension some private
institutions of higher education and the accreditation agencies, ‘“‘state
involvement in development of private institution is not only to stay, but
is also likely to increase” (Suspitsin and Suspitsyna (2007: p 78).
Research Methodology:

Data Collection

A 36 item closed questionnaire was designed. It was first drafted and
then handed to two heads of departments whose programs have been re-
accredited and four experts in English language, educational research,
measurement and evaluation to ensure face and content validity. The
name of a real research has been changed to ensure nepotism or
partiality). Based on their useful comments, a final draft in both Arabic
and English was created and then distributed. A total number of 1600
copies were distributed to the faculty of eight academic programs of
which 77 copies were retained with 88%/ 77.5% return rate.

Items 1-7 investigate the participant perception of the role of
accreditation in the development of the theoretical components of
academic programs, items 8-11 are related to the role of accreditation in
the development of the practical processes of academic programs, items
12- 18 investigate the role of accreditation to the improvement of
teaching/learning resources, items 19-30 probe into the role of
accreditation in the development of the professional skills and status of
faculty, and items 31-36 investigate the role of accreditation to the
improvement of program learning outcomes. The researchers use a five-
point Likert scale with the following variable: (strongly agree, agree,
undecided, disagree and strongly disagree).

Participants:

The participants of the study are one vice chancellor, two deputy vice-
chancellors, deans, and heads of departments of staff members to
accredited programs in 5 colleges of four private institutions of higher
education in Sudan. The population of the study varies between lectures
(M.A and MSc holders, assistant professors, associate professors (all
Ph.D. holders). The participants also differ in terms of their
qualifications, years of experience in higher education, and leadership
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positions as shown in table 1 below. They are directly related to the
targeted programs and their responses represent hard data since they
have firsthand knowledge of what actually goes in such programs.
Table 1. Description of participants

Degree Masters | doctorate Total
No 48 29 77
Rank Lecture Assistance prof | Associate prof | professor
No 48 15 10 4 77
Vice- Deputy V.C. Dean Heads of | Staff
chancellor departme
nt
Position 2 2 6 12 55
=77

Limitation of the Study

This is a small study in terms of scope and participants. It has been
conducted in the faculty of the academic programs in 4 private
institutions of high education. Thus, the findings could be generalized to
all and other accredited programs and institutions. However, the study is
a prologue, an indicator, if not an index that would inspire other research
activities in other institutions for further findings and conclusions. Still,
the findings of the present study have shown that the accreditation
process has played a significant role in the development and importance
of many facets of academic programs with the ultimate purpose of
providing the society with the quality of education it deserves. The study
constitutes a building block in the structure of quality education and
quality assurance of higher education and to Bakht-Erruda axiom-
perfection.
Result and Discussion of the Findings:
The theoretical components: to what extent does the accreditation
process play a role in developing and improving theoretical components
of academic programs?
Status quo in Sudan:
Accreditation for surgical operation, especially an emergency operation,
almost always has severe shock to patient and to his family. Despite
modern advances, most people still have an irrational fear of hospitals
and aesthetics. People don’t often believe they really need surgery, as
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opposed to treatment with drugs. However, not every surgeon wants to,
or qualified to carry out every type of modern operation in the case with
accreditation. The scope of role of the accreditation has changed
remarkably in this century. Many developments to accreditation are
almost incredible. They include the needed programs.
In Sudan, institutions of higher education fall into three categories: state-
Institutions; private institutions, foreign and local community (Ahli)
Institution.

The table below exhibits the awarded specializations in both state and
non-state institutions.

Programs

N | specialization Bachelor Diploma
0 governmental | private | governmental | private | Total
1. | Engineering sciences 94 74 140 30 338
2. | Medical sciences 85 87 24 33 229
3. | Education sciences 165 3 5 - 173
4. | Humanitarian sciences 112 59 35 3 209
5. | Social sciences 93 136 135 93 457
6. | Basic sciences 57 - 34 7 98
7. | Agricultural sciences 94 - 21 1 116
8. | Computer sciences and | 51 67 129 32 279

Information technology
9. | Total 751 426 523 199 1899

(Taken from a paper presented by prof. Yousif Hasan Abd-alrahman and prof. Abd-
alhafiz Altahir Ahmed.

In the coference held by the Ministry of Higher Education

December 2015

Quality assurance of higher education at private institution could be
used as a guide for further research.

Results and Discussion of the Findings

The Theoretical Components: to what extent does the accreditation
process play a role in developing and improving theoretical components
of academic programs?

Seven items (1-7) were designed to collect data related to the role of
accreditation in the development of theoretical components of academic
programs. Table 2 shows participants’ agreement with each of the seven
items. The overall average percentage indicates that about 92.3% of the
participants agree or strongly agree that accreditation has a role in the
development of the theoretical components of academic programs. This
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entails that accreditation plays a significant role in the clarity of the
mission, the precision, comprehensibility, and measurability of the
objectives and outcomes, and comprehensibility and sufficiency of the
curriculum.

Table 2: The participants’ rating of the role of accreditation in the
theoretical components

The accreditation process plays an actual role in developing academic programmers in the
following areas
Agreement rate

1. All the components of academic programs 97.4%
2. The mission of academic programs 93.5%
3.The clarity, precision, and measurability of program objectives 92.2%
4. The clarity, precision, and measurability of program outcomes 89.6%
5. The study plans (clarity-number of credit courses 94.8%
6. Comprehensiveness of the study plan 88.6%
7. Sufficiency of the curriculum 81.8%

Average percentage

It is worth nothing that the disagreement rate in the section varies
between 1.3% and 7.8% which can be an indicator of almost a common
among the participants regarding the significant role of accreditation on
program development with a particular reference to this component. The
theoretical components of any given academic program legally bind
together the institution, its candidates and the accreditation agency as
mediator and guarantor. Consequently, accreditation agencies give this
part a prime importance. Any program is required to include a detailed
statement of the goals and intended outcomes of the new program...
(and) demonstrate institution effectiveness by describing improvements
made in meeting program goals and outcomes. It shows how those
improvements are a consequence of institutional planning and how that
planning has used the results of institutional research (2007 standard:33)
through an ongoing cyclical framework of planning, practicing, and
evaluating heavily focused on the 2007 standards, academic programs
ought to show their evaluation of development. Academic programs
seem to take much guidance seriously as the findings indicate.
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Practical processes: to what extent does the accreditation process play
a role in developing and improving the practical processes of academic
programs?

Items 8 to 11 were intended to answer this question. Most participants
(78.9%) agree or strongly agree that accreditation plays a role in the
development of the programs’ practical processes such as instructional
practices, learning experiences, evaluation of program outcomes, and
student advising. The highest disagreement rate does not exceed 11.7%
(items 9 and 11) and goes as 2.6% (item 8).

Table 3: The participants’ rating of the role of accreditation in the
practical processes:

The accreditation process plays an actual role in the development of:
Agreement rate

8. All the teaching/learning processes 85.7%
9. The used teaching methods 74%
10. The evaluation of program outcomes 84.4%
11. Students’ academic advising 71.4%
Average percentage 78.9%

The 2007 standards give a special attention, instructional practices, and
student counseling. It is apparent that the influence of accreditation on
teaching and learning processes in its general sense (item 8) receives the
highest score (85.7%).

Both the overall average percentage and the percentage of each
individual item indicate that accreditation plays a significant role in the
development and improvement of programs’ practical processes.
Teaching/Learning Resources: to what extent does the accreditation
processes play a role in developing and improving learning resources?
It is apparent from table 4 below that the accreditation process has a
considerable role in the improvement and development of teaching and
learning resources. The overall rate (80.6%) indicates that most
participants acknowledge the role of accreditation in improving
teaching/learning resources. Labs, library books, journals, classrooms,
and technical resources are all important factors in the achievement of
program outcomes.

Table 4: The participants’ rating of the role of accreditation in the
improvement of teaching/learning resources
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The accreditation process plays an actual role in:

Agreement rate

12. Improving the teaching/learning resources 89.7%
13. Developing the quality of the library resources 88.4%
14. Adding recent publications to the library 84.4%
15. Providing the library with international journals in your major 78%
16. Connecting the library with other international libraries 70.2%
17. Connecting the library with the worldwide web 71.5%
18. Improving and updating labs 81.9%
Average percentage 80.6%

Academic programs need up to date learning resources in order to
provide their clienteles with effective learning experiences, based on the
participants’ responses, it can be concluded that private institutions in
higher education endeavour to please the accreditation agency and
satisfy the interest of their candidates by supporting the teaching/learning
processes with appropriate learning resources. However, there will
always be a need for more up to date learning resources. These findings
are substantiated by a research done by New England Association of
Schools and Colleges (NEASC) in which “75 of the respondents
indicated that the accreditation process was important for improving the
quality of their resources, including library, multimedia, and technology
resources” (NEASC, 2006:11) academic program coordinators use the
accreditation or re-accreditation process as a means of additional
pressure to press for and justify the funding towards buying more
learning resources.

Academic programs are not only required to support the practical
processes with the appropriate teaching/learning resources but they also
required to evaluate the instructional practices and available learning
resources (2007 ministry standards).

The Faculty: to what extent does the accreditation process play a role in
developing and improving the professional skills and status of faculty?

Twelve items were designed to collect data related to the participants’
perceptions of the role of accreditation in the development and
improvement of faculty’s professional skills, teaching and non-teaching
load, financial rewards, and inclusion in academic decisions. Only about
54.7% of the participants indicate that the accreditation process plays a
role in developing and improving the conditions and skills of faculty.
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Yet, about 45% of the participants do attest do this perception with over
23% disagree or strongly disagree and about 22% undecided. Item
analysis shows that all the items except items 19 and 23 obtain 70%
agreement rate as shown in table 5. This agreement rate (45.7%)
indicates that the accreditation process plays a less significant role in
developing and improving faculty’s academic skills, specifying their
non-teaching loads, including them in their academic decisions, or
improving their financial rewards. Some parts of these findings are
substantiated by similar findings in study done by Volkwein et al. (2007)
in which about half of the respondents did not any impact of the
accreditation on their institution’s reward system. Despite all this, the
role of the accreditation is evidently significant in specifying the
faculty’s teaching load (84.5% item 23) and appointing qualified staff
members (70.2% item 19).

Table 5: The participant’ rating of the role of accreditation in the
improvement faculty skills and status

The accreditation process plays an actual role in:

Agreement rate

19. Appointing qualified staff member 70.2%
20. Developing staff members’ skills 58.5%
21. Supporting staft members’ academic level 59.4%
22. Improving staff members’ research role 55.9%
23. Specifying staff members’ teaching loads 84.5%
24. Specifying staff members’ non-teaching loads 48.1%
25. Raising staff members’ salary 48.1%
26. Raising staff members’ other allowance 37.7%
27. Improving staff members’ teaching performance 53.3%
28. Improving staff members’ teaching skills 50.7%
29. Improving staff members’ technological skills 57.2%
30. Including staff members’ in academic decisions 42.9%
Average percentile 45.7%

The 2007 standards look at professional development as an integral part
of the development of academic programs. Without the professional
development of faculty, program development will not be as successful
as it ought to be. The staff members are the turning wheel that pushes
program development forwards. Their role in program development is
significant and heavily stressed in the 2007 standard.
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Therefore, academic programs are required to provide information
regarding the effectiveness of faculty development and workload
assignment, similar recommendations are found in Volkwein et al.
(2007). They point out that academic programs need to show that staff
members are engaged in research activities, curriculum revision, self-
improvement, and outcomes assessment. They also need to enjoy
reasonable academic and non-academic load and get satisfying financial
rewards.

Learning Outcomes: To what extent does the accreditation process play
a role in ensuring quality learning outcomes of academic programs?

Six items (31-36) were designed to collect data to answer this question.
80.1% of the participants indicate that accreditation plays a major role
improving the quality of programs’ learning outcomes. Table 6 shows
the calculated percentages for each item.

It is worth noting that the public trust in the academic institution (item
36) obtains the highest rate (93.5%). The agreement rates in table 6 show
that accreditation plays a significant role in improving, monitoring, and
ensuring quality learning quality learning outcomes. The disagreement
rate reaches 10.4% (items 31 and 34) and goes as low as 1.3% (item 36).
Reliability of learning outcomes (item 34) obtains an agreement rate
(66.3%) below the set significant rate (i.e. 70%). The 66.3% indicates
that the role of accreditation in the reliability of learning outcomes is less
significant. One reason for this low rate could be the vagueness of the
item itself.

Table 6: The participants’ rating of the role of accreditation in the
Improvement learning outcomes

The accreditation process plays an actual role in:

Agreement rate

31. Improving learning outcomes 80.5%
32. Monitoring learning outcomes 76.6%
33. Ensuring quality of learning outcomes 76.6%
34. Reliability of learning outcomes 66.3%
35. Increasing the level of public trust in academic programs 87%
36. Increasing the level of public trust in the academic institutions 93.5%
Average percentile 80.1%

Improving and achieving high learning outcomes that meet
international standards is the optimal objective of academic programs
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and accreditation. The task of the accreditation process is to ensure that
academic provide the society with individuals capable to excel in the
profession they are prepared for. The CAA does not only require
academic program to be clear about their goal and outcomes, but also
require them to provide “evidence of the ways in which students meet
the outcomes of the program and substantiation (italicized in the original
source) the way in which other program goals are met... {and prove}.
Institution effectiveness by describing improvements made in meeting
program goals and outcomes” (2007 ministry standards:30). The
findings of this section indicate that the role of accreditation is evident
In monitoring, improving, and ensuring quality learning outcomes and
increasing the level of public trust both licensed and accredited academic
programs.

Recommendations:

Accreditation plays a significant role in the development and
Improvement of academic programs as the findings of this study show.
However, a fact-finding process is an ongoing process. Therefore, to
verify such evidence, more studies of this sort, but at large scale that
would include varies institutions or investigate both graduates and
stakeholders are needed. It is also recommended that accreditation
agencies need to continue watching closely the accredited institutions
and programs to maintain continuous academic performance that meets
the accreditation standards.

More pressure is needed so that private institutions invest more on
professional development. They have to organized academic workshops
within the institutions or in cooperation with other institutions. They also
have to allow, encourage and support staff members to attend local and
international conference. More importantly, more workshops are need
on accreditation and its importance so that all members of such
institutions would be more acquainted with the rewards of such
institutions, the staff members, the students and the whole society would
gain. Furthermore, the accreditation agencies need to exercise further
pressure on private institutions to convince them to provide their staff
members with adequate financial rewards comparable or close to close
given at foreign, magnetic institutions, in the Gulf or elsewhere.
Conclusion:
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Accreditation of higher education (state or private) is an essential
practice for more than one reason. Firstly, it guarantees quality education
that is paramount in a time like ours where competition becomes very
high and job market becomes very selective. Secondly accreditation is a
protecting force against any unethical practices directed towards the
public or even the faculty. Thirdly, accreditation helps to establish
uniformity within the realm of each academia. In other words, the
accreditation process, through the establishment of high standards and
reinforcement of such standards ought to create homogeny among
academic programs to provide the society with individuals with similar
competencies that make them eligible to assume responsibilities
corresponding to their field of specialization. The findings of the current
study show that accreditation process play a significant role in the
development and improvement of varies facets of the academic
programs. Nonetheless, the degree of this role varies from one fact to
another which might require the accreditation agencies to exercise equal
pressure to reach desirable outcomes in all program components. In
short, the study sheds some light on the strong and weak points of
accreditation and hopes to stimulate future research on those facts that
might affect quality education. Seeking informational accreditation in
the inspiration of all institutions, the ministry of Higher Education is
required to collaborate and exchange experience with similar ministries
in other countries, particularly the U.A.E. as a pioneer to this field, as
witnessed by the researcher himself as a dean and academic advisor to
the president of Ajman University.
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Abstract:

The study talked property spectrum dissipative operators in Hilbert
and Banach spaces. The study aims at studying the dissipative
operators with spectrum property on Hilbert and Banach Spaces the
historical mathematical analytical mathematical analytical method
was used. The study showed that the abounded linear operator in
Hilbert and Banach spaces interactive he found that the vector space
Is complementary to Banach Space and that the liner product space is
complementary the Hilbert space. The recommended that the research
to fine the beach space of all entire function.
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Introduction:
Let X be a complex Banach space and let B(X) be the algebra of all
bounded linear operators on X. As usual, a(T ) will denote the
spectrum of T € B(X) and R(z,T) = (zI - T)~! . The umerical
range of T € B(X) is defined by V (T) ={@(Tx):x € X, €
X5l = lloll = o(x) = 1}
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The operator T € B(X) is said to be Hermitian if VV (T ) is real.
Equivalently, T is Hermitian if and only if ||[eT || = 1 forallt € R
[5, p. 55]. This notion is a natural generalization of bounded
selfadjoint operators on Hilbert space and has been of considerable
interest in the theory of operators on Banach spaces. Several
properties of self-adjoint operators on Hilbert space remain true for
Hermitian operators while many others do not, For example, if T is a
Hermitian operator, then ||T|| = r(T ), where r(T) is the spectral
radius of r . This was proved by Browder [7], Katznelson [14] and
Sinclair [23]. All the three proofs depend on Bernstein’s inequality.
More elementary proofs are given by Konig [16], Bonsall and
Duncan [5] and Gorin [12]. In fact, this theorem about Hermitian
operators is equivalent to the classical Bernstein’s inequality [12,18].
For given ¢ > 0, we denote by B, the Banach space of all entire
functions f (z) for which the norm
Ifll o = sup,eclexp(—alimz]) |f (2)]].

is finite. The Phragmen- Lindel6f Theorem implies that ||f]l, =
sup,er |f(x)]. Itis also known that[12] the differentiation operator

T = %%is a Hermitian on the space B, , and the norm of this

operator is equal to its spectral radius if and only if the following
classical Bernstein inequality holds:

Iflle < ollf lle, f€ Bs.

If we put
eiT _ e—iT
sinT = o
then the norm and spectral radius of the operator sin T (r(T ) <
m/2) in the space Bo are equal if and only if the following (more
delicate) inequality of Bernstein type holds [12]:
supyerlf (x + h) — f (x — h))| < 2sinoh||f||, Where f €
Byand 0 < oh < m/2.
Definition(1.1): Vector Space
Avector Space over Cis asetV equipped with two operations:
(v,w)€vxv v+wev,
(¢, v) ECXv H»xvEV.
Called addition and scalar multiplication , respectively , that obey
the following axioms additive Axioms .There is an element 0 €
Vand , for each x € V there is an element —x € VV such that for all
x,y,z, € V.We have
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Dx+y =y+x.
() (x+y)+z = x+ Wy +2).
(iii)o+y = x+0 = «x.
(iv)<—x>4+x = x+ (—x) = 0.
Multiplicative Axioms for every x € vand «< , € C.
(v) 0x=0.
(vi) ix = x.
(vii) (af)x = < (Bx).
Distributive Axioms for everyx,y € vand «, 8 € C.
(Viii) «(x+y) =X x+xy.
(iv) (x +f)x = x + Sx.
Definition(2.1). (inner product):
a- A inner product on a vector space v is a function
(x,y) €Evxv = (x,y) € C thatobeys.
(1) (linearity in the second argument)

(x,xy) =x{x,y) ,(x,y+z) = (x,y) +{x,2).
(ii) (conjugate symmetry ){x,y) = (y,2z).
(iii) (positive - definiteness){(x,x) >0 ifx #0
forallx,y,z € Vand «x € C.
b-  Two vectors x and y are said to be orthogonal with respect to
the inner product (.,.) if (x,y) =0.
c- Well use the terms “inner product space” or “Hilbert space” to
mean a vector space over C equipped with an inner product.
Definition (3.1) (Banach space):
a- ABanach space is a complete normal vector space.
b- Two Banach space isometric if there exists B, and B, are said to
be amapU = B, - B, thatis.
(i) linear (meaning that U(ax + By) forallx,y € B;) and «
,B € C.
(if) onto (a.k.asurjective )
(iii) Isometric (meaning that ||U, || B.for all x € B, ) this implies that
Uis1—1 (a.k.ainjective)
Definition (1.4) (Hilbert space):
Let H be aconplet vector space .An inner production H is function , <
.,.> ;HXH - C,such thats.
(D <ax+by,Z>=a<xz> +b<yz>ie:x—> <Xz

> is liner.

) <xy>=<yx>
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3)|Ix]|? =< x,x > = 0 with equality ||x||> = 0iffx =0
(iii)inner product preserving (meaningthat) .

(Ux, Uply, = (x,y)y,forallx,y € Hysuchamap is called unitary.
Hilbert Space to mean avector Space over C equipped with an inner
product .

Definition. (5.1). a complex commutative Banach algebra:

Let A be a complex commutative Banach algebra. The radicalof A,
denoted by Rad(A), is the set of all quasinilpotent elements in A. If
Rad(A4) = {0}, then Ais said to be semisimple.

If T € B(X), we letA (T )(respectively W(T)) denote the
closure in the uniform operator topology(respectively in the weak
operator topology) of all polynomials in T. Then,
A(T ) and W (T )are commutative unital Banach algebras. It is well
known that if Tis a bounded selfadjoint operatoron a Hilbert space,
then A(T )is isomorphic to the algebra of all continuous functions
on o(T ),therefore, A(T ) is semisimple. Among the properties that
are strikingly different from the corresponding fact for selfadjoint
operators is that if Tis a Hermitian operator, then the algebra
A(T )needs not be semisimple. To see this let A(R)be the Fourier
algebra of R For a closed subset K of R, letJ? = {f € A(R) :supp
f NK = 0}. Asiswell known [17, pp. 182, 183], JK := ] . is the
smallest closed ideal in A(R)whose hull is K; IK = {f €
A(R): f (K) = {0}}is the largestclosed ideal in A(R)whose hull
iIs K.Kis a set of synthesis if and only if J, = I,. It is afamous
theorem of Malliavin that R contains a compact subset K of non-
synthesis. Now, let K be a compact subset of R and let T be the
multiplication operator f (1) + Ji = Af (1) + J,on the quotient
algebra A(R)/J,. It is easy to verify that Tis a
Hermitiananda (T ) = K. Moreover, A(T )is isomorphic to the
algebra A(R)/J,. Since Rad(A(R)/],) = I/]x, the algebra
A(T )is not semisimple in case Kfails to be of spectral synthesis (see
also[24, Corollary 3.4]).A bounded linear operator T on a Hilbert
space H is said to be dissipative if Re(T x,x) < O forallx € H.As
is well known, T is dissipative if and only if ||etT|| < 1 forallt >
0. Even on aHilbert space there is no any connection between the
norm and the spectral radius of dissipativeoperator. For example, if
Vis the Volterra integration operator on the Hilbert space L?[O0,

1],then the exponential formula [20, Theorem 1.8.3] yields letVI=
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1 for all t = 0. Hence, —V isa dissipative operator. But (V') = 0
and ||V|| = 2/m[13, Problem 188].An operator T € B(X)is said to
be dissipativeif Re 1 < 0 for all A € V (T). Equivalently, T is
dissipative if and only if ||etT|| < 1 forall ¢ > 0 [5, p. 55]. Note
that if Tis a dissipative operator,then for every x € X, the limit
limt - oo||etT x||lexists and is equal to inft >0 ||et” x||. Note
alsothat if {etT:t > 0}is bounded, then|||x||| = supesollet” x|lis
an equivalent norm on X with respect T becomes dissipative.
Clearly, the spectrum of a dissipative operator Tis contained inthe
closed left half plane. a(T ) N iRis called the unitary spectrumof T.
It is trivial to check thato(T ) < {z € C: Rez < 0}if and only if
limo|letT|| = 0. In this paper, for the dissipative operator Ton a
Banach space, we give (quantitative characterizationof
lime_¢|letT T|land limt,_|letT sin T ||.These results generalize
the above mentionedresults for Hermitian operators.

2.The Hermitian operator on a Banach space

Let T be a Hermitian operator on a Banach space X. Then, the
spectrum of T lies on the realline and

iR(z,T)
fooo exp(itz) exp(—itT) dt. Imz > 0;
|- f_ooo exp(itz) exp(—itT) dt, Imz <0

[8, Chapter 8, Section 2]. Let L*(R)be the group algebra of R and
let

Fo= | fe a,
be the Fourier transform of f e (R). Then, we can define

Fr) = f FOeTdt

This formula defines a continuous homomorphism from L!(R)into
B(X)satisfying ||f (T )|| < IIf Il;. In other words, Tadmits L* (R)-
calculus. We put e, = 2ny,,, where y,,is the characteristicfunction
of the interval [—-1/n,1/n] (n = 1,2,...). It is easy to see that
€,(T ) — Iin the operator norm topology, as n — co. Note also that
the operator norm closure of{ f (T ): f € L'(R)}coincides with
A(T). Since o (T )lies on the real line, the maximal idealspace of
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the algebra A(T )can be identified with o (T )[17, Chapter 4].In the
following proposition we list some basic properties of this calculus
(see also [12,16]).

Definition(1.2) : Let The a Hermitian operator on a Banach space
Xand letf € L1(R). Then, the following assertions hold:

(@) o(f(T)) = f(o(T))(the spectral mapping theorem).

(b) Iff (A) = 0in a neighborhood of o(T ), thenf (T) = 0.

(c) Iff (0) = 1in aneighborhood of o(T ), thenf (T) = L

(d) Let g(z) be an analytic function in a complex neighborhood of
o(T).IfFf (A) = g(A)in areal neighborhood of (T ), then f (T ) =
g(T), where g(T )is defined by the Riesz functionalcalculus:

1
g(T) = %f 9g(2)R(z,T) dz
r

I" is an appropriate contour around o(T).

Proof.(a) Let Abe the maximal, uniformly closed commutative
subalgebra of B(X) containing Tand I. Let M be the maximal ideal
space of A. We denote by o A(S)the spectrum of any

S € A with respect to A. Since Ais a full subalgebra of B(X)I[6,
Section 1], we have

o (k1)) = o4 (k) {@(F(T)): @ € M}
= {{(®(T)) : ® € M} =1(0A(T)) = {(a(T))

(b) Let Ube a neighborhood of ¢ (T )and let f(1) = 0 on U. Since
the algebraL(R)isregular, there exists a function g € L'(R)such
that "g(A) =1 on o(T) andg(4d) = Ooutside U.Then,
f(A) ) = 0 for all A € R, which implies f(T)g(T) =
0.By (a),” g(T )is invertible, sothat f(T ) = 0.

(c) If f(A) = 1 in a neighborhood of o(T ), then the Fourier
transform of the functions f e, —e, (n = 1,2,...)vanishes in a
neighborhood of o(T ). By (b), we have f(T )%e,,(T ) = “e, (T ).By
letting n — oo, we find f(T) = 1.

(d We may assume that o(T) < (a,b),f(1) = g(d)on
[a,b],g(z)is analytic on theregion D = {1+ iy:a <1<
b,|y| < 6} (6 > 0)and is continuous on its boundary I'. LetlI'+ =
fA+id:a< A <blandI'—= {A+id:a <A < b}.Choosec,d
such that o(T ) < (c,d)and [c,d] < (a,b). Then there exists a
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function e € L1(R)such that "e(1) = 1lon|[cd]and’e(1) =
Ooutside (a,b). We put h = f * e. Since h(1) = f(1) (=
g())on [c,d], by (b) we havef (T) = h(T). Also since supph S
[a, b], using inversion formula
h(t) = L b J h(1)et da
21
a
and the identity (2.1) we can write

- lim :
— —&|t | —itT
AT = j e~eltIh(t)e T dt

— 00

co b
1 lim - . .
- —&lt | it —itT
ome e Jh(/l)e dA |e dt
- a
1 lim [ r
_ & am —elt| is o—itT
2me ot h(A)(Je eilt e dA
a —o0
b
! limjiiz(R/1+' T)— R(A —ig,T)) dA
= ome ot (1) (R( ie,T) (A —igT)
a
C
= L Ryaa
C 2me oy )
a
b
42 limjfz)t(R)L+' TY— R(A —ig,T))dA
2me ot (D) (R( i, T) A —ieT)
a

d
i lim _ ,
+ e _)g.[g(ﬂ) (R(A +ig,T)—R(A — ig,T))dA
Cc
Note that in the last expression the first two integrals are zero.
Therefore, we have
- —i lim
h(T) = + | 9@R(z +isT)dz

2T € >y
r

— jg(z)R(z — ig,T)dz
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1
=2—m_j.g(z)R(z,T)dz = g(T).

Recall that for a closed subset Kin R, J,is the smallest closed ideal
in L'(R), whosehull is K and IKis the largest closed ideal in
L*(R)whose hull is K. We put IT = {f € L*(R):f (T) = 0}.
Then, ITis a closed ideal in L1(R). It follows from Proposition 2.1
that/o(T) < IT c Io(T) and therefore, hull(l;) = o(T).
Note also that if o(T )is a set of synthesis,then f (T ) = 0 if and
only if f (1) = 0on a(T ). The Arveson spectrum [2] of x € X,
denoted byspT (x), is defined as the hull of the closed ideal I, =
{f € LY(R):"(T)x = 0}.Since I; c L,,it follows that spT (x)is
a compact subset of (T ). Note also that since It =N ,exly, IN
viewof regularity of L*(R), we have

or) =| Jspre
XeX
Lemma( 2.2): Let The a Hermitian operator on a Banach space

X,x € Xand f € L*(R).Then, the following assertions hold:

(@) If f(T)x = 0,then f (1) = 0 onspr (x).

(b) If f (1) = 0in aneighborhood of spT(x), thenf (T )x =0
Proof. The assertion (a) follows from the definition of sp(x).

(b) If f(1) = Oinaneighborhood of sp; (x), then fbelongs to the
smallest closed ideal in L* (R)whose hull is spT (x), sothat f € I,.
Let Mbe any non-void subset of L* (R). A point A € R is said to
be a weak*-spectrumof M if the character exp(—iAt)belongs to the
weak*-closed translation invariant subspace of L (R),generated by
M.By sp.{M}, we will denote the set of all weak*-spectrum of M. It
is easy toverify that sp.{M} = hull(Iyp)

Wherely,, = {f € L'(R):g = f = 0forall g € M}is a closed
ideal in L*(R). It follows thatsp,{M}is a closed subset of R. Further,

since
oy = [ )19

gEM
in view of regularity of L' (R), we have

spAM} = U sp.{g} -

gEM
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Let an arbitrary g(t) € L*”(R) be given. The pair of analytic
functions

(0]

p
f exp(itz) g(t)dt, Imz > 0;

G(2)=1", (2)
fexp(itz)g(t)dt, Imz <0

\

is called Carleman transformof g(t). As is known [9, Chapter 11,
Theorem 24], 1 € sp,{g}if and only if there is no analytic
extension of G (z)into a neighborhood of A.
Let The a Hermitian operator on a Banach space Xand let x € X.
For an arbitrary ¢ € X*, define px (t) = @(exp(—itT )x). Then,
@, (t)is a bounded continuous function on R. We putMx =
{ox (O: @ € X *}.
Lemma(3.2): If Tisa Hermitian operator on a Banach space X,
thenfor everyx € X,

spr (x) = sp.{M,}.
Proof.It is enough to show that I, = I{M,}. We see that f € Lif
and only if £, (T )x = Oforalls € R, where f, (t) = f (s —¢t).
Now, from the identity

o(FsTx) = [ s =0 ¢ cxp(=itT 1) de

- jf<s—t><ox ©dt = (pr* f)(5) 9 € X

We deduce that € I, & f € Iy

Lemma (4.2) : If Tis a Hermitian operator on a Banach space X,
then for every x € X,spr (x) < oT (x).

Proof. In view of Lemma 2.3 and the identity (2.2), we have

spr @) = | ] sp.(ox)
QEX
Therefore, it is enough to show that sp,{¢x} < oT (x)for every
@ € X*. Assume that for somep € X*,1 € sp.{px}butd €
pT (x). Then, there exists a neighborhood U,of Awith
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u(z)analyticon Ujhaving values in Xsuch that (zI — T )u(z) =
x on U,. On the other hand, from theidentity (2.1), we have

r (0]

jexp(itz)q)x(t)dt, Imz > 0;

io R(z, T )x =« 0 0

— f exp(itz)p, (t) dt, Imz <0
\

0

This shows that i@(R(z, T )x)is the Carleman transform of .
Moreover, i¢p(u(z))is an  analyticfunction on  U,and
ip(R(z, T)x) = ip(u(z))for every z € Uywith Imz_= 0.
Hence,ip(R(z, T )x)can be analytically extended to a neighborhood
of A. This implies that 1 /€ sp . (¢x).
3.Local spectral properties of Hermitian operators
In this section, we study some local spectral properties of Hermitian
operators.
Theorem (1.3):1f Tis a Hermitian operator on a Banach space X,
then for every x € X,

IT xll < +T @) lxll.
For the proof, we need some preliminary results. Let S(R)denote
the set of rapidly decreasing functions on the real line i.e., the set of
infinitely  differentiable  functions gon R such that

Lim |x”g(k)(x)| =0 foral nk =012,....

|x|—>00

Proof :Let an arbitrary a > rT (x)ande > Obe given.

a function f € L'(R)such that f (1) = Aon [—a,a]and ||f ||1
(1 + a/e)Y?a. From Lemmas 4.2 and 3.2, we deduce that T x

f (T )xand consequently,
IT xIl = ||f (Tx|| < I FllLlixll < (4 + a/e)?allx||
By letting € —» oo, we obtain ||T x|| < al|x||. Sincea > rT (x)was
arbitrary, the theorem is proved.
Theorem (2.3):If Tis a Hermitian operator on a Banach space X,
then for every x € X with

0 <rT(x) Sg

1A

| (sinT )x|| < (sinrT () ||x|l
Proof :Since = ||sin T|| < 1, we may assume that rT (x) < m/2.
Let an arbitrarye > 0 and a > rr (x)be fixed. there exists a
function  f € L*(R)such  thatf(1) = sin A on [—a,a] and
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1

IFl1 <(1 +%)%sin a. It follows from Lemmas 2.4 and 3.6
&

that(sinT )x = f (T )x. Hence, we have
I (sinT )x|l = Ilf (T)x|l < [IF 1Ll
< (1 +a/e)Y?(sina)l|x||.
By letting ¢ — oo, we obtain that ||(sinT )x|| < (sin a)||x]|.
Theorem (3.3): If Tis a dissipative operator on a Banach space X,
then forevery x € X
tli_)rglolletTT x|| <sup{|A]|: 1 € o7 (x) N iR} x]|.

Proof: We may assume that lim,_||let” T x|| > 0 for some x €
X. Let (Y, ], S)be the limitHermitian operator associated to T . Since
icS(J x) < iR, we haveio, (J,) € or (x) N iR and therefore,
rs(Jy) < sup {JA: 4 € o (x) N iR}
we can write
lim|le 77 x|| = [IS/xI| < s ()l
< sup{|A]: 2 € o7 (x) N iR}||x||
Theorem (4.3):Let T be a dissipative operator on a Banach space X.
If o(T) n iRis at mostcountable, then for every R €
RadW(T )andx € X,
lim [le Rx]| = 0
Proof. Let ¢ € X*be a unimodular eigenvector of T*. It follows
from what is showed above thatR*¢ = 0 for every R €
RadW(T ). Consequently, ¢ (Rx) = 0 forevery x € X. Applying
ABLVTheorem we obtain as required.
Theorem(5.3):1f Tis a cyclic dissipative operator on a Hilbert space
H, then for every Volterraoperator V in {T }.
lim|le™ V|| = 0
Proof: First, let us show that [|e” Vx|| —» 0, as t — oo, for every
x € H.We define a new innerproduct in Hby the formula
(x’y> = t!l_)rg(etT x'etT y)’ x’y E H

(it is easy to see that the limit on the right-hand side exists). This
1/2
induced a seminorm on H defined byp(x) = (tlim let” x||2)

Let E = kerp. Clearly, E is a closed hyperinvariant subspace for
T We may assume that E # H.Let ] : H — H/Ebe the quotient
mapping. Then, the inner product (, induces an inner product[, Jon
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KO = H/Eby[Jx,]y] = (x,y),x,y € H.LetKbe the completion
of K0 with respectto the norm generated by this inner product. Then,
J + H = Khas dense range and

_ 1/2
Ul = (lim lle T xII2)
Now, define an operator SO on KOby 0] = —i/T. Then, we have
) 2 1/2
ISo/xll = T xll = (lim [le®™ x| ") < Tl jxll, *
€ H.
Since Jhas dense range, S, can be extended continuously to the
whole of K. If we denote thisextension by S, then we have iS] =
JT and ||S|| < |IT ||. Let us see that Sis a self-adjointoperator. Since
foreverys € R,e'5] = JesT, we have
. 1/2
le®S x| = (lim [le @7 x||*) " = ).

t—>oo

Also, since Jhas dense range, we obtain ||eS|| = 1, so that S is a
self-ad joint operator. It is easy to see that S is cyclic. Any operator
R € {TY generates an operator R, on KOby R,Jx = —iJR. Since
[Rojxl = iRl = (timlle™ Rxl1?) " = (tim1ReT x|2)
t—oo t—oo0
< IRN=Il
and since Jhas dense range, R, can be extended continuously to the
whole of K. If we denotethis extension by R, then we have iR] =
JRand ||R|| < IIR|l. Moreover, from the identitiesRS] =
—iRJT = —JRT = —JTR = —iSJR = SR], we deduce that "R €
{S}_.Now, let Vbe a Volterra operator in {T } Since o(V) = {0},
it follows from the relations||V*|| < [[V*||(n = 1,2,...)and from
the spectral radius formula that (V) = {0}. Also, sinceSis cyclic
self-adjoint operator,{S}' = W(S), so that the algebra {S}'is semi
simple. Thus, we have that V = 0. Further, from the identity V] =
JV, we get JV = 0, so that ||e” Vx|| - 0,as t - oo, for all x €
H.Fix € > 0. Since the set {Vx:x € H,||x|| < 1}is relatively
compact, it has a finite e-mesh, say V, ...,V , where ||x;|| <
1( = 1,...,n). This clearly implies
letTV|| < max{||leT Vx;|:i = 1,...,n} + ¢
forallt > 0. It follows that ||eT V|| - 0,ast - oo
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