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ABSTRACT
Crude extracts of six plant species including Canistemon,Lanceolatus,

Impirata cylindrica, Bougainvilla glabra. Girgensohnia oppositflora, C}lausium

comiculatum,and Vinca rosea,and thcir mttor cOnstituents were tested for their

antiftlngal activity against phylopathogenic  ingi. The fungal species 、vere

Altemaria altemata, Aspergillus flavis. And Fusarium oxysporurn. The crude

extracts 、vere Obtained by continuous extraction rnethod using hot rnethanol in the

flrst step, followed by hot aqueous methanol(80/20V/V).The separated

fractions isolated from the crude extracts、vere Flavonoides,Alkaloids.Saponines,

and Terpenes; each of them 、vere tested against the above mentioned ingal

spccies. The Saponin fraction ofthe plant Vinca rosea was found to be the rnost

active constituent agaonst the tested ftlngi.

INTRODUCTION
In lraq a variety ofplants are widely used in flok medicine(1&2)。 Some Of

these plants have been systematicany studied fortheir chcmical and biological

properties(3-5).
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Effect of The Major Chemical Constituenls of Plant Extracts on Plt)'topathogenic Fungal
Species [vI. J. h'oory, et.al.

Many reports published in this respect indicate that these plants possess

antimicrobi al (6&7) algicidal and molluscicidal, and antihelmentic activity (8).

The antifungal activity' of some plants and their major chemical

constituents have been reported against pathogenic, phytopathogenic, phytotoxic,

and toxin producing fungal species in different countries (9).

However little attention has been given to this matter in Iraq inspite of the

wide distribution of such species as Alternaria alternata, Aspergillus flavus, and

Fusarium oxysporum, and the considerable econmic losses in a,ericultural crops

caused by them (10-12), in addition to the health hazards caused by their toxic
seconary metabolites (1 3).

Therefore the antifungal activiry" of six plant species and their major

constituents was assayed against these fungi as an attempt to use plant extracts or
their main components as natural fungicides, considering the abundancy of these

plants in Iraq.

MATERIAL & METHODS
Plant Material

The following plant species Callistemon lanceolatus (Sm) Dc (Myrtacea) :

Impereta cylindrica (L) P. Beauv. (Gramineae) : Bougainvillea glabra Choisy.

Q{yctaginaceae) : Girgensolmia oppositiJlora (pall) Fenzl. (chenopodiaceae) :

Glauciunt corniculatum (L) Rud. (Papaveraceae) : Vinca rosea L. (apocyanaceae).

Were collected from different parts of Iraq.

They' were identified and authenticated by the IraqiNational Herbarium in
Baghdad. The aeril parts of these plants were air dried at room temperature and

ground to powder from Extraction .

The powdered plant material of each plant (40g) $'as extracted with hot

methanol. then hot aqueous 80% methanol; the two extracts were combined and

concentrate d in vaccou.
The detection of major constituents wzls proceeded by the Froth test for

saponins. MgHCI test for flovonoids 40% HzSOa for terpenes, and Dragendorff
for alkaloids.

Isolation of Major Constituents
Each concentrated plant extract was devided into four parts for isolation of

the major plant constituents.

- Partl:(Terpenes)
It u'as partitioned with CHuCLz $ x 100 ml. Portions) and concenrated in
Vaccuo. TERPENES were seperated on silica gel TLC plates developed in
(CH:CL:: MeOH) (25:1).
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Further purification was made using another solvent system, (EIOAC :

Aceton) (9:1) (9)

- Part2: (Alkaloids)
This part was combined with 100 ml of 5% HCl. And the acidic solution was
washed with ETOAC (3 x 100 ml portions).
Ammonia solution was added to the aqueous acidic layer to get PH 9, and the
precepitate was extracted with CHzCLz (3 x 100 ml portions). This was
evaporated to dryness to give total ALKALOIDS (9).

- Part3:(Saponin)
This part was dissolved in distilled water and partitioned with Butand (3 x 100

ml portions) and the combined butanolic extracts were evaporated to dryness.

Minimum amount of methanol was added to the residue and the SAPONIN
was precipitated by ether and purified on silica gel TLC plates developed in
(CHzCLz : Methanol : water) (6.5 : 3.5 : 0.5), Location of the spot was

determined by spraying the plates with chlorosulphonic acid spray reagent (5).

- Part4:(Flavonoids)
The fourth part was dissolved in distilled water and seperated on silica gel

TLC plates developed in (Butanol : Acetic acid : water) (40 : 10 :2.5).
Location of the spot was determined by spraying the plates with methanolic
LOH (e).

Analytical TLC rvas canied out using TLC sheets of silica gel 0.25mm
(Kluka). Preparative TLC was made using glassplates (20x20 cm)coated
with silica gel 0.5mm (Fluka).

Fungal species
Alternaria alternata (Fr.) keissl and Fusarium oxysporum Schlecht was

isolated from tomatoes in Baghdad region, while Aspergillus flavus link ex Fr.
Was isolated from corn at the southem part of Iraq. They were identified
according to Ellis, l97l (14), Booth, i97l (15) and Raper & Fennel, 1965 (16)
respectively.

Antifutrgol ossay
The agar diffusion method was carried out using petri dishes containing

PDA (Oxoid) with one hole in the center (10 mm in diameter). Aliquouts of 0.2m1

of each extract or chemical constituents were added into each hole and left at
room temperature for 24'h, to permit the extract diffusion in the medium.
Methanol was used as experimental control.

、
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Effect of The llujor Chentical Constituents of Plant E.rtracls ot, Phytopothogenic Fungal
Species IV. J. Noory, et.ol.

Each fungal species was inoculated in three spots around the hole at equal
distances. After 4 days of incubation at25 c the diameter of the colonies and other
morphological aspecta were observed macroscopically and micropically.

RESULTS & DISCUSSION
The major chemical constituents of the plants under study was saponin and

the highest amount of saponin compounds were obtained from Vinca rosae and
Girqensohnia oppsitiflora (4.5o/o and 3% respectively) as shown in Table -1. This
will lead us to the conclusion that the antifungal activity of these plant extracts is
mainly due to the saponin fraction.

There was variable inhibitory effects against the same fungal species
(Table -2) rvhich indicate different chemical grouping of these saponins (16 &.

l8). The saponin fraction of the plant extracts has shown a selective antifungal
activity against the fungal species tested, with the exception of the saponin
fraction obtained from Vinca rosae which showed complete inhibition activity
against all fungal species under study.

The mehanolic extract of Glaucim corniculalum contained in addition to
the saponin, alkaloids of isoquinolin ty'pe ( I 8) at I % concentration rvhich show'ed
a good slective inhibitory action against the fungs F. oxysporunt.

The effects of the plant extracts and their major constituents on the
morphologigal aspects of the tested fungi were noted on the abundancy of
mycelial growth, pigmentation, sporulation in addition to the diameter to the
colonies.

CONCLISIONS
The results of this work showed the following :

1- The antifungal activity of these plant extracts is mainly caused by the saponin
fraction.

2- The variable inhibitory effects of saponin fractions against the same fungal
species indicate different chemical grouping of these saponins (17 & l8).

3- The saponin fraction from the methonlic extract of Vinca rosae was the most
effective agent against all the tested fungi.

ヽ
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Table -1 : The maior constituents of plant species under stud

Plant sbёёies Plantfamily C6五ζtittents %Yiёld

Callistemon lanceolatus Myrtaceae Flavonoids
Saponins
Alkaloids
Terpenes

0.0
0.1

0.0
0.0

lmpirata cylindrica Gramineae Flavonoids
Saponins
Alkaloids
Terpenes

0.0
0.7
0.0
0.0

Bougainvillea glabra Nyctaginaceae Flavonoids
Saponins
Alkaloids
Terpenes

0.0
0.3

0.0
0.0

Girgensohnia oppositifl ora Chenopodiaceae Flavonoids
Saponins
Alkaloids
Terpenes

0.0
3.0
0.0
0.2

Claucium corniculatum Papaveraceae Flavonoids
Saponins
Alkaloids
Temenes

0.0
1.3

1.0

0.0

Vinca rosea Apocynaceae Flavonoids
Saponins
Alkaloids
Temenes

0.0
4.5
*{.*

0.0
***=Present but not weighed.
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able 2 : Inhibitory action of different plant constituents on fungalspecies
Plant species Plant

Constituents
Inhibition zone on Fungal species
1 2

Call istemon lanceolatus Flavonoids
Saponins
Alkaloids
Terpenes

+
一　

＋

　

一
　

一

一　

＋

　

・
　

・

Lmpirata cylindrica Flavonoids
Saponins
Alkaloids
Temenes

# + +{

Bougainvillea glabra Flavonoids
Saponins
Alkaloids
Terpenes

・
＝

・
・

+

Girgensohnia oppositifl ora Flavonoids
Saponins
Alkaloids
Terpenes

.{=H # ++

Glaucium corniculatum Flavonoids
Saponins
Alkaloids
Temenes

+#+
#

・　̈
市　一　　・

H
+
_^

Vinca rosea Flavonoids
Saponins
Alkaloids
Terpenes

+#+
#

.{.-.i.-.H

#
+++
++

(l) Alternaria altemata
(2) Aspergillus flavus
(3) Fusarium oxysporum

No inhibitory action.
+ = Inhibition zone diameter benveen 12- l 6 mm.
++ = Inhibition zone diameter betrveen l7-22 mm
r-+-r = Inhibition zone diameter benveen 23-30 mm.
#++ : Inhibition zone diameter betw'een 3l-35 mm.
#+# = No growth.
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ABSTRACT
Four pathogenic bactcria:(P5・ θタグο″2οJ7αS αθr27g′′θstt Es・c力θ″Jε力′α σο′J)as

gram ncgative,(Stapリ ノ′θσOσθνs α夕rθνS,and Bαε〃′夕s s夕b″′お)as gram positive
werc isolatcd fl・onl paticnts colllplaining of wound=burn intctions, infants

diarrllca, lo、vcr rcpiratory tract inlじ ctions.The bacteria wcrc idcntined according

to thc cultural, 1■orphological and biochenlical cxanlinations.The four isolatcd

bactcria havc bccn, scParately,  ёxposcd to nitrosoguanidille (aS a chclllical

圏tyγ二躍鳳翠器Whlll漢Ъ躙騰]爾 1究,棚鑑
C02 1aSCr(10.6 μm)with nuenccs of(188.6,377.3,754.5)J/cm2.The Sur宙 val

curvcs of thc test bactcrial isolatcs showed thatthc bcst killing mcthod was thc

UV light followed by C02 1aSer,nitrogcn laser and chcmical rnethod.

INTRODUCTION
Nitrosoguanidinc(MMNG)whicll iS an alkylating chcmical agcnt,is LISCd

br killing thc bacteria as wcn itis conlnlonly uscd in the laborat6ry liDr crcating

mutations. It is thc most potcnt chcnlicai nlutagcn, which induccs clustcrs of

■



Contpurison lleheeen Chcnicul, Physical and Laser Melhods on Deslruclio of Local Isolales

0f Sonte Polhoganic lluclctit N. A. TiAah, et. Al.

closcly linked mutations in the segment of the replicating chrolnosome. MNNG is

fairly seleclive, it results with some bases and produces as specific kind of DNA
danrage(r'2). While the physical method based on the use of UV light (260nm) to
iradiate the test bacteria, UV light kills alt kinds of microorganisms due to its
short wavelength (10-400 nm) and its high energy. Certain substances such as

purincs and pyrimidines which then enter more reactive or excited state, are radily
absorbed by UV light. DNA is most effected by UV light cspecially at a

wavcler.rgth of (260)nm. But the maximum absorption of DNA by the UV light is
in the wavelength (254 nm), which gives also maximum mutagenicity.
Pyrimidines are absorbed strongly at (254nm) and become very reactive,
pyrimidinr- hydratcs and pyrimidine dimers arc thc two major products of UV
absorption by pyrimidines(r'r).

Recently, the laser is used as a promising tool for bacterial treatment
bccausc of its cohcrcncc, monochronraticity, collinration, dircctionality and its
photon energy(o). Mainly the wavelengths of the known lasers lied in three

regions, the ultraviolet region which have photochemical effects, the visible
region with either photochenrical or photodcstructive effect, and in thc infrared
region which have photothermal cffcct(5'6). 'fhis study ainred to compare some ol
thc convcntional methods (physical and chcmical) with 1wo laser mcthods (CO2

and N2) for destruction of some common pathogentic bactcria (P. acruginosa,
E.coli, S. aureus, and B. subtilis).

MATERIALS AND METHODS
Bactcrial Spccimcn

1-hc lbllowing lbur pathogcnic (test) bactcria (two G + and two C-) wcrc
used:

l]:r ctcri:r Sourcc of isolacs
Bacillus subtilis
Staphyococcus aureus

Escherichia coli
Pseudomonas aeruginosa

Contaminatcd wound and bum
Lower respiratory tract
(trabstracheal aspiration of sputum)
Infants diarrhia
Wound and bum inlections

These bacteria were identified according to cultural characteristics,
microscopic cxaminations ar.rd biochenrical tcsts(7'8'e).

Thc culture of cach isolatc was translbrred from nutricnt agar slant to
brain-hcart inlusion broth. incubated at37oC lor 24 hours. Each culturc broth was
centril'ugcd by 6000 xg for l0nrin at 4oC. Ccll pcllcts wcrc washcd twicc with
phosplratc bull'cr (pl'I. 7), (hcn nrixcd by a vortcx and suspcndcd in thc normal
salinc solution.

10
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Preparation of Isolntcs for Trcatment
For chemical treatment, MNNG intheconcentrationof 100pg ll00ml.

was used, l1m{. of phosphate buffer (pH:7) was used to suspend the washed
bacterial cells in flask o1' 100 n(. , 0.1 m(. of MNNG was added after mixing,
placed in a shaking incubator at37oC, (30 rpm) for (10, 30, 60, 120)mi1tr).

For the physical treatment; bacterial cells were washed with normal saline
solution for 3 tintes, the suspensions then were distributed in sterillized petridish
(5 m/ each). The cells were exposed to the UV light for different periods of times
(1 ,2,3,4 5 min) with contin imovement to open petridish at a distance of 10 cm
liom thc UV lamp.

Two lasers (CO2 and N2) were used to study the laser effect. Nitrogen lascr
witlr thc fbllowing parameters, (337 nm) wavelength, lOns 1.5 mJ pulse energy
and 3OHz repetition rate.

The exposed area to the laser beam was 0.63cm2. Bacterial cells were
suspended in normal salinc solution containing I ntl of each kind of bacteria,
then transf'erred to sterile eppendrof tubes and treated by nitrogen and carbon
dioxide lasers. The cxposure times for the prepared bacteria for the nitrogen laser
wcrc ( I 0, 20,30) min. According to thcsc paramctcrs, thc nitrogcn lascr flucnccs
were (42.4, 84,9, 127 .3)l / cmz .

Carbon dioxide pulsed laser of the following parameters (10.6 pm
wavelength, l00ns pulse duration, 0.8J pulse cnergy and lHz repetition rate) were
used. Thc exposure times were (2.5, 5, l0) min, then the fluences were (188.6,
37 7 .3, 754.5)J/cm2( | o).

A (genetic ED-500) detcctor was used to measure the pulse energy. The
nrc.lsllrcurcnts wcrc rccorded bclbrc and al1er cach exposing time.

The laser beam was scrcened by a mask of a circular aperture (0.9 cm in
diarneter) which represented the required exposing diameter.

The eppendrof tube was located on a fixed base. A mounted mirror was
used to adjust the reflected laser beam on the required area of the eppendrof which
were suspended in a normal saline solution containing I m / of each test bacteria,
then they were transferred to sterile eppendrof tubes.

RESULTS AND DISCUSSION
Figure (1,2,3,4) show the survival curves of P.aerginosa, E.coli, S.aureus

and B.subtilis, rcspcctively, aller subjcction to the chcmical, physical and thc two
lasers rnearls. The slopc value for cach curve was determined, the slope value is
equal to AylAatltl. (Ay represents the number of dead colonies, while Ax
reprcscuts the cxposnre time in rnin).

So thc
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Nunrbcr of dead colonies
Slope value :

Exposure time (min)

The increase in the slope value is due to the increament in Ay. So from the

slope vlaue results the effect of each chemical, physical, and laser methods on test

bactcria (illustratcd in tablc l) could bc bettcr discusscd as follows :-

Ultraviolct light was found to have the highest efl'ect in dcstruction of the

bacteria cells, as shown in above mentioned figures, Thc slope values of UV light
{or P.ttcrugiosu, L.coli, S.aurcus, ancl B.subtili:; wcrc (6.9 x l0e, 4.9 x l0e, 1.9 x
l0e, and 3.9 x l0e; bacteria cell per cxposure time, rcspectivcly, Such results were

obtaincd duc to the rnodc of actionof UV radiation. Its cffcct is conccntrated on

dan'raging bacterial DNA, indicating that such a physical rnethod has the most

efficient killing ability (on the bacteria cells) among other methods used.

Efficiency to dcstruct pathogentic bacteria depends on the intensity olthe UV
light, expoure time, and the mechanism of UV action on thc bactcrial cell (1,2,3).

Effect of COz laser on (P.aeruginosa, E. coli, S. aureus, B.subtilis) comes

rrcxt ro that of UV light (tablc l). COzilope valucs were (1.3 x 108,9.7 x 107, 1.6

x 108, 4.7x108; bacterial cclls per cxposurc timo, recpectivcly. CO2 lascr is easly

absorbed by the water content of the bacterial cell due to its wavelength which

falls in the middle of infrared region. This rangc is heavily absorbed by water.

Bacteria protoplasm (which is encased by the ccll membrane) is dense, gelatinous

and prominent site for many of the ccll's biochemical and synthetic activities.
Major component of the protoplam is water which excecds all other component in
quantity (70-800/,). It scrvcs as a solvent for thc cell pool. Most of thc incident
fluonccs olCOz lascr havc a vcry short pcnetration dcpth. Whcn thc ccllular water

is hcatcd to its boiling point (100"C), the heat causcs complctc dcstruction ofthc
all cellular protein (by incativation (coagulation) ofprotein and DNA) as well as

the cell itscll. 'l-hc increase in the intracellular temperature and prcssurc cause

explosion of the cell, throwing offstream and ccllular dcrbies. Thc stcam ofthe
derbies rises from the site of impact and is carbonized in the laser beam. So, it is
obvious that thc COz cffect was photothcrmal(a s). For this rcason thc slope valucs

were high whcn it is comparcd with other trcatment.
Nitrogcn laser_had the tltird destructing effect on thc bacteria. Its slope

valucs wcrc (3 x l0'.2.8 x l0', 1.9 x l0'.2.5 x l0') bactcrial cclls pcr cxposurc
time to tlrc lbur testcd bacteria respcctivcly. Duc to its wavclcngth (337nm), thc
nitrogen laser has an emission in the ultraviolet region, which can brcakdown (if
absorbed) the molecular bounds directly, leading to produce small molecules. The
nitrogen lascr has an aclion of photochemical effect duc to its wavclcngth. This is

lrappcncd whcn a clrangc can occur as a result ofdircct excitation ofclectronic
bounds. The ccllular conrponent, protcin and lipids, absorb photons and become

elcctronically cxcitcd. This photocxcition lcads to rupturc of molecular bounds
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and formation of molecular fragments(12). The depletion of such excited states
ntay bc thc cause of dirninislied yield of biomolecular pyrimidine photoproducts.
Near UV irradiation of DNA (typically at 313 or 334 nm) a large number of
pyrimidine dimers is induced(6). Such compounds are known to have lethal effect
through mutation(2'3).

So, the difference between COz and nitrogen laser was in there
wavelengths, this will result in the different mechanisms of action and effect on
the treatcd bacterial cells. From the above results, the COz laser effcct needs
shorter exposure time to cause obvious effect during treating the bacterial cells,
(photochemical effects needs nlore exposure time to from the pyrimidine dimers).

Previous ligurcs show that the chemical treatment through exposing
(P. aeruginosa, E.coli, S.aureus, and B.subtilis) to nitrosoguanidine has the lowest
effect on their colonies when the calculated slope values were only ( I .7 x 106, I x
10+, l.l8 x 107, and 1.7 x 107) per exposure time, respectively (table 1). The
effect of MNNG on the bacterial growth is due to the hydrolysis of MNNG to
diazomethane, and when MNNG adds methyl groups to the guanine, mispair with
the thymine will bc crcated. Due to this action, nitrosoguanidine may cause

specilic misparing. Wlien MNNG changes a base structurc, its bascpairing
oliaracteristics will bc altcrcd, lcading to producc a spccilic kind ol' DNA
damage(l'2':1.

Table (l) Slope valucs for the numbcrs of colonies as a function of the exposurc
ne lor thc tcst bactcria allcr trcatnrcnt with chcmical, physical and laser n

Bacteria Treatment method Slope value [bacterial
cell/ exposure

tinrc(nrin) |

P s e udo tnct ns u e r uginos n

UV light
COz laser
N2 laser

NTG

6.9 x10"
1.31xl08
3 x 107

1.7 x 106

Escherichia coli
UV light
COz laser
N2 laser

NTG

4.9 x10"
9.71 x1O7

2.8 x10i
1 xl06

S talt hy I o c o c c us a ur e Lt.,

UV light
COz laser
Nz laser

NTG

1.9 xl0'
1.6 x108
1.9 x107

1.18 xl07
UV light
COz lascr
Nz laser

NTG

3.9 xl0'
4.7 xlOT

2.5 x107

1.6 x107

rcthods
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Figure (2) : Survival curve of Eschcorchia coli after treatment with
chemical, physical, and two types of laser methods
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ABSTRACT
It is establish that human saliva can inhibit the agglutination of human

antibodies. Results showed that some from of autologus activity may also operate
at biological level and that the secretors of antologous ABH were found to make
weaker antibodies to human group AB & sheep group AB - like RBC than non
secretors. The implication of these finding in relation to different races of Iraq is
discussed.

INTRODUCTION

The Antigens A, B and H of the Blood group system are not confide to the
red cells, but are found in a soluble form in the body fluide. Not all individual,
howcver secretc their coresponding ABI{ substances ; a proportion are not scretor,
that is, their fluid are free from or contain only trace amounts of these
substances(l).

It is considered that a secretion of the ABH group - specific substances is
controlled by a pair of allelo - morphic genes Se and se.

The production of anti-A and anti-B antibodies by exogenous stimulation
implies that such antibodies are hetrophile in origen, i.e., it can react with
antibodies determinants on a variety of rnicrobial cell membrane to which the host
never been immunized(l). Furthermore, studies have been indicated that sheep red
blood cells possess a significant amount of blood group A & B may found in areas
unrelated to humans(2'3).

Thc present study were undcrtakcn to cstablish and evaluate thc
significance of ABH-like substances with respect to cross-reacting anti-A and
anti-B antibodies in both hurnan serum and saliva.
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MATERIALS AND METHODS
Blood and saliva were collected frorn healthy blood donors.
An agglutination test were performed to demonstrate. the antibody titer

using two fold dilution following the procedure of Vos et.al.(o). The reactions of
human sera to micro-organism were evaluted following the procedure of Springer
et.al.(s) using gram negative and gram positive bacteria such as E.coli and
Streptococcus pyogens. Bacteria were grown for48 hours at37"C and seperated

from the culture by centrirugation after which the cell were suspended in distilled
water and heated in boiling water for one hour.

The presence of ABH-like factor on these cells was assayed by the

standard haemagglutination inhibition test following the procedure of Al-Agidi &
Shukri,(6). The Autologous ABH-like activity was measured by the ability to
inhibit the reaction of human for ABH-like positive sheep RBC by saliva.

The non-autologous ABH-like substance was measured by the

conventional inhibition test using human antibodies reactive for human group A.
B & O - RBC. Serum and saliva lgA were assayed following Al-Agidiand
Roberts(7).

RESULTS
The dsitribution pattern of autologous ABH-like activity and non-

autolgous ABH is shown in Table l. The results revealed that autologus ABH-like
substances is related to the presence of non-autologous ABH-like inhibitory
avtivity occur oftenly in the saliva subjects who secrete A or B substances than in
those who only secrete H substances.

Table l: Incidence of autologous cross reaction ABH-like structure in the saliva of
lors

Donors No. Tested Cross Reactine ABH
Positive% Negative%

A secretors 53 67.9 32.1

A&B secretors 24 79.1 20.9

B secretors 36 58.3 47.3
H secretors 90 25.5 74.5

Total 203 ⅣI=57.4 卜1=43.6
ABH secretors 52 1.9 98. I

Grand Incidince 255 39.2 60.8

hcalthv dor

A strong correlation exist between the development of low antibody values
in the serum and the presence of autologous ABH-like substances in the saliva
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(Table 2). The finding of total absence of cross reacting A & B antibodies in
salive of individuals who have autologous ABH-like substances in their secretion
suggest a direct link between thc presence of ABH-like structure in saliva and the
development of cross-reacting antibodies for A and B.

Table 2 : The effect of autologus saliva ABH substances on the development of
Antibodies reactive for human A, B cell & ABHS Susbstances positive sheep

RBC

Saliva Antibody Titcr
Human A,B cell Slleep ABH

Total MttSD Total M±SD
0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

41 4.1±0.9 3 3.2± 0.9

10 1.8±0.02 7 9±0.001

48 4.6± 9 44 4.7± 0.9

281 8.9± 2.1 258 7.9± 1.8

667 7.0± 1.6 573 6.2± 1.9

The biological importance of ABH-like system is their association with the
synthesis regulation of immunoglobulin (Table 3). This finding indicates that total
serum and saliva levels of IgA may be lower in secretors of ABH than in non-
secretors.

Group Secrctary
Status

No. Tested Serurn Antibody Titer

Human A,B cell Sheep ABH
Total M±SD Total MttSD

Saliva
with

Autologous
ABH-

l.A- 36 484 18± 5.5 255 112±26
2.AB- 19

つ
４ 6±2.1

，
′ 8.1± 2.6

3.8- 21 228 15± 3.6 122 10.2±3.1

4.H- 210 210 18± 8.0 :44 12.2■4.2

5.ABH‐ 99 934 15±3.6 552 14.2±2.3

Sliva
Only

I.A- 17 388 29± 6.1 285 28.1±7.6

2,AB- 5 43 9.2± 2.3 61 10.1±4.3

3.8- 444 4!.6±5.6 369 30.2±6.9

4.H- 67 1278 40.8±8.1 1255 42.3±7.2

5.ABH― 3489 38.1± 7.0 3214 35.7±9.3
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Table 3: IgA levels in serum and saliva of secretors & non secretors of ABH -
like substances

Sample No. Tested IAA/Secretory Activity/MttS.D  ハ

Positive Nesative
Serum 25 322±55.1 255±71.3

Saliva 25 0.82± 0.03 0.82±0.03

The 4 list the observed percentage of strong and week reacting ABH-like
antibodies in group of Arab and Kurds reseding in the same geographical area,
and showed a significant relationship between strong and week reacting anti-ABH
between these two population groups.

Table 4: Pattern of Distribution of Cross - Reacting Antibodies to ABH-like
Substances on S RBC in varios race srou

Group No.
Tested

I Secretary Activity P

valueStrong o/o* Weak%**
Arabs 112 58.8 4t.2

X2=102.5Kurds 84 79.7 20.2
* Strong: Titer of l:20 or more.
** Weak : Titer of I :10 or more

DISCUSSION
The expression of ABH blood groups in man is controlled by the action of

genes which is independent of that regulate their expression in serum(8). The
distribution of ABH were documented in Iraqi population(6). In the present study
emphases was directed toward establishment whether the recognition ofthese
autologous inhibitory factors in saliva could be assessed by deferent forms of
cross-reacting ABH-like antigen-antibody system.

The demonstration of autologous activity with non-autologus suggest that
there may be deference in sugar content of some glycoprotein(e'10). Although the
chemical nature of the ABH-has not been yet assassed. There is, of course, the
possibility that "non-self'structure were produced under the influence of acquired
viral or bacterial genetic material incorporated in the glycoprotein producing
systcm.

It is important to establish the influence of autologous ABH on the
development of cross reacting anti-A and anti-B in scrum and saliva . Results
showed a strong association bctween the devclopment of low antibody valuc in
serum and the presence of autologous ABH in saliva, while the finding of total
absence of cross reacting A & B antibody in saliva of subjects who have
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autologous ABH in their secretion, may indicate a direct link between the
presence of autologous ABH in saliva and the development of cross-reacting
A&B antibodies.

The relationship between strong and weak reacting anti-ABH was found to
be significantly deferent between Arabs and Kurds which indicate an indirect or
direct exposure to ABH-positive agent like rnicrobial factor which may vary
between race group or that some form of selective advantage enable kurds to be
better responders than Arabs, i.e., Arab are not as often exposed to ABH positive
agent and, therefore, show a reduced levels of antibody response, while genetic
variations must play a role as been suggested(6'/).
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ABSTRACT

A fleld study in ccntral rcgion oflraq pcrformcd during 1998 and 1999 to

detcrnlinc thc  possible vcctors of ιθl,力″?α″′α `,7ヮ・ In two traditional fOci of
Lcisl■llaniasis in ccntral lraq.About 4974 fcinalcs fO sandflies dissectcd,Only 51

oncs wcrc infccted. 
′
「 he parasitcs idcntifled as ιθ′∫力″,α′Jα 。′・WC are tryign to

isolatc the parasitc as s00n as possible.

INTRODUCTION

Many researchers interested during last century on the studies of Iraqi sand
flies and-th_eir possible relations with both cutanous and visceral Leishmaniasis in
Iraq(r'z'r'+':'o'/'r7). Baghdad considered as endemic area with both cutaneous and
visceral leishmaniarlr( l'7' I 2' I 3, I a, I s' I 8, I e).

The diseas is probably transmitted among peopre and animals by
anthropophilic species of the genus of Phtebotomus and Sergentomiya,
Phlebotaminae, Psychodidae, Diplera.

The suspicion is directed towards the anthropophilic species of
Phlebotomus papatasi, P. alexendri, P. sergenti, p. clydi, sergintomayia
baghdadis, S. sintoni, S. squumipleuri.s and S. palestinensis. In the central."gion
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of Iraq the P. papatasi consisted about 95yo of the total number ofsand flies
spesls5{ 

l'2'3 6 14'ts'ts zo zt 1.

Visceral leishmaniasis is common in rural area around Baghdad and about
92Yo of the patients are inthe first three years ofage(12'll'14 le'2223) the traditional
foci of this pest disease are Diala bridge, Medain, Sowira, Aziziya, Kan Beni
Saad, Taji, Falowja, Aboughrab, Mahmodiya, Latifiya, Nommaniya, Missan,
Thiqar ets(I 2 s 6 l2 ll 14 l5 l6'20 21).

The vectors ofvisceral Leishmaniasis in Raq are deferent lrom these of the
Mediterranean area(6'7'8'e'10'l 

I). This is due probably to the wide variation in Iraqi
fauna caused by the geographical situation (Mecan 1965 in 8).

The central region of Iraq is a very wide alluvial plain; its elevation is
from 36m. to 300m.a.s.1 . The climate is of a desert and semi-desert. Lastfew
yeals the dusty days increased due to dry season. The region is covered by the
tress of dactyli fera, cilrus siensis, morus aibus, pyrus cpmntinus, etc. The main
occupationso fvillagers are agriculture, poultry farms, and cattles.

l.

MATERIALS AND METHODS

Two stations selected in this endemic area according to the following:
The high number of reported cases of Visceral Leishmaniasis on the few three
last years.

Thc high density of sand flies
The possible canine Leishmaniasis, and high number ofdeferent species of
rodents.
To use the data ofprcvious studies which had been conducted in the area as a

base line data.

First station is Abougrab, about 20km wcst of Baghdad. Second one is
Mahmodiya about 50km south of Baghdad.

Field studies started from the end of April till the beginning of November
1998 and 1999.

Sticky papers with castor oil and CDC light traps of malaria used to collect
sand flies biweekly. The flies collected from different places, like human
dwellings, cattle shelters, near rodent's barrows, Dog pits, vegetables f;arms, and
open-land. These techniques offered very important infomration about the density,
behavior, distribution, biting time, and resting-places of the sand flies.

The identification of males was based on the genitalia. The females
identification by the spermatheca, cibirum and pharynxl'6'7'e). The collected SF
brought alive to laboratory and dissected next days. The gut was cxposed to
search of flagellate. When parasite presented inoculation talie place take place to
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NNN-media and bulb c. The females kept alive with 0.5m1gentamicin 500pr/ml,
and 0.6oh NaCl. Smears of midgut of feeding sand flies were done on sterile slides
washing in 95Yo alcohol, then fixed with 95Yo alcohol before staining with
Gien'za, tlris simple technique offered the isolationof Leishmctniasp. From the
ifnected females, but its unfortunately unsatisfactory to determine thL species of
parasite.

RESULTS AND DISCUSSION

About 4947 fcn'ralcs of fceding sand flics werc dissccted during 1998 and
1999. Only 5l oncs wcrc inl'cctcd with parasitcs. 'fhe dominatedspecieswas
Phlebotontus popolasi Scolpi which fon'ned about 965 in total nurnber(l'7,14,20).
Tlrc spccics P. Alaxcndir, sargcntomiyu bughduclis, ,s. pulesteinsis, s.
.saquuntiplurr.r'and S. sanloni proscutcd in vcry small numbcr(2'3)t.

Parasites fbund in 5l females of P. papatosl. Unfortunately the culture
was contaminated and the bulb-c were dead. Parasite was identifi ed as Leishmanict
:tP. With livc slidcs ol' bloocl nrcal (nrid gut) ol' thc inlbctccl l'cnralcs'. Its
impossible to announce that these parasites are L. donovani or other species of
Leishmqnia sp. Before irnproved that by isoenzyme electrophoresis. In wide term,
thc isolation of parasitcs liom thc vcctor in largc numbers, and in traditiolal I'ocus
of visceral leishmaniasis (about 25 cases since 1967) in central Iraq is important
step in this way. Also we havc repofted two new cases of visceral Lcishmaniasis
in Feb. and March 2000 in two ncighbors dwcllings in thc cndcmic lbcus. This is
so important and cncouragcd singc that we arc near thc linding ol'the vector of
visceral leishmaniasis in central lraq. Sukkcr(18'20) isolatcd Lcishianiasp. From 4
infected P. papatasi in Al-Nommaniya district Wasset province, in addition ot
Mohsen (in22), he also found one infected fernales of p. papatosi.

Killic-kendrlic (in 20) thought that P. papcttasi might be the vector of
visceral and cutanous leishmaniasis in lraq.

The habits of feeding (anthropophilic species) and wide distribution of P.
papolasi in comprcssion with thc other species of sand flics in Iraq causing this
species as .. q _ .$fpggJg( vector of infantile leishmaniasis. Many other
investigators(l'6'7'13'15'17'te'22) think that sergentomiya baghdarft.r is also suspected
as a possiblc vector ol' both visccral and cutancous Lcishmaniasis in lraq. Wc
dissected 42 females of this last species with out any kind of flagellates, few
others ones to five different species were negative also.

Thus it scem that this study is important irr the way, and may be issued to
f-rnd the vector of visceral lcishmaniasis in the central region of Iraq.

'r 'The entontological invcstigation prcscntcd in scparatcd papacr
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ABSTRACT

Comparative study has been made of the phagocytic capacity of leucocytes
in patients with mild and sevcrc atopic dcnnatities (AD). For this screcning study,
the yeast particle mcthod has becn uscd. Neutrophil leucocytes in patients with
scverc atopic dcmtatitics show impairmcnt in their phagocytic founction, whereas
phayocytosis in tltose with mild atopic dennatitis did not differ frorn that in
healthy controls. The decreased phagocytosis might be associated with frequent
infections in severe atopic dermatitis.

Keywords : atopic dermatitis, phagocytosis, PMN

INTRODUCTION

Defccts in the phagocytic fllnctiOn ofthc ncutrophil leucocytcs have becn

dclllonstratcd  in scvcral disOrdcrs(1'2,3). Dcrnlatological disordcrs found tO bc

associatcd with defectivc phayocytosis are discoid lupus erythcmatosus,palino―
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plantar pustulosis are rccurrent erysipelas(a). Impaircd phagocytosis h"s also bcen
described in patients with alopecia areata and with accelerated hair loss(5).

The nrain clinical symptoms hitherto known to be connected with impaired
phagocytosis arc rccurring or clrronic infcotions. Sincc pationts with scvcr atopic
dcrmatitis (AD) ollcn sut'ler from frcqucnt staphylococcal and streptococcal skin
inl'cctions, a study of the phgocytic capacity of thc ncutrophils in paticnts with
scvcl Af) oomparcd with that ol'thosc paticnts having nrild to nrodcratc dr:rmatitis
seemed to be olinterest.

The abitity of neutrophils to ingcst ycast particlcs is thc critcrion
commonly applicd in studics olthcir phagacytic capacity and this paper presents

the results of a screening where this method has been used for evaluation ofthe
phagocytic capacity in AD.

Materials and Methods
Paticnts

This study involved (l0l) patients (59 females and 24 males; mean age

16.34 years, rangc 3-65).
The diagnosis olAD patients was confirmed by in clinical basis. None of

the patients received corticosteroids, antihistaminas, or other systemic therapy at

the time of study, or one month carlier.
Thc patients wcrc dividcd into two groups accordirtg to thc scvcrity of

their dermatitis.
- Mild group (< l0% surface area involvement which included 36 patients (23

I'cnralcs and l3 nralcs). 1'hcir agcs rangcd bctwcctt 3-65 ycars.

- Sever group (> l0%o surlace area involvement) which includcd 65 patients (36

femalcs and 20 rnales). Thcir agcs ranged betwccn 3-65 years.

Control
The control group consisted of(50) healthy volunteers, (26) females and

(24) malcs. Thcir ages rangcd bctween (4-58) years, with no symptoms and

histroy of atopic discascs.
Thc rrrcthod lbr study of phagocytic activity is a modification of that

described by 
(6).

Preparation of polymorphnuclear cells suspension
Heparinized blood in test tube was incubated at(37'c)for(l hr). After

er).throcytes sedimentation, the leucocyte-ruch plasma was removed, then washcd

twicc with RPMI- 1640 and rcsuspendcd in the same mcdiunr to givc a final

concentration of (l x 106 celts / ml).
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Heat killed Candida albicans Suspension
The suspension was prepared as described brtz'tt.
The yeast culturd is (30m1) of subouroude dextrose broth (SDB) in (50 ml)

of flask with screw cap, incubatcd at (37"c) for (24 hr), then centrifuged at (300
rpnt) lbr (l5 min).

The pcllct was sLrspcrlded with Flank's balanccd salt solution (FIBSS); thcn
placcd in boiling watcr bath lbr (30 ntin). Thc ycast was countcd by

haemocytometer, diluted to (5x 106 cells/ml).

Thc assay was donc as lbllows
. (0.25) ml of PMNLs suspension was rnixed with 0.25 ml of yeast suspension,

0.25m1 of I-IBSS and 0.25 ml of normal human (AB) serum insterilizer tcst
tube.

o The mixture was incubated at (37"c) for (30 min) and the pellet was gently
resuspended, so that one drop was placed on a slide and smeared, then left to
dry, fixed by rnethyl alcohol for (10 min) and stained for (20 min) with geimsa
stain. Flence, examined under oil immersion to find that at least 200 cells of
PMNLs were counted, then the percentage of phagocytosis were found as

follows:

Phagocytosis Factor: No.of phagocytic PMNLs
×100

Total no.

Statistical Analysis
Statistical analysis involves calculation of mean values (M), standard

deviation (SD) and studcnt t-test to lind thc significancc of probability lcvcl (I'})
lbr the dil'lerent groups.

Level of significance were established at (P < 0.05) and (P < 0.01).

RESULTS

Blood samples were collected from (l0l) AD patients and (50) healthy
control subjects. Patients were divided into two groups according to the severity
of their dermatitis. Furthermore a group ('TG" was included which represent the
total nurnber of patients (See table 1).
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Table l: Number and age o ccts each

Group Diagnosis No. Age in Years
Mcan Ita

TG Total AD pat. 101 16.34 3-65

SG Severe AD 65 14.12 3…65

MG Mild AD 36 19.25 3-65

CG Control 50 15.68 4-58

The mean percentage of the phagocytosis was found in the various groups

as shown in (tables -2).
The mean percentage of the phagocytosis for the total group of the patients

(TG) with AD was lower than that found in the controls (p < 0.01). When the

patients are divided into two groups according to the severity of the dermatitis it is
obvious that the mean percentage of the phagocytosis in patients with mild AD
(MG) does not differ significantly from that of the healthy volunteers (p < 0.05),

but the patients with sevcre atopic dermatitis (SG) have lower percentage of the

phagocytosis when a comparison with controls (p < 0.01) was made.

Tablc 2:The ntagc o rocytosis in AD patients ant controls [M t SD

Age
Groups

No. CG
M±SD

No。 TG M±SD No. SG MttSD No. MG
M±SD

<10 84.4± 4.4! 56 7_5.5± 7.67ホ * 40 7:.8±5.4*' :6 84.0± 3.93

10-!9 83.4± 4.27 23 74.5± 10.5*ホ 70.3± l.3'。 :0 80.9±5.45ミ

20-29 6 83.l± 4.03 6 74.8±5.70** 69.3± 25● ● 80.3± l.70

30‐ 39 82.4± 3.06 6 70.8±5.24*・● 4 67.2土 .48● 摯 2 78.0± l.00

40-49 80.3± 4.50 6 72.3±5.85'* 66.6士 .25'' 78.0± :.63

>50 78.3± 0.94 4 69.5± 7.79* 2 62.0±4.00'I● 2 76.5±0.5

Total No. 50 :Ol 65 36

** Significant differences (p < 0.01)
* Significant differcnces (p < 0.05).

DISCUSSION

Thcincrcased intcrest in tlle phagocytic function of ncutrophil lcucocytcs

淵留c撮。1:じ獅:識:習憾al肥鏡F鵬。おF°
fthC面面cJ c面り
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This inborn disorder characteized by recurrent, suppurative, bacterial
infections with organisms of low-grade pathogenicity. The patients frequently
dcvelop eczema, lymphadenopathy, and hepatosphlenomegaly.

Although thc neutrophils ingest thc bactcria normally, the neutrophils from
thcse patients havc, in vitro, an impaired ability to kill various pathogenic as well
as non-pathogenic bactcria(10)/ This defect seerned to be associatcd with impaircd
I-12O2 production by the ncutrophils. In anothcr syndcomc characterizcd by scvcr
exczematoid dermatitis and repeated local and systemic infections which was
described by Miller( | | ).

In thc prescnt study the dccrcasc in phagocytosis of yeast by neutrophils
may be assoicated with l}equent inf-ections in sever AD(12).

The impairment in phagocytosis and chemotactic defect of
polymorphonuclear and monocytes assoicatcd with prcsence of chemotactic
inhibitors, may lead to increased suseptibility to staphylococcal inf'ections(13).
Ward and Schlegel investigated achild with frequent, sever and prolonged
respiratory and cutaneous infections. As concerned for that child, the neutrophil
leucotaxis was found to be decreased and attributable, at least in part, to the
presence of an inhibitor of the leucotactic function of neutrophils in the patient's
serum(14).
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adill
&j--ll3 ;-,,liill crSi .9rll Verticillium ctlbo-atrum j'ill Lr -i: i-l-p g:-.;*.1

- Verticilliunt ulbo-atrum 7Al dr dr#l-rc crii .crElJl u'" J"':SX ,Jr.Jl cr-rl .++* +:L

,sr r5i3 D2 tDl4-ljnll Verticillium dahlaie er-ill dr er+l'p c.,r=i3 V2 3 Vl al;nll

Verticilliunl tricoprus tJ-illr Vcricillium mublium _i Velicillium nigrecens glyr:Yl

Verticillium albo- 'Ji,J) 63UL l-a.si .,".ill c.,l* u. rH-)- s)jJl3 glj,:)l ".te+ Clr
qFjll .JrJ,:ll Jl tlJJYl ,.,1l p qiE:ll crlr .ri3 .+.lJll i.r r-l: ?-l€J rg"L*= -FYlr alrum

qg*il iJ. LlJll ,.u. i LL^Lll .l c,l-,. o:ll gl3'i)13 dll ii-). .",ill ,,!. i ,''rtl cr crJj.

. Vcrticillium albo-atrum Joill q+ rF.-iill iJ*li .:r+: Syl lrAJ Jjii

ABSTRACT
For investigation the specialization of the fungus Verticillium species and

isolates which were reported to be causing vascular wilt to plants. V. albo-atrum
two isolates Vl & Y2,V.tlahlaie,two isolates Dl & D2,V.mublium V. nigrecens
and V.tricoprus were used to inculates two cultivars of Alfalfa plants and one
cultivars of Tomato. The results showed that Vl isolates of V. albo otrum which
was isolated frorn alfalfa can infeact alfalfa and cause wilt disease and the isolate
Y2 of the species V.albo-atrum and the two isolates of Verticillium dahlaie Dl
and D2 can infect tomato only this result has proved the specialization of the

Jungus Ve r t ic i I I i um species.

INTRODUCTION
Tlre genus Vcrlicillium belongs to the Class, Fungi Imperfecti

(Duetromycotina), Order Moniliales (Flyphomycctes), (Barnett, 1958). This genus

was first recognised by Qllces Von Escnbcck in l8l6), bascd on the morphology
of the conidiophores. Species of the Verticilliumgenus, form avery wide range
with extremely diverse life styles, their only morphological link resting somewhat
tenuously upon the production of more or less Verticillately - branched
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conidiophore. The genus Verticillium comprises 40 species to date (Mace et al
1981). Only five of them are considered to be pathogenic to plants, causing
vascular wilt discasc. Thcy arc, V.alho-atrunt, V. dahliae, V. nubillum, V.

nigrasccns and V. tricorpus. The first two species are considered to be more
cconomical inrportancc than thc otlrcrs. (Hastic & Ilcalc, 1984) V.albo-utrum was
llrst dr:soribcd by (ltcinkc & llcrthold, 1879) as the causal pathog,cn ol'vascular
wilt of potatoes in Germany. This fungus fonned resting mycelia which were
thick and dark. They called this fungus V.albo-atrum.

Specialization is thc ability of one isolate ofthc pathogcn to infect only
one host of plants. (lsaac, 1957) reported that the isolates of Vericillium albo-
atrum, and V. dhliae, exhibit specialised pathogcnicity. They tcsted a largc
nunrber of isolates of V. albo - alrum and V.dahliae against luceme only thosc
isolated fronr the lucerne are cabable ofinfect luccme and cause wilt disease, this
result has bcen confimrcd by many workers such as, (Corncll ct al., 1988). The
wilt disease caused by Verticillium species has been a destructive disease and a
major limiting factor in many plants particularry luceme, (Page et al., 1994).
Thcrcforc it becamc urgent and vcry important to establish an an cffcctivc mcthod
to control this disease. The luceme Verticillium wilt disease is the interaction
between the host, luceme plants (very important forage cultivar), and the
patlrogcn, Varticillium specics. To establish an cffectivc mcthod to control this
disease it is very worthful to study the relationship between the luccrne and the
fungus. The most important step in studying any plant disease is to establish the
pathogenicity of the organism towards the plant, therefore, this has been the
starting point of this study. Following isolation and identification of Verticillium
albo-atrum from infected luceme and tomato plants. The study has been involved
with invcstigations concerning development of the wilt diseasc and the reaction of
two cultivars of lucerne (resistant and susceptiblc) inoculated with V. ctlbo -
atrum, isolates Vl (lucerne - isolate) and V2 (tomato - isolate). Pathogenicity
was investigated. Afler all of that the Specialisation of Verticillium species and
isolates has also been examined to determine whether the phenomcnon exists in
thc intcraction involving lucernc.

MATERIALS AND METHODS
Isolation of thc fungus

Lengths (2 cm) of stem from inlected plants of luceme or tomato werc
surface sterilized separately by washing with 0.5% WfV mercuric chloride for I
minute. Segmcnts were washed with sterile distillcd water, (3 washes) and
sections were sliced, using a sterile blade, dircclly onto plates ofDox's agar
medium or moistened filter paper held in sterile petri-dishes. Plates were
incubated at 23oC at the dark in incubator for 3-4 days following which pure

０
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cultures of the fungus were obtained from the resulting growth of Verticillium
albo-drum by one of two methods. "Streaking" or "serial dilution".

Idcntifi cation of Ve rtic il I iunt
For identification of the fungus the following procedure was used. Slides

of the pure cultures were prepared and examined under a binocular light
nticroscope to observe the growth of the fungus. The morphology of the conidia
and conidiophore was used to identify Verticillium species, according to, (Barnet,
1958); (lsaac, 1949); (Heale, 1962).

Growth of fungi
Sources of the fungi that were usedinthisstudyareshownintable(l).

Tlre isolatcs wcre maintained on Potato dextrosc agar (PDA) at23"C in the dark.
Thc cultures were renewcd by subculturing monthly.

Growth of plants
Two cultivars of lucerne namely, Euver, Vela, and one cultivar of tomato,

Ailsa Craig, were used in experiments.
Cultivar Euver were reported to be susceptible to Verticillium wilt,

Cultivar Euvcr werc rcportcd to bc susccptible to Verticillium wilt,Cultivar, Vcla
was reported to be resistant to wilt disease that caused by Verticillium species,
(Plant Breeding Institute, Cambridge). The tomato cultivar, Ailsa Craig was
known to be susceptible to wilt disease which cause by Verticilliumspecies,
(Flood, 1980). 'fhe Secd ol'Cultivar lluver, and cultivar Vela were obtained from
the United Kingdorn Seed Executive, (White House Lane, Huntingdon Rd,
Cambridge, CB3 OL.). The seeds of the tomato cultivar were obtained from
Sutton's seed Plymouth UK.
Seeds of lucerne were sown in trays containing unsterilised "All purpose
compost", (Arthur Bowers) and maintained in the greenhouse. When the seedlings
were 2 weeks old they were transplanted into plastics pots (9 cm diameter)
containing the same compost and were maintained in the greenhouse at a
temperature of 23oC with a photo-period of 16 hr and a light intensity of 9000
Lux, until required.

Preparation of Inoculum
Spore suspensions of fungi were prepared from 12 day old cultures, grown

on Potato dextrose agar plates (9.5 cm, diameter, 1.5 cm,depth) at23"C inthe
dark. Culturcs wcrc floodcd with sterilc distilled watcr (lOml per platc) and the
surface of the culture was scraped gently with a sterile glass rod to free the spores.
The spore suspensions were collected and filtered through a double layer of
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muslin cloth. The concentration of spores was measured using a haemocl'tometer
and stcrile distilled water added to adjust the required concentration.

Method of Inoculation
A root-dip inoculation nrethod was used to inoculate the plants in all

experimcnts. 5-6 week old plants were carelully uprooted lrom the pots and the
roots were washed with distilled water to remove the soil. The roots were then
dipped in a beaker containing a spore suspension (100 ml of 107 spore ml-l; ofthe
fulrgus, for l0 minutes. Control plants were dipped into sterile distilled water for
the samc period ol' time. Inoculated plants were replanted cither dircctly in to a
lield plot in thc Botanical gardcn, Swansca University, or into plastic pots (15 cm
diameter) containing unsterilized "all purpose compost" (Arthur Bowers) and
maintained in the grccnhousc at 23oC with a photo-period of l6hr and light
intcnsity ol'9000 Lux.

Pathogenicity and Spccialization ol Verticilliurr isolatcs & species
Luccrne Cultivar

6 weck-old scedling ol two cultivar of luceme, Euver susceptible to Z
albo-atrum, isolate Vl and resistant to isolate V2, and Vela with a degree of
resistant to both isolatcs Vl and V2, (thc result olthe pathogcnicity cxperimcnt),
were inoculated by the roots dipping method as described in Materials and
Methods for l0 minutes in spore suspensions ( 107 spore ml-r; ol one of two
isolates of Verticilliwn albo-atrum, Y I & Y2, or one of two isolates of
Verticillium dahliae, Dl & D2 or one isolate of Vcrticilliunr nigrescens, or
Verticillium nubilum, or Verlicillium lricorpus. Control plants were dipped in
sterile distillcd water. The inoculated plants were replanted in pots (15 cm
diameter) containing "all purpose compost" (Arthur Bowers), and maintained in
the greenhousc. Measurenrent of the height ol the main stem ofthe plants and
recording o1' the development of wilt symptoms were made at weckly intervals
over an l0-week period following inoculation. Six rcplicatcs were used lbr each
trcatlDcnt.

Longitudinal section from the basal part of the stem of the test plants and
reisolation (general Materials and Methods, "lsolation of the fungus") of the
fungus wcrc made liotn tcst planls.

Tomato cultivar
Plants of tomato cultivar Ailsa Craig, were inoculated by the same method

and with same isolatcs and species of Verticillium, which werc mcntioned in
lucerne above. Control plants were inoculated with sterile distilled water.
Inoculated plants were maintained in the greenhouse.
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Asscssment of wilt diseasc
Progress of the scvcrity of wilt disease as determined by visual

asscssment.

Plants were scored individually by observing growth (measuring the
height of the main stem) and recording development of wilt disease symptoms at
wcckly intcrvals over a 1O-wcek pcriod following inoculation. The following
rating, adapted from (Dixon and Doodson l97l) and used by; (Latunde-Dada &
Lucas 1982); (Sayigh, 1981); (Esyanti, 1993) was used. The keys were:
0: The plants healthy, no wilt symptoms appeared.
I : The lower leaves lost turgar and showed yellowing.
2 = Less than a quarter of the plant showed wilt symptoms
3 : Less than half of the plant showed wilt symptoms.
4 : Less than three quarters of the plant showed wilt symptoms such as, lost of
turgar

and yellowing in leaves, necrosis, desiccation, eipnasty or leaves
defolial.ed
5 = The plants were dying or dead

The following equation that was used by (Sayigh, l98l) and (Esyanti,
1993) was used to obtain the disease symptom index.

* Sum of individual rating x 100
o% Disease symptom Index: -----------

** 5 x the number of plants assessed
* Sum ol'cach plant multiplc by tho particular valuc
** 'fhc maximum value of the symptoms.

Statistic:rl Analysis
All the results were analysed statistically using a SWANSTAT program

which has been written by, Dr. S.J. Wainwright, School of Biological Sciences,
University College of Swansea. From "A computer program to perform a Joint
Regression Analysis and to make simultaneous comparison of the slops and
means of Regression lines". International Labmate (1993) XVIII 25-25"
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Table l: Designation of Verticillium species and isolates which were used in t he

ts

RESULTS
Specialization of Verticillium isolates & species to lucerne and tomato

The results (table 2 & 4) demonstrate that the susceptible cultivar of
luccrne, Euver was affected by V albo-atnrm isolates V l, only. The wilt
symptoms appeared on the plants at 3 weeks following inoculation. The plants
tlrat wcrc inoculatcd with V. duhliuc, isolatc Dl showcd stunting in growth, and
no wilt symptoms wcrc observed on thc plants that werc inoculatcd with thc othcr
species or isolates of Verticillium used in this experiment. These results lead to the
conclusion, that only V. albo-atrum isolatc Vl can infect lucerne plants and cause

wilt disease but V. clahliae, isolate Dl can infect lucerne plants but without causes

wilt disease symptoms.

cxpcrinlcn

Desi Species Source of culture
VI V. ulbo-ulrunt Isolated from lucerne. lrom thc field in Swansea
V2 V. albo-atrum Gift from Dr. J.M. Milton (Swansea Uni.), isolated

from tomato, in Swansea
Dl /Jα /7′′αι Gill from Dr. J. [rlood (Bath Uni.), isolated from

tomato in Swansea

D2 /αα力′′α
`

Gi■ from Dr.Flood(Bath uni。 ),iSOlatcd from tOmato
in USA

Vi V. nigrescens International Mycological Institute, England . (4457 5).
Isolated from tomato

Vu V. nubilunt International Mycological Institute, England . (62467),
Isolated from tomato

Vt V. tricorpus Intemational Mycological Institute, England. (71799).
Isolated from tomato
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Table 2: The mean heights of the main stem, of lucerne, cv. Euver (susceptible)
inoculated with different species and isolates of Verticillium

Treatment
W C VI V2 Dl D2 Vi Vu Vt
l
70(± 0.0) 70(± 00) 70(± 00) 70(± 00) 70(± 00) 70(± 00) 70(± 00) 70(± 00)

つ

一
100(± 00) 80(± ()0) i10(±00) 100(± 00) 100(± 00) 11.0(±00) 100(±00) !00(±00)

う
Ｄ 141(± 12) 92(±22) 171(±22) 151(±22) 161(± 62) !82(±22) :52(上 lI) 182(±44)

4 !92(±22) 101(■ 11) 232(± 21) 202(± 33) 222(± 55) 221(± 78) 2i4(±83) 200(± 19)

5 256(± 35) 121(± ll) 289(■ 90) 255(■ 91) 278(± 08) 278(± 07) 256(± 10) 267(±30)

6 354(± 40) 131(± 20) 355(± !0) 304(■ 60) 342(± 30) 356(± 89) 354(± 20) 343(±39)

7 424(± 40) :52(±52) 413(■ 22) 343(■ 22) 403(±33) 415(±50) 403(±22) 402(± 48)

8 478(± 8.0) 163(±08) 46.7(±32) 402(■ 32) 467(■ 22) 478(■ 08) 467(±59) 45.6(±54)

9 56(±60) 178(±70) 533(± 22) 452(± 25) ＋

一
553(± 22) 542(± 70) 533仕61)

10 61 1(■ 20) 203(± 32) 578(± 13) 512(■ 90) 589(± 27) 6: I(± 33) 600(± 22) 601(±70)

Ｗ

＊

Figures in brackets represents the standard deviation
The key

L'. albo-atrum, isolated liom lucerne
V. ulbo-atrum, isolated frorn tomato

week fbllowing inoculation Statistical analysis of the inoculated
Heights in cm the means of 5 plants and control plants as follows
the controlＣ

Ⅵ

Ｖ２

Ｄｌ

Ｄ２

Ｖｉ

Ｖｕ
Ｖｔ

ヽ

V. dahliae, isolated from tomato (Swansea) S.d.
V. duhliae, isolated from tomato (USA) Not s.d.

S.d.

Nots.d.

not s.d.

Nots.d.

Nots.d.

V. nigrescens
V. nubilum
V. tricorpus
On thc other hand the resistant cultivar Vela, plants tables, (3 and 4) that

wcrc inoculatcd with Vcrticillium specics & isolatcs remained as hcalthy as the
control, except the plants which were inoculated with V. olbo-atrumisolateYl,
these showcd stunting of growth. These results lead to the suggestion that cultivar
Vela is resistant to all species and isolatcs of Verticillium wbich were used in this
experiment except v, albo-atrum, isolate vl but without showing wilt symptoms.

Reisolation table 7 of the fungus from the test plants was successful with
V. albo-alrum isolate Vl and Y2 and V. dahliae isolates Dl & D2 only and failed
with the other fungi including V. nigresence, V. nubilum and V. tricorpus.

Statistical analysis (table 2 and 3) showed significant differences in gromh
betwcen thc isolate V I inoculatcd plants and control plants. Thercforc, it can be
concluded that the only isolate of Verticillium that had been isolated from the
lucerne can infect the lucerne plants again.
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Table 3: The mean heights of the main stem of luceme, cultivar Vela (resistant)

noculateo wltn olllerent specles O1/C2rrJε J′″zrrP7

W C Vl Y2 Dl D2 Vi Vu Vt

1
7.0 (10.0) 7.0 (10.0) 7.0 (10.0) 7.0(+00) 7.0 (J0.0) 7.0 (10.0) 7.0 (10.0) 7.0 (10.0)

つ
ん

12.0(10.0) r 0.0(10.0) 10.0(10.0) 10.0(r0.0) I I.0(10.0) r0.0c0.0) r 0.0(10.0) l1.0(10.0)

3 17.8(+0. r) 16.2(+2.51 l6.l(+6.0) 16.0(a9.0) 15.3(13.0) 15.3(+7.0) r 5.2(1s.2) rs.s(10.6)

4 22.2(+5.0) 2l.l(1r.2) 2 r .4(16.0) 2 r.4(18.0) 20.0(a3.2) 22.2(t3.3) 21.5(+0.E) 22.5(+9.0)

5 30. I 1+9.91 25.5(15. l ) 28.8(13.2) 26.7(!6.4) 27.0(a6.0) 2E.e(19.0) 27.8(+2.91 29.t(!7.0)

6 3n.9(11 . l ) 31.2(+2.4) 36.7(+6.71 35.6C0.6) 36.7(+6.0) 37.0(10.0) 35.5(10.5 ) 36. l(10.6)

7 47.1t(+7.7) 35.6(+7.9) 4s.6(16.7) 46. 1(i 1 .9) 45.s(10.e) 46. l(17.7) 45.4(+9.0) 44.5(14.s)

8 54.4(+4.4) 42.3(t7.8) 52.2(!3.3) 52.1(13.4) t3.o(10.2) s4.2(!2.3) 53.2(!2.2) 53.1(11.r)

9 6r.l(+1.0) 48.0(10.2) 63.3(13.0) 61.3(10.3) 60. r(11.1) 61.0(r2.E) 6t.t(!2.2\ 60.3(10.4)

10 70.0(12.0) 54.21+9.9; 66.7(!6.7) 6s.6(10.9) 67.8(14.5) 70.t(!2.2) 68.9(+ l. | ) 67.8(10.6)

inoculated with different species and isolates of Verticilli,

Figures in bracket represent the standard deviation
The Key Statistical analysis of inoculated
* I{cights in cm, thc means of 5 plants and control plants as follows
C Control plauts S.d.

Vl V. albo-atrum,isolated from lucerne S.d.

V2 V. albo-atrum,isolated from tomato Not s.d.

Dl V. dahliae, isolated from tomato (Swansea) Not s.d.

D2 V. dahliae, isolated from tomato (USA) Not s.d.

Vi V. nigrescens not s.d.

Vu V. nubilum Not s.d.

Vt V. tricorpus Not s.d.

Table 4: The disease symptom index, of lucerne, cv. Euver (susceptible) and cv.

Vela (resistant) inoculated with different species and isolates of Verticillium
Cv.EUBER ble

Week C Vl Y2 Dl D2 Vi Vu Vt

I 0 0 0 0 0 0 0 0
う
乙 0 0 0 0 0 0 0 0

3 0 5 0 0 0 0 0 0

4 0 10 0 0 0 0 0 0

5 0 25 0 0 0 0 0 0

6 0 35 0 0 0 0 0 0

7 0 55 0 0 0 0 0 0

8 0 65 0 0 0 0 0 0

9 0 75 0 0 0 0 0 0

10 0 75 0 0 0 0 0 0
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A (resistent
Week C Vl Y2 Dl D2 Vi Vu Vt
l 0 0 0 0 0 0 0 0
つ

一 0 0 0 0 0 0 0 0
う
ｊ 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0

Cv.VEL

The reaction of the tomato cultivar is shown in the table (5 and 6) wilt
symptoms appeared on all the tomato plants that were inoculated with Verticillium
albo-atrum isolate Y2 and Verticillium dahliae isolates Dl and D2, 3 weeks
Ibllowing inoculation. On thc othcr hand plants that wcrc inoculatccl with
Verticillium albo-atrum isolate Vl, and Verticillium species, V. nigrescens, V.

nubilum, and V. tricorpus were as healthy as the controls.
Reisolation of the test fungus (table 7) was successful with isolates Vl,

Y2, Dl & D2 only and failed with the other fungi, v. nigrescens, v. nubilum and
V. tricorpus.

Statistical analysis (table 5) indicated that only plants that were inoculated
witlr V. albo-atrum isolate v2 and v. dahliae isolates Dl and D2 showed
signilicant difl'erences from thc control plants. Thcrefore, it can be concluded that
the tonrato cultivar Ailsa Craig is susceptible to V. albo-qtrum, isolate Y2 and V.

dahliae isolates Dl and D2. rt is resistant to v. albo-atrum, isolate Yl, V.

trigra.;ans, V. nultilunt ttntl V. lricorytu.r.
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W C Vl V2 Dl D2 Vi Vu Vt

1 15,0

(±0.0)

15.0

(+0.0)

15.0

(+0.0)

15.0

(+0.0)

15.0

(+0.0)

15.0

(+0.0)

15.0

(+0.0)

15.0

(+0.0)
つ
４ 16.7

(土 :.0)

17.0

(+1.0)

17.:

(+2.0)

:7.0

(+0.0)

17.0

(±0.0)

17.0

(±0.0)

17.0

(±0.0)

17.0

(+0.0)

3 20.1

(±4.1

20.3

(±3.0)

18.9

(+2.4)

18.4

(+2.3)

20.0

(+4.0)

20.1

(+4.0)

18.9

(+2.2)

20.2

(+1.2)

4 278
(+22)

27.8

(+l.1)

21.2

(+l.5)

20.2

(+1.0)

24.1

(tl.1

27.8

(±3.3)

25.6

(±4.4)

26.7

(±7.6)

5 37.8

(+2.2)

37.8

(±2.5)

23.3

(+2.5)

22.1

(+l.5)

27.8

(+2.l)

35.6

(+5.6)

35.6

〔+2.2)
36.7

(+1.1)

6 46.6

(+12)

45.6

(+2.5)

25.2

(±4.5)

23.3

(± 1.5)

33.0

(± l.0)

46.l

(+2.4)

46.7

(±2.2)

47.8

(± 1.5)

7 54.l

(+1.1

54.l

(+3.5)

26.7

(+3.5)

25。 2

(±2.5)

37.3

(±2.2)

55.1

(±0.0)

54.l

(±0.0)

55.6

(± 1.1)

8 67.8

`+1.0)

66.7

(+5.5)

28.9

(±5.5)

26.7

(±4.5)

40。 l

(± :.:

67.8

(±2.2)

68.9

(±3.3)

68.1

(±2.2)

9 78.9

(+2.2)

79.l

(±3.3)

31.2

(+1.2)

28.9

〔+1.l)

45.5

(+4.4)

78.9

(+l.1)

80.0

(+:.:)

78.9

(+l。 1)

10 92.1

(+:.0)

92.2

(+7.5)

33.1

(±7.5)

31.2

(±5.5)

50.1

(±3.0)

9L2
(± 1.3)

9L2
(+2.2)

91.4

(+3.3)

Study The Specializstion of The Fungus Verticillium Albo-Atum
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Table 5: The mean heights, of tomato cv. Ailsa Craig inoculated with different
isolates and species of Verticilli

Figure in brackets represent the standard deviation
The key

Statistical analysis of inoculated
W Weeks following inoculation and control plants as follows
V I V. olbo-alrarrz, isolatcd from lucerne Not s.d.

V2 V. albo-alrum,isolated from tomato Not s.d.

Dl V. dahliae, isolated from tomato (Swansea) s.d.

D2 V. dahliae, isolated from tomato (USA) s.d.

Vi V. nigrescens not s.d.

Vu V. nubilum Not s.d.

Vt V. tricorpus Not s.d.
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Table 6: The disease symptoms index, of tomato, cv. Ailsa Criag inoculated with
diffbrent species and isolates of Verticillium, in the green house

The treatment
VVeck C Vl v2 Dl D2 Vi Vu Vt
l 0 0 0 0 0 0 0 0
つ

一 0 0 0 0 0 0 0 0
う
、
υ 0 0 0 0 0 0 0 0
4 0 0 15 15 10 0 0 0
5 0 0 25 25 15 0 0 0
6 0 0 25 25 15 0 0 0
7 0 0 35 35 25 0 0 0
8 0 0 55 55 45 0 0 0
9 0 0 75 75 45 0 0 0
10 0 0 75 75 55 0 0 0

Table 7: Reisolation the
specialization cxperimcnt

fungus from the inoculated lucerne plants in the

Treatment
Cultivar VI V2 Dl D2 Vi Vu Vt
Euver 5 ｌ

一

２

一
1 0 ０

一

０

一

5 5 5 5 5 5 5

Vcla l
０

一

０

一
0 0 ０

一

０

一

5 5 5 5 5 5 5

Tomato ２

一

５

一
5 4 ０

一

０

一
0

5 5 5 5 5 5 5

Upper & higher figure represents number of positive reisolation made
lower figure represents number of plants in treatment

DISCUSSION

Previous workers in the field of Plantpathology have studied wilt disease
of lucerne, or the interaction between Verticillium species and lucerne, simply as
all interesting phenomenon. They havc focuscd, therefore, on describing the
disease or the fungus which causes the disease, or they have studied one particular
aspect of the phenomenon, such oS, the defense response involved or,
hypersensitivity, or phytoalexin production or the influence of the environmental
conditions on developurcnt of discasc symptoms or control of wilt disease. The
present study has been attempted in order to study wilt disease as the central
theme and has tried to establish a solution. Its aims has included evaluation the
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best n.rethod of controlling the disease (meaning cheapes, easiest, safest and most
effective) taking into account environmental safety.

Thcrc arc many nrcthods to cvaluatc thc scverity olthe wilt discasc caused
by tr/crticillium spccies or thc resistance ofthe plant to this disease, for example,
(Frank ct.al., 1975) statcd that foliar symptoms can be used to cvaluate accurately
rcsistarrcc to vascular wilt in potato plants. But, (Papadopolous etal., l99l)
reported that absence of symptom is not reliable indicator of resistance to
Verticillium wilt disease. However, using the foliar symptoms to evaluate
resistancc of the plants was used by other workers, for example (Jorge, 1990);
Esyanty, 1993); (Pennypacker & Leath, 1993). Q.{ewcombe & Robb 1988) used
symptoms evaluation and reisolation of the pathogen from test plants to determine
disease resistance.

In this study more than one aspect of plant resistance evaluation was
considered in evaluating pathogenicity and the development of wilt disease in
luceme cultivars in response to Verticillium isolates and species. These included;
growth ol plants (by weekly measurements the heights of the main stem,
corlbined with statistical analysis of thc rcsults); discasc symptoms index, and
reisolation ofthe fungus from the test plants.

Pathogenicity is ability of a pathogen to produce disease, (Strobel &
Mathre, 1970). But Agrios (1979) defined pathogenicity as a relativc capability of
pathogen to cause disease. In present study testing the pathogenicity of different
species and isolates of Vcrticillium (two isolates of V. albo-atrum, Vl & V2; two
isolates of V. dahliac, Dl & D2; tlrree spccies of Verticillium, V. nigrescens, V.

nubilun arul V. tricorytus) scrvcd two purpose. Thc rcsults show that thc first
investigation of the specialization of Vcrticillium albo-atrum, luceme-isolates,
towards tl.rc cultivars ol luccrnc cstablishcd, that only isolate Vl could infect thc
lucerne cultivars and cause wilt disease. This result agreed with that of Isaac,
(1957); Syigh, (1981) and Comell et al. (1988). Flowcvcr, Smith ct al., (1988)
observcd that tlrcrc wcrc fcw reports of host spccialization in Verricillium,
although it is well documented that isolates from onc host can cause disease in
samc crops, but infect othcrs without causing symptoms.

The second purpose of the specialization experiment was to determine
which was the weakest pathogen of Verlicillium, to luceme in order to use it in
subsequent experiments to induccd rcsistance in luceme. The results confirmed
that isolate V I was virulent pthogen towards luceme and V. nigrescens was lhe
weakest avirulent olhe species of Verticillium which were used in this experiment
and so thcsc particular isolates and spccics wcre uscd in thc cxpcrimcnt induccd
resistance in luceme.

To confirm the pathogenicity and specialization, of lhe Verticillium
isolates and species which were used in the previous experiments. Same isolates
and species were used to inoculate tomato, cultivar Ailsa Craig (susccptiblc to Z
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albo-atrum isolate Y2 and resistant to Vl) as described in Materials and Methods.
flrc results show that those isolatcs or species of Verticillium which were isolatcd

i fiorn tomato infected the tomato, V. albo-alrum isolateY2, V. dahliae isolates Dl
and D2, and caused wilt diseasesymptoms on the tomato plants within 3-4 weeks
following the inoculation. Thc other isolates and species including, V. albo-(ttrum
isolate Y 1, V. nigrescens, V. nubilum and V. lricorpus failed to infect tomato an
the plants remained as healthy as the control plants, (plants which were inoculated
witlr sterile distilled water). These results agree with those of Isaac, (1957) and,
Cornell et al., (1988).
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Synthesis OfSome Substituted Benz0 1bl ThiOphenes

Ridha I.Al‐Bayati,Saiba S.Al‐ Hassan and Jenan Jo Al‐ Salihi

〕 L^`JD史:ゝ」  |

与 → ,41夕 1｀1-リ バ _ひ Lリヨ |,こJひちJ」14´Lコ lυ_Lこ 洸 レLヴ 。メ

。_|タム 」J.●■夕Lこ [b]JJL→ 己 タ́リ1 くJυJK-2-Jυ JK-3■ は ,主ス醜 JS JIむ 、メ |

ぃ ´
壺 (2)ごメ ■ め 夕υK Jυバ を

…
(多 い 1井ヽ凸 1まふ ‖ふ ぃ ♂ ♂

|もJし口 |

凸嘔 り́|“ _← … Ⅲ メ メ |●光 国 |」Xひ 仲
|‐yり い L夕 ひ エ メ 墨 り x

メヽロ|り Sメ|

ABSTRACT
Reactions Of substituted and unsubstituted cinnamic acids with thiOnyl

chloridc  in thc prcsence Of pyridinc lcad to the fOrmatiOn Of 3- ch10rO _2-

chlorocarbonyi bcnzO [b]thiOphenc dcrivatives.These dcrivativcs subscquently

react with sccOndary amincs alld hydrazine hydrate through nuclcOlhilic rcactiOns

at positiOn(2)(― COCl).

INTRODUCTION

色警dlF三:鮮4?∫TmpOunds contttnhgthc benzo[b]thOphenc skdctOnおund h ntturび 卜4 and nnttny dsメ ayCdぬ品 arkcd賀正 011ilξttL温:幕
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:7::, agriculturc(12‐
13)and their pharnlac010gical activil

these activities, there has been a surge of interest in the synthesis of benzo lbl
thioplrene derivatives especially those contain various g.oup. at position ZQt'i[i.
Hoy"y:.r.few synthetic methods for the preparation or tn"r. compounds are
availablet'''-"', more convcnient and widely applicable methods are desired.

In the present work, four cimamic acid derivatives are elected as a model
of synthetic entry to the such type of derivatives.

EXPBRIMBNTAL
All melting points were determined with Gallen kamp apparatus and

uncorrected, IR spectra were recorded on pye Unicum SP3-100 spectiophotometer
in 600-400 cm-l range using KBr ana Nujii. UV spectra were measured in ethanol

ａｒｅ
鴫
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using Flitachi-V-2000 spectro-photo-meter. Elemental analysis were performed on

a CffN analyzer, type Perkin Elmer 240b. Thc IFINMR spectra for some

compounds were taken on JOEL EX 90 (Basra Univ.).

Preparation of Cinnamic Acid Derivatives (1-4)
'fhcsc acicls arc prcparcd according thc rcportccl proccdur"r("''o)., (Table

l).

Prcparation of 3-chloro -2- chloro carbonyl benzo Ibl thiophenes (5-8).
A 6 ml of thionyl chloride is gradually added to a mixture of appropriate

cinnamic acid (0.023 mol.) and pyridine (0.5 ml). A mixture was refluxed for time
shown in Table (2), then poured into n-hexane (100 ml), filtered an oily residue

thus formed and the yellow solution is left at room temperature for several hours

to givc thc requircd products (5-8) as precipitate (Tablc 2).

Reaction of Compounds (5-8) With Secondary Amines
An appropriatc 3- chloro -2- cltlorocarbonyl bcnzo [b] thiophcnc in 100

ml round bottom flask and the appropriate secondary amine (0.005 mol)
(morpholine, piperidine, diethylamine) in dry dioxane (5ml) was added. The

reaction mixture was refluxed for 4hrs. Evaporation of solvent under vaccum to

give products (9-20) after recrystallization from benzene (Table 3).

Reaction of benzo [bl thiophenes (5-8) with hydrazine
An appropriate benzo [b] thiophenc (5-8) (0.001 mol) dissolved in dry

chloroform (5ml) and excess hydrazine hydratc (0.018 mol) was added. The

mixture was refluxe d for '/z lrr, then evaporated under reduced pressure. The solid
products formed were recrystallized from cycohexane to produce the

corresponding acid hydrazides (21-24) (Table 4).

Tablc(1 Physical properties of cinnamic acids .4

No Yield

%
M.P
C°

Micro Analytical Data

Found Lit Found% Calcd%
l 86 131- 32 131-132t''リ 71.47 7.10 71.52 7.28

2 79 163‐ 64 163-164t'4′ 67.36 5.60 67.41 5.61

3 60 158- 59 91.60 8.30 91.66 8.33

4 63 120- 21 91.07 8.83 91.14 8.86

52



A l- ll'I u s lu ns iriya J. Sc i. レセ′ム′λ No.r27,2θθ′

Table (2) Physical properties of 3- chloro -2- clorocarbonyl benzo [b] thiophenes
5-8

Cornp
No.

Time
(min)

Temp.
C

Yicld

%
M.P CO

Found
Micro Analytical Data

Found %o Calcd%
C H C H

5 60 40 51 112-114 46.73 1.73 46.75 1,73

6 30 40 57 116… 117 45。97 2.30 45,97 2.30

7 15 20 33 116-118 45.29 2.72 45.36 2.77

8 10 20 41 150-153 44.89 3.00 44.84 3.11

able PI iCa ies of compounds 9-20
No R Sccondary

alll Hlc

Yicld

%
M.PC Micro Arralytical Data

I'-ound o%

C H N S CI

9 H Morph nc 80 80-82 60.27 4.98 4.42 ll.95 12.57

10 Para-OMc Morplr lC 87 130-132 53.81 4.52 4.53 10.07 11.23
5,6‐di‐

OMc
Morphiline つ

４
イ
υ 126-128 38.38 5。30 4.00 9.53 10.65

つ

´ 5,6,7-tl・ i―

OMe
Morphilinc 73 102-104 55.08 5.48 3.90 8.83 9.56

●
′ 11 Piperidine 76 218‐ 221 55.70 4.28 4.52 ll.86 12.86

14 Para-OMe Piperidine 85 59-60 58.20 5.12 4.30 10.14 11.19

5,6-di―

OMc
Pipcridinc 49 105-108 52.69 4.75 4.30 9.56 10.50

16 5,6,7‐ tri―

OMc
Piperidine 67 84-86 51.36 4.66 3.34 8.49 9.52

17 卜I DicthyI

a111lne

67 212-214 58.42 5.29 5.00 lI.60 13.03

０
０ Para-OMe Diethyl

alll Hlc

79 125-127 56.67 5.39 4.61 10.86 11.83

19 Para-OMc Dicthyl

a11l Hle

Oily 54.63 5.55 4.59 9.46 10.80

20 5,6,7¨tri―

OMe
E)ictllyl

anl■lc

つ
Ｄ 132-134 53.44 5.61 3.63 8.84 9.80
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Continued tablc 3

No Calcd%
C N S Cl

9 60.0 5.0 4.0 ll.45 12.70

0 53.93 4.49 4.49 10.27 11.39

! 38.88 5.30 4.12 9.42 10.46
う
ん 55.20 5.41 3.79 8.66 9.60

55.41 4.26 4.97 ll.36 12.61

4 58.15 5.16 4.52 10.34 ll.47
Ｃ
υ 52.71 4.69 4.09 9.37 10.39

6 51.68 4.84 3.77 8.61 9.55

7 58.2 5.23 5.20 11.96 13.27

8 56.45 5.35 4.74 10.78 ll.90

9 54.96 5.49 4.27 9.77 10.84

20 53.70 5.59 3.91 8.95 9.93

Tablc (4) Physical properties of compounds (21-24)

No Calcd%
C N S CI

21 47.68 3.09 12.36 14.12 15.67

22 46.78 3.51 10.90 12.47 13.84

23 46.67 3.84 9.77 13.53 12.39

24 45.21 4.70 8.79 10.04 11.14

RESULTS AND DISCUSS10N
Benzo [b] thiOphene derivatives (5-8) wcrc prepared from the

cyclocondcnsation of corrcspoundil18 Cillnanlic acids(14)v√ ith thionyl chloridc

prollloted by pyridinc as shown in schcmc l.

No R Primary
Anrine

Yicld

%
M.P
Oc

Micro Analytical Data

Found%
C H N S Cl

つ

´ Hydrazine 69 162-!65 47.60 318 12.14 14.00 15。 72
つ
４
う
‘ 1)ara―

OMc
l-lydrazinc 72 226-229 46.65 3.59 :0.71 12.25 13.62

つ
４

綱
ＯＭｅ

Hydrazine 62 Oily 46.00 3.79 9.69 !3.68 12.19

24 5,6,7‐

tri―Me
Hydrazine Oily 45,02 4.67 8.8: 10.18 H.13

Continued table 4
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The following mechanism was suggested, which irnplies, the electrophilic
addition of thionyl chloridc through the double bond of cinnalnyl chlorides to give
sulfanyl chlorides.

These chlorides may be followed one of the following path ways:
Punrmerer reaction to give derivative (5) scheme -2 a or ring cyclization with loss
of HCI to produce derivatives (6-8) as shown in Scheme -2b.

Thc structurcs of thcse compounds (5-8) were elucidated by IR, UV and
CHN analysis. .The IR of compounds (5-8) showed strong band in the range of
1740-1760 cm-r which was chiracterized the C:O group aiposition (2) with the
abscncc ol'bands at 3200-3500 cm-l related to OI-l group.

All these compounds gave other characteristic band in the region 680-685
cm-l due to the presence of 5 C-S-c grouping. UV. spectra gave two intense
bands near 263-287 nm and290-340 nm and were identical with reported values
for benzo [b] thiophene derivative(35'36).

'HNMR spectrum data gave solne additional information about the
compound (6) which confirmed the proposed structure of (6). The signal of 63.75
ppm (31{) due to OCHr; another broad signal at 67.55-6.85 (3H) due to phenyl
protons.

The chemical reactivity of the chloro carbonyl group of position (2) in
compounds (5-8) plays an important role as synthons in a way to study their
reactions with various nucleophiles e.g. amines, hydrazine. This rnay be
dependent on the nucleophilicity group and polarity of C:O group. In this study
we examined the reaction of compounds (5-8) with secondary amines
(morpholinc, pipcridinc and diothyl amine); and hydrazine hydratc (sce
experimental section) where by the respective products (9-24) were obtained.

The nucleophilic substitution reaction involving the amino group occurs
tavorably at thc C:O to yicld compounds (9-24) as revealcd fiorn thc dccrcase in
frequency of characteristic bands in IR spectra tables (7-8) (due to the C:O group
of anride) and appearance of new bands in the region 3380-3420 crn-lwhich
assigned for VNFI of amide in compounds (21-24). UV spectra of compounds (9-
24) didn't show much difference from compounds (5-8).

Further more, the structure's of these compounds (9-24) were confirmed
by rffNVR. The IHNMR data of compound (10) as represetative showed broad
signals with chernical shifts 62.0-2.30 (4H) and 63.4-3.8 (4H) which were
assigned to the protons CH2-O-CH2 arld CI{z-N-CFI2 respectively. Also broad
signals at 7.8-8.8 ppm (4H) was assigned to aromatic protons.

rHNMR of compounds (14) and (22) *"r" e*u-ined by similar method at
shown below.
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IHNMR ofcompound(14)δ
O。 95‐ 1.2(6H)。 CH2~CH2~CH2
δ3.8-4.1(4H)― CH2N― CH2~

δ3.7(5)(3H)― OCH3
δ7.00‐7.96(3H)aromatic protons

lHNMR ofcompd(22)δ3.5-4.0(3H).OCH3
8.0-8.3(3H)一 NHNH2
7.0-7.8(3H)Aromatic protons.

Table (5) Infrared spectrum of Cinnamic acids ( l -4

No. R ―OH C―O C=O C=C CH3,CH

1 2500-3200

(b)

1685 1610,1480 2860

つ

一 Para-OMe 2400-3100

(b)

1660 1230,1050 1620,1450 2950,2860

3 5,6-di―

OMe
2400-3200

(b)

1675 1260,1100 1620,1420 2960,2840

4 5,6,7-tri‐

OMc
2500-3200

(b)

1685 1200,1100 1620,1480 2970,2840

T ble (60 Infrared an< ultraviolet of compounds (5-8

No R IR UV EtOH
λMax,nnl

C=0 C―CI C― S―C C-0 CH3 C=C
5 H 1740 1080ar

.975al.

680 1600 294,304,263

.278

6 Para-
OMe

1760 1075ar

970al.

685 1240

1030

1600

1480

254,275,290

,328

7 5,6,― di―

OMc
1750 1050ar

975al.

685 1250

1020

2960 1600
1450

252,287,290

.317

8 5,6,7-tir―

OⅣ〔e

1760 1080ar

970al.

680 1240

1030

2975 1610
1450

253,271,292

,340
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Tablea R and UV of com S(9‐ と0

No R Secondary
Amine

IR UV EtOH
Max,nm

Ｎ
‐
Ｏ

Ｃ
¨

C―O C―N

9 H Morphiline 1640 1230

1050
1250 250,284,290

10 Para-OMe Morphiline 1635 1230
1030

1240 252,294,317

5,6-di―OMe Morphiline 1640 1270

1100
1230 253,286,319

つ
４ 5,6,7-tri―

OMc
Morphilinc 1640 1285

1100

1230 252,294,317

13 H Pipcridinc 1680 1230 250、284、290
14 Para-OMe Piperidine 1640 1250 252,294,317
15 5,6-di― OⅣfe P peridine 1635 1210 253,286,319
16 5,6,7-tri‐

OMe
Piperidine 1670 1265 255,289,340

17 H Diethylamine 1650 1280 250,284,290
18 Para-OMe Diethylamine 1670 1250 252,294,317
19 5,6-di― OMc Diethylant ne 1670 1240 253,286.319
20 5,6,7-tri―

OⅣle

Diethylamine 1675 1275 255,289,340

Table(8a It and UV compounds (2 24
No. R IR UV

EtOH
λMax,nm

8-N

C―N N―H

21 1646 1270 3380 249,264,284
つ
４
う
∠ Para―OCH3 1640 1270 3380 252,281,298

23 5,6-di―

OCHl
1642 1250 3420 254,287,315

24 5,6,7-tri‐

OCH3
1655 1245 3398 251,290,329
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ABSTRACT
3- Choloro - 4 -methyl and 4-chloro methyl coumarin derivatives have

been sylthesizecl and used as starting materials to synthesis other derivatives by

their rcaction with primary and secondary amines in nucleophilic substitution

reaction. The chemical structure of all prepared compounds was confirmed on the

basis of their elemental analysis and some spectral data (IR, UV spectroscopy).

INTRODUCTION
There are a large number of natural products derived from coumarin

displaying the marked biological activities. The range of compounds includes

;;;iffi;;T,'f 
";r,i*s;runC'i," 

photosensitizer?) unJ antibactirial activity(4),

especially with derviartives containing amino g.oups(5-t).- 
I-iowcver, few synthctic rrrcthods for the prcparation of these compounds

i.c. amino dcrivativcs arc availabl"(e-10) morc collvcnicnt and widcly applicablc

methods are desired, In the present work, we select 3-chloro 4- methyl and 4-
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With Pti,rrur! and Secondury Anines R. I. Al-Balsli and R. l. Al-Ismoil

chloromethyl coumarin derivativcs (III"-r) as a modcl of synthetic entry to the
such type of molecules.

EXPERINIENTAL
All melting points were determined with Gallen Kamp apparatus and are

uncorrected. IR spcctra were recordcd on SP3 - 100 spcctrophotomcter using KBr
discs. UV spectra were determined in methanol on a SP - 2000
spectrophotometer. Elemental analysis were perlormed on a CHN analyzer, type
I I 06 (Calro Erba). Ethyl 2- chloroacitc acctatc (la) was prcparcd from ethyl aceto
acetic and sulfory chloride according to the reported procedure' I l).

Prcperation of 3-chloro -4,7- dimcthyl coumarin (III) and 4- chloro methyl
Coumarin derivatives (III5-r).

Gcneral Procedure
To a stirred mixture ol ethyl 2- chloro (Ia)or 4- chloro acetoacctate (16)

(0.05 mol) and appropriate phenol (0.05 mol) was added polyphosph oric acid
(Ten fold excess weight ofphenol used).

The mixturc was hcatcd at tcmpcraturc (90-100 'C) lor I hour, poured
over crushed ice, the solid product collected, washed with cold watcr, dried and
crystallised from Ethanol-water to afford coumarin derivatives(III"-) in excellent
yields (Tablc l). Prepcralion ofCoumarin derivatives (ll16.1) was repcated using
75% sulluric acid instcad ol'(l'l'A). (table l).

Rcaction of Compounds (IIIa) and (III b-g) with primary and sccondary
amincs

Gcncral Proccdurc
A mixture of compound (lll) (4 mmol) and appropriate amine (16 mmol)

in dimethyl fomtamidc (25m1) was refluxed for 30 minutes, cooled and poured
over water (100 ml), the solid product collected, driedand crystallized from
Hexane - Ethanol to give the desircd compounds (1V,1) and (V,-u) in good yields
(tablc 3 and 4).

RESULTS AND DISCUSS10N
Coumarin dcr市 at市cs(HIa_∂ WCrC prcparcd frOm thc rcaction or ctlly1 2‐

chioro (Ia)Or 4‐  chloro accto acctatc (Ib)With Substitutcd phcnols(Ha_D in the

う
ι
イ
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presence of polyphosphoric acid (PPA) or 75oh sulfuric acid a condensing agent
as shown in scheme -l-.

The structure of these compounds (UIr-s) was elucidated by spectral data
(tR, UV) and CI-IN arralysis. Th.e IR spectral data for compounds (lll"-J in gcneral
lbr tlre regious 1695-1730 cm-l and l6l0-1640 

",rr-' 
*".e attcntively attributed to

VC:O and VC:C respectively.
Other charactcristic strong band in region 720-760 crn-l correlated to VC-

CL (Table 2), the chernical reactivity of the halo group at position (3) and allylic
halo group (i.e 4-CH2X) in compounds (III.) and (lllb-d respectively plays an
important role in using thcse compounds as good synthons in a way to study their
rcactions with nucleophiles. In ordcr to give the compherencive study of this type
of nucleophilic reactions. We selected many primary amines depending on this for
thc basicity of amine used (Table 3). Scherne -1-.

The structure of these compounds (IVu and Vu-r) were elucidated by IR,
UV and CHN analysis, the IR spectral data showed strong absorption bands in the
regions 1695-l738cm-r, 1600-1640cm-l and 1380-1390 cm-l*hi"tlconelatedto
VC:OVC:C and VC-N respectively (Table 3).

Furthermore, we have extended our study to secondary amines (Table 4).
Compounds (IVu-,r and V6-o) in IR showed a strong charasteristic bands to
C:O,C:C and C-N in the regions 1695-1750cm-r, 1610-1638 cm'r and 1330-
I 390crn-r respectively.

ttR,Rr
M

IIIa

*qRSItI71nm 
R

Iva-d

Mechanism of the displacement of Cl of position 3 in compound (III") by
RrRzNH.
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Table-1_sOlne ical rties for coCompound
No.

Sub
'SIItuen Yield

%
Yield

%
m.p°c
EtOH_
water

C.H. Nanlysis
Calc./found

R IR′ 1東 X Y PPA 75%
H,SOa

C H
IHa CH3 H H CI H 134-136 68.37

69.02

２

２

３

６

４

４b CH3
CI 94 213‐215 63.3:

63.96
4.32
∠つ0CH3 CH3 H CI 94 226-228 64.72

65.04

４
．

ｎ

Ｏ
′

，

４
，

くd OH
CI 93 63 183‐ 185 57.00

56.60
3.33

3.64e CH3 OH Cl 93 176‐ 179

f ‐OCH20‐ H CI 93 249-251 55.34

55.40

９０

０４

２

３
-CoHa-

Cl 一／
158‐ !60 68.71

69.02
3.68

3.34

Table 2 . IR and UV spectral data for compounds (III a_g)

Compound No. IR ycm-l
UV

C=O C=C C―CI (rnethanol
l"max (nm)

IIIa 1735 1630 730 217,282,319

b 1730 1620 725 215,277,312

CC 1730 1638 725 219,278,313

d 1695 1625 730 218,293,325

C 1695 1610 730 210,256,324

f 1710 1625 760 211,234,264

295,314
g 1740 1640 720 270,298,319
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lltith Prinrary and Secondary Anines R. I. Al-Bayati ond R. I. Al-Isnnil

icalandablc 3.Ph a and sperctal fbr compounds (lva anc Va
Com.
No.

Substituents Yield

%
M.POC

llcxanc-
Ethanol

CHN Calc./Found

R R′ R′
′ NR:R2 C N

Iv〔 l CH3 13cllzyI

tlill lilC

48 l15-l17 74.42

77.82

6.09

6.96

5.02

4.96

Va CH3 2-amino
benzo

thiozole

50 178-180 67.08

66.86

4.34

4.14

8.695

9.24

B CH3 CH3 2-
arnino
benzo

thiozole

Ｏ
Ｊ 145‐ 147 67.85

68.21

６

４

７

６

４

４

4.17

4.34

C CH3 BenzyI

ain ine

52 139-141 77.42

77.00

6.1

5.66

5.02

4.66

CH3 CH3 H 2-amino
thiozole

48 92-94 62.93

63.15

4.89

4.69

9.76

9.52

OH 卜1 11 2-amino
thiozole

40 219-221 56.93
57.20

3.65

3.44

10.22

10.26

I「 CH3 CH3 2-amino
pyridine

つ
′
′
■ 100‐ 102 72.80

73.!0

5,71

5.88

10.00

9.66

G OH 2-amino
pyridine

42 216‐218 67.16
66.82

4.48

4.40

10.45

10.23

Continued tablc 3

Com. No. lR cm
i

UV Mcthanol λ
“
x(nm)

C=0 C=C C‐N
Iva 1738 1625 390 220,270,315

Va 1705 1618 360 209,268,309

B 1708 1640 385 212.273,311

C 1700 1620 380 210,269,310

D 1710 1620 390 215,271,312

E 1695 1620 1380 225,263,321

F 17:0 1610 1380 226,264,290,320

G 1695 1600 1380 225,280,316
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Table 4. Physical and sperctal fo

レ♭1 2 Nθ.0,2θθ′

r V )―d and Vh
Compounds

No.
Substituents Yicld

%
M.POC

Hexane-
Ethanol

R R′ R′
′
NRIRっ

Ivb CH、 Pipridillc 60 03-105
C CH3 Morpholine 60 49-151
d CH3 H 11 Diethylarnine ０

０
ξ
υ 51-153

Vh CH3 Morpholine 69 38‐ 140

CH3 CH3 Morpholirre 68 58-160
OH Morpholine 52 40-142

k OCH2
0

Morpholine 50 185-188

| CH3 11 Piperidine ξ
υ
つ
′ 80-82

111 CH3 CH3 Piperidine 73 118-120

CH3 卜I OH Piperidine 50 191-192

0 OCH2
0

H Piperidine 52 158-10

p CHl CH3 H Dictltylarninc 50 98-100
g CoHa H Diethylamine 51 176-178

Continued table 4
Cornpounds

No.
CHN
Cal./Found

IR crn UV Methanol

λlnnY(n■1)

C H N C=0 C=C C―N
Ivb 74.71

74.34

7.40

6.88

5.45

6.02

1750 1620 1390 212,284,

317
C 69.49

69.84

6.56

6.04

4.45

5.84

1740 1618 1380 217,288,

317
d 73.46

73.22

7.76

7.34

5.71

5.30

1738 1620 1390 220,282,
318

Vh 69.50

70.12

6.56

6.74

5.41

5.28

1720 1630 1380 218,277,

307
1 70.33

69.69

6.96

7.03

5.13

5.25

1710 1620 1330 209,282,

3H
J 64.37

67.50

5。 75

5.26

６

４

３

８

1715 1620 1397 230,260,

294,304,

321
k 62.28

63.20

5.19

5.13

4.84

4.46

1717 1620 1380 210,280,

329
l 74.13

73.92

7.75

7.18

5。 17

5.57

1710 1620 1370 220,279,

309
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Synthesis Of Sonte 3- Chloro-4- Melhyl and 4- Chloro Methyl Coumarins ond Tlrcir Reactiorts
ll/ilh Priururl,and Seutnilury Anines R. l. Al-Bu.t,oti urttl R. I. Al-Isnruil

75.28

75.10

7.75

7.95

７

４

１

５

５

　
５

1718 1628 1390 215,281,

312
70.32

70.82

6.95

7.28

5.13

5.34

1795 1610 1390 209,282,

300
0 66.90

67.20

5.92

5.86

4.88

4.36

1700 1620 1370 211,233,

287,328

p 73.28 9.16 5.34 1720 1638 1397 210,279,

309
０
● 1710 1625 1385 209,280,

309
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ABSTRACT

The photooxidative degradation of fungicide "Benomyl" in aqueous TiOz
(anatase) suspension is studicd. The primary photolytic products were followed
and identified by HPLC, solution pH, conductivity and UV-visible
spectrophotometry. The temperature effect on the photodegradation process is
also carricd out. The activation energy deduced is very low (l 5.O2kJ mol)'l . It
was lbund that the order of the benomyl photooxidation is first order. The
apparent quantum yield is also detcrmined with different TiOz loading and this is
found aI'fected by solution pI-I. According to the experimental rcsults and kinetic
analysis thc reaction mechanism ol'thc benomyl photodegradation os suggcstcd.
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INTRODUCTION

One of the most hazardous environmental pollutants (soil, water and
sometilncs air) arc pcsticidcs which are widely used in agriculture during the last
50 ycars. Both Don-persistcnt and pcrsistcnt pcsticides crcatc severc problems to
environment since they are highly toxic human, animals and plants.

Thc first clcar recongnition and implemcntation of TiO2 semiconductor
sensitizer for pesticides (or generally organic componds) pollutants oxidative
degradation (mineralization) came with the work of Ollis and coworkers in
1983(r'2). In 1980's and 1990's a grcat deal of rcsearch appeared in literature
concerning the photooxidative degradation in homo- and heterogeneous catalysis
system of pesticides including halogenated phenols, halogenated acetic acid,
organic phosphorus compounds... etc. in aqueous system (for rcview see

reference(3) and references therein).
Recently, Aliwi and abdul Kadir gave detalied kinetic and mechanistic

studies of the photomineralization of insecticide carbaryl(a) and herbicide
proparlil(s) using TiO2 (anatasc) aqucous suspcnsion, using UV or solar radiation.

Benonyl [methyl l- (butyl carbarnoyl) -2- benzmidazolc carbamate] is
widely used in Iraq as fungicidc with systcmic activity and effcctivcncss on a
wide rangc ol' lungi al'fccting fruits, vcgctablcs and field crops. Reports in
litcraturc revcal that bcnomyl is hydrolyzcd in watcr to methyl -2- benzimidazole
carbamatc (MBC|6). No reports have been dctected for the photochemical
behaviour of benomyl in aqueous solution. Flowever, Fleeker and Lacy(7) have
rcportcd in 1977 the photochemical activity of the benomyl hydrolysis
intermediate (MBC) in aqueous solution in the presence of acetone or riboflavin
as photosensitizer Guanidine carbomethoxy urea and carbomethoxy guanidine are
thc main photolytic products.

ln the present work it is intended to investigate tltc main parameters
afl'ecting the photodegradation of fungicide benomyl and photopineralization of
this substance using UV-Ti02 (anatase) aqueous suspension photolysis system.

Experimental
Techniqucs

Photolysis pricedure and apparatus: thc UV beam of light is generated
from 150 Watt medium mercury lamp (PHYWE/ England) which gives main light
intensity at eavelength 365 nm. The photolysis experiments were carried out in a
photolytic Pyrcx cell (capacity 35 cnrr; with Pyrex window cell (capacity 35 cml)
with Pyrex window of 2cm in diameter. The cell is fitted with water jacket for
temp. control. A magnetic stirrcr was used to maintain thc solution in
homogeneous suspension from through the photolysis process. The photolytic cell
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is located 20cm apart from the lamp and the solution temp. is controlled by
circulatign thermostat type Haake FE2.

Titanium dioxide load ranges from 0.5 to 4gmll was added to the aqueous
solution containing known conc. Of carbaryl (e.g. 4ppm). The solution is then
saturated with oxygen gas during experiments with flow rate of l0cm3/min.
Magnetically stirred mixtures in the photoreactor were irradiated and,2cm3 of the
sarnple were taken at various irradiation time intervals and then centrifuged to
separate Tioz solid. The samples were analyzed by high performance
chrornatographic tcchniquc, UV-visible spcctrophotomctry, pFI and conductivity
lllcasurclllctrts. Phosphatc bullbr was uscd to control the solution pl-l in thc range
from 4-7.

High pcrform:rncc liquitl chromatography (IIPLC): bcnornyl conc. was
determined by HPLC using Shimatzu 6,{ instrument. This was equipped with UV-
detector (wavelength:254nm). The mobile phase used is methanol/water mixture
(65:35 v/v). The analytical column type Cl8 used was 25cm in length and 4.6mm
in diarneter. Under these conditions the retention time of benomyl was 4.2min.

Other analysis techniques:
a- The pH measurements: solution pH was mcasured before and after irradiation

using Oricn 5A752 pl{ mctcr.
b- conductivity measurements: the solution conductivity was measured by WTW

conductivity meter type LF19l. The cell constant is 0.lcm-I.
c- Nitrate conc. Measurement: The NO3- conc. Was determined quantitatively by

ion chromatographic technique using Dionex 16USA ion chromatographic
instrument. 0.025M sodium carbonate and 0.025 M sodium bicarbonate
solution mixture is used as diluent. Qualitative measurements of NO3 were
also canied out using Orien ion selective electrode. NaNO: (AR grade) is used
as standard solution for calibration.

d- Spectrophotometry: the UV-visible spectral changes of benomyl before and
after different time of inadiation was monitored by a double beam Hitachi
2000 spectrophotometer.

e- Incident light intensity at wavelength 365 nm was measured by the usual
ferrioxalate actinometry technique (Hatchard and Parker method(3))

Chemicals
Titanium dioxide powder type anatase was supplied by Fluka AG. The

surfacc arca is 18.11m2g-1. It was prchcatccl for 12 hr. at200'C before itwas
sieved through 400 mesh size sieve.

Benornyl [methyl l-(butyl carbamoyl)-2-benzimidazole carbamate]
(Cral-lrsNaO3). This fungicidc is supplied by E.I. Dupont de Nemous company of
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pvrity 99.9yo as a white crystalline solid. Benomyl is sparingly soluble in water
(maxinrum solubility is 4mg/l,4ppm at 25"C) soluble in chloroform and alcohols.
Decomposes when treated with strong acids or alkalis and also decomposes on
heating without melting.

Nitrogen and oxygen gases were supplied by Al-Mansour factory-
Baghdad fo Purity -99%. Thcse gases were passed through bidistilled water
betbre passing through benomyl-TiOz emulsion.

RESULTS AND DISCUSSION

It is now gcnerally acccptcd that anatasc photocatalyst, water and
dissolved oxygen gas (or air) are the main parameters that bring about the
photoxidative degradation of organic molecule on thc surfacc on thc photocatalyst
Ilowever, reports in literature(E) reveal that there are several factors g"n".ully
affect the rate of the photocatalytic degradation oforganics. These factors are:
TiO2 loading, solution pH and the initial conc. Of the organic substrate. Therefore,
scvcral cxpcrimcnts wcrc carried out in order to reach the optimum conditions for
each of these parameters.

Many experiments were executed using different TiOz load (ranged from
0.5 to 4gnVl) keeping other parameters constant. Results show that the optimum
TiOz load is 2 gm/l for the highest rate of photodegradation of benomyl (initial
conc. Is 4ppm). This TiO2 load is considered the optimum conc. Used for all other
photolysis experiments. The effect of TiOz load in photooxidation process of
organic compounds is extensively explored by Serpone(e) in which the TiOz
suspension becomcs more opaque to the incident light and therefore the light
absorption will be limited to the first layers of the photolytic mixture and the rest
of the solution layers don't receive light.

Benomyl is stightly soluble in water with maximum solubility at 25uC is
4ppm. Therefore, initial conc. Ofbenomyl ranged from 1-4ppm is used to predict
the optimum initial conc. That gives higher rate of decomposition. However, the
experiments show that in very low conc. Of bcnomyl, i.e. less than 2ppm, any
quantity of TiOz is enough for photodegradation of benomyl, i.e. there is no
optimal conc. Value of TiO2 is such experiments. It is generally found that higher
initial conc. Ol'thc olganic substratc nccds lrighcr surfacc area of thc catalyst and
accordingly higher catalyst load(3'5). It is known that benomyl is hydrolyzed in
aqueous solution to 2-benzimidazole carbamate (MBC) at pH more than 7.
Thercfore, thc rate of photodegradation is measured at pH rangc from 4 to 7. The
optimum solution pH is found 6.45 using phosphate buffer. Therefore, all
photodogradation cxperiments ol benomyl were carried out using 4ppm initial
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conc. (1.377x10-srnol/l), 2gm/l as TiOz load, pH is 6.45 and oxygen flow rate is
10ml/min. at25oC.

The identification of the photodegradation products have been carried out
using similar techniques utilized in previous studies for the photodegradation of
carbaryl(a) and propani l(5).

The UV-visible absorption spectrum of benomyl in water has shown
several absorption peaks in the spectral range from 230 to 340nm. The highest
absorption peak is located at 283nm (e,ru*=40100 L mol-lcm-l;. Three absorption
shoulders at242,270,293nm were al,so appeared. Results shown in fig.1 illustrate
the absorption spectrum of benomyl in water before and after several times of
irradiation. The spectral changes show that the maximum absorption band for
benornyl at 283 nm decreases in intensity with irradiation time. Two isosbestic
points were appeared at 296 and265rm and these are then disappeared after 30
min. irradiation. This might suggest that during photolytic degradation of
benomyl, only one product could be produced and after 2br. irradiation the

spectrum of benomyl disappeared showing no characteristic bands in the UV-
visible spectral rcgion (250-350nm).

I{igh performance chromatography (I{PLC) technique is used to identify
the photolytic product and also to monitor the change in benomyl conc. During
the photolysis experiments. The benomyl concentratiosn were monitored by
following the pcak intensity at retention time of 4.1 min. (benomyl peak). After
l0rnin. irradiation new pcaks appeared at retention times 2.66 min. and I .64min.
Figure 2 shows the variation of the IIPLC chromatogram during the photolysis
process. It is clcar that the peak belongs to benomyl disappeared after about 2 hr.

of irradiation. The 2 peaks appeared at retention times 2.66 and 1.64min. are

increased in intensity during the first 10 min. imadiation and then gradually
disappearcd after prolong irradiation (about 2hr.). This suggests that the primary
photolytic product of benomyl decornposition are ultimately photodegraded on
TiOz surface.

Acidity and conductivity were also measured during the photodegradation

o1' bcnomyl on TiOz surl'ace. It is found that thc solution pl{ is decreascd from

6.45 to 5.20 and the conductivity is increased from 1 l.2ps to 92ps at 25oC. this
could be explained by the formation of highly conductive species such as H* and

NO3- ions during the photocatalyic oxidative degradation process.

The stoichiornetric amounts of nitrate ion that could be formed for 4ppm
initial benomyl conc. Is 3.4lppm according to the stoichiometric equation (l):

CraHrrNqO3+2202--> l4COz+7llzO +4FINO: ...(l)
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The detection of nitrate ion generated during photolysis is carried out
usigr-r ion-chromatography technique. At the cnd of irradiation pcriod (about 6hr)
the ion chromatogram show only one peak of the nitrate ion.

Small amounts ol carbon dioxide wcre also dctcctcd usign barium
hydroxide solution and the white precipitate of barium carbonate is generally
increased with irradiation time. No quantitative analyses for CO2 liberation in
solution werc camied out.

Kinctic Analysis
Thc initial ratc of thc photocatalytic dcgradation of bcnomyl on TiOz

surface was determined spectrophotometrically by following the change in the
absorbance at tr =280nm. The logarithm plot of the change in absorbance (i.e.
benomyl conc.) with irradiation time give a straight line which indicates thc first
order reaction. The slope of the straight line therefore gives the value ofthe
specific rate constant (ka) ofbenomyl which is equal to 3.33x10{ sec-l using the
initial benomyl conc. 2ppm, TiO2 load 2grnll and pH=6.45 at 25oC. The same
value of kd was obtained when the benomyl initial conc. Is 4ppm under similar
cxpcrimcntal conditions. Thc sc rcsults indicate the k,1 is indcpcndcnt on thc initial
conc. Which is in contrast to that obtained for carbaryl(a) and propanil(5) pesticides
on TiO2 surfacc under similar conditions. I-lowcvcr, addition of 2xl0'5 mol/l of
ll2O2 cnhanccs thc photodogradation proccss which is in agrccnrcnt with that
lbund lbr thc photodegradation of carbaryl and propanil(4.5). This could suggest
that hydroxyl radical, produced from the decomposition of H2O2 on TiO2, is the
initiator lor the photodcgradation of bcnomyl.

The photodegradation of benomyl on TiOz surface was also studied at
dilfcrent temperatures ranged from 289 to 338K. Figure 3 shows the Arrhenius
plot bctwccn logarithnt of spccilic rate constant ol photodegradation (ln k,1) and
reciprocal of reaction temp. The straight line obtained in fig. 3 gives the value of
the activation energy (15.02 kJ/mol or3.59 kcal/mol). This very low activation
energy value recalls the fact that the photocatalytic process is temp. independent.

The apparent quantum yield(r.e.l0) was also determined and found to be
affected by TiOz load. Table 1 shows the variation of apparent quantum yield for
the phtooxidative degradation of benomyl is steadily increasing with increasing
TiO2 load up to 2.0gn/l and after that become constant.
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1雪児1,lttti勝‖器1卵:需鮮:T°
」°面n3hdd ttnomメ∞nc

mo at and pH=6.4
Ti02 10ad

Gm/1
0。 85 1.42 2.0 2.85 3.42 4.0

Φ 0.125 0.134 0.149 0。 148 0,147 0.147

Thc apparent quantum yicld was also found to be affcctcd by solution pH.

It is cqual to O.215 and O。 135 at pH 5 and 6 respcctivcly.Thereforc,the apparcnt

quantunl yicld increases as pH value decrcases.

Thc proposcd rcaction incchanis興

dcgnぶT::乱 a鷲蹴 為。:讃
1盤
#al:uぷ 留 計乳 ∬ 麒 器 :邸鷲監″

「i02 Stlrfacc is o■ cn bcry dillllculd task and a detailcd pathways of thc

photorcactiOn can't bc casily interpreted. According to the experilncntal rcsults

and thc kinctic studics already discussed onc lnight suggest the following rcaction

schcnlc ibr thc pht00xidativc dcgradation of fungicidc bcnonlyI:

■Q十 て∞
十rⅦ   …0

H+VB卜 H20~~~→ OH+H+         .… 。(3)

C‐CB+02 ~~~→ 01~           ……(4)

O:~+H20 ~~~引 卜OOH+OH        .… 。(5)

OH‐+h+vB 一―~→卜OH             。…..(6)

C‐CB+H202-―一―)OH十 OH         .… .(7)
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NHQ}I,
:T-ro"*

(MBc)

I

..........(e)

The products of photoytic decomposition of MBC shown in equation (9) is
suggested according to Fleeker and Lacy(7)and thcse might complctely mincralizc
on 'li02 surlacc to CO2, nitratc ion... otc.
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ABSTRACT
Through the application of a negative potential with respect to the plasma

potential Vsal between the slit of the source and extraction electrode, a set of
experiments were conducted to study the extraction current Irxr and the extraction
ion beam I6snn1 of Argon ions from a modified Bemas ion source. The extracted
ion beam of 12 keV was studied under the effect of the main operational
conditions of the ion source and thc position of the extraction electrode with
respect to the anode slit. The results of this study have shown that the best
distance for the extraction electrode frorn the anode slit was 20 mm with a total
ion extraction current of 1.25 mA and an extraction voltage of 12 kV.

INTRODUCTION
It is well known that, numerous parameters are involved in the operation

and performiulce of the ion source. These parameters affect indirectly the beam
divergence through the variation of the ion current density emitted from the ion
source. The purpose of this paper is to present the rcsults of an experirnental study
of the parameters related to the extraction systcm fbr a modified Bernas ion
source, such as, extraction voltage, interelectrode distance, effects of the main
operational conditions of the ion source and electrode geometry factor(l).
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It is shown that the beam divergence is most conventiently controlled by
thc adjustment of the extraction electrode distance. This type of this source is
utilizcd in various fields, e.g. clectomagnetic isotope separation and ion
implantation(l'2'l).

Expcrimcntal investigation of extraction bcam parameters
The present sourcc and the extraction systcnr, fig. (l) consist of

- A oathodc (Filamcnt) ( I ), made of Tungsten wire of I mm diameter curved
in a "V" shape.

- An arc chambcr (anodc polc) (2), madc lrom Graphitc ol' dimcnsions
(83x34x34)mml with rcctangular apcrture ( I x40) nrnr2 for latcral cxtraction of
ions.

- An cxtraction elcctrodc (6), is madc from Graphitc material with
rcclangular apc(urc (2x40) mm2 lbr lateral extraction of ion.

- An Aluminum plate (7), used for measuring the ion beam current Is.,,, the
dimensions of which are (65x85) mm2 at a distance of 15 mm from the
extraction electrode. The operating charactcristics for the ion source were
investigated in ref,a) and Argon gas w.ls used as a feeding material.

Bxtraction voltagc Vx11'
As the extraction Vgxr increases, the total ion current 11 increases where

I1 =lpy1 + 1s",,,, .....(l)
Where
Irxr : The ion curent measured on the extraction electrode
IB""n, : The ion cunent measured on the Aluminum plate.

Fig. (2) shows a family of curvcs of lux'r.and Isasm oS a function olVgxl
for different values ofarc voltage Vu,"

Bxtraction distancc d
To determine the appropriate distance d between the extraction electrode

and the slit of ion source, the effect ofVg11 as a function of Igxl and Is"",n for
various values ol d (10, 15, 20, 25, 30 mm) was studied. Simultancously, the
influence of d on 11;11 and Iscnnl woS observed. Figs. (2 to 6) show that as f
inctcascs, thc valucs of IL dccrease which is a normal bchavior. flowcvcr lrig
(7) shows that at V1,x1 : l2kV, thc nraximum valuc for Is"u,,, can bc obtaincd at d
: 20 mm which in agrecmcnt with Chavet results(l). The measured current on the
extraction electrode and Aluminum plate must be corrected by applying eq. (2)
and eq. (3)(5).
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where
Ix
Is

Ysc(C0

Ysc(AI)

l2kv)(7

is the measured current on the extraction electrode.
is the mcasurcd currcnt on thc Aluminum plate.
coefficient of secondary emission for Graphito (0.109 at Vgyl: 12Ly;{o)
Coefficient of secondary emission for Aluminum (0.17 at VExl :

For the best operational conditions of the system, the cr value, which is the
ratio of Ipal to IB.un, , must be as small as possible without affecting the value of
IB"u,,' . The values of IExr and Is.un, before and after the corrections and the values
of (cr) for different values of the distance d at Vsy.p: l2kV are shown in table (l)

Effcct of thc m:rin operational condition of thc sourcc on thc cxtraction ion
beam

Effect of :rrc voltage V,,..
The values of the current Isyl and Is.u,,, increases as the arc voltage Vur"

increases as shown in Figs (2 to 6). However, it was found that there was no
increase in the values of I6y1 and Isennl when Vu,. is higher than 55V, which is due
to the fact that Ior. approaches its saturation region(a).

Effcct of gas prcssurc Pa.
The gas pressure Pa, is related to the charnber pressure P by the relation

PR, : 50.42 P(o). The extraction ion current Ipxl increases as P increases.
However, when P reaches the value 7 x 104 mbarthevalueof Igalandlsssnl
increases rapidly then begin to decreases as shown in Fig. (8). This is due to the
low generation ofions at such values ofpressure.

Effcct of filamcnt currcnt Ip
Ihe total cxtraction ion currcnt incrcascs as thc fllament current Ip

increases as shown in Fig. (9) at various values of the pressure.
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Effect of Magnetic Field B
The magnetic fleld B is measured at halfdistance betwccn the poles olthe

clcctronragnct along the cathode - anode axis olthe ion source. Maintaining all
parameters (extraction and source) constant, the application of the magnetic field
causes the total extraction ion current to increasc till it rcaches its maximum value
at B: 15 nrT and tlrcn bcgin to dccrcasc as shown in l;ig. (I0)whichisin
agrecmcut with Chavct(8).

Effect of arc current Ir."
The irrflucncc ofthc arc current Iarc on the extraction currcnt I;x.1 is clearly

demonstrated in Fig. (ll-a). The values of Isxl increase as the arc current
increases. Similar behavior was found for Is"un, current as shown in Fig. (11-b).

Dctcrmination of geomctry factor C"
This factor is an important one to determine the design ofthe extraction

electrode and the slit of the ion source to obtain a high quality beam optics. When
the beam optics are optimizcd, the total extraction ion beam current It at the
extraction voltage Vs11 can be approximately given by the following Child -
Langmuir relation for space - charge limited extraction lslit apertures)(e r0).

％ヽ
１

１

１

ノ

２ｅ
一Ｍ

′

―

卜

‐

ヽ

εＡ
４

一
９
〓

Vゑ
d2

… 。(4)

… (5)

VVhcrc

A
8。

e
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area of ion source slit.
permittivity of frcc space.

the electron charge.
The effective mass of ion
extraction gap distance

Thc experimcntal results dilfer from the thcoretical values calculated with
the aid ofeq. (4). Therefore, the geometry factor C" can be defined as(r'rr)

Q=婦

lqorc) : The total extraction ion current calculated from eq. (4).
Islcrr;) : The total extraction ion current obtained from experiments.
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In table (2), the values of ce for different values of d, at vExr: 12 kv
were calculated. It can be seen that its value approaches unity at d, = 20 mm. At

- this distance the experimental and theoretical values are of similar order as shown
in Fig. (12).

CONCLUSION
Scveral experiments werc carricd out to study the parameters related to the

extraction ion beam from a modified Bernas ion source. It was found that at the
bcst operational conditions arc.
Ior.: 1.5 A, V,,rc:55 V, 11:55 A, l>:6x10-a mbar and B: 15 mT.

The total extraction Argon ion beam current reached 1.25 mAat VEy.p:
12kV and d: 20 mm with stable operation for ion source.

According to these rcsults, the elcctrodc geometry has been dctemrined. It
was found that C" * 1 at d :20mm at which the values of the total extraction ion
beam current was in agreement with the theoretical values.

Table (1) : The values of I6a1, IB.un, before and after correction and o for different
values of d at 12kV

d (mm) I*(mA) I,(mA) IEXl(mA) Is.u*(mA) α

10 2.9 I 87x l0-r 2.615 l60x 10-3 16.34
15 1.8 210.5x l0-3 1.63 180x l0-3 9
20 0.96 444.5x10-r 0.87 380x l0-j 2.28
25 0.72 298.3x10'3 0.65 255x l0-r 2.54
30 0.49 284.3x10'r 0.45 243x|0'r 1.85

Tablc(2):Thca : The values of Cc for different values of d at Vsal : l2 KV
d (mrn) Itrtr'"r(rnA) IEX・「(mA) Ibcan(mA) Ircxn(mA) c.
10 s.28 2.615 l60x 10-3 2.77 0.52
15 2.41 1.63 l80x l0-r l.8l 0.75
20 1.35 0.87 380x 10-r 1.25 0.91
25 0.86 0.65 255x10'r 0.905 1.03
30 0.6 0.45 243x10-J 0.7 1.166
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Fig. ( 1 ) A schematic drawng of a modified Bemas ion source and
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Fig. ( 2 ) A graph of the ion curient as a function of the er:traction
voltage for diiferent values of the,arc voltage .

ly = 55 A , P=6xlrll-e mbar , B=15mT. d = 1O mm .

a - For extra:tion ion current.
b- For ion bsi.m current .
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A Study Of Extraction Of The Electron Beam In A Low Voltage
Electron Gun (0-500 eV) System
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.0.909 g lJNl "*J er4,,riell ols.ill

ABTRACT
Through the application of a postivie potential, with respect to the grid

potential (Vi, between the grid electrode and anode electrode a set of
experiments were conducted to sludy the exlraction of the electron beam in a low
voltage electron gun (0-500 eV) system with one stoge. The results of this study
have shown that the best distance for the anode electrode from the grid electrode
was 4mm with a lotal eleclron extroction current of 18.249 mA atananode
voltage of 480 V and the geometryfactorfor this case was 0.949.

INTRODUCTION
It is well known that numerous parameters are involved in the operation

and performance of the electron gun, such as the operation condition and the
distance between electrodes(l'2'3). These parameters indirectly affect the qualities
and optics of the beam. The present work aims to determine the best position for
the anode electrode and the geometry factor of the electrode experimentally. This
type of electron gun system is utilized in various fields, e.g. focusing the beam of
electron stream and it is also used in many excitation experiments which require
electron beam of low energies, only few electron volts, and of highest possible
currents. This system has been also used for deposition technique(2'4'5'6).
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Slsle t Il. ll. tattal und K. A. Yahyo

General Design and Construction
The present electron gun, shown in Fig. (l) consists ofthe following :

(a) The cathode (filament) (1) which is made of tungsten wire of diameter 0.125
mm in a "U" - shape with a l0 mm spacing between legs.

(b)The grid and anode electrode (2), (3) which are made of molybdenum plate
with dirnensions (70 x 35 xl ) mm3 and circular aperture of diameter 4mm.

(c) Motybdenum plate (4) of dimension (70 x 35) mm2 used for measuring the

electron beam currents Ig,.
(d) Insulators, such as Teflon, glass and ceramic.

Experimental Measurements
Thcrmionic Emission Current I6

As the voltage of thc V. increases, the thermoionic emission current IE

increases, as shown in Fig (2), For all experiments, the distance between the
filament and the grid electrode d* is 2mm.

Thc filamcnt current was adjustcd at 5.2 A duc to its configuration,
diameter and operation stability.

Influencc Of Extraction Distancc d.
To determine the best distance du between the grid and anode electrode,

the effect ofthe anode voltage Va as a function ofanode current Ia (measuring is
made at anode electrode) and the electron beam current Is6.(measuring is made at
molybdenum palte) for various values of d" (3,4,5,6)mm was studied. Figs.
(3,5,7,9) show that as do increascs, the valucs of 1,1 decrease which is a normal
behavior. However, Figs (4,6,8,10) show different values ofIs6.as a function of
anode voltage for different values ofdu. It is found that the maximum value for 16g

is obtained at Ve : 240 Y at du = 4mm as shown in table (l). For these
experiments the electron beam diameter was (3-4) mm.

Determination of thc Best Electrodc Position
The geometry lactor C is an important factor which has to be taken into

account when designing an extraction electrode. The total extraction electron
current 11 is given by

Ir:la+lec ■.¨ (1)

This current at the extraction anode voltage Va can be approximately
given by thc lollowing Child - Langn.ruir relation for space - charge limitcd
extraction(7'8'e).
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where A, 6o, M, e are area of circular aperture, permittivity, mass of electron and
electron charge respectively. The experimental results showed different values
from these theoretically calculated from eq. (2). It was found that relation [3]

.. ... (3)

values. Table (II), shows the values of du at Va = 480
seen that the best position for the electrode is 4 mm at

CONCLUSION
Scvcral cxpcrilnents werc carricd out to dctcrnlinc thc best distancc for

anodc clcctrode in a low voltagc clcctron gun systcm.Sctting the systcnl at thc

opcration conditions(IF=5.2A,VF=4.2V,P=1.7× 104 mbarand Vg=2V)。
For different distance da, of thc clcctrodc from thc grid, it was found thatthc

geonlctry factor C approachcs unity at lt=18.249 nlA,VA=480 V and da=4mm.

Hcncc, thc bcst clectrode position is 4mm.It was also notcd that at this distancc

(4mm)tllC ma対 mum value of IEC WaS Obtaincd at VA=240V,and vacuum
pressurc sct at l.7× 1 004 nlbar,、vhich is in agrcclllcnt Witll thc rcsults of Silllpson

ct al(2).

Table (1) : Shows the maximum values of electron beam current IE6 for different
values ofdo

Da(mm) VA(V) IFC(uA)
3 220 60.2

4 240 85.2

5 480 20.1

6 420 5.6
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Table(II):ShOWS thc values ofgeometry factor C for differcnt valucs ofda at VA

=480V
darmm) Iriha(mA) IA(mA) IEC(uA) Ir血。(mA) C
3 34.15 29.1 44.4 29.144 0.8534

4 19.21 18.2 49.1 18.249 0。9490

5 12.29 9.8 20.1 9.820 0.7990

9 8.53 4.4 2.1 4.402 0.5160
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.JrSi 123) LJ,-i.:r (253) -! dJ-Jlr .+Jl Jill Lr Jsl e;t ip !:tJj:,* +r-: C
j-.!l ,,,."- i+ll ."' ..,1 (Audiometer) eJl ,-r--i jk+ plriit aili. Jt-ey (&Ul 130

ejl'.:ll J-rLl r i- .rl-t- (50-59), (40-49), (30-39), (20-29), (10-19) q+t+- a."^i Jl
1.S.-tLcYl a-ilS3d+-i+ll )Sl.,j.Jl3..r-+11 6rYl ggal.ucrLi3jr+-yYr:l -U=rli,:-f^f

O* )f.-Jl 6kllz l;iIJ eJl 4:iic d-.1*,Jr-...# J- 
"r:l-ii:l 

ct..-- l+r. -t 6,iEill cr rrLl

. j^c)l 4ilsjl lsi^ill:.9-l-rll g.rYl

ABSTRACT
A total of (235) normal individual (123) males and (130)

fernales were divided into five age groups at l0 years intervals, were
tested for normal threshold levels in both ears by using the
conventional pure tone Audiometer. They had been exposed to a

minimum noise of occupation. All the results were analyzed and
discussed using (t-test). There was no statistically significant
difference in the mean Threshold value of hearing acuity in both ears

at the difference age groups in both sexes. The mean threshold value
of hearing acuity for left & right ears exhibit a decrease in sensitivity
at higher frequencies with advancing are in both sexes. However there
was a marked dip in the audiogram at (6 kLlz) for left & right ears in
both sexes in the youngest age groups.

INTRODUCTION
It had been well known fact that impairment in pure tone threshold of

hearing has always been associated with age such a fact had been documented by
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scvcral research workers (l{). However with the discovery of electronic
audiometer by Bunch 1929(l), it was possible to find out the importance_o_f other
factors such as age, sex, race, occupation and other environmcnlal factors()-').

It is of crucial importance to have enough systemic knowledge of the
whole life history ofthe individual for the clinical diagnosis of miner pathological
changes ofhearing acuity by the conventional method of audiometry.

Thc aim ofpresent study is to dctcrminc thc normal hearing thrcshed level
(H1'L) Ibr lelt & right cars in diflerent age groups for both sexes in normal
individuals and to find out ifthcre is a differcnce bctwecn lcft & right ears in the
normal threshold of hearing acuity.

MATERIAL AND METHOD
A total of(253) of(123) males (130) females were tested for normal value

thresholds of hearing acuity in both left & right ears using the conventional
laboratory audiometry (type Ollmann Company / Germany) at (0.25, 0.5, l, 2, 3,
4, 6, 8) kl-Iz frequencics respcctively.

Thc majority ofthese individuals testcd werc Kulh univcrsity studients and
rcsident at Najaf City. They were carefully examined and questioned rcgarding
previous ear discases and abnormal cxposure. Those abnormal wcre excluded
from thc study. Thosc above thirty years ofage were carcfully introgated for a
history of mid-ear infections and hype(ention . All abnormals were excluded
fi'onr thc study. Thcy wcrc dividcd into fivc groups at (10) ycars intcrval.

'l-hc statistical analysis oltho data was pcrlbnncd using t-tcst(E)as wcll as

1hc mean of hcaring thrcshold levcls (tlTL), the standard dcviation, the standard
crrors of thc mean, thc standard crrors olthe mcan bctwccn lcft & right cars, the
mcclian and cocllicicnt of variance wcrc cstinrated.

RESULTS AND DISCUSSION
Figs.(l) & (2) showed the mean hearing threshold values ofboth ears in

(dB) in nrales lbr five age groups.
We carried out a succession of t-test to find any significant differences in

the different age groups. The results showed no statistically significant difference
betwecn both cars in males at different age groups, but both curves for left & right
ears exhibit a marked decrease in the mcan hearing thrcshold values at higher
frequencies with the advancing of age.

Fig. (3) & (4) showed the mcan hearing thrcshold values olboth ears in
(dB) in l-cnrales for live age groups.

Wc carricd out also a succcssion of t-test on both ears at differcnt age
groups. The results showed no statistically significant differences bctwecn left &
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right ears. Again both curves for left & right ears exhibit a marked decrease in the
mean of hearing threshold at higher frequencies with the advancing of age.

However Sulkowski(e) reported statistically significant differences in the
mean hearing threshold values at different age groups in wood cutter workers for
both ears with a greater losses were observed in the left ears.

This might be due to the posture of wood cutter operator during his work
besides to lcll side position of the saw motor.

L.H. Royster(to) noted significant differences between left & right ears of
the hearing threshold for the subgroups of the industrial noise exposed population.

Tablcs (l) & (2) shows thc mean of hearing thrcshold lcvels (FITL), the

standard deviation, the standard errors of the mean, the standard errors of the

mean between left & right ears, the median and coefficient of variance for male &
female in the five age groups.

Both the left & right ears in both sexes exhibit decreases in the mean

threshold values with the advancing age which might be due to aging effect which

could be a physiological as well as environmental factor.
These two factors acts together in the aging process with advancing

age(ll'12), simillar rcsult had becn reportcd by Ryostci urd-Itobintotl(10'13).

There was a markable dip in the (HTL) at (6 kHz) in both ears & both

sexes at the different age groups fig (1), (2) & fig (3), (a).

Such finding t ua be"n."ported'by Obslerhammal & Molvaer(la'ls) which

seems that at the (6 kHz) frequency, the (HTL) is the lowest threshold values in

all age groups for both sexes which might indicate that the normal hearing

physiology o1' hunran cars is lcss scnsitivc at (6 kl'lz) Iiccyucllcy cspccially with
advancing age.
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The Di/ference in The Determination of Normal Hearing Threshold Level Between Left and Right
Ears In Different Age Groups of Both Sexes E. M. Al-Hellow and S. R. Al-Katib

Table (l) mean hearing thrshold levels (HTL) for males for different
frequencies in five age groups, including standard deviation (S.D),
standard error of the mean between left and right ear (S.E.M. L-R),
Median & Coefficie of Variance CV
A3C
(Yr)

Paranre-ter 0 25 kllz 05k卜:z l kHz 2 kHz

L R L L R 1´ R

10‐ 19

No 18
Mc:l:1 ll l :06
SD

SEM 099
SEMI´ ‐R 177
lヽI:l)IAN 5

CV 437 477 556 5:5 6209 716 753
20‐29

44

MEAN 126 !! 25

SEM 089 066 087 089 086
SEML‐ R :.23

lヽEDIAN 125 125

CV 622 769 667 383 527 694
30‐39

36

M EAN

SI:M 048 095
SEML‐ R !065

MEDiAN
CV 420 465 496 636 538 466

4049
14

MEΛ N
SD

SEM 088 136

SEM L‐ R 240
MED:AN !25 125
CV 439 379 264 422 488 408

50‐59
11

MljAN

SI→ M 205
SEML´‐:t 1 77 2:2 2:0 316
Ml■):AN 200
CV 457 365 277 340 299 435

Continued tablc l

Agc
(Yr)

3k卜lz 4 kHz 6 kHz 8kHz

L L L R L R
10‐ 19

N()18

199 199

590 477 723 485 430 480 674 528
20-29 155

078 086 072 125 099

:00
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565 606 534 417 496 667 555
107 103 126 121 189 197 135 139

063 085 105 092 113
105 184 158 192
100 100 125 125 200 200 125 150
355 466 405 521 291 345 432

4049 161 225 218 254 279 221 225
107

176 158 195 206 259 286 1 63

295 227
150 175 250 225 300 225 250
410 366 324 384 276 396
232 255 295 309 364 314 355

H3 !08
169 ! 57 241 326 277 253 289
231 418 428 385
250 255 300 300 350 350
241 204 388 259 304 270

Table (2) : Mean hearing threshold levels (HTL) for females for different
frequencies in five age groups, including standard dcviation (S.D), standard errors

of the mean between left and right ear (S.E.M. L-R), Median & Coefficient of
Variance

Agc
(Yr)

Ilaranle-tcr 0 25 kHz 0 5 kHz l kHz 2 kHz

L R L L R L
10‐ 19

No 18
Mcan 100 107
SD

SEヽ4 077 065 056 048 057 048 070 055
SEML‐ R 074 075 089
Mi弓 1)lAN 125 125 100 l()() 100 100
CV 590 467 443 398 500 420 83 1 575

20‐29

44

MEAN 104 101 H3 100 100
SD

SEM 139 130 161 125 082 070
SIE M I´ ‐R 19! 108 !20
M11)IAN
CV 779 752 410 641

30‐39

36

MEAN 122 H6 103 100 !13
SI)
Sl,M 165 108 145 133 !!5 145 145
SIJ M L´ ―R 244 :80 176 205
MEDIAN 100 100 100 100 100 100
CV 541 521 417 580 469 447 744 637

40‐49

14

M「〕AN 136 H4 H8 129 118 121 11! 107
SD

SEM 160 160 123 171 :44 126 :20 115
SEM I′‐R 229 211 191 1 66

MI:1)IAN !50 !00 125 100 125 125 100 100
CV 441 526 390 496 458 405

50‐59

11

MEAN 150 164 l 157 157 164 :57

SEM 155 181 129 170
SEML‐ R 239 276 222 299
M EI)!AN 150 150 150 :50 :50 !50 :50 100
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Continucd table 2

A3C
(Yr)

3 kHz 4 kHz 6 kHz 8 kHz

l l′ l !

10-i9 l12 106

No 18
107 082 094 081 108 !04 080 087
135 124 l19

100 100 100 100

1242 l145 889 886 741 755 705 728
103 !22 126 109

014 099 098 098 :Ol 123 113 108

127 139 :57
150 100 :00 100

667 707 648 553 484 571 7:0 578
30-39 100 H3 178 193 :06 ‖ 9

183 143 103 1 25 175 135 123

232 !58 231 174

:00 100 !75 :00 100

936 679 4:0 442 337 363 509 370
40‐49 121 125 139 157 233 257 182

126 147 176 1 87 187 134 1 74 179

:94 257 232
125 !50 150 :75 250 250 :75

388 440 446 195 325 368
50‐59 164 164 221 2:4 314 321 236
ll

181 144 242 2!2 038 302
214 322 419 353
150 150 350
293 232 290 262 303 178 203 339
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rnverse of a patterned covariance Matrix By urquaharts
Technique, With Applications

Sami D Gabbara* and Kareem J. Al_Abdullah***Department of 
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ABSTRACT
This papcr demonstrate linding the inversion ol' a patterned covariancematrix' by using Urquhart's technique. Application of the results to the covariancematrices of certain 3-way mixed 

^ 
and, i tr random .rr..t, model wil arso bediscussed, the calculations are considerably simplified.KEY woRDS: correration mairices; covariance matrices; Kroneckerproduct; matrix inversion; mixed moders; puit.rn.J *o,.i..r, random moders;Urquhart's technique.

Et ements o r the,rt",i),Il%y3ll3ilri ance components or a r inearmodel involve, under normality, the inverse of the covariance matrix of the vectorof observation' A typical element oitt 
" 

information *ui.i* is given in Searle(r).This element is trlvtlvlv'lv;), where v is the 
"ouu.iun"L 

matrix of the vector ofobservations and vi is the partiar derivative of v with respect to o,2, somevariance components of the rnodel. It is clear that v-l essential to fi,ding theinformation matrix from which come the samprinf ,uriunr., of the rarge sampremaximum likehood estimatros of thc components.
Experssions for v-l for ncseted classifications with- unbalanced data aregiven in searle(l) for.the 2-way ror", i, Rudan 

"ra 
s"".r.i;,;;iffi';:;;;:"r",and in LaMotte(3) for the general;-;;t nested classifications. searle and Rudan(a)
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indicate attempts to obtain the inverse of the covariance matrix for 2-way crossed
classifications randorn model with interaction.

Wansbeek(s) used the method of tearing to dcrive an altcrnative to the
method of Searle and Rundan(a) to invert certain convariance matrix arising from
the analysis of var_iance (ANOVA) of unbalanced data. Bonny and Kissling(6)
Gabbara and Naji(7'8) and'Gabbara(e), used the method of teaiing also, to fird
n.ratrix inversion to certain patterned matrices.

Al-Abdullah(r0) and Gabbara and Al-Abdullah(r!) have disscused the
inversion of certain pattcrned matrices using Urguhart's technique, Urquhnl(lz)
and have given ccrtain applications to each case.

In this paper, we demonstrate finding the invcrsion of a pattemed
covariance matrix by using Urquhart's tcchnique, where this matrix has a
structure which is different than any ofthe malriccs studicd by any ofthe authers
mcntioned abovc. Results of this work can be used to find the inverse ofthe
convariance matrix ofcertain 3-way mixed and / or random effects models.

Nota tions
If A is an mxp matrix and B : (b,.i) is an n x q matrix, thcn the Kronecker

product of A and B, written as A 8B, is the mnxpq matrix C = (Cr, where Ci.; =
brA, i= 1,...n;j = 1,...,q.

Let a' be the reciprocal of a;; .. the matrix diag (a;) be diagonal over the
subscript i whose ith element is ai and (au) be the inverse of the matrix (a;.;).

The Ibtlowing vector and matrices will be used lrcquently in this paper.

Let 1. = (1,...1)'e R', (s>0); let I. be the sxs identity matrix, and let Jo, be the

rxs matrix with I in every position.

The Covariancc Matrix
Suppose that I is an nxn cvariance to be inverted. I can be decomposed

AS

;= diag(a;)
!

where R is the nxn matrix and

deviations. Then

.....(l)

diag (o) is the nxn diagonal matrix of standard
i

Σl=diag← 1)R‐ ldiaglci)

120
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Now, suppose that R can be partitioned into b2 blocks and each block can
! be partitioned into c2 subblocks, where each subblock is an olr x rlik., matrix with

j = 1,..,b; k= 1,...,c. Let us suppose that the matrix R can be written as

R = (Rri,), for j, j': 1,...,b .....(3)
where

Ri,= 6ri.a; I,. * br. diuag (Jn,, * n,,. ) * c,, Jn, X n,. .....(4)

Whee 61. is equal to 0 ori ifj *j' orj =i' respectively, and n,. is the sum ofnjk

over the subscript k. Then

R : (6;;.a; I,, ) * (bx, diag(Jn,,*n,* )) + (cri. J,,,n,, ) .....(5)

In order to see R in an explicit form, let b:2, c:3and ni; is given in the
following table :

i.----------.-:
1

つ
４ 3

1
１

２

３

４

２

２

6

2 8

3 7 4 n..=14

According to the table, R is an 14 x 14 matrix having the form:

R_ (6)

Ctr CIr C1
1

Ｃ

　

Ｃ

　

Ｃ

β

α

β

0rr

0,,
0,,

ｂ^

ド

ｎ
ν
　

α

crr

ctt
crt

Ｃ

　

Ｃ

　

Ｃ

β

β

β

β

β

β

β

β

β

P,z

0,,
0,,

Cp

Cn

Cn

Ｃ

　

Ｃ

　

Ｃ

crr
c rr

c

c
0,,
Cxr r

α

ｎ
ν

Qn cn
cn cn

Cn Cn Cn Cn

Cn Co Cn Cn
0,, 0'z
Bt, 8,,

β

６

CZr Czr Czt

C:r Czt Czt

azz
8,,

Ｒ
ν
　

α

Czz Czz Czz Czz

CZZ CZZ CZZ CzZ

Ｃ

　

Ｃ

Ｃ

　

Ｃ

C2

C2

92

C2

β

β

β

β

92,
P,,
0,,
0rt

β

β

β

β

Qzt czt
czt czt
czt czt

czt czt

caz czz

czz czz

czz czz

Qzz Qzz 9r, Bn Bn ott

β

β

β

Ｒ
ν

Ｏ
Ｐ
　
α

β

α

β

α２

β
２

β
２

Qzz czz

czz czz

czz. czz

Cyt Cyt

czr
czt

0r, c0zr

9zt 9zr

czz

czz

Ｃ

　

Ｃ

ctzz 9rr.
9rr. o,2z
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Wherc

%=も +b」 +CJ,陽 =bJ+CJ,j,j′ =1,2
Sincc R is a corrclation matrix,thcn

句=1‐bl― Cu , bJ=bJり ,%=qJ

¨̈ (7)

… (8)

Inverting R
TO invcrt R of(5)wc usC ICmma 2 of Urquhart(12)which is statcd in

Appcndix A Thc terms ofthatlcmma arc by associating(5)with(Al),(A2),(A3),

(A7)and(A8),

p,q=jk,j′ k',

bJk=% ∀k,

jj′ =1,… ,b,  k,k′ =1,… c   _ (9)

…(10)

Gl=(釣 kJ k)=b」 Ic+CJ Jcxc,forj,j′ =1,.,b   .… (12)
Thcn
G=(91)=lc● (b」 )+Jcc Θ(CJ)          …。(13)
B=L●こ「まり ,D=常ま%k)…くり

According to(A4),(A5),(A7)and(A8),then WC gct R‐
l as follows:

R-r ( (R-rh; r', of order nirr xn;'r') _(15)
where

(Rr);r;'r' = 6.;r,.; r d In",,n,.. +hir,i,*.,Jnr-,.. ....(16)

where for

H=(hJkj k)fOrj,j′ =1,… b, k,k′ =1,… ,c

H=D‐ i[G tt BD‐ l]・ ―B‐
lDI

In(18),thc ditttul tenll is F where

if j=j・ ,k=k'
if j=j′ ,k≠ k′

if j≠ j′,k=k′     ……(11)
if j≠ j′,k≠ k・

 ̈ 。(17)

…….(18)

う
ι
つ
ι

bl+cul

%
b」 +cJ

%
gpq=gJkJ、
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F=GttBD‐
1=IcΘ

(軸・)+Jcxc Θ (c」・)十 [Ic O diag(衛 )]diag(″
k)=MttN

j        j,k

,        ...… (19)

with

M=diag(句nik)+Ic Θ (lu・ ),N=Jcxc O(cll・ )      ……(20)
j,k

and we don't know any way to overcome this difflculty to flnd F‐
l unlcss we relax

the condition on the numbcr ofobseⅣ ations,jk per cen,see Al‐ Abdullah(10).For

this rcason we assumc that we have llJ observations in thc c,k)th Cell fOr cach k.In

this casc R of(5)bccome

R=di「g(句 I Cn,)十 (軸′J nj× ni Θ Ic)十 《b′ J cni× m,) ……(21)

and D of(14)and itS inversc becomc

D=Ic O diag(nJ),D‐ 1=Ic Θ diag(l■l)      …・。(22)

and F of(19)bec011les

暉

F=Ic Θ (blr)十 Jじ、cΘ (ql・)            ..… (23)
whcrc

bЪ.=軸・句押+ち・             ……(24)

締 )]1lllli:を:llltllC SamcstructureofthccorrclationrnatrixofGabbaraand
F‐
1=Ic 
Θ (b笥
.)+(1/C)Jcxc O(dJ・

)         ……(25)

●
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where
du=「 _b・」j,fJ=ccJ+bi ……(26)

Substituting (14), (22) and (25) in ( I 8), we get

u = 
[r" 

e aiautn,l][I" e ru'r I + (r /c)J"." s(d, )lr. edias(n,)]

- 
[,. 

o ar*(", )][," r o'"rr,, r]

: L I (drlbr ) + (l/c)Jcxc I (rlrld ) - L a (6rr d#)

:t.8(n!ib'ij -siicril)+(l/c)J"*"o(ddd) 
""'(27)

Now
H=(lL)

whcre

埼 =幅 Ic+02」 Jcxc forjj・ =1,… ,b

V/ith

O ll=″″b智 _輔i aJn
021=(1/C)llj″ d」

AIso,助 Can bc panidOncd as folhws:

ifj=j′ ,k=k′
ifj=J,k≠ k′
ifj≠ j′,k=k′
ifj≠ J,k≠ k′
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……。(28)

….¨(29)

……。(30a)

……(30b)

３

．い
な
　
　
ｌ
」

ヽ

ち

　

　

　

　

、

ＩＪ

２Ｊ
　
．　
　
　
　
”

ヽ

Ｌ

　
　
　
　
　
Ｌ

Ｉ，Ｊ

イ
　
　
　
　
　
ｃ̈Ｊ

円
ぽ

Ｉ
Ｌ

〓Ｌ〓町
　
　
　
ｈｅｒｃＷ

喝
　
崎

＋
　
　
　
＋

助

袖

■

珈

円
期
日

llJkj k= _¨ (32)
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Using(16)and(32),(R‐
1〉

kj・ k・ has the following follll

σ
2

σ
2p4

σ
2p3

σ
2p2

σ
2pl

O

一一　

　

≠

　

≠

ｆ

　

ｆ

　

ｆ

Ｔ
Ｊ節

　
　
　
　
ヽ

Ａ
Ｙ
　
　
　
　
　
〃

＋
　

　

　

Ｊ
ｎ

Ｊ̈

　

　

　

　

ヽ
ノ

「

咄
「

鴨

〓ヽ
々
Ｒ

カム′λ Naの,2θθ′

ifj=j′ ,k=k′

,k≠ k′

,k=k′    (33)

,k≠ k′

Thcrcfore

(R‐
!h・ =((R‐ l〉

kj′ k')

=0薔・al lm.+。哺′Jnlxni Θ Ic tt φ珈・Jcnjxこnj,       (34)

Now,using(15)alld(34),thcn WC get R‐
:in thc fo1lowing form:

forj,j′ =1,… b

)十 (φ ll′ J nlxllメ Θ IC)十 (φ笏・Jm.ml,)(35)

Applications
In this section, we consider a cattle breeding experiment of Gabbara and

Al-Abdulla(ll) when nj : n for each j and certain 3-way random and / or mixed
effects models as applications to illustrate the importance of this paper results.

The Cattle Breeding Experiment
Let Yi;rr be the weight at nine months of the lth calf from the kth cow and

jth bull in the ith herd with i:1,..., ln, j:1,...b,k:1,..,c1:1,...,n.We
assume that all measurements have the same variance o'2 and every pair of
measurelnents has certain covariance which is given as follows :

ヽ
「
ノ

・
・
Ｃ

‐ヽ
え

が

８

軒

一一　

〓

Ｒ

一一
　

一一
　

一一
　

≠
　
≠

,k=k′ ,1=1′
,k=k′ ,1≠ 1′

,k≠ k′

,k=k′   (36)
,k≠ k′

Cov(Yi;r,r,Yi'j'r'r') :
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ｆ
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一

一

ｃ
ｈ ｋ

仕
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〓

ｂ
　
　
軸

「
　
　
ψ

乃

　

　

〓

ｔ‐１
　

　

　

・

Ｗ
６
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Lct Yi=(Y‖に Ylbcn)・ bC thc vcctor ofobscwations ofthc ith hcrd and ict
y = (y′ 1,. , y′ nl)′ bC thC vcctor ofan obscrvations Ofthc cxpcrimcnt ln tcllllS Of

Cl = |:| |l l::||  (37)

Thcrcbr,R of(12)bccomCS

R=(1‐ρ4)Iben+(p4‐ρ3‐p2+pl)Jn川 l Θ ibc+(p3‐ ρl)」cnxcn ⑧ lb
+(p2‐ pl)Jnxn Θ Ic Θ Jbxb+Jbtll x“ n (38)

Now to invcrt R wc only nccd to invcrt F of(23)and aCCOrding to(25),we only

nccd to invcrt

(bL)=(輔 aJ押+b」 )=[p4~p3‐ p2+ρ l+((1-p4)/n)]Ib+(p2‐ pl)Jbxb (39)

輸)=(C%+bЪ )=[ρ4‐ p3‐ p2+pl+((1‐ p4)/n)+C(p3‐ pl)]Ib
(40)

(41)

(42)

(43o
(43b)

(44)

十[p2+(C+1)pl]」 bxb

and both inatriccs havc thc wcn― known stmcturc ofa pattemed mat■ x

(a― b)Is+bJsxs

whcrc its invcrts is known to bc

簿 Ga乳五ルニ :渦絆f縄:|°
→ り 周

(b珈 )=(1/01)[Ib― (02/03)Jbxb]

び
」
 )= (1 /04)[Ib~ (05/06)Jbxb]

where

01=p4~p3~p2+pl+(1+p4)/n,02=ρ 2‐ pl,03=01+b02
04=01+C(p3‐ pl),05=02+Cpl,06=04+b05

Substitutillg(43a)and(43b)in(26),wc gCt

巧封

0
■,         j≠ j'

６′^
ι



Now, substituting (37), (43a) and (45) in (30a) and (30b), we get

Al-Muslunsiriya J. Sci.

φ■・=

φ笏.=

/rJl′λⅣa o,2θθ′

(46a)

,j≠ j'

(46b)

(47)

(49)

(50)

(51)

議 か ∫

拍 封
執
"

j≠ j'

Substituting(46)in(35),wc get R‐
:in the following formula

R‐
1[1/(1-p4)]Ibcn十

(λ l― λ2)Jnxn CIbc十 (λ3‐λ4)Jcnxcn Θ Ib

十λ2Jnxn C)Ic ΘJb、b+λ4Jbcnxbcn

3-Way Random Effccts Modcl,
We consider the 3-way random effects model which has the form
Y,1rr :0 * a; + bij + c11+ (bc);;1+ ci;rr (48)

witlr i:I, ..., ln; j :1,...,b; k:l ,...,ei l=1,...,n; and 0 is unknown parameter.
The ai, bi;, ciri, and e,lrr are independent random variables with zero expectations
and respective variances o'o' o2b' c2r,o25. ad o'.. We note that Y1r<r and Y1i.1.1., are
not independcnt for the 3-way raudom model of (a8) and cov(Y;.;1;, Yi;i,1.1.) has
the same form given in (36) with
o': o'rr+ o2u * 02" * o2b. * o2c , pq: (o2o + o'r, * o2"+ ozn")l o2.

Pr = (o2u + o'u) / o' , pz: (c2u+ o'.) I o' , pt: o2al o2
Hence, its inverse is the same of that given in $7)

3-Way Mixed Effects Modcls
Consider 3-way mixed effects models which have the form
(i) Yilu :0 + ai + P.i + (crB)ij + y1+(ay);1+ (aBy)i;1+ er.;rr

(ii) Yi;r.r:0 + ai + b;; +yr. + (ay)* + (aby);;1+ ei.lr

where the Greek lctters (0,o,0,...) and the Rornan letters (a,b,c,...) have
the classical meaning of that used in ANOVA models. And both models can be
worked out by the same manner of 3-way random effect model.
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CONCLUSIONS
l. The method adopted in this work for matrix inversion is uselul and convenient

lbr nrany typcs of matriccs that havc thc structurc of (Al), and it rcduccs thc
problem to the inversion ofa smaller order than the original matrix.

2. We can also use the rcsult of this work to any of the ANOVA models used or
mcntioncd in this papcr aftcr adding any numbcr of fixcd cffccts to thc modcls
as long as those added effects do not interact with any of the random effects
already in the model, since those added effects do not affect the structure of
the covariance matrix.

3. The result of this work can be used to assist in finding elemenls of the
information matrix for the variance components of the linear models under
normality given above and any other linear model that has covariance matrix
of the form (5).

4. For a more gcncral model of (5), when we replaced b and c by bi and ci,
respectively for each i, the result will not be affected since this assumption
will not change the structure of the covariance matrix, but only its order.

4.

5.

6.

7.

2.

3.

L
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Appendix
The following is lemma 2 of Urquhart (1962).

Lemma : For the matrix A partitioned as

A: (Apq ol'ordcr tt, x trq), Ibr p,q: 1,..,N (Al)
where

Apq : 6pqbp I n,,rn,, 
+ grr.r J u,,,,,,, (A2)

with
! G:(gpq)andSrr:l,6pq:0 forP;cq (A3)

then

A'r : ((A'')ro of order n, " nq) (A4)
with

(A-')pu : 6ru (l/br) I 
un*n,, 

* 1r,,,, J,,,*n., (A5)

H : (hpq) : [(GD+B)'I - 3't1 p'r (A6)
with

D: diag (np): diag (n1, n2, ...,nN) (A7)
and

B = diag (bp) = diag (b1, b2,..., bN) (A8)

Note that in (,4.6)

H: D-r [G+BD-']-rD-r_B-rD-r (A9)
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n-Regularity and Full zc-Stability
on Commutativc Rings
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ad.ill
hi s-s .i-Lii^ll crXr.ll ,l-riS g$l- ,J+ .t n- .Lo;ll d,r i-li3i^ll c.rttl-ll cr..ri

i- i.r-,11 r!i3--Yl LE crtik ,*p i eteI)l tra ,J,Jr+ .drlll-ll ,rd +J+. i. , cll.l i,'.-lll
c.,l-iilJl ,Jq. i'.. ll lqJ c.l;pall_e crtiJl dr +J,.Jl .irJlJii-Yl LE cruilJ ft"rk n- !^ill
l-S rn- t-,ill d,. aiJlJii-)l LE crlil- iI)+ n- t^.ill r.r i-liii^ll d,rtiiLll . i. r i .,",.-Jr

i-+j+ll ol-:lE^ll ,js--ji +lrj i iJlst, .-friU q+Jfill ciilJl n- L ill g,. i.-r.U;Yl .-'.._2r

.n- .t^ilI r., arJl_riil-Yl LE glilJ,r-l"Jl

ABSTRACT
n- regular rings was introduced by N.H.Mc Coy as a generalization of Von

Neumann regular rings. In this paper a new characterization of n-regular rings is
established. Inspired of McCoy's definition we introduce fully n-stable rings as a
generalization o1' lully stable rings. Various properties and charactcrization of
suclr rings are obtained. Also, we characterize n-regular rings in terms of fully n-
regular rings, and we study n-regularity of the classical rings of quotients. Finally,
we determine the lbrm of the maximal ideals in the class of fully n-stable rings.

INTRODUCTION
Nicholson ir('), introduced the concept of serni-regular modulas as a

generalization of regular modules. A submodule N of and R-module M is said to
lie overadirectsummand, if there exists adirectdecompossition M: P O Q with
P c N and Q n N is a small sub rnodule ofM. He termed an R-module M semi-
regular if, each cyclic submodule of M lies over a projective direct summand. A
ring R is called semi-regular, if it is serni-regular R-module. Regular rings are
generalized by N.H. McCoy, namely n-regular rings. A ring R is called n-regular,
if for each x in R, there exist y in R and a positive integer n such that xn : xn

yx'(2). A submodule N of an R-module M is called stable if, o(N) c N for cr e
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Hom, (N,M). In case each submodule of M is stable, the R-module M is called
futlyitable. A ring R is fulty stable, if it is fully stable R-module(3).

Section one of this work is concemed with a ncw characterization ofzr-
regular rings analogous to that of semi-regulary. Analogous results on regular
rings are proved for n-regular rings. Self-injective 7r-regular rings are
characterized. Inspired by the definition of McCoy we investigate a generalization
of Iully stablc rings, namely lully n-stable rings. Various charactcri:rations of fully
n-stable rings are established. We study n-regularity of the classical rings of
quotients. Finally n-regular rings are characterized in tcrms of fully n-stable rings.

Scction two is devotcd to study the form of thc maximal ideals of the fully
n-stable (and hence n-regular) rings.

Tlroughout, R represents a commutative ring with odentity, and all
modulcs arc left unitary.

n - Rcgular Rings and Fully n-Stable Rings
Recall that, a ring R is n-regular, if for each cr in R, thcrc cxist b in R and a

positive intcgcr n such that an: anban(2). This is cquivalent to saying that, for each
a in R, there exists b in R such that a- aba e L(R), where L(R) is the primc radical
of R(a). Thus regular rings are precisely n-regular rings with zero prime radical. It
is well-known that, a -ring R is regular of, and only if, each principal ideal is a
direot sumnrand of R('). P.p. rings are dcfincd as those rings in which each
principal ideal is projective(r). Then erery regular ring is a p.p. ring.

We introducc thc following: A ring R is said to bc z-p.p. ring if, each x in
R, there exists a positive integer m such that P-r'' is a projective ideal. Thus we
have the following analogous result for n-regular rings.

Proposition
R is a z-regular ring if, and only ifl, for each x in R, there exists a positive

integer n such that Rxn is a direct summand ofR (hence, every n-regular ring is n-
p.p.).

Proof
For each x in R, thcre exist y in R and a positive integer n such that x'=

xnyxn. Put e = xny, then e2 = e, which implies that Rxn = Re. Hence R -- Rxn@ R
(l-e). Conversely, for each x in R, there exists a positive integer n such that Rx'is
a direct summand of R. Thus Rxn = Rg for some idempotent g in R. This e.quality
implies that, thcrc exist r, s in R such that xn = rg and g= sxn, thcn xn = rg = rgsxn
= x" sxn.

Let M be an R-modula, the dual of M witl be denoted by M' = Homp
(M,R). A dual basis lor M is a pair of subscts {x,l I e I} E M'(indcxcd by thc

つ
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same set) such that for each x € M, qi (x):0 for all but finitely many i e I and x
= Ie, (x)xi . It is well-known that, M is (finitely generated) projective if, and

i

only if, it has a (finite) dual basis(r). The R-modula M is called regualr if, for each
m e M, m: a(m)m for some o in M*(6).

We need the following lemma(l):

Lemma
Let M be an R-modula and x e M be a regular element. If cr e M* satisfies

c(x} = x and if we write e: o(x), then :

(l)e': e and x: ex.
(2)Rx 5 R. is an isomorphism, so Rx is projective.
(3)M: Rx @ W, where W: {w e Ml cr (w)x: }.

We introduce the following :

Dcfinition
Let R be a ring. Am ideal I of R is said to lie over a direct L-summand, if

here exists a direct decomposition R = P @ Q with P c I and Q n I g L(R).

Proposition
Let R be a ring, then the following statements are equivalent for an

element x in R.
(l)Rx lies over a projective L-summand of R.
(2)There exists o e R* such that (o (x))2 = cr (x) and x - cr(x)x e L(R).
(3)There exists a regularelementy € Rxsuchthatx-y € L(R)andRx:Ry@

R (x-v).
(4)There exists a regular element y € R such that x -y e L(R).
(5)There exists gc:F.-+ Rx such that 5c2: 6r(R) is projective and x - p e L(R).

Proof
(l) implies (2). Assurne that, there exists a direct decomposition R = P @ Q
with P E Rx is projective and Q nRxEL(R).ThenPisafinitelygenerated
projective R-modula, so it has a finite dual basis Xl,...,Xn md er,...,9n. Put xi:
r;x, ard define cr : P -+ Rbycr(p): Itp,(p), foreachp e P. Thenocanbe

extended to all Rby putting c{.(Q) : 0. Ifx : p * g, where p € P and q e Q, then cr

(x)x : p and (cr(x))2 : o(x), so x - a(x)x : x -p = q € Q n Rx g L(R).

133



r-Reguldrit! ut'd Full tr-slabilily on co'nn'utalive Rittgs 
M. s. Abbos arr(r A. M. At-Atoosh

(2) impties (3), Let ct e R* such that (cr(x))2 = cr(x) and x - cr(x)xe L(R).
Putting y = cr (x)x, then o(y)y = y, so y isa regular element and x-y e L(R).
Lemnra (1.2) implies that, R=Ry@ WwhereW: {* e Rl o(w)y= 0},thusRx
n W: R(x-y). Now Rx = Rx n (Ry @ W) = Ry @ R (x-y).

(3) implies (4). Obvious.
(4) implies (5). Suppose that there is a regular elementy in R such in R such that x

- y e L(R). Then there exists o e R' such that y = o (y)y. If e = o(y), then x - ex
= (1-e) (x-y) e L(R). We claim that ex is regular. Indeede-cr(x)=cr,(y-x) e
L(R). So, if ( l -e+cr(x))b : 1 for some b e R, then ct(b) e R' and [c(b)(ex)](ex) =
cl (bex) (ex) : e(ex) ex. Hence, we can assume that y e Rx. By lemma (1.2), R =

pro.jcction, thcn pr2 : ,1.,l and 6r(R) = Ry is projcctivc. It rcnrains to show that x -

6a(x) e L(It). If x = ry + w for somer€RandweW,then0=cr(x-ry)y=
o(x)y-ry. So, 5a(x) = ry=tr(x)y.Hence x - tr, (x) = x - c(x)y = (x-y) - ycr(x-y) e
L(R).
(6)implies (l ) obvious.

Dcfinition
Le1 R be a ring, an elemnt x in R is called L-regular if it satisfies the

conditions of proposition (1.4). A ring R is called L-regular if, each element ofR
is L-regular.

The following corollary is immediate :

Corollary
For each two elements x and y in R, if y is L-regular and x - y e L(R),

then x is L-regular.

Remarks
(l)Thc rcgular rings arc precisely the L-rcgular rings with zero primc radical.
(2)Every L-regular ring with small Jacobson radical is semi-regular.
(3)lt follows from proposition (1.4f2) that the concept of L-regulary and zr-

regularity conicide.

It is wcll-known that a ring R is regular if, and only if, each principal ideal of
R is direct sumrnand if, and only if, each finitey gcncratcd ideal ofR is dircct
summand. The lollowing theorem is an alaogous result for L-regular rings.

Thcorcm
The following statements are equivalent:
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(l)R is L-regular.
(2)lf I is a finitely generatcd ideal of R, then there exists and R-homomorphism

- p : R + I such that p2: trr(R) is projective and (l - p) (I)s L(R).
(3)Evcry finitcly gcncrated ideal of R lies ovcr a projective L-summand.

Proof
(3) implies (l). It lbllows liom proposition (1.4).
implies (3). Let I be any finitely generated ideal of R, then there exists 5a : R -+ I
such that [o' = (, , f2 (R) is projective and (1 - p) (I) g L(R). Thus R = 6a (R) @
0-tc) (R) and (t - p) (R) and (1 - tc) (R) n I: (I - rr)(I) q L(R).
implies (2). Notice that proposition (1.4) starts an inductiononthenumberof
generators of I. Suppose that I: Rx1 +...+ Rx,., be a finitely generated ideal of R.
Then therc exists P : R -+ Rx,, such that 0': 0, B(R) is projective and (l - B)

n-l
(Rx,) g L(R). Put K : (1 - B) (Ik, ), K is an ideal of R generated by (n-1)

i=l

elements. By induction, there exists 6 : R -+ K such that 52:6, 6(R) is projective
and (l-6) (K) q L(R). Define [c : B+5 - SP. Then 5c2 

: gc and 6rG) s I and (l -
rr) (I) c L(R).

According to rcmark (1.7) (3), an idcal I is callcd L-rcgular if, forcach x
in I , there exists y in R and apositive integcrn such that x" such that x": x"yx".
This is equivalent to saying that, there exists a positive integer n such that Rxn is av direct summand of R (scc proposition (1.1)).

It is well-known that, if R is a seliinjective ring, then R/J @ is regular and
hence, L-regular ring(l). On the other hand, in a self-injective ring we have J(R; =
Z(R)"'. Tltus cvery non-siugular scll'-injective ring is L-rcgular. Self-injcctivc L-
regular rings are characterized as fbllows:

Thcorcrn
Let R be a ring in which the singular submodule of each maximal ideal is

reduced. Then the following statements are equivalent:
(1)R is a self-injective L-regular ring.
(2)R is a self-injective ring containing a maximal ideal which is L-regular in R.
(3)There exists a maximal ideal M of R such that, for each x in M, there exists a

positive integer n such that am11(x") is an injective R-module.
(a) Is a self-injective ring containing a non-singular maximal ideal.

Proof
'' (l)implies, (2) obvious
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(2) intplics (3). Let I be a maximal ideal which is L-regular in R. For any element
yeI, there exists a positive integer n such that Ry" is direct summand. Hcnce
annR(yr') is a direct summarrd of R and so an injcctive R-module.
(3) implics (4). Obviously, R:annn(0) is an injcctivc ll-modulc. If zeZ(M), rhcn
am.rp(z"r) is an essential ideal ofR for each positive integer m. But annR(zn) is an
injective R-module for somc positivc integer n. Thcn R:annplzn). This implies
that z"=0 and hence z=0.
(4) implies (l ). Let M be a non-singular maximla ideal of R. If M is essential, but
Z(M)=Z(R)nM, then Z(R)=O and hence R is L-regular. Otherwise, if M is non-
csscntial, thcn thcre cxists a non-zcro idcal N ol I( suclr that M.\N=(0).
Maximality ol M implics that M O N:R, where M=Re and N:R( l -e), e=e2e R. If
z(*0)eZ(R), thcn z=ze-z(l-), hence zeeZ(R)nM=Z(M)=0, which yields z=z(1-2),
where N=Rz. Since annp(z) is a dircct summand ofR and essential inR,then
R:annp(z) and hence z=0, a contradiction. This shows that, in cither case R is
non-singular and hence L-regular.

Next, we introduce the concept of fully zr-stable rings as generaliz-ation of
fully stable rings, which is analogous to the definition ol N.H.McCoy for n-
regular rings.

Dcfinition: An element x in R is said to be r-stable, if there exists a positive
integer n such that o(Rxn)cRxn, for each R-homomorphism ct olRxn into R. The
ring R is called fully zr-stable ifall its elements are n-stable.

It is known that a ring R is rcgular if, and only il R is a lully stablc p.p.
rir.rg(l).

Propcrtics: If R is a I'ully zr-stablc ring and n.p.p. Thcn for cach x in R, there
cxists a positivo intcgcr n. Dcline cr:ll-+Rx" by o(r;=p1" lor each r in R. The there

exists an R-homomorphism p:Rx"+R such that cr'B:lR,n. Full a-stability of R
implics that tlrere exist an element teR and a positive intcger m such that
p(x"")=t1"'";. Now x""':a( 0 (x""')):o(t*""'):fr'nnxn-sxrnr+ I whcrc s:txn-1. Thus
x""' is zr-rcgular clemcnt(a).

It is clear that, every n-regular ring is fully a-stable, for the converse we
have the following:

Corollara: Let R be a p.p. ring. Then R is a fully n-stable ring if, and only if, R is
n-rcgular.

This theorem givcs various characterizations of fully zr-stable rings.
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Theorem
The following statements are equivalent:

! (l)R is fully n-stable ring.
(2)For any two elements x,y in R, there exists a positive integer n such that, if

y e Rxn, then arrnp(x")cannply;.
(3)For each x in R, there is a positive integer n such that annR(annp(xn;;:1xn;.
(4)For any two elements x,y in R, there exists a positive integer n such that

annp [annp(x")+Ry1 :px"nannp(y).
(5)For any two elements x,y in R, there exists a positive integernsuchthat

annpIamrp(x")nRy"1 :Rx"*an1,.1y";.

Proof: (l) irnplies (2). Assume that there are two elements x,y in R such that
y€Rx'r and annp(xn)gannp(y) for each positive integer n. Definel Rx"->R by
,(rx";:O for each r in R. Then there is teR such that/(w):tw for each w in Rx,,. In
particular, y{yrr)=txn e Rxn, a contradiction
(2) implies (3). Let /€annp(annp(annp(xt)) for each positive integer t. Then
annp(xt)c annp(y). By (2), there cxists a positive integer n such thai yeRx'. In
particular annR(annR(x";;cRx".
(3) Implies (4). Obvious.

e (4) Implies (1).For each xeannR(xn), then y'(xn)fsxn;:9, hence
/(x")eannp(annp(x'')) = (x"). Thus/(Rx") .Rx,,.
(5) implies (l).BV taking x: I and by (3) we get (l),
implies (5). Let x,y be two elements of R. If a e annp [annp (x') n Ry'] for each
positive integer m, then annp (x't'yrn) c annp (ayn'). By (2), there exists a positive
integer n such that ayn e Rx'y". Thus ayn:rxny"forsomereR,soa-rxne
annn (y") and hence o e annp (y') + Rxn.

It is clear that every ideal of a fully stable ring is a fully stable R-module.
For fully n-stable tings we have:

Corollary
Every reduced ideal of a fully n-stable ring is fully R-module.

Proof
Let I be a reduced ideal o1'R. For each x in I, thcre exists a positive integer

r n such that annn (annR(x")) : (x"). Since annp (x") = annp(x), then Rx c ornp
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(annn(x)) = annR (annR(x")) : (x") _c (x). Therefore each principle ideal ofl is
annihilator. So I is a lully stablc l{-modulc(r).

Corollary
Any rcduccd ideal of a fully n-stable ring is regular (ln particular, every

fully zr-stable ring with zero prime radical is regular).

Proof
Let I be reduced ideal ofa fully r-stable ring R. By cocollary (1.14), R is

l'ully stable.'l'hus each principal idcal ofR is annihilator. So, for each x e I, Rx =
annR (annR(x)) = annR (annR(x2)) = Rx2, which implies that x = xyx for some y e
R.

Proposition
If R is a fully r-stable ring, then every non zero - divisor in R is invertible

every fully fi-stable ring is classical).

Proof
If x is any non zero-divisor in R, then there cxists a positive integer n such

that amp (annR(x")) : (xn), but annp (*") : 0, then Rx" = R.

Corollary
Let R be a fully n-stable ring, then Z(R) g i(R).

l'roof
Let y be any element of Z(R), then annp (l-ry) = 0 for each r in R, since

annR (y) is csscntial in Il. l-lcncc l-ry is a non zcro-divisor, thcn l-ry is incvitablc
(proposition ( l.l6)). Thus y e J(R).

For the converse ofproposition (l.l6), recall that a ring R is chained ofthe
idclls of R aro lincarly ordered by inclusion(E).

Proposition
Let R be a chained ring. Then R is full z-stable ring if, and only ill every

element of R is either a zcro - divisor or invcrtible.

Proof
For each x e R, suppose that three exists y e annp (annp(xk)) such that y E

1xk; for cach positivc integcr k. Thcn Rxk q Ry. Let M be thc uniquc maximal
ideal of R(8). So xk = my for some m e M. Thus Ry c annp (annR(xk)) = annR

(annrr(my)). By taking the annihilator, we have annx (my) c annR(y). Therefore
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Ry n orrp A amp (m) : (0) and as the ideals of R are totally ordered, this implies
that annp(m) = (0) a contradiction, since m is a zero - divisior. Thus annp (annp
(*")) : 1x") lbr sontc positivc intcgcr n.

R. Yue Chi in(e) introduced the concept of p-injective modules as a
generalization of injective rnodules to study regular rings. An R-module M is p-
injective if, for each principal ideal p of R, each R-homomorphisrn of p into M
extends to all R. A ring R is regular if, and only if, ev"ry R-module is p-
injective(e). Recall that an R-module M is n-p-injective if, for each x in R, there
exists a positive integer n such that each R-homomorphism cr : Rx,, -+ M extends
to all R. This is equivalent to saying that, for each x in R, there exists a positive
integer n such that for each R-homomorphism o of Rxn into M, there exists m e
M such that cr (t): tm for each t in Rx" . R is called n-p-injective ring if R is zu-p-
injective R-rnodulc. Observe that zr-p-injcctity and full n-stability on rings
coincide.

In this thcorcm we charactcrize n-regular rings in terms of n-p-injective R-
modulcs:

Theorcm
R is zr-rcgular il, and only il, cvcry I{-modulc is zr-p-injcctivc.

Proof
Let M be an R-module and x e R, then there is a positive integer n and r e

R such that x'' : x" rx". For each R-hornomorphism cr: Rx,, J M, cr(x,r; : xncr(rx,,): x"y where y: c(rx") e M, then M is n-p-injective.
Conversely, for each x e R, there exists a positive integer n such that Rx"

is n-p-injective. Consider the identity mapping of Rx". There exists y e Rx,'such
that x,, = I(x,) : yx, : x,, sx,, for some s e R.

In this part, we study n-regularity of the classical rings of quotients:

Thcorcm
Let R be a ring with its classical ring of quotients Q. Then Q is n-regular

if, and only iI, cvcry divisible torsionfrec It-module is n-p-injcctive.

Proof
Assume first that Q is a-regular and M be a divisible torsionfree R-

module. For cvery x e R, there exists a positive integer n such that x" is a regular
element in Q. By the proof of [9 Theorem 3.3], M is canonically a e-modul". Fot
each R-homornorphism cr : Rx"-> M, dcfine a e-homornorphism g : e*'-+ M by
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the restriction of p to Rx", by taking q2 = 1 . Since Q is a-regular, theorem ( 1 .18)
implics that, there exists an element y e M such that p(u) = yu for each u in Qx'.
ln particular cr(x") = B(x") = yx". hence M is zr-p-injective R-module.

Convcrscly, assumc that cvery divisible torsionfree R-modulc is n-p-
injective. For each y e Q, lety:db-r where d, b e R and b is non zero - divisor,
then yn' e Q for each positive integer m such that y'= d'b-'. The R-module C =
Qy"' is divisiblc torsionfree, hence rr-p-injective. Then there exists a positive
integer n such that cr : Rd" + C is the inclusion mapping, whcre Rd' c C. n-p-
injectivity of C implies that, there exists c e C such that cl (rdn) = rdnc forallr e
R. In particular, dn : dn c: dn qyn for sonrc q € Q. Multiplying both sidcs by b'"
we have y" : y" qy" which yields Q is n-regular.

Now, we give a new characteristic property for z-regular rings in terms of
fully n-stablc rings:

Thcorem
The following statements are equivalents:

(l)R is zr-regular
(2)R is a fully n-stable ring whose divisiblc torisonfrce modules are 7r-p-

injective.
(3)For any non-trivial element x in R, there cxists a positive integer n, non-trivial

idempotcnt clcnrcnt c and a non zcro - divisor clcmcnt d such that Rx" = Iled.

Proof
(l) inrplios (2) and (3). Obvious, by using thc lact that cvcry zr-rcgulacr ring is a
classical.
(2)implies (l). Follows from proposition (1.16) and theorem (1.20).
(3)implics (l ). For any non-trivial elcmnt x in R, therc exist a positive integer n, a

non trivial idcnrpotcnt e and a non zero-divisor d such that Rx" = Rcd. We
claim that, every non zero-divisor in R is invertible. Lct c (# 0) be a non zero -
divisor clcmcnt in R with Rc * R. By (3), therc exists a positive integcr k such
tl.rat Rc[ : Rub wlrere u is non - trivial idcmpotent and non zcro-divisor b in
R. Then 0: annp (ck) = annn(u) = Il(l-u) which contradicts u * l. Thus Rxn =
Rc, hcnce R is zr-regular.

Maximal Ideals of Fully zr-stablc Rings
Wc start this section with several results on fully n-stable rings.
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I'roposition
Let R be a lully n-stablc ring and Rxrkl @...ORx,,knbeadirectsum,

whcre X1 € R and kr is a positivc intcger (l: 1,..., tr).Then any It-
homomorphism of Rxrkl @...@ Rx,,kn into R can be extended to an R-
cndomorphism ol'R.

Proof
Let cr : Rxlkl @ ...@ Rx,,k" -+ R be an R-homomorphism. Full n-stability

of R implies that, there exist an element b in R and a positive integer t such that
cr[(xlkl *...+ xnk")t] : b(xrkl +...+ xrh;. or cr,(xltkl 1 ...+xntkn) = b(*rtkl +...+xntk"),
since the sum is direct. For each i: 1,...,n, put cr;: crlnx : Rx;t -+ R. Again by full
n-stability, there exist a positive integer t; and an element bi such that crr (xit)ti : bt

(xit)ti, (I = 1,...,n). Thus in particular, b(xrttl 1...+nnttn): g(xrttlt...+xnttn):

c[r(xrttl) *...*crn(xnttn): b,*,ttt*...*bnxrttl+...*bnxntt".Hence (b-b;)x1tti: i o.i-b)
j=r

*jtu . Rxrttj n (IR*ju ) = (0) foreach i. Thereforb: bi foreach i. Define B : R
j=t
J+r

-+ R by F(r): br for each r e R. then B is an extension of o.

Corollary
Lct l{ bc a lully n-stablc ring and I{xr@...@ ltx,, bc a dircct sum, whcrc x1

e R (i= 1,...,n). Then any R-homomorphisrn of Rxr @...@ Rx,, into R can be
extended to an R-cndomorphisrn of R.

Let R be a ring, if I and J are two ideals of R, then it is well-known that
annp (InJ) - &nflp (I) + annp (J), while, the other direction is not true. However, if
R is a self-injective ring, then the equality holds(rr). For fully n-stable rings we
have the following:

Proposition
Let R be a fully n-stable ring and Rxlkl O...O Rxnknbeadirectsum,

where x; e R and ki is positive integer (i: 1,...n). For each positive w with I < w
<n, put S : R*tkl @...O Rx*k* and T: R*l,,li, @...O Rx,,kn. Then annn (SnT):
annp (S) + annp(T).
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Proof
lf b c anllR(S∩ T),deinc/:S+T→ R by/(s+t)=bS fOrcach s c S and t

c T Proposition(21)impliCS that,/Call bc cxtcndcd to an R― cndo,orphism ofR    '

Hcncc thcrc exists an clemcnt cc R such thatスx)=CX fOr evcry x in S+T(sCe the

proof of proposhion(21))In particular,ct=/(t)=0,hCncc cc annR(T)and CS=/

(C)= bS, Which cnlplics that b ― c c annR(S)Now,b=(b‐ c)+C C annR(S)+

annR(T)

Corollary

Lct R bc a funy π‐stable ring and Rx1 0.… (D Rxn bC a direct sum,where xi

cR(1=1,¨ n)For cach positivc intcgcr w with l≦ w≦ n,put S=Rx1 0_O Rxw

and T=Rxw+10…① Rxn ThCn alulR(S∩T)=annR(S)+arulR(T)

Tllc・or● 111

Lct R bc a fully π―stablc ringand 9Hi(l iS index sct)bC a dircct sum of

idcals of R.Thcn K∩ (9Hl)=9(K∩ Hi)fOr allidcals K of R

Let ke Kn(@H;),thenke Kandke )n, eUi(i=1,...,n), @Rhi',t
r=l i=l

is also a direct sum. Let t : (i nhi -+ Rhi be the natural projection. By corollary

(2,4) we have, for each i, hi = ni tln, I = nr (if,, ) = pi k e K 
^ 

Hi where pi €
i=l r=l

R. Thcn k: tn . @(KnH). Thc pthcrdircction is always hold.
r=l ,€l

Recall that an element u in R is uniform if, u + 0 and Ru is uniform R-

module(12). we introduce the following:

Definition
Let R be a ring. An elemcnt u in R is catled n-uniform if, there esixts a

positivc intcgcl u suclt that u" + 0 and I{u" is a unilorrrr R-modulc'

It is clear that, each uniform elemcnt is n-unilbrm, whilc 2 is n-unifomr

elemcnt in the ring 212 of integers modulo l2 but not uniform'

Proof
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We use the concept of n-uniform elements in a f'ully n-stable rings to
described maximal ideals. Thus we have the following:

Thcorem
Let R be a fully n-stable ring. If u is n-uniforrn in R, then there exists a

positive integer n such that M,,r':{xeRlannp(x)nRun;c0} is the unique maximal
ideal of R containing annp(u").

Proof: Let u be a n-unifbnn element in R, then there exists a positive integer n
such that Ru" is uniform R-module. For each x,yeMr", since annp(Rx-
Ry)sannp(R(x-y)), annp(Rx-
Ry)nRu'':[annR(x)nannp(y)]nRu":[arutp(x)nRun]n[annp(y)nRun]* 0 so x-
y€Mu". Next amp(x)cannp(rx) for each re Il, thcn 0+arutp(x)nRu"camp(rx)n
Ru". Thus Mu" is an ideal of R. If reannp(u't), then Ru"cannR(annR(un))cannp(r),
therelbrc annp(r)nRu"*0. Thus annp(u")cMr". It is clear that leM. Foreach
xeMr", then ann11(x)nRu":0, hence R:annp[annp(x)nRu"]. First, we claim that
amp(u"xr')c annp(u,x). For each beannp(u''x"), thcn bunxn-learu1p(x)nRu,,:0,
which implies that beannplu"x"-l;. Continue in this way we get finally,
annp(u"x'r)cannp(unx). Now, for each aeannR[aru1s(x)nRun] we claim that
anns(urtx)cannp(u,a). Iror, il' weannp(u"x), then wu"x:0, hcnce
wu"eannp(x)nRu", thus wu"a:0 which yields that weannp(unx), Therefore
annp(unxn)cannp(una). Define o:Rx"un-)R by a(rxnun)=rau" for each element
reR. cr is well-defined RJromomorphism. Full n-stability of R, implies that there
exists a positive integer t such that cr(R(xnun)t)cR(xnu")tcRunxn, thus there exists
an element deR such that au":dxnu", then a-dxneannp(un) and hence
a e Rx*annp(un). Thus R:annp[annp(x)nRu"]cRx+annp(u")cRx*Mrn, therefore,
R:Rx*Mu", then Mu",is a maximal ideal of R. Finally, suppose that L is a
maximal ideal of R containing annp(u") with L*Mrn, then there exists an element
rel- and r6Mrn, hence annp(r)nRun=(0), as before we have that Rr+annp(uu):R,
hence Rr*L:R which implies that L=R which contradicts the maximality of L.

It is natural to ask, iI'R is fully n-stable ring and M an arbitrary maximal
ideal of R, does M have the form M,," for some n-uniform element u in R?. Recall
that, a ring R is Kasch if annp(I);c0 for cach maximal ideal I of R(13). We call an
ideal I of R is n-uniform if there exists a positive integer n such that In is a
uniform R-module.

Thus, wc have thc lbllowing:

143

then



tuRegulariy ond Full tt-Slobilit! on Comrrrulatiee Ri/lrgs
M. S. Abbus artd A. M. Al-Aloosh

Theorcm:
Let R be a fully stable Kasch ring and assumc that every non-zero ideal of

R contains a n-unifomr ideal. Then every maximal ideal of R is of the form Mnu,

for sontc n-uniform elemcnt u in R.

Proof: Let M be a maximal ideal of R, then annR(M)*0. By the hypothesis, there

cxists a n-unillornr ideal Ru such that RucannR(M), thcn thcre exists a positive

integer n with Ru"gRucannp(M). If xeMun, then V:annp(x)nRun+0. Hence as in
the prool of the previous theorem, annp(V)=Rx+annR(un). So xeannp(V), but
VcRu"cannp(M) which inrplics that Mcannp(annp(M))qannR(V). Maximality of
M gives annn(V)=M, so x€M, thus M,"cM and M contains annR(un). The

uniqueness of M,n, (previous theorem) implies that M=Mun.
Thc following lemma will be used later.

Lemma: Let R be a fully r-stable ring and W =Rui" (E...(ERui' be a direct

sum, wherc cach u1 is zr-uniform clcment of R. If M is a maximla ideal of R which

is not of the form Mun for any n-uniform element u ofR, then there exists an

element m € M such that annp (l-m) r\ W is an essential ideal of W.

Proof
By thc hypothesis M + M,,", , there exists an elemcnt meM and m e

M,,,,,, , lrencc annp (m) rr Rulnl = 0. Let x e annR (nlurnl), then xulnl e annp (m)

r'\ li.ur"l, so € oIrnp 1u1"1;, but annp 1m"lu1"l; g annR (mur'rl), thcn annp 1(rnul)"1)
q annR (urnl). Full n-stability of R implies that urnl = smnlurnl for s e R (see the

proof of thcorem (2.7)). Thereforc (l-tm) ulnr = 0 for some t e R or (l-m1) u,nl =
0 where ml : tm. Thus u;"1 e amR (l-mr) n Ru1nl, so annR (l-ml).\ Rur" + 0 for
every i > 1, then proposition (2.5) completes the prooL lfannx (l-ms) | Ru2n2:

0. Dcfinc o : Ru2"2 -+ Ru2"2 (l-mr) by ct (x): x(t-ml) for all x e Ru2'2. Then cr

bcgin an isomorphisn and hencc Ru2n2 1l-m1; is uniform ideal of R. As above,

there exists m' e M such that (1-m') (l-m1')n2 (uu)'2 = 0, hence (l-m') (t-m1')
ur"2:0. Thcn (l-m2)u2"2 = 0 whcre m2: mr'+ m'- m'mr', hence annr (l-m2)n
Rul"r * 0 fori:1,2. Continuc in this way to obtain an element m e M such that

amrp (l-m) n Rul"r * 0 for i = 1,2,...,t. Again proposition (2.5) implies that annn

(1-m) n W is an essential ideal of W.
It is known that, an R-module M is a finite dimensional il and only if, M

has an esscntial submodule which is a direct sum of finitcly many uniform
submodules(7). This result motivates the following concept:
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Dcfinition
A ring R is said to be a finite n-dimensional if R has an essential ideal W

- such that W: Rul"l @...@ Ru1"k where cach ut is n-uniform element of R.
In the following, we study another condition on fully n-stable rings to

describe maximal ideals.

Theorcm
Let R be a fully n-stable ring and finite n-s\dimensioanl, then every

maximal ideal of R is of the form M,,,, for some n-uniform element u in R.

Proof
Let M be any maximal ideal of R, assume that M is not of the form Mu,,

for every n-uniform element in R. Since R is finite rc-dimeusional, then W: Rurnl
@ Ru2"2 @...@ Ruk"k is essential in R, where each u; is n-uniform element of R.
Lemma (2.9) implies that there exists an element m in M such that annp (1-m) n
W is an essential in W and hence in R. Thus annp (l-m) is an essential ideal of R.
Then l-m e J(R) (corollary (1.17)), and hence rn: 1-(1-m) is invertible in R, then
M : R a contradiction, therefore there is a n-uniform element u in R such that M =
Mr" '
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ABSTRACT
The present paper extends the use of Multistep methods including:

repeated Simpson's rule, the cornbination between trapezoidal and repeated

Simpson's rule as well as newton Gregory to solve non-linear Volterra integral
equations of the second Kind. Thcse meethods use less mcmory and the
computation time is shorter. Numerical calculations are persented establishing the
validity of the methods.

INTRODUCTION
The basic theory for many classes of integral equations was well known(l-

3). Due to a variety of technical and mathematical developtnents, this subject
should experience rapid growth and take its place as a major branch of numerical
analysis.

In this work we shall deal with the numerical solution of a large calass of
integral equation which is non-linear Volterra integral equations of the second
kind of thc form:

Ｘ

ρ
ｌ
ｌ
ｉ
Ｊ
・　
０

U(X)=g(X)+ k[x,t,u(t)]dt 0<x<b
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Where g(x) is given function and k is a function of x,t and the unknown
function u(t).

Approximatc Solution by Multistcp Mcthods

Let:

xi i

I f1x,t.u1t,);at = h ) w,i.k(x,.lj.u(tr)) + Er ..... (2)
i r=o

wherc thc weights {wij } bcing supposed given and Er is the remaindcr
whioh can bc negligiblc.

We can rewrite (l) with thc and of (2) as:

i

u;:g; + h) w;, k(x;,tr,u1) .....(3)
j-o

IJq. (3) rcprcscnts a sct of cquations lbr detcrmining an approximation to f
at tlre points x=xi=ih, i:1,2,...,n. h= b/n with the adopted nolation u(x1) = u;;

u(t1)=u; and S(xr) = gi.

llcpeatcd Simpson's Rulc
In the case when (2) is simpson's rule. (3) have the form:

Whcn i is even

j-r

Ui = Bi + h/3 ) w,; k(xi,!, uj) + h,/3 k(x;,t;,u;;), I = 2,4 .....(4)
.i=0

When i is odd

j-r
ui: Br + h/3 ) w; - 3j [x;, t1, u1] + 3h/8 (k[xi, tr - 3, ui - 3]

J=0

+ 3k [x;, ti-2,u;-2] + 3k [xi tr - l,u; - l] + k[x;,t1,ui;], i : 3.5 .....(5)

whcrc u;; = Br + hk [xr, L, uo]
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j-l
uir : gi+ (i/i-l)h I k(xi,t;u;); i:2,3,...,n .....(6)

j=r

the weights ore Ws6= w,j : I and wg : 3-(-ly ; I <j < i- I

since uo = go we can find ur as follows :

ur : gr + h/6 {k{xr, to, uo] + 4k [x1, t1l2,upf* k[x1, tr, urz]]

where -_l
Urr = gr + hk[x1, to, uo] 

I

urz = gr + Ol2)h {k[xr, to, uo] f [xr, tr, un]] I .....(7)
uR: g1l2 + (l/ )h{[x 1l2,to,uof + kl\lz,trl2,uJ2 + upl2)\)

Combination Betwcen Trapezoidal ltulc and Simpson's 1/3 Rule
For more accurate computation, we shall use the combination between the

quadraturc rule in the following manner:

Let uo: go

Define u1 : gl + hk [x1, tu, uo.l

Then u1 = gr * lrl2 {k{x1, to. uo] + k[xr, tr, urr]]
Next

.i-l

r Let uir: Bi* (i/i-l) hI k[x;,q,ui]; i:2,3
j=l

Then
j-l

u1: g1+h/3 ) w,i k[xi,t;,u;] + h/3k [x1,t;, u11], i:2,4,6 .....(8)
j=0

and
i-l

u;: h;+ h/2 (k[x;, to, uo] * [x1, t1, ur] + h/3 I k[x;,qu1]+h/3k[xi,tr,uir]
t tr:r,r,r..... 

(9)

The weights are given by *io = wii l, wij : 3 -Cl)j ; I <j < i-l

Newton Gregory Method
A another type of quadrature formula, Newton Gregory, could also be

a sued to approximate the solution of (l) as follws:
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Let T(k,h)reprcsent thc trapezoidal rulc apprpximation to I(k)at interval

Hα Kり =∫ kは<Od

l― l

Thercおrc T(k,h)=%h{kinh,0,u(o月 +2Σ k[nhih,u(h湖 +k[nh,nh,u(nh}]}
J‐ l

I(k)=T(k,n)‐ 1/12h2{k[nh,ih,u′ (lh)]‐ k[nll

l:鰍冊朧‖》帖
+R

whcrc thc rcnlaindcr R is givcn by

R=満 h2nl+2(nh‐0)k(nll,ε,u2,+2(ε ))

And thc coe■lcients Bi arc tllc Bcrnoulli numbcrs

Ne、vton Grcgoy's fonllula obtttned by rcplacing thc dcrivativcs in(10)by

fonvard and back ward diffcrcnces Wc writc ko=k(nh,o,u(0)),

Kn=k(nh,nh,u(nh)),△ k。 =k(nh,h,u(h))―k(nh,0,u(0))

And▽ k‖ =k(nh,nh,u(111))― k(nh,(n_1)h,u(n_1)h))

Thcn we havc

К°=}|力獄需ギ器盤長出すム筆絆;器け
‐ 19/720h{▽ 3K(nh,山 ,u(nh))― △

2K(uh,o,u(0))}+‐‐‐

a■cr sinlplilν h13 thC abovc formula,wc gct

ul=3「卜h[5/12k[x卜 ,ヽu。1+13/12k txLtl,ul)]+
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Fi rgrf,]rt4l,i€r:P4 ".,ry5{n-.rqf-3'i{r 
_ r { r;;r

Fig. (1) Flowchart of Repeated
Simpson's Rule to solve Eq.(1)
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Fig. 2 Flow of the combination
between simpson's l/3 and
Trapezoidal Rules to solve
eq. I
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j k[x;,q,u.;)) ]. Ek [xr,tr.rui-r)] + 5/l2klxl,kiu;11 .....(ll)

i:3,...,n

where
u1 and U2 otc cvaluatcd using sirnpson's rule

Numerical Examples
This section presents the results of three methods described in section (2)

to solve the following integral equations.

Example (1)
Our first example is

x

U(x) : .-- * J .t-**t) 1u(t) *.-utt); dt O<x<l

ffri, .*u-pt. was solved using repeated Simpson's rule, the combination
between trapezoidal and Simpson's l/3 rule as well as Newton Gregory method.

Table (l) summarizes our results for n = l0 so that h:0.1.

Table (l) Summary of Numerical solution of example (l) with the exact solution
L.S.Fand the least crrors

X Repeated
SimDson's

Trapezoidal +
Simpson's l/3

Newton
Gresory

Exact
U(x): loe(x+e)

0 1 1 1 1

0.1 1.036127 1.036127 036127 1.036127

0.2 1.070983 1.070983 070983 1.070995

0.3 l 04658 1.104778 104786 04688

0.4 l 37234 1.137244 137358 37282

0.5 | 68765 1.188875 168894 68848

0.6 l 99340 1.199358 199457 99447

0.7 1.228979 1.229083 .229106 1.229138

0.8 1.257785 1.257810 .257891 1.257973

0.9 1.285741 1.285645 .285863 1.285999

l 1.312973 1.313003 .313065 1。 313262

L.S.E 0.00000023 0.00000014 0.00000008

154



Al-Mustansiria J. ScL

Example (2)
Consider the following integral equation

Vol. 12, No. (2),2001

u(x): l-ie*2-x2+ i {*-t).2xt. eu(t) 0<t<x22,
With the exact solution
U(x):-*z 0<x<1

Table (2) lists the results obtained using methods which were described in
section 2, to find approximations to the solution of the above equation. Included
in the input was n = 10 and h: 0.1, the computations were performed using seven
digits of precision.

'l'able (2) Surnmery of numerical solution of example (2) with the exact solution
and the L.S.E.

CONCLUDING REMARKS
We have shown how Newton-Gregory method can be used to substantially

improve the acculacy for the solution of non-linear Voltema intcgral equation of
the second kind compared with repeated Simpson's rule and the method of
combination between trapezoidal and Simpson's 1/3 rule. Since Simpson's 1/3

rule cannot be used to approximate the solution of eq. (1) because not enough

X Repeated
Simpson's

Trapezoidal +
Simpson's 1/3

Newton
Gregory

Exact

0 0 0 0 0

0.1 -0.010000 -0.010000 -0.010000 -0.01

0.2 -0.039999 -0.039999 -0.039999 -0.04

0.3 -0.089997 -0.090122 -0.090074 -0.09
0.4 ‐0.159997 -0.159999 -0.160097 -0.16
0.5 -0.249994 -0。250203 -0。 250118 -0.25

0.6 -0.359994 -0.360004 -0.360136 -0.36

0.7 -0.639989 -0.490252 -0.490152 -0.49

0.8 -0.809981 -0.640023 -0.640167 -0.64

0.9 -0.999981 -0.810255 -0.810180 -0.81

1 0.00000020 -1.00068 -0.000193 -1.0
L.S.E 0.00000020 0.00000019 0.00000017
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points arc available for the rule to be applicablc when tr is odd, so we used eithcr
tlrc fornrula it (2-l) or (2-2).
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ABSTRACT
The log linear profile relationship is used to estimate wind speed and air

ternperature at 50m hcight. A comparison is madc betwcen the estimated and thc
observed wind speed then between the estimated and the observed temperature for
00 and 12 GMT. It is found that the agreement between the estimated and the
observed wind speed for unstable conditions is better than that of stable
conditions. The same trend is found for temperature. The estimation of
temperature for stable conditions is not reliable.

INTRODUCTION

Knowledge of the variation ol' wind spced and temperature with height
within the lowest l00m layer is of irnportance for aircraft operations, designing of
tall ships and buildings and for air pollution studies.

In practice however, only surhcc weathcr obscrvations such as l0m wind
speed and I .5m temperature are available most of the time. In such cases, there is
a need for the description of mean wind speed and temperature profiles as some
function of the available data.
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Monin Obukhov Similarity Thcory
-Ihc vertical variation in wind speed and tempcraturc in thc lowest layers

of the atmosphere can be described within the lramework of the Monin Obukhov
similarity theory, which was proposed in 1953. This theory is based on the

hypothesis that the non-dimensional wind spccd and tcmpcrature gradients, on,

aand o1,, defined by Paulson(').

kz du. .2.:r;:t = S,,,rir ... (l)
u.dzL
kz dT. .2.
i,;)= o,,tir ... (2)

wherc o,,. is a function of ilL only, u is the wind speed at the height of z, u. is the

liiction velocity and equal ./t/p . r shearing stress and p air dcnsity, k is the Von

Karaman constant, T is the air temperature, T. is the virtual temperature which
can bc formulatcd as:

r. = -1rf,;1uipc,;

Jttlc徹」1混I‖馴冒∬抽樹性群
diC hCtt of」r tt conョ m■ prcssu“ .

_ c.plu;
kgl I

whcrc g is thc gravity of earth.
Scvcral Ibrms ol o,', is proposcd Ibr stablc and unstablc conditions

(Yaglonr, 1 976). Thc most used forms of o,,, lor unstable conditions (L<0) are
(r.4.s,6).

… (3)

_ (4)

… (5)

1984);

… (6)

.… (7)

φm=1‐(1‐ 16ノL)‐
1/4

For stablc conditions(L>0),onl usually wHtten as(HoltSiag,

憶ふ::L帥
“
wttcll as 0

帆=〔 -0い
Profilc Rcprescntations

Equations I and 2 can bc interpreted and thc resulting cquations are 
(8):

6u =!.[r,13ey-v-t?l*v.r1ll ...(8)kL'r, ' ""'L' '-'L')
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where Au and AT are thc wind spced and tempcrature dilfcrcnccs bctwccn two
lreiglrt z1 and z2 in tbe atmospheric surface layer respectively. \ym and \[5 arc
stability corrcctions of wind specd and tcmperature, respectivcly which are given
bY trr'

v,n:rn f+l' *r"[!ul]-z,un-,(*)*1 .....(r0)\ 2 / 1. 2 ) " 2 '\

where fbr unstable conditions :

Z
,yn,: -0 

I. 
..... (l l)

and for stable conditions :

ft * *')
Vn,=2lnl- .> I .....(12)

\z )

where *: $n,-l and cr : 5 is an empirical parameter.

Dctermination of thc roughness lcngth zs
The friction vclocity rnay bc writtcn as(10):

(,)-'
u* : Llk l ln -: - \l/,,, I ..... ( 13)

lzl\o,/

wlrerc zu is the roughness lcngth which rcprescnts a paramcter that characterize
the aerodynamic roughness of the underlying surface. When equation (13) is
written for two levels in the surface boundary layer (subscripts 2 and 1) for neutral
stability conditions i.e.,rym: 0 the results will be :
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Equation (la) is uscd to estimate a, for different wind dircctions as shown in table
(1).

blc l) Distribution ol- rou ncss lcn[th with dircctions
Directions Z. Rou,.rhness lencth in cm
186¨ 15 2

16-60 6

61-90 4

91 170 3

Estimation of scnsiblc hcat flux I{
The sensible heat flux is the heat transformed from the ground to the

atnrosphere. Typically, this rate is l/3 to Yztheheatabsorbed by the surface, the

remainder is divided between heat stored in the ground and the heat used to
evaporate water from soil and plants.

Thc scnsiblc hcat flux ntay bc exprcsscd as 
(ll):

H=cp pw T … .(15)

Where w is the vertical cclocity, T is the temperature and tht: ovcrbar indicates a

time average and the prime denotes deviations from the averaged quantity. Since
there are no available instruments to measure the turbulent quantities, such as the
quantity (w'T') in equation (15) for Baghdad station, sensible heat flux H can not
be measured directly.

The model of De Bruin and Holtslag (r2) 
is used to calculate the quantity

w'T' because of the lack of measurement facilities. In this model, sensible heat
flux can be written as :

rt
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Where, cr, and B are empirical parameters and for grass-covered surfacc cr = I and

B : 20Wni2 (t2). No valucs lbr thc paramctcrs Ibr Baghdad arc availablc. So in
this work the abovc mentioned are used.

1 i, u function of temperature, s : Oqr /6T, q, is saturation specific heat of air at
S

constant pressure.

The equation which governs the relation between

(8):

and the temperature is
γ

一

ｓ

〓

ν
ｒ
一　
Ｓ

1.43 EXP(.-0.056T)

Thc soil hcatllux G is givcn

G=cGRn

……。(17)

by thc fbHowillg equation(!2,13):

_.(18)

radiation rcceived by thc

ヮ Rll

Where c6 is a constant equal to 0.1 and R., is the net
earth which can be expressed by the equatiorr 

(12):

_(1-r)K tt clT6_σ T4+c2N
l+C3

… 。(19)

Where, r is the albcdo of thc surface. A value of 0.15 is taken as a representative
to the area around the station. o'is the Stefan-Boltsmann constant. N total cloud
cover where N:l is lbr cloudy sky condition, c1 : 5.31 xl0-13 Wm-2K-6isa
constant of proportionality between the incoming long wave radiation and the air
temperature in the absence of clouds cz : 60Wm-' is a constant appropriate for
mid-latitudes. C: :0.i2Wm'2 is a constant can be regarded as heat coefficient for
the surface. K is the incoming solar radiation, which can be expressed by ts)'

K=(al sill SA+a2)(1~blNb2) …….(20)

Where SA is the solar elcvation,al and a2 are turbidity coefflcients.For Baghdad,

thc valucs fbr al is 990 and a2 iS~30 which gives a fair avcragc(8).

respect鼻翫計
3.b2Te Cmpi五

Cal cocfflcients have typic」 valucs of O.75 and 3.4
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Estimation of Monin - Obukhov lcngth L
To cvaluate K, applying equation (13) uscs itcration nlcthod. The first step

is to estirnate u- by puttitlg zlL = 0 so that $,1 
: I and \rn, = 0. With sensible heat

l'lux obtained from cquation (16), an estimation of L is madc. With this estirnate,
equation (13) is uscd again to improve thc estimated value ofu. and son on. It
appears that usually not morc than thrce interactions arc nccdcd to achieve an

accuracy ol 5% in succcssivc valucs of L.

Estirnation of wind spccd and tcmperature at 50 m by log- linear
relationships

The computations starts with an estimate ol the friction velocity u, by
iteration method. Throughout the iteration, stability conections of wind speed and

tenrperature r1r,,, and ry1, will bc computcd by using the equations (10), (l l) and
(12) respectively. Finally lhese corrcctions will be introduced to the equations (8)
and (9) to give estimatcs of wind spced and tcmpcrature for the desired height.
Tlrc cquatiorr (8) is not appropriatc lbr thc vcry stable conditions i.c.,lor zJL>
0.5. lnsrcad, thc following cquatiou will bc uscd to cstimatc thc wind spccd u2 at
any l.rcight 22 Iionl thc surlacc mcasurcmcnts of wintl spccd at hcight zt (6):

Uz: ur (LN/LZ) … (21)

Where,
LN = ln(z2lz{) + 7 ht (z2lL) + 4.25 (u/L)- 0.5 I (z2lL) + 0.852 .....(22)

And,

LZ=ln(zrl2.) + 5(21/L) .̈(23)

Figurc (l ) shows comparison bctwccn thc cstimatcd wind spced and the
obscrvcd wind specd at 50m hcight for stablc and unstablc conditions. Similarly
figure (2) shows comparison betwcen the estimated and the observed tcmperature.
The rcsults presentcd in table (2) and (3) for wind speed and temperatue,
respectivcly.
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Table 2: The root mean square errors (rms) of the observcd and estimated wind
at 50nl hci in the stable and conditions.

Montl-r 1
つ
４ 3 4 5 6 7 8 9 10 12

Rms for
stable
conditions

0.97 0.72 0.72 0.82 2.4 0,79 0.99 1.38 1.08 1.16 0.89 1.26

Il.ms, for
unstablc
conditions

0.74 0.71 1.29 0,75

“
一
“
０

∞
口
一∽
∽
一で
呂

0.64 0.67 0.77 0.71 0.55 0.88 0.49

Table 3: The root mean square errors (rms) of the observed and estimated
at 50m heiRht n the stablc and unstable conditions

Month 1 2 3 4 5 6 7 8 9 10 12
Rms for
stablc
conditions

r 1.3

6

5.i9 5.06 2.9 2.32 1.65 1.87 l.75 5.97 12.9

3
19.6
7

Rms, for
unstable
conditions

0.14 0.71 l.29 0.75

“
一
“
０

∞
目
一∽
∽
一で
４

0.64 0.67 0.77 0.71 0.55 0.88 0.49
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Table (2) shows that the relation between the estimated and the observed

wind speeds varies due to stability variations. For stable conditions, the root mean
square error is about 0.72 to 2.42.The use ofequation (21) solves the problem in
cstirnating wind specd in the very stable conditions. As such the average value of
(rms) in the stable condition indicates that accuracy of the logarithmic law is
acceptable. The agreement betwcen the estimatcd and thc obscrved wind speed is
bcttor lbr thc unstablc conditions. It is lbund that thc root mcan squarc error (rms)
for the unstable conditions is between 0.49 and 1.29, which is less than root mean
squarc error lbr thc stablc conditions. This confirms thc supcriority of tlrc Monin -
Obukhov theory in the case ofunstable conditions.

Since Monin - Obukhov similarity is based on assumptions of stationary
and lromogeneous conditions; the deviation from such conditions may introduce
some enor in the calculations.

The estimation of temperature as it is clear in the figures is less rcliable in
the stable conditions. Table (3) indicates that the root mcan square error (rms) is
in the range 1.65 to 19.67. This is due to the imperfection of Monin- Obukhov
similarity thcory in the stablc conditions.

CONCLUSIONS
l. Thc conrparison, which is madc bctwecn the cstimatcd and thc obscrvcd wind

specd by using the similarity thcory scheme at 50m height, indicates that the
estimation in the unstable conditions is better than that in the stable
conditions. This bclongs lo thc impcrlcction of this thcory in tlrc stablc
conditions.

2. Thc estimatcd temperatures at 50m height arc in good agreement with the
obscrvcd lcmpcraturc in thc urrstablc conditions but they are croncous in the
stable conditions especially in winter months, this can bc attributed to the
imperfection of the sirnilarity scheme in the stable conditions.
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Depolarization Effects Due to Some Atmospheric Constituents

Rasheed H. Al-Naimi, Kais J. Al-Jumaily, and Diar M. Hassan
Department of Meteorology, College of Science, Al-Mustansiriyah University
Baghdad,IRAQ

ABSTRACT
The non-spherical shape of rain, snow, sand and dust particles contribute

to depolarization of the microwave signal on both earth-earth and earth-space
paths. The aim of this research is to model and investigate the depolarization
effects due to these atmospheric constituents. The theoretical concepts of
depolarization problem and the microphysical properties of the propagation media
are reviewed. Computer programs were developed to simulate the depolarization
effects. Results suggest that rain, snow, dust, and sand particles play an important
role in producing differential phasc shift (40) and dilferential attenuation (AA).
For rainy and snowy media AQ and AA increases with increasing frequency and
precipitation. The effects of temperature is that, in rainy medium the increase in
temperature causes in AA and an increase in AQ while in snowy medium, the
increase in temperature causes increase in AA while AQ remains constant. For dust
and sand storms A$ and AA tend to increase with increasing frequency and
moisture contents. The results are presented in a way that helps communication
engineers to deduce information about the dcpolarization effccts in any wcather
condition.

INTRODUCTION
In view of great development using depolarization techniques in

communication system using microwave frequency, it is necessary to investigate
the cl'fects of atmospheric constitucnts on the dcpolarization properties of the
signal. Depolarization refbrs to thc change in the state of polarization of the
electromagnetic wave due to variety of atmospheric particles. The problem of
depolarization..due. to rain, snow, sand, and dust particles was investigated by
many authors(l-8'12). This paper presents a review of tn. polarization paiameters
computations and examines effects due to some atmospheric particles. The
specific effects examined are differential phase shift and differcntial attenuation
which are defined as the differences between the phase shifts and between the
attenuation of horizontal and vertical waves. Rain, snow, dust and sand particles
are assumed to contain identically shaped ellipsoidal and equialigned particles
with the same orientation. The first assumption implies that there is no strong
depetldencc of shapc and size and thc assumption is justifiable sincc thc vast
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majority of particles are aligned with longest axes horizontal and their shortest
axes vertical(9'lo l I ).

Theoretical Aspects
The horizontal and vcrtical complex propagation constants of thc mcdium

ks,y (m-l) can be expressed by(a) :

KH,v=ko* +t.t,ib,, (e,m)D3N(D)dD .....(r)

Where D is the diameter of a sphere with volume equal to that of spheroid, N(D)
is the particle size distribution (*'), Dr* and D,,;,, are the maximum and
minimum diameter of particlc, and ko is the free propagation constant (m'l) [ko =
2nllv,)" is the wavelength (m)]. Qx.v are functions of the eccentricity e and
refractivity m olthe particle as lollows(a) :

- m'-l
Qsu= _______-:::_ ....,(2)

Where

f t .\l/2 I
P =llr-f l-:'Lin',"1" "'L \ "' ./ l

PH ( 1-P") r/2

The eccentricity e is a lunction of the semi-minor and semi-major axes (a and b)
e2 = l-*1b2. The refractivity m is related to the complex dielectric constant e by
,n2=".

For dust and sand storms, it is more convenient to express Ks,y in terms of
the probability density function P(D)(E) :

( . .. ,^-c o* \/o"- \-r
KH.v=h + 

l*fi ,la,.v(e,m)DrP(D)aoJ[,Jo'rtnldD] 
.....(3)

●

The one-way differential phase shift Ag; (deg/km) and one way differential -
attenuation AAr (dB/km) for horizontally polarized waves are defined by(8) :
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Arpr. : 180 
x l03 Re1K1'-Ky;

7t

AAr: 0.4343 x l04lm1Ku-Kv)

wherc Re (l(;r-Kv) and Im(K;;-l(y) signitics
complex terrn (Ks-Ky).

. ....(4)

. . . ..(s)

thc rcal and imaginary parts of the

RESULTS AND DISCUSSION
Differential attenuation due to rain and snow were computed versus

frequency fbr different atmospheric conditions. Fig (l) shows differential phase
shift and differential attenuation versus frequency for different rainfall rates. It is
clear that for frequencies less than 10 GHz there us a sharp increase in AQ as
frequent increascs. Wrile for fiequencics greater that l0 GHz there is a gradual
itrcrcase in AQ. The results also suggest that as rainfall increases A$ increases
spontancously for any given frequency, this mainly due to the fact that AQ
depends on the scattering term and the latter increases with increasing drop size
and frequency. It is also evident that AQ is significant for any given frequency and
temperature. The behavior of AA is almost similar to that of A$. Fig (2) illustratcs
the eft'ect of temperature on both A$ and AA. It is seen that below 30 GHz the
temperature has no effect on AQ and above 30 GHz AQ tend to increase with
increasing temperature. Thc rcsult shows that AA is sensitive for temperature at
all frequencies and it tends to increase with decreasing temperature.

Figures (3) and (4) shows the results of computations for snow. It is clear
that at low frequencies AQ and AA increases with increasing frequency and
snowfall and AQ is independent of temperature while AA increases with increasing
temperature.

The results for dust and sand particles are shown in figures (5) and (6). It
is clear that very dense storms, i.e. storms with visibility less than few meters,
cause a dcpolarization in thc signal through the induccd A$ and AA of noticeable
importance. It is noticed that at 37 GHz and 10% moisture content (HzO) the
corresponding A$ is less than that at24 GHzand llYo HzO. This is attributed to
the fact that real part of dielectric constants at37 GHz and much less that at 24
GHz. At 37 GHz and 5Yo HzO the coruesponding AA is less than that at24 GHz
and 5o/o H2O. This is attributed to the fact that the imaginary part of dielectric
constant il 37 GI-lz ancl 50 Il2O is much lcss than that at 24 Gllz and 5%o l-12O.
The results also show that at frcqucncy range (108 GHz) there is a sharp increase
in both A$ and AA while at the frequency range (14-37 GHz) there is a small
increase in both A$ and AA with decrcasing visibility. The effect of moisture
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content of storm on both is evident A$ and AA is very evident since they increase
sharply with increasing moisture.

CONCLUSION
Investigations of depolarization effccts duc to somc atmospheric

constituents have becn carried out using computer simulation. It has been found
that rain, snow, dust, and sand particles are the most important atmospheric
elements affecting the polarization of the signal. The results showed that
differential phase shift and differential attenuation are dependent on the frequency
of the signal, the precipitation rates of rain and snow, the density and moisture
content of dust and sand stroms. Results are presented in a way that helps
communication engineers in extracting information on the depolarization effects
of the signal for any weather condition.
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An Operational One - Dimensional Cloud Model

Kais J. Al-Jumaily, Rasheed H. AI-Naimi, and Imani Ibrahim
Dcpartmcnt of Mctcorology, Collcgc of Science, Al-Mustansiriyah Univcrsity
Baghdad,II{AQ

ABSTRACT
The aim of this research is to develop a computer based one-dimensional

cloud model using the formulation of Curic and Janc. The rnodel includes the
effects of forced lifting and entrainment, One the basis of radiosonde data, the
model provides information about themicrophysical properties of cloud as a
function of hcight. Thcsc inch.rde vertical velocity, mixing ratio fbr cloud, rain and
snow as well as radar reflectivity. Results showed that the model, which was
implemented on a personal computer, could be useful too for investigating the
microphysics properties of connective clouds especially when instrumentation for
such investigation are not available.

INTRODUCTION
Onc-dimcnsional steady-statc cloud were invcstigated by rnany authors(l-

6). These models were not very useful for forecasting the effecis of piecipitation
loading on the cloud dynamics. One-dimensional time-dependent models were
published by wcirrstcin (l97o1ttt, wisncr et al. (l 972yst and curic and Janc
(1987, 1988,
1989;{r-ttl. Curic and Janc (1993;ttzl have showed that their entrainment
formulation with cornbined effects of turbulent and dynarnic processes together
with forced lifting produce more acceptable results in forecasting the cloud-top
heights. Cloud modeling is a very useful tool for investigating the cloud
microphysical properties of clouds. The objective of this work is to develop a an
operational computer based model using the formulations of Curic and Janc
(1993;t''r. Such rnodel will be very practical for many application since
instrumentation for measuring cloud microphysical are not available.

Model Equations and Numerical Techniques
The model equations used in this work are fully discussed by Curic and

Janc (l 9931trzt. The following is a brief description of these equations :

a) Equation of vertical velocity
The vertical velocity equation includes two components, the vertical velocity
at the cloud base, which is derived form the third equation of motion, and the
forced component :
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…
.(1)

where t is time, g the acceleration due to gravity, a the bupyancy reduction
cocl'licicnt takcn to bc 1.05, T, thc vcrtical tcmpcraturc, p thc pressure, pthe
entrainment rate, and Qr and Qi the respective liquid and solid water substance
mixing ratios. The prime denotes an envitonment quantity; the zero subscript, a
valuc at the beginning ofthc tirne intcrval At.

On the vertical velocity calculated from eq. (l) at the cloud base h is added

to the forced component given by whr= Wo sinzt!1 where Wo is the amplitude
To

of the forced lifting, t" its initiation time. Here we assume that thc forced lifting
amplitude is constant during the integration time for the sake of simplicity. W.
and ro are set to 6 ms-l and 45 min, respectively.

b) Equation ol entrainment rate
This equation describes entrainemnt processes ofturbulent character and the
organized entrainment processes through the vertical velocity advection :

It C。 ヽ国♂与%[Ψ
]い

肝 %悧 どヽ [Ψ ]い

wherc

ds= … .(3)

and dr and dz arc dil'fcrcntail changes of the core radius r and the height,
respectivcly, whilc co, cl, and c2 are constants.

c) Thcrmodynamic equation
Thc cloud air temperaturc is calculatcs form the llrst law olthcrmidynamics :

for w空 ≧0
と

forw2≪ 0
と

¨̈ (2)
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where

^_ [c*k=rt)- <

l0rc'k = s'h

^ [t r <273K
Pi: 

to otherwise

^ [te., *e.* Fo
Dr= {

LoQ", *Q"* <o

and r,s and h are related to rain, snow, and hail fractions.Lr, Lr, L. are latent heats
of evaporation, freezing and sublimation, respectively; L represents either latent
heat of evaporation (L,) or sublirnation (Lr); c* and c1 are specific heats with
respect to water and ice; Q,, Qr, and Q, are mixing ratios for water vapor, cloud
ice, cloud water, rain, hail, and snow, respectively; 5T is the difference between
ambient air and cloud air temperaturcs, 5q the difference between ambient air
water vapor mixing ratio and saturated water vapor mixing ratio with respect to
water or ice at cloud air temperature; T, is the cloud air temperature (oC); yu and y
are dry adiabatic and cloud air temperature lapse rates with Psus, Pnrvr,, Pyl;s1 afld
I'1, are production terms due to sublimation, evaporation, melting, and freczing
processes by Lin et al. (1983).

d) Microphusical equation
These includes the continuity equation for water vapor and non-precipitating
elements (wate clouds and ice clouds) and the continuity equation ofthe
presipitating water (rain, snow, hail). These equations are given by :

器=―μQ― Pr_Ps― Rl
空堅L=_μQk+Pk十

:(UQkp)

_。 (5)

… 。(6)
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where Q is the sum of the mixing ratios of water vapor, cloud water and cloud ice,
k : r, s, h (rain, snow, hail) respectively, and U1 is the terminal velocity.

Thc above equations were solved using numerical tcchniques, namely, the
ljnitc dill'crcnccs. A l:ortran language was uscd to dcvclop thc computer code
which was in.rplcnrcntcd on a Pcntium ll pcrsonal conrputcr using Prospero
Fortrar, Compiler. The input rcquired for the program are the entrainment
cocflioients and the radiosond datc, i.e. pressurc, temperature, and dew point as a
function of height. The output consists data as a function ofheight, these are
vertical vclocity, mixing ratios for cloud, rain and snow (or ice), and radar
reflectivity. The output is produced for each l5 sec interval for the duration ofthe
cloud developn.rent.

RESULTS AND DISCUSSION
Thc nrodcl was tcst using standard US atmospherc, mid-latitudc summcr

and wintcr soundings. 
-fhc 

rcsults wcrc comparcd with thc work of Curic and Janc
(1993) and it was found that the program gives an acceptabel results and slight
diflerences found were attributed to the differences in the sounding data. Several
experiments wcre carricd out using sounding data measured in lraq. Figures (l) to
(3) show samples for the results of these experiments. The microphysical
properties of cloud are displayed as a function ofheight starting from the cloud
base. These are the vertical vclocity (w), mixing ration for cloud (QC), mixing for
rain (QR), and mixing ratio for ice (QI), as wcll as thc radar reflectivity (Z). Fig
(l) show the effcct ofthe cntrainment coefficients (co, cr, cz) assuming zero lorced
lifting. Various combinations of these coefficients were used. The effects of the
entrinment on the microphysical are very evident. Fig (2) shows the effect of the
forced lifting amplitudc (W). Three values were selected, 6, 12, lSrnls, it is seen
that thc vertical velocity decreased when W was changed from 6 m/s to 12 m/s
and increased abovc thc 6 m/s valucs whcn W was changed to I 8 m/s, this may be
duc to the naturc ol' thc sinusoidal nature of thc lbrccd liliing component. Thc
effbcts on QC, QR, QI, and Z was that they decreased with increasing W and
became independent of W after the value of l2 m/s. Fig (3) illustrate the effects of
duration of forced lifting (TAU), two values were chosen 30 and 45 min, it is seen
that the increase in the duration of the forced lifting tcnd to increase the
microphyscal properties of the cloud. These small experiments show that the
model may used operationally to satisfy scveral needs. We plan to use the model
in cloud seeding project carried on in Iraq.
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CONCLUSIONS
A computer based one-dimensional model was developed on the basis of

the formulation of Curic and Janc (1993). The model includes the effects of forced
lifting and entrainment. Several tests and experiments were carried out, the results
show that thc modcl give and acccptablc valucs ol'thc microphysical propcrties of
cloud. It can be used to determine these properties for any radiosondig data and it
can be operated to satisfy several needs in investigating clod properties specially
when instrumentation are not available to carry out such measurements.

Fig l. Microphysical propertics of cloud for various combinalions o,:enlmilltncnl
cocfficicnt (c.. cr, cr) for t-smin.
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Fig 2. The .rf.c!s of lhc forccd Liltinc a
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ABSTRACT
Thcorem Proving is thc fleld ofArtiflcial lntclligOncc that is intcrested in

builiding reasoniong systems. MOst ofcurrcntthcOrcnl provers arc based on thc

application Of res01ution principle cxtensions On a refutatiOn set ofclasuses.The

lnain problcms oftheorcnl proving are the cxponential growth Ofthe clause spacc,

and the tcrnlinatiOn cOndition ofproving proccss.

In ordcr to Ovcrcome these problcms,tllrcc imprOvements arc introduccd.

First, the reduction proccss, that dctccts and delctcs singular clauscs that are not

involvcd in a prool SccOnd, thc unbalanccd sct nlcthOd,which charactcrizcs a

nccessary condition for cOntradiction.Third,the directcd rcolution,that selects an

appropriatc rcsolution cxtcnsion with rcspcct to a carcfully sclcctcd clausc.
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These improvements have improved the proving behavior and increased
its efficiency. The clause space is significantly reduced. Also, the termination
condition is more enhanced. Moreover, the proving process is directed towards
the contradiction. By implementing these improvements, the resulting system has
showed an intclligcnt recognition of unnecessary information, an early diagnosing
of satisfiability, and an independent selection of inference rules. Because ofthese
additional intclligcnt activities, thc rcsulting systcm is called an Intelligent
Theorem Prover.

INTRODUCTION
l.l Historical background

Artificial Intelligence is the study of ideas that enable computers to behave
iutclligcntly as hurnau(''). Somc rescarchers considcr thc ability to rcason as the
major ability that characterizes the human being intelligence. Reasoning and
human ability of thinking were major questions for centuries. Aristotle (384-322
BC) was the first to try to describe thc laws of thinking. I'le was successful in
formulating 19 correct laws (called syllogisms). They were a significant part of
Aristotle huge and great achievement in the history ofphilosophy and science,
which was the construction of logic(a). Since the foundation of logic and until the
middle of the l9d'century, logic was expressed in a natural language with a little
use of symbols. G. Boole (1850) invented a calculus oflogic(e)and clarified the
subject of symbolic logic. Then the convergence between logic and mathematics
had startcd. G. Freg (1855) introduced predicates (or logical functions) to
represent thc logical relationships betwecn objects and gave some rules for
making deductions. His language of predicates with his rules of deductions, were
called the predicate calculus(ax5). In 1931, Godel succeeded in proving the
completeness of the predicate calculus. From that time, predicate calculus was
considered the powerful language ofdescribing and proving(e).

1.2 Mechanical Theorem Proving
The correctness of inferences is related to the logical structure ofthe

inference rule and not the domain of the problem. This fact has encouraged many
researchers to dcsign mechanical mcthods for deriving conclusions from a given
axioms cxpressed as predicate calculus cxpressions rcgardless ofthe domain of
the problcnr under considcration(a).

1.3 Pre-resolution mcthods
Mechanical thcorcm proving was performcd with invcstigating the givcn

axioms and repeatedly applying complete infercnce rulcs on them until the
required theorem is deduced. This operation is not easy since there might be a
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relatively tremendous number of unnecessary deductions from the axioms. Also,
there is a problem in guiding the deduction process towards the required theorem.
Moreover, the completeness of the inference rule may not be guaranteed. In
addition, the^. termination of the process of applying the inference rule may not be
guaranteedllel.

The altcrnativc method of mechanical thcorcm proving is performed by
refutation, since searching for a contradiction is simpler than searching for a
specilic theorem. Contradiction can be generally detected if exist l'el. This sort of
proving doesn't require a complete inference rule. In fact there is a requirement of
a new characteristic, which is the refutation-completeness that is the inference rule
must deduce the contradiction if existed tlel. The set of axioms and the negated
theorem is called a refutation system tal.

1.4 Resolution principle
In 1965, J. A. Robinson developed the resolution principle. This principle

was based on searching for contradictory predicates among statement [a].

Resolution is an infcrence rule that takes two statcmcnts as input, ancl produces
another statement as output. -Ihe output statement, the resolvent, represents a true
statement consistent with the input statements as the result of resolving them t131.

The resolvent is one conclusion we can draw, but not nccessarily the only one [s].

The application of resolution requires that every thing must be in clause form. By
clause form we mean that the information is expressed as an ANDing of ORed
literals. By literal we mean a negated or un-negated predicate. So any problem
cxprcsscd in prcdicatc calculus must be transformed into a logically equivalent
clause form. The procedure of transformation, must take on account the
quantification of variables, implications and nesting of(&, l, -) connectives [3].

Resolution requires pairs of opposites within the two input clauses. That
is, one input clause must contain a literal, call it El for which -E2 occurs in the
other input clause, and where El matches E2 using a suitable substitution of
variables, if necessary. The resolvent of the two input clauses is the ORing of
tlrenr after canceling El and -E2, and climinating any duplicatc or re<Jundant
expressions in the resolvent. If the resolvent consists of only one literal, unit
clause, then we have proved a fact. If the resolvent consists of no literals, empty
(or null) clause, thctr wc have provcd a contradiction talllel. ll"rolution is a sound
rule of inlbrence [4J[5]ll7lllei, any rcsolvent logically follows from the input clauses.
If duplicate literals, factors, are deleted, resolution will become refutation
complete inference rule [17]llel. Resolution deduction becomes rnore useful whcn
we do several resolutions in succession, every re.s^olvent can participate many
times as an input clause to a next resolution step tl3l. Resolution has a structural
form that is ttot related to the subject or even the domain of the theorem under
consideration. One of the magnificent advantages of resolution is the fact that
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many inference rules can be proved as being a resolution step. Modus ponens,
modus tolens, backward chaining, forward chaining, rule collapsing and many
othcr infcrcncc rules are special cases of rcsolution('r). Whcn prcdicates have
variable arguments, a unification process is necdcd to match the two contradicted
literals. Unification process searches for a suitable substitution olvariables that
makcs two colltradictcd litcrals idcntical cxccpt for sign tsl.

1,5 Extensions (refinements) of resolution
Sincc the development of resolution principle, many extensions have been

made. hyperresolution, negative hyperresolution, ur-resolution and many other
kinds are examples of such extensions.tl'1. Since the original principle uses two
clauses, it is catled binary resolution [ol. These extensions to resolution were
developcd to provide additional efficiency to the process. Strategies (both
ordering and restriction) also designed lor guiding the search of contradiction and

:鋸iザ
hg

1.6 Basic clements of theorem proving
The requirements ofmechanical theorem proving is divided into five basic

elcmcnts:

l.Representation of information: Predicate calculus is the most suitable
rcprescntation I9l I151. If wc use resolution, we must convcrt the representation
into a logically cquivalcnt clausc form, and the information must be provided
as a refutation system tal.

2.lnference rules: We must choose a suitable inference rule to be applied on the
choscn reprcsentation. Any chosen infcrence rule must be sound, and when
used with a refutation system, it must be refutation completetlel.

3.Strategies: We must use suitable strategies for guiding the search for
contradiction and controlling the theorem prover reasoning. These strategies
are classified as ordering strategy or restriction strategy Ile].

4.Redundancy control: Redundancy occurs when we infer the same conclusion
repeatedly (no need for keeping more than one copy of a clause). Another kind
of redundancy can be detected if we have clauses that are logically included by
another clauses (subsumption process dctccts and dcletcs them). Tautologies
are also redundant clauses (always evaluate to true). Redundant clauses must be
detected and can be deleted without affecting the original 

"1urr. 
r1u1" [5lttel.

S.Unification: There mustbe a procedure that finds, ilone exists, amost general
unifier for any two given expressions such that when applied to both
expressions, they become identical except for sign. Ifthe unification fails, the

thc clause spacc
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resolution .sJ.eP cannot be performed. It is needed if the representation contains
variable(s)t21.

1.7 Theorem provcrs examples
A number of existing theorem provers are available: L. T. a short hand of

Logic Theorest, is a thcorcm prover dcsigncd by Simon and Ncwcll which can
discover some primitive proofs in symbolic logic using heuristic techniques
similar to those used by human. LMT and AM are another examples of theorem
provers [lel. The most recently developed theorem prover isOtiert'ti*ti"t i,
rather easy to use, requiring one to prepare an input file that contains no more than
a statement of the problem and an instruction concerning the type of resolution to
emPloY t2ol.

1.8 Therorem proving problems
In spite of all of that, the two rnajor problems, which are the exponential

growth of the clause space that leads to a combinatorial explosion and the
termination condition of the theorem provcr, still exist. The previous
improvements have really desreased the number of generated clauseJ, but the
exponential character still exists. By the use of restriction strategies and the
redundancy control process, the tennination condition is now morc likely to bc
reached but this is not guarantecd. Theorem proving still of a semi-decidable
character. We can,prove the set unsatisfiability, but proving the set satisfiability is
rrot guarantccd tl7i. In 1971, stcphen cook announccd in his papcr "ihe
conrplcxity ol''l'hcorcm Proving" that thc satisfiability is a NP- Complctc problcm
I7t

1.9 Goal of this work
The combinatorial explosion is a natural consequence of an evolutionary

set of clauses. So, if we can select an appropriate inference rule to each selected
clause, find more clever strategies for guiding the search to the contradiction,
employ more ncw rcdundancy control process and diagnose the satisfiability of
the set earlier, then the effect of those two critical problems will be greatly
reduced.
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2 The Proposed Intelligent Theorem Prover (ITP)
To enhance the theorem proving process, we introduce three

improvements: the reduction proccss, the diagnosing process, and the directed
rcsolution proccss. Thcse improvcments overcomc some of the problems that
thce thc subject of Tl.reorem Proving.

2.1 Thc Reduction Process
This process is capable of detecting and deleting a class of unnecessary

singular clauses from a set ofclauses.

Definition 1r. The predicate p is said to be singular in a set ofclauses S ifand
only if either p appears only in a single clause in S or all occurrences ofp in S are
in cither positive or negative literals but not in both. A literal is called a singular
literal if its predicate is singular in S.

Suppose we have the following set of clauses:

p(x) l-qG) l-(a) l-(b) | (x).
p(a)lq(b)ls(m).
-s(m)l p(c).
s(Y) lq(Y).

Then, according to definition l, the prcdicatc p is singular since all its
ocourrcnccs aro in positivc litcrals. Also thc predicatc r is singular sincc it appears
only in the first clause. If we consider the positive literals of a clause as
conclusions and the negative litcrals as conditions, then positive singular
predicates arc unproductive conclusions and negative singular predicates are
unreachable conditions. The case in which a singular predicate occurs only in one
clausc is a gcneral casc of tautology that is always a true and denotes a trivial and
unrelaled infonnation.

Definition 2: Let S is a set ofclauses. The clause A in S is called a singular clause
if and only ifthere exists a singular literal in A.

In the previous set ofclauses, the first three clauses are singular according
to definition 2. Singular clauscs rescmble unnecessary information.

Inflormally, any clause with a singular literal will never lead to the empty
clausc (i.c., contradiction). Wc will not be able to resolve upon a singular literal
sincc thcrc is no contradictory literal in thc wholc sct. If L is a singular litcral then
any singular clause contains it will be resolved into yct singular clauscs. In the
best cases, a singular clause will be resolved into a unit clausc that contains only
thc singular litcral. So it will not participatc in any luturc rcsolution becausc it
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cannot be resolved. The absence of the complementary literal in the set of clauses
will keep the singular literal in the set and will never be deleted. As an important
result, singular clauscs will nevcr lcad to a contradiction. Thus no singularclause
will participate in the proof if it exists. So we can delete them without affecting
the refutation deduction. Any set of clauses can be reduced to a smaller set by
deleting all singular clauses without affecting the satisfiability or unsatisfiability
state of the original set.

Theorem 1: Let S is a set of clauses and let Sr is the set S after deleting all
singular clauses. Then Sr is unsatisfiable if and only if S is unsatisfiable.

Prooft (if-part)
Let S is unsatisfiable. Assume that Sr is satisfiable, then there exists a

rnodel I of Sr. Let L is a singular litcral in S. Since neither L nor -L is in Sr, then
neither L nor -L is in I. So any interpretation of S that contains I and L (assigned
to true) is a model of S. So S is satisfiable. But this contradicts our assumption
that S is unsatisl'iablc. So Sr is unsatisllablc.

(only if-part)
Suppose sr is unsatisfiable. Then Sr evaluates to false in every

interpretation. So the conjunction of any clause to Sr still unsatisfiable since it is
ANDed with false. So any set from which Sr is a subset is also unsatisfiable. But
Sr is a subset of S, so S is unsatisfiable.

Definition 3: A set of clauses S is said to be stable if and only if it contains no
singular clauses.

Sometimes deleting singular clauses leads to new singular clauses that
were hidden by the original singular ones. Suppose we have a singular literal L,
then singular clauses containing L rnay contain another literals that might be the
only contradictory literals to other literals in other non-singular clauses. If we
delete the singular clauses, then those non-singular clauses will become singular
since their contradictory literals are no more exist. The resulting singular clauses
can also be deleted without affecting the state of the set. If we have unsatisfiable
set S, thcn dclction of thc singular clauscs in it with respcct to somc singular
literals gives Sri that is also unsatisfiable. Now consider Sri as the original
unsatisfiable set, if other singular clauses appear then deleting them will give Sr2
which is also unsatisfiable according to theorem l. By continuing in thc proccss
until no tuore singular clauses appear, the resulting set is unsatisfiable just as the
original set S. If S is satisfiable then the resulting set is also satisfiable.

193

一　
　
　
　
〕

!



An l lellige l'theorcnt Pfovef 
M.A. Eln-heftirri and tv. K. Jdbit

The reduction algorithm outline.
Initially, we build a predicate PredTable from a given set of clauses S. The

number of entries in this table equals the number of distinct predicate symbols in
S. Each entry contains the predicate name Pred, a list olpairs Poslist to index
each clause containing Pred in a positive literal, and another list of pairs Neglist
to index each clause containing Pred in a negative litcral. Each pair contains the
number j ofthc corrcsponding clause and the weight w ofthat clause. Each list is
sorted in ascending order with respect to weights.

Algorithnr rcduction (l'rcdTablc)

algo rill, m t h eo rcmPruver i

input inlormalion;
build lhe improved set o/ support qaeue SupQueue;
build the queue otordered positive clauses PosQueue;
builil lhe queie ofordered negative clauses NegQueue;

. builtl the predicale table PredTable;
Contradicliou €lalse; .{irtitialstate}
Pcount €0; Ncount (0; {for positive and negative clauses}
reductiort (PredTalle); {activate the Reduction prucess}
if anply (SupQueue) or e ryt)' (PredTable) thatl

o ! t tio tE ! i: e ('fo ilu rc,, no co nt ra dici iin') ;
(tha

This algorithm is activated at the beginning of proving process and
rcactivatcd whcncvcr alrcady existing clauses wcrc (backward) subsumcd.

Example: Supose we have the following set of clauses:
l. divided (X, 2) l^-even (X). {even number are divisible by 2}
2. divided (X, 3) | -sumDigits (X,S) | - divided (S,3). {if sum of number digits is
divisible by 3, it is divisble by 3)
3. divided (X, 5) l- start (X, 5). {if a number srarts with 5, it is divisible by 5}
4. divided (X, l0) l- start (X, 0). {if number starrs with 10, it is divisiblc by l0}
5. evcn (X)l - doublc (X). {any duplicate number is even}
6. start (X,0) l-multiple (X, l0). {any multiple of 10, starts with 0}
7. mod (X, Y, 0)
8. equal (Y,X)

tivided (X, Y). {X divided by Y means X mod Y : 0}.
cqual (Y,l) ) - divided (X,Y) l- prime (X). {ifadivisorofa

number isn't equal to the number or l, the number is not prime)
9. - double (X) l- prime (X). {any duplicate numbcr is not a prime}
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10. - even (X) | -greater (X, 2) | -prime (X). {any even number greater than 2 is
not a prirnc).

Suppose we have the following theorem:

Forall Num(double (Num) + divided (Num,2)).

If we negate the theorem and transform it into clause form the result will
be:
1 l. double (sko),
12. -divided (sko, 2).

us thc cate PrcdTablc:

Predicate Positive List Negative List
Divided 1,3,4,2 12,7,2,9
Even 5 l,l0
SumDigits 2

Start 6 3,4

Multiple 6

Doublc 5,9

Mod 7

Prime 9,10,8
Equal 8

Greater 10

Lct us build

Table l, Initial predicate table.

According to thc dcfinition of thc singular predicatc the predicatcs
sumDigits, multiple, mod, prime, equal, and greater are singular since they have
no contradictory predicate in any clause. So, clauses 2,6,7,8,9 and l0 are singular.
We can reduce the table, PredTable, into:
Predicate Positive List NegativeList
Dividcd 1,3,4 12

Even 5 1

Start 3,4

Doublc 5

Table 2. Predicate table after deleting singular clauses (first cycle).

Notice the appearance of a hidden singular predicate start. So, clauses 3 and 4 are
singular. We can reduce the table, PredTable, into:

l9s
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Predicate PositiveList Negative List
Dividcd 1 12

Even 5 l

Double 5

a

Table 3. Predicate table after deleting singular clauses (second cycle).

Since the table has no more singular clauses, the set of clauses l, 5, I l,
and 12 is stable and logically equivalent to the original set of clauses. The
reduction process has decreased the original l2 clauses into only 4 clauses while
preserving the state of the set. Deleting uncessaey clauses can be considered as a
sixth basic element of the theorem prover. The reduction process may enhance the
termination conditions of the theorem prover because it may clelete the clauses of
the negated theorem or transfomr the state of the set into an unbalanced state (will
be explained shortly). The combinatorial explosion is relatively decreased with
the reduction proccss.

2.2 The Diagnosing Process
This process determines a case in which a set of clauses is satisfiable even

if there is still more resolvable clauses (case of a set that does not contain at least
one positive clause and another negative clause). Other cases of set satisfiability
are detcrmined by the assistance of the improved set of support strategy and the
abovc rcduction proccss.

Theorem 2: For any two clauses A and B, the resolvent of a binary resolution in
which A and B are the parent clauses will be (if exist):

l. Mixed clause if both A and B were Mixed clauses.
2.Mixed or Positive clause if A was Mixed and B was positive.
3. Mixed or Negative clause if A was Mixed and B was Negative.
4. No resolvent is possible if both A and B were either Positive or Negative
clauses.

Proof: Considering each case respectively and each L1 denotes a positive literal:

l.Let A : Lt I -L2l Ro and B : Lr I -Lal Rt,, arc two mixcd clauses such that Ra
and R6, are disjunction of zcro or nlorc litcrals and Lr unifics with La undcr a
substitution <D then by the application of binary resolution, the resolvent is:
C:(-L2|L3lRrlRb) O which is obviously mixed clause whatever the content of
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Ro and R6, (notice that c contains at least one positive literal
another negative literal -L2). Hence, the resolvent of A and B
mixcd (il'cxist).

L3 and at least
will always be

2. Let A : Lt I Ru and B - - LzlLl R6 are positive and mixed clauses respectively,
where Ru is a disjunction of zero or more positive literals and R6, is a
disjunction of zero or more literals and Ll unifies with L2 under a substiiution
<D. By the application of binary resolution, the resorvent is: c::(L3lR.alRb) o
which is positive if R6, is a disjunction of zero or positive literals and is mixed
if R5, contains at least one negative literal. Hence the resolvent of A and B
will irlways be either positive or mixed.

3. Let A : -Lr I Ro and B : Lz I -Ll \ R6, aro negativeandmixedclauses
respectively, where Ra is a disjunction of zero or more negative literals and R6is disjunction of zero or more literals and Lr unifies with L2 under a
substitution (D. By application of binary resolution, the resolvent is:
C=(-L3lRulRb) O which is negative if R6, is a disjunction of zero or negative
literals, and mixed if R6, contains at least one positive literal. HenJe, the
resolvent of A and B will always bc eithcr negative or mixed.

4. Let both A and B are positive clauses. It is obvious that for each (positive)
literal in A, there is no a contradictory (negative) literal in B since they are all
positivc. So, tro possiblc rcsolution can bc applicd on two positivc clausos.
Similarly, if both A and I3 are negative clauses, then for each (negative) literal
in A there is no contradictory (positive) literal in B since they are all negative.
So, no possible rcsolution can be applied on two negative clauses. W" 

"uncouclttdc that uo rcsolvcnt is possiblc bctwecn A and B il'thcy both wcre
either positive or negativc.

Definition 4: A non-empty set S of clauses is said to be, balanced if it contains at
least one positive clause and at least one negative clause. A set S is said to be
unbalanced if it is not balanced.

Theorem 3 (thc unbalanced set thcory): If a set of clauses S is unbalanced then
it is satisfiable.

Proot We know that S is satisfiable if there is no deduction of the empty clause
(i.e., deduction of contradiction). It is obvious that the empty clause ii neither
mixed nor positive nor negative because it contains no leterals. Since S is
unbalanced then it is in
one of the following cases:
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1.S is a set of either positive or negative clauses: According to conclusion 4 of
theorern 2, there is no possible resolvent at all. So, it is impossible to deduce
thc empty clausc lrom S.

2.S is a set ofonly mixed clauses: According to conclusion I of theorem 2, only
mixed clauses can be resolved from S. But the empty clause is not mixed.
So, it is impossiblc to dcducc thc cmpty clausc from S,

3.S is a set of mixed and positive clauses: According to conclusions 1,2, and 4 of
thcorcn 2, only positive and mixed clauses can be resolved from S (any two
selected parents are either both positive or both mixed or one positive and
one mixed). Since the empty clause is neither positive nor mixed, it is
inrpossible to deduce the empty clause from S.

4.S is a set of mixed and negative clauses: According to conclusions 1,3,4 of
theorem 2, only negative and mixed clauses can be resolved from S (any two
sclected parcnts are either both negative or both mixed or one negative and
one mixed). Since the empty clause is neither negative nor mixed, it is
impossible to deduce the empty clause from S.

From l, 2, 3,and 4 we conclude that the empty clause cannot be deduced
from the unbalanced set S. Since resolution is a refutation complete inference rule,
thcn S must bc satisfiablc. So any unbalanccd sct olclauscs is sa(isfiablo.

Unbalnnccd set mcthod as an algorithm outlinc
Wc carr usc thcorcrl 3 to dc(cct a casc in which thc satisliability ola givcn

sot is assulcd. Wc can tcrnrinal.c thc rcsolution proccss and announce the lailure of
thc theorcrrr whcncvcr thc sct ol clauses beconrcs unbalanccd (that is cither no
positive or no negativc clauses exist) cven iltherc is still more resolvable clauses
in the set. Thc balanced algorithnr consists of thrce parts that are distributed
among the thcorcm provcr. Initially, two countcrs Pcount and Ncount arc assigned
to thc number ol positive and negativc clauses respectively in thc set. The three
parts are:
l.Checking thc set balance: This part is responsible lbr checking the balance state

of the set. Whenever any sign is lost (the respective counter becomes zero),
the prover terminates with failure. Otherwise, proceeds. Checking part:. if eithcr Pcount = cmpty or Ncount = entpty thcn terminatc with failurc.

2.lncrement the sign counters: This part is activated whenever a new clause is
resolved and inserted into the set. Incrementing part(Clause):

. if positive (Clause) then increment (Pcount) else if negative (Clause) then
incrcmcnt (i.,icoun1).

3.Decrement the sign counters: This part is activated whenevcr an already existing
clause has becn deleted either by backward subsumption or by the reduction
proccss. Dccrcmentpart(ClauseList):
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. For each Clause C in Clauselist:
' if backward subsumption or reduction process of Clauselist then if positive

(c) then decrement (Pcount) else if negative (c) then decrement (Ncount).
. Activate Checking {check the set satisfiabilityI

Example : Suppose we have the following stable set of clauses:
l. divided (x,2) | - eve, (X). {even numbers are divisible on 2}
2. even (X) l- double (X). {any duplicate number is even}
3. double (X) l- even (X). {any even number is duplicate}

Suppose we have the following theorem:
Forall Num (- double (lllum) + divided (Num, 2)).

{undoubtedly, the theorem is incorrect and hence the set is satisfiable}
lf we negate the theorem and transform it into clause form the result will be :

4. -double (sko).
5. -divided (sko, 2).

e. wl
Predicate Positivc List Negative List
Dividcd 1 5

Even 2 1.3

Double 3 4。 2

The result rcdiqate table, PredTablc, will be

Table 4. Predicate table

Although the resulting set is stable, it is unbalanced. Notice that we do not
have any positive clause in the set. So, according to the unbalanced method, the
set is satifiable and we can terminate the process of resolution and announce that
the theorem is not proved. We can notice the following :

' The unbalanced method detects a case in which the set is satisfiable.
' The set balancing state is initially detected and redetected each time a

clause is deleted due to a backward subsumption or reduced singular clause.
' The set balancing state is maintained by the use of two counters, Pcount

and Ncount.

' Balanced set is not necessary unsatisfiable. But unbalanced set is for sure
satisfiable. That is balancing condition is necessary for unstisfiability but not
suflicient.
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2.3 Thc Directed Resolution
In theorern proving, the available tools are the available resolution

extensions such as binary resolution, factoring, both types of hyperrcsolution, ur-
resolution. Each of them is efficient on some set of clauses and inefficient on
others. Even for refutation complete inference rules, it may take many proof steps
with a gcneration ofnumerous numbers ofresolvcnts. The criterion olselecting a
suitable inlcrcncc rule is ambiguous, since there are many factors that affect the
resolution process. On the other hand, if we apply a number of inference rules on
a set we will obtain a huge number of clauses. Our cxperiments on various kinds
ofinference rulcs, scts olclauses, and strategies have suggested the following :

The propsed selection criterion is to select an inference rule according to
the selected clause not to the whole set. There must be an efl'ective strategy for
selecting clauses. We have formulated a dynmaic inference rule combined with an
improved strategy.
Thc improvcd set support: Our experiments with the known set ofsuppo(
strategies have suggested the following improvements :
.lt is better to build a queue of supported predicates within supported clauses
instead of supported clauses only. Each supported clause is investigated, and each
predicate in it is given a priority according to the number of its contradictory
predicate occurrcnccs in thc sct (using thc PredTablc of thc rcduction process).
. Employing the weighting ordcring strategy, each clause will be assigned a
.weight. This weight corresponds to the number of literals it contains. The queues

will be sorted in ascending order with respcct to wcights.
.ln any rcsolution stcp, wc enrploy a unit prefcrcncc stratcgy to sclect the clauses

fiom thc unsupported clauscs. The selected clausc must havc the contradictory
predicate with rcspect to the supportcd predicatc ol thc supported selectcd
olause (PredTable is to be sorted with respect to thc clause weights).

Our procedure can be summarized as follows:
i. Select the special hypothesis and the negated theorem clauses and consider them

the set of support.
ii. Build thc set ofsupport queue. Each cntry in the set ofsupport queue is a triple

containing the clause number, its respective weight (the number of literals it
contains) and the supported predicate within the clause. The supported
clause has a number of entries, one for each predicatc. These entries are
sorted in ascending order according to the number of contradictory predicate
clauses by the assistance of the predicate table PredTable.

iii. Build additional thrce queues, the positive clauses queue, lhe negative clauses
queue, and the mixed clauses queue. Each entry of these queues is a pair of
the clause number and its corresponding weight only. Sort each queue in
ascending order with respect to thc weights.

‘

´
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The Dirccted Resolution Inferencc Rule: In order to build an efficient inference
rule, we have combined binary resolution, factoring, positive hypemesolution,
negative hyperresolution, and ur-resolution in one inf"r"n"" rule, the directecl
resolution inlbrcncc rulc. The process of this rule is as follows

Frorn the set of support queue supeueue, with respect to its supported
predicate (and using PredTable), determine the list of coniradictory piedicate
clauses. Perform a binary resolution step upon the supported predicate. If the
binary resolvent (if exist) is negative, then it is considered as a nucleus for a
positive hyperrcsolution step. A successful hyper step may resolve either a
contradiction ol' a positivc resolvent. If the hyper step faili, the latest intermediate
hyp:r clause is kept if it is a unit clause. The same steps hold if the binary
resolvent is positive (interchanging the term positive with negative in the previous
context). In the case of a mixed binary resolvent, both positive and negative
hyperuesolution are applied on it separately, thus resolving positive and nelative
clauses (if exist). Factoring is implicitly applied within each resolution step (if
there are factors). The binary resolvent is kept in the set unless subsumed by one
of its deccndents. If the set of support becomes empty, the proving proclss is
terminated and the set is considcred a satisfiable set.

The Directcd Rcsolution algorithm outlinc
algorithm directedResolutiott (C(n, p, w), FinalRes):

{n: clause number & p: supported predicate & w: assignecr weight}
determine (-p, Controlist, PredTable);

{the clauses list of controdictory predicotes to p using the predrable}
if not entpty (Contralist) then

dclcrmiilc (E:urtqr(tt, u,), ()on lrt I.i.st) ;
perform (binorl;, C, E, R*ohwil);
il not ncgativc (R*olvent) than {posltive hlndr-y tcsollcnt}

d 4 e r m i n t (h eg o t iv e, A'e.g,Snfs/;
p t rfn n n ( n ry a r iu d I y p e r, R e s a I v en /, A rf$h/r', 

^F 
ia alrtasJ ;

utd if
if nttl po.vili,'t (Iksolvcnt) thcn fircgativc binary resolvent.l

ile I * ni uc (p o.t itfu e, Fos.9alsJ ;
pc t'fo ru t (p os i t ivell yp e r, R n o I v e.fi f, P es,l al s, I?i t t ul R as) ;

u.tl. if' md if
cnd dil t c lulRcs o I rtti o n
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Exannpc:Considcr thc f01lowing sct Ofclauscs:

1.p(X,Y,Z)|～ q(X)|～ q(Z)。
2.んp(x,Y,Z)lm(X)lm(Y)lm(Z).
3.～m(1).

4.～m(2).

5。 ～m(3).

6.q(1).

7. q(2).

8. q(3).

Supposc our ncgatcd thcolllle iS Clause 8。  The resulting predicate table,
PrcdTable,and set― support qucue,SupQueue,will be:

Predicate Positive List Negative List
P 1 2

Q 6,7,8 1

M 2 3,4,5

Table 5, Predicate table

SupQueue: (e(8,9, positive, l)).
If we pick the supported clauses 8 and resolve it upon the supported

predicate p with contradictory predicate in clauses l, wc will obtain p(3,y, Z) | .
-q (Y) | -q(Z) as a lrinary rcsolvcnt. Sincc it is nrixcd, wc will apply positivc ald
negative hyperresolution as fbllows :

9. p(3,1,1).

10.P(3,1,2).

11.P(3,1,3).

16. p(3,3,2).
17. P (3, 3, 3).

Are the positive hyperresolvents. Notice that no negative hyperrsolvent is
possible since the only contradictory p. is in mixed clauses that cannot be
satellites. The next supported clauses will be 9 which will be binary resolved
with clause 2 (upon the contradictory predicate p) yielding: m(3) lm(l) | m(l) as
a binary resolvent. Since it is a positive clause, a negative hyperresolution is
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applied (this clause as a nucleus and clauses 3 and 5 as satellites). If we condider
clause 3 as two distinct satellites, then the result will bc the empty. The proof

- steps are as Ibllows :

9. p(3, l, l) from clauses 8, l, 6, and 6.
10. Iimpty clause fu.om clauses9,2,3,3, and 5.

From this result we find that our prover resolved l0 clauses until resolves the
empty clause. But if we cousider the same example with positive hyperresolution
(even with the use of set-of'-support), the resolvents will be:

9. p(3, 1, 1).

27.p(1,3,3).

Selecting clause 2 as anucleus we will have additional l9 positive clauses
for each positive satcllitc liom 9 to 27 as follows :

28. m(3) lm(I)l m(l).

46. m(l) lm(3) Im(3).

Now we can pick clause 28 and resolve it with the nucleus clause 3 to
obtain:
47.m(3) lm(l).

By selecting the nucleus clause 3 negative we resolve:

48. m (3).

Finally by selecting the nucleus clause 5 we resolve :

49. empty clause.

Notice that hyperresolution resolved 4l clauses until resolving the empty
clause. In this case the proof is :

9. p (3, 1, l) from clauses 8,6,6, and l.
28. m(3) lm(l) lm(l) from clausesg and2.r 
47. m(3) I m(l) from clauses 2g and 3.
48. m(3) from clause s 47 and,3.
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49. ernpty clause from clauses 48 and 5.

Tl.ris examplc shows clcarly the efficiency of our directed resolution
comparcd to positivc hypcrrcsolution. A similar hugc size will be obtained if we
use other extension ol resolution such as negative hypcrrsolution. we notice the
fbllowing:
. Our inl'crcncc rulc, dircctcd rcsolution, tcnds to find thc shortcst rcsolvents,

so the dircction towards the empty clause is progressing. We keep the binary-
step resolvent (unless subsumed by its decendents) to preserve the refutation
completemess in some critical cases.

. In thc worst case, the directed resolution will behave as efficient as an
appropriatcly chosen hyperresolution type on the given set of clauses.. The improved set of support strategy reduces the number ofgenerated
clauses in a resolution cycle because it resolves only on a spccific prcdicate.. The application of a positive-hypenesolution-step on a negative resolvcnt
from the binary-step is more likely to resolve an empty clauses. In some cascs
the rcsolvent will bc positive. Thc samc discussion holds lbr ncgativc
hyperrcsolution.
In the case of mixed clause binary resolvent, it is preferable to transform it into
positivc and negativc clauscs to increasc the chancc ol cintradiction.. Factoring is implicitly uscd whencver possiblc. Subsun.rption in each
direction is employed. Tautologies are also detected and deleted lrom the set
ol clauscs. Morcovcr any backward subsuntption activatcs thc rcduotion
proccss antl diagnosing proooss.

. With thc assistancc ofthc predicate table, searching lbr rcsolvable clauses
and contradictory prcdicatcs among them is indcxcd compared with the
cornbinatorial scarching for contradict literals among sequentially inspected
clauses in the old fashion theorem provers. The directed resolution is more
efficient.

r Because thcorenr proving is NP-Complete problem, we direct the process
toward the most fruitlul direction.

The Intelligent Theorcm Prover, All Together
Thc introduced new charactcristics olour thcorem provcr comparcd to its

ancestors are as lbllows:
. The use ol multiple inference rules with an intelligent selection ol the

appropriate infercncc rules in eaoh stcp with respect to the clausc under
consideration. 'lhus directing the process toward a solution.

r The permanent monitoring of the clause set for an early and intelligent
diagnosing the satisfiability of the set.

“

/` ど′S″
`″
bjll′ 4″rrい、κ 3_ι″
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r The intelligent detecting of the clause set for the described class of
unnecessary clauses and deleting them.

' The ir-rtroduction of additional termination conditions applied to the
theorem prover.
our theorem prover can be programmed with any efficient programming

language (we programmed it with Turbo pRoLoG v.2 programming language)-.
It will be stated here as an algorithm. It is divided into three parts as followi: 

-

r Input part: This part is responsible for accepting information representing
thc ploblem undcr considcration. This inlomration can be entered in a window
either in a prcdicate calculus form (a transformation process will be applied)
or in a clausg fbrm. During the transormation process, each existentially
quantified variable is replaced with a scripted skolem symbol (sko k) and
every universally quantified variable is replaced with a scripted symbol (VAR
k). Whenever, a new replacement occurs the script is incremented. Each
transformation step is displayed in a second window and the resulting
logically equivalent clauses are displayed in a third window.

' Proocssing part: Intially, a prcdicatc table is displaycd for the original sct of
clauses. A brief set-support, counters for the positive and negative clauses,
counters for subsumed, reduced, and tautology clauses are displayed on
several windows. A window lor each resolved clause is also displayed. The
theorem prover terminates when either a contradiction or no contradiction is
found.

' output part: The user can select one or more of the following output
modes: Textual proof steps, Graphical proof steps, Printed proof steps, and
Statistics.

Thc Intclligcnt Provcr Algoritun Outline:
olgorith m theo remProver :

input injonnation;
build the improved set of support qaeue SupQueue;
build lhe queue of ordered positive clauses PosQueue;
build the queie of ordered negative clauses NegQueue;

. build the predicate table PredTable;
Conlradiction €Jalse; .{iniliatstote}
Pcouttt € 0; Ncount ( 0; {for positive and negative clauses}
reductiort (PredTople); {activate tlie Reductiortprccess}
rf empty (SupQue ue) or emptlt (PredTable) then
ontioutii:e ('failure ,, no conlruiliilibn");

clse
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ABSTRACT
A total of(1600)urinc salllplcs,collCCtcd randomly from palents Of 3

hospitals in Baghdad city,sufFcring from urinary tract infection(U.Tl),WCre

examincd for gencral urinc analysis,urinc culture and antibiotics scnsitivity test.

Only (126)urinC Samplcs rcvcalcd thc prcscicncc oFpus ccls during thc gcncral

urinc analysis. Each urinc sallaplc was culturcd on blood and MacConky agars.

The isolatcd colonies were counted and estimated according to Kass scalc The

rcsuits showed that(107)urinC Samplcs containcd signiflcant growth,(7)
contahlcd non si3nincant growth,whilc(12)showCd nO gЮ wth Staph api systcm

was used to identify Staphylococcus bacteria and api E20 for Enterobactedaccac

and Pscudomonas  lt was found that Esο 力′″′
`″
″ cο′′ was thc prcdominant

bactcria in thc U.T.I. followcd by each of thc FonowingSi Smphy10cOccuS,
Klecsiella, Pscudomonas, EntcЮ bactcr, Proteus, Serratiへ Acinctobactcr and

Providcncia. The antibiotics sensitivity test showcd that graln positivc bactcria

wcrc complctcly scnsitivc to Nitrofurantoin, Chioralnphcnicol and Gcntamicin,   `

while graln negativc bactcria wcrc scnsitive to Trimethopri:n,Chloralnphcnicol   
‐

alld Ccfotaximc

¨

どLo一 い い1申Lコld→Uひ めⅢ‐ ンン」り 4■ (1600)Ⅲ→

―
,ヴ丼
・
|ゆ井1,メ ‐‖」メⅥJ―押 ●L‖ r_.ミ |`■ .ヽ `J■ ´`い餞

dヽ ‐‖`ヽ り j.こ |メ 与ゝ 」 3■■ (126)JメJ♂ J■ メ |・ヨ J JJ・ m taし劇

Ⅲ 3(107)‐井 |■ゝ`(Kぉs).が コ ■ ‐Ll許 L』工 l●メ ム ´ 丼 ,がlψL,許

い こ ■ (12)Lが い `も井

"J工

1許 (7)Jd坤 lひ む 麟 J工 1許 い

api E,Staphゾ ocoCCus、」■α■ヨ Staph api♂占 3́¨■副♂・ヽ ‐1・|メ lメ

ひ 駒″αた力″οο″ヽ́絲 Jび出l‐聾 |・ PSeudomonas,もJ鴫 甲 |●響 =120
Enterobactcr`Pscudomonas`Klcbsic‖ a`Staphylococcus_Jに い |り1=JメSyl   ・
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(Received 9/9/2000 : Accepred 2l/l l/2001)

ABTRACT
A tolal of 698 ear swabs collected from otitis media palients, from 3

dilJbrent, hospitals in Baghdad city (61 /males, 39o%females), were cultured on
routine culture medium. Proleus bacleria were isolaled only from 70 patients
(67.1'% tnales, 32.9'%femals). Palienls age rangedfron I ro more than 50 years,
divided into six age calegories. The oge colegory no. I (l-10) years showed the

less occumulation of patients and the high accumulatiotts were in the age
catcgory no. 3 (21-30) years. The isoluted Proteus bacteria divided into (3)

species according lo their biochemical raaclions, thc prcdominunl species was
Pro. mirabilis (81.3%') which is disrributed into (60.1 mules and 24.2%females)

followad by Protcus vulguris (l 2.8%o) which is distributed into (7. l'% males and
5.7%o fenrule s) than l'r<t. Pcnncri (2.8'%) which is distributcd into ( I .1'% mules arul
1.4 fcmales). The infection with Proteus bacterio appeared lo be accumulated inlo
the agc cdtcgories no. 2 (l l-20) years and no. 3 (21-30) years. The anlibiolics
sensilivily tcsl .for l'rolaus bacteriu rcvculcd lhul lhc unlibiolic:; Ciprofloxacin
CeJbtaxirne, Chloramphcnicol und Carbenicillin were lhe mosl effeclive
antibiotics and thcir sensilivity were 95.7'%, 94.3%, 92.9% and 87.|'k in
accordancc, thcn Jbllowcd by lhe antibiotics Tobramycin, Gentamicin, and equal
cffecr of Rifampicin and Ampliclox with the following sewnsitivites 8l .4% , 80%,
78.6%. The antibiotics cephulothin and Trimelhoprinr showed moderate effecl
(65.7% and 51.3). The less effective antibiotics were Ampicillin, Lincomycin,
Erythromycin and tetracycline in a ratios 37.1%, 30%,25.7%and 18.6%. The

Haemolysin was produced by (81.a%l of the isolates. The animals Blood were
more favorable to show the Haemolysin ffict than Human Blood. Among the
animals blood, the rabbits blood took the first Rank and conslitule 37.7%, while
tha cows and horses blood showed the ratios 64.9t% and 5.302 respectively. The
Human blood group A, B, AB showed the ratios 8.8%, 28.1% and 2l.l'% in
accordance.
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i,atitt
,sl-!l ;iYl aQl4;lL;ttl*)l ." (39% ,-it:l , 610/o t6l ;it L* (689) ti i
61.1%) i-J-1c (70) ,s-* k4,-r-*'sl t-t ,;* qt-:,A / ..tlt;t i4.s. ui ctt=,;.t':..,0 cj$,1
."' " .,-Jc *)-* (il- 50 ,)" -El - I ) ,x L 

"yul*ll Jl-c.l ,",^Jt) .(,-!tJl 32.9% ,rSi
(21-30) 4:lilt L.r*tt .i*ilts .tttcYl j;t p 0-10) Jryt +.r-tl iiilt a:tS ,,t,t d1_2oc, a3i
,", U.-t Pro.minabilis u=,a glj;l AD5I e-fr. sl U-.+ ,',. ..t, ..2u1*Jt l.:cl lKt 7,;i
Prtt. t ,t-.* i ' ,il-iyl c,s. )1.)(/u J )J,3)ll t 60.1% 4'.,,i' *)y (45.3%0) 4'.i
trr;t" ,it:vt e (5.7%o) s J6!l b (7.1%o) 14-+ u)-* (12.5%o) 1+,+ ,-,tt.s vulgaris

auyl (1.1%o) s t6rll t:c (1.a%) ily +j-*. (2.5%o) i,-,,:' c'U_t Pro.pe nneri

oLal r-icr . (21-30) lill:Jlr (11-20) AN 4+r-Jt i@t d c*slt-ojt ctt4t-t cr_6t
i-rlUl ctlJ.a.Jl ,",t';^l t.;L;y (14) flr;i-l' u,,i.ll ba tl-ily ANI cii--anll +-L,,,rll u-sj
;ul-,'it.j9liJJSJii.lJ-1l[Sll .a,,Sbt*- tCrat."(tti-Uylt u ,-E gs ifll i;_2/:*ll is.
a* a-!3 L4W 4iJll ldh .,Jlnll ,,'. .^ 87.1%, 98.9%, 94.3%r, 95.7% i|-l-,,- ,,:,..,,rr

78.6%, 78.60%, : 4-'JUl ,+ilrJ g*{JJS c!.ylJ 
"u,,+.1;2Jl 

,,s_tL-;s ,}!+tL!';i, etal-\2.J:i
,,' "\'s jHl 

"A-JJ. 
d,* ql2" ,-p.. :lW ,atl--z.Jl ulS ,* s-i t,-ritnll ,,, ,^ 80o2, 8./.4%

r")t-+tt v(;t . Jt!-t yl ,F tr,;U otrtr.lt Jil L"t .Ctllt u!.J 54.3%, 65.70% ApL,,-

4-Jl ;13.18.6ok, 25.7?6, 30%,37.1% 4!Ul ,-t-,iJL ciils,'t,- LTI*l-lJni tit*LuDl
,78.9'% JJJ Hyr4dJl -pa t*L st blyl l^a ,Jl2Yt rrs (o) 4JJ*i a&ll
."' L.l -t-i!;cbS ,.,illlAB, B, A a;1dll /J a;jYl JUL*iJl e':,6 ,.* ,rt ,Ctflt ,sJr 73.7%

LLc ;2_e*;j 5.3%, 64.9% ,,t...i,rJ JJ*;JIJ -9cl-ll 7t AlrS 2l.l%, 2.8o%, 8.8% 4tlflt ,-r^,,iJl

.,i;KJl et!;*Jlt* u fll.iJl-- a;6 aY_nJl ,t 81.4% ;l *-L

Lri"ll

Altls i '::'r' ,,'lL;11 .=J ./,1 JLxijYl :-..'lJ 4+J.Jl 
"[l.lrJl O. ,J.-!l 6:)l crl-r.16:ll r,i

_ll i,+jr!l el6 ill (r_)a.) Lt-YlS,_-cJJl qF-"ixll jt65ll d.,l+L61ll ue aJJtJl crUcl;^ll .:-!
t''(pur) a-,Ji;rL e r>r .1i)l os Cl .r*r ,-.,LdIrl jrui:, ,t;jJr!l

,_,-: .el_,,S li9l ir+J.l irJ. l- r.,1;1 L cll-ti3: ,JtdJYl &hsl o-i LLI l.,13: l+ ns+ll ,,,,13

C+l g; \ tt .(Proteus) cr:+_l-rr o"bll lJiS .-rt{-,lX ar,*ll flJS iir- a.JL !;is+ll llrll
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