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ABSTRACT

A. Strepronryces griseus isola:e (IN) was used (among other isolates) due to
its abiiity in producing high quantititss of vitamin B12 after propagated in a medium

containing CoCIz.6HzO. The isolate rvas propagated in the medium under various
grorvth parameters in order to establish the optimum conditions required to produce

the highest concentration and purity cf the vitamin. An average number of 2.5x 1012

spores/rnl was found to be the optimum inoculation giving the highest Brz

concentration (i23.0) prg/ml. High vitamin concentration (130.9 pg/ml) was

obtained at pH (8.0) and incubation temperature of (28)"C. When seven different
organic cornpounds were (separately) add to the medium, (2-2-Bipyridin-3-3-diol)
resuited in the highest B12 conc€ntration (149.5) pg/ml among all experiments. The
six otlier compounds exhibited no or negative effect on the growth of cells and

vitamin production.

INTRODUCTION

Vitamin Brz is a generic term used for a group of cobalt containing corrinoids
(cobalamins), that have bioiogicai activity in human(r). Chemically, vitamin B12

consists of cobalt in a coordination state of six coordinated position by a tetrapyrol
(or corrin) ring in one position by abenzimidazole nitrogen, and in the sixth position



Improving Produaion Of l4tamin 812 l]t'Strcptomyces Griseus Ander Dilfere Grot'th
Conditions Abtlul W. Baqir, a aL

by one of several different ligands(2). The various forms ofthe vitamin have either a
cyanocobalamin (true vitamin B12), hydroxocobalamin (vitamin B12) equocobalamin,
methylcobalamin (meco cobalamin) and 5-deoxyandenosyl radical, respectively€).

Crystals of cyanocobalamin are needle like and contain about l2Vo waler,
stable in aqueous solution at room temperature, labile in strong acid, alkali and light.
However, it breaks down rapidly when exposed to pH below 2 or above 9({).

Vitamin B rz is lreely soluble in water and alcohol, decomposes in the presence of
scorbic acid, thieomine and nicotinamide, so makes it difiicult to prepare vitamin B12

containing multivitiamin products(i). B12 present in liver, kidney, nil( eggs and
muscle tissue, it is not present in any fruits, nuts or green vegetable(r).

Vitamin Brz was first isolated from liver in 1948 by a very difficult
procedure, only 200mg ofBrz was isolated from one tone offresh live/D. Actually, it
is synthesized by a wide variety ofbacteria and actinomyces, significant quantities of
vitamin B12 have shown to be produced by Streptontl,ces albidoclaws, S.
qntibiottcas, s. farinosus, S. fradiae, S. gz iseaq S. aureofaciens, S. farinostts, S.

olivaceus, S. vinaceus, S. roseochromogerres(3). Streptomyces produce forms of
aerial mycellia(8). The natural habirat ol Streptomyces in the soil, where they may
constitute from l-20%o of the total population. In fact, rhe odor oimoisty earth is
iargely a ry$t! of volatile substances (such as geosmin) produced by
streptomyces(e'10'll). A relationship was lound betrveen to*e en ,..tnir and spores
production of streptomyces; which is affected by the concentration of nutrients in the
mediumlr2). Th streptomyces needs few requirements, but addition of cobalts
activates the production of vitamin B12(').

Optimum pH for Srreptomyces gro\rth range betrveen (7-8). but its growth
stops ar pH 4.0tr: r'rt Optimurn iemperature for th gro*rh oi Streprcmvces ii 28'C,
low or high temperarures could limit the spores production and pigments
secretion"''. Genetically, Streptomyces are unstable, because it has been observed
that the new colony shows difI'erent shape cornpared ro the moihers spores(Is).
Production of vitamin B12 is similar in all microorganisms which requires special
substances such as glucose, cobalts and others(3). Glucose plays verv important role
in activation of Alfa-Synthetase. which consequently leads to the B11 productio 16).

Every two molecules of 6 amin lerulinic will give one molecr.rle of prophobilinogen
in presence of prophobilinogen synthase(I7) rvhich be converted to pynole rings in
Dresence of phophobilinogen dearninase, then to uroge rl). and ihis will either
terminated to porphyrin compounds and then to chlorophyl or ireamoslobine(r6), or it
will end up by forming the corrin ring which be convened to cobinamide (cbi), and
that be converted to cobinamrde phosphate in the presence of cobinamide kinase(r8).

The last compound rvill be convened to cobalamin (cbl) in presnence of
cobilnamide phosphate guanyly trnasferase(re). It was lound that Brz which is
produced by industrial methods will be in the lorm of Cyanocobalamin (cN-cbl)eo).

The aim of the study rvas to improve production of vitamin B12 by using
different growth conditions.
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Spores activation medium rvas prepared by dissolving the following
compounds into lL of D.W;(30)g soybean meal(30)g glucose, (10)g CaCO3,pH was

adjusted to (7.0) by (0.1N) NaOFil2l). After autoclaving (121"C/15min), culture sizes

of 107 to 1013 spores /ml were separately inoculated into a medium containing the
following ingredients dissolved in 1L of D.W; soybean meal (30)g, glucose (30)g,
CaCO3 (10)g and CoClz.6HzO (0.025), pH was adjusted by (0.lN) NaOH to 7 .ZQD.

Inoculated media were incubated in a ihaking incubater (280rpm/min) at 28"C for 12

davs.

Effect of Temperature, pII and Different Compounds
Vitamin B12 media(zl) were inoculated by 1010 spores/ml, and incubated in a

shaker for 2 days at the following differed temepratures (20,25,28,30,32)"C. The pH
eflect on B12 production was absorred by preparing eight production meciia(2l) at

ditlerent pH (4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 9.5, 10.0), inoculated by 1010 spores/ ml,

and incubated at 28"C for 12 days.

The last experiment included the addition of (100) mg of the following
precursors to the medium (Pyridylazo-2-naphthol, 2-2-Bipyrindin-3-3-dioi,
P1'ridoxine hydrochloride, (Vitamin Be), Pyrocatechoie, Pyrrole-2-Carboxyaldehyde,
Riboflavin (Vitamin B2). After adjusting the media pH to 8.0, they were cultured by

10r0 spores/ ml of S. griseus (IN), and incubated in the shaker at 28oC for 12 days.

Extraction of Vitamin Br:
The vitamin was extracted after tbrmentation by the methods recommenderi

b1, \,tcCormick and Wright(2l); Florent and Ninet(22)as follows
Extracred medium was heated at 12i"C in the autoclave for (30) min to

reiease the vitamin. the pH 'vas adjusted to (8.5) by (0.1N) NaOH, approximately
5ml of KCN solution (5%) rvas added to each (100)rnl of the medium, agitated for
iohr at 25"C in the shaking incubator, (0.294)9 of Zinc chloride was added to each

100 ml, mixture was held for (30)min, and the pH rvas adjusted to (8.0) by (0.1N)

NaOH. The medium was filtered through (No. a.0) filter papers in order to separate

the bacterial cells from the filterate. One part of phenol-benzen mixture (30 part

pheneol (88%)+70 parts benzene) rvere added to each part of the filterate, the

enrulsion was separated in a 250m1 separating funnei, and the organic layer (bottom)

tvas saved One part of n-butanol-D.W. mixture (two parts of n-butanol + one part

of D.W) *,as added to each part of organic mixture, bottom layerwas kept. This

step lvas repeated three times, and the bottom layer was collected. Aqueous layer

was concentrated to 3mi by a rotary vacuum evaporatore at 80oC, then purified by

sephadex G-25 colLrmn chromatography as described("). The flow rate was fixed at

0.75 ml/min.
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The pu■ied vita面n B12 WaS eStirnated in each ia∝ ion by spectroscopic

method at 361nm and the readings 、vere converted to concentrations using the

standard curve(23)

Dry Weight Determination
Dry weight of S 3z'lseus rvas determinated according to Sharma et.al.(24),

Gerhardt et.al.e5), Stanier et.al.(26, as follows:
Filter papers (No. a.0) rvere dried in penridishes at 105"C for 2hr. After

drying, the papers were transferred to a funnel adjusted over a 250m1 conical flask.
After fermentation and extraction by the autoclave, the medium was filterated
through the papers (with the aid ol vacuum) to separate rhe filterate from the
bacterial cells. The supernatant was used to determine the concentration ofB12 by
washing the papers three times rvith sterilized D.!V, then transferred to the oreginal
petridishes. The filter papers and perridishes rvere dried under the same conditions,
and the dry weight ofbacterial cells were calculated as follows: (the weight offilter
paper after drying + bacterial cells)-(dry weight offilter paper after drying).

RESULTS AND DISCTISSIONS

All fractions eluted lrom sephadex G:s column chromatography were tested
for vitamin Brz detection using the spectrophotomerer method at 36lnm as shown in
figure 1. The results showed vitamin B12 waS eluted in tubes berween (8-20) as
compared to vitamin B12 srandard rvhcih ..vas eluted in tubes between (l l-18) from
ihe same column. The concentration ol,. itanin B 12 produced was estimated using
standard curve of B12 for all experiments as shorvn in iigure (2), and the results of
optical density readings at the concentrated vitamin B12 fractions is shown in figure
(3). These results indicated lrrat the use of an average of 2.5 x l012 spores/ml gave the
highest concentration of viramin B12 (123.0 $giml) which is in consistent with the
results obtained by Ko and Hesseltine(27). Steinkaus(2s), Shaunleff and Aoyagl(2e).
They concluded that most bacterial species and some fungi are dependent on the
nature and quantity olinoculario. oftheir cultures. \lulyorvidarso et.al.(30)found that
the best nubmer of inoculation tbr production rredia by soores olfungi and semi
fungi was befween (108-10') sDoresrrnl. Sudarmadji and Markakis,:r), on the other
hand, found that the best nunrber ot spores of inoculation ibr production media were
(103) to (10)8 spores/ml in 30 hrs irrcubation time.

Table (1) shorvs the dry rveight ofba*erial cells after fermentation period,
which ranged between (2.5)g in (10'rt) and (1.5g) in(10'7) dilution. Resuits also
confirmed the presence ofa relationship berrveen drv weight ofbacteria cells and the
concentration ofextracted B12. Benvick(i.) statecl that any quantity of active material
depends on the number ofspores used tbr inoculating the production medium.

Figure 4 shorvs that the iiactions of the eluted B12 were limited in tubes (9-
22), compared with those olthe standard B11 r.vhich rvere limited in tubes (11-lg).
After concentration the vitanrin. standard cune of B12 (figure 2) was used to obtain
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O.D values. Concentration of vitaminBn(123.0 frdrnl) was achieved from extracts
of the production medium incubated at28oC, while treatment incubated, separately,
at (25"C) and (20)"C resulted in extracts with concentrations (30 and 32'C). On the
other hand, the lo',vest concentrations of vitamin B12 which reached (30.1) and
(12.02)pg/ml respectively. Vandamm(3) confirmed that the optimum temperature for
th Streptomyces growth and B12 production was 28oC, while Hollriegl. et.al,(33)

stated that the optimal temperatures fcr the production of Brz by Streptlomyces were
linrited between (26-28)' C.

Table (2) shows the dry we:ght of bacterial cells after the fermentation
period, which ranged between (2 0)g 'xhen the medium was kept at 20'C and (4.4) g
at 32oC, which indicate that the bacterial cells could grow at 32"C without producing
B12. Growtil temperature could play very important role on the synthesis of vitamin
B,r("). Locations of Brz were limited between (8-22) tubes for the extracted vitamin
and between (1i-18) tubes for the standard B12 (figure 6), after the vitamin
concentration the values of O.D were obtained from the standard curve of Bru. Later
the concentratiolrs wer estimated for all treatments (figure 7) shows that
cottcentrtiorts of 812 was increased :o (130.9)pgiml when production medium was
incubated at pHS.0 A sharp decrease in the vitamin concentrationwasreached
(a.55)pg/ml '"vhen the medium was incubated at pH 4.0. Streptomyces is able to
grow at a r,vide range of pH and could produce different types and concentration of
B,2t't', Havakarva and NonomuraG') confirmedthatdespite Streptomycesisableto
gror.v in pH ranee of (5-9), but the optimum pH for the growth is limited between (7-
8). similar results ',vere recommended by Pan and Lei(36) when found that optimum
qi'cv,itl.i pH rvas limited between (7-7.2).

fhe pH plavs very important role on the enzymes activity involveci in the
ploduction of Brz and its dei-ivati..'es Blanche et. al.(t8) found that the cobinamide
kinase anci cobinamide phospirate, l-vanylyl transf'erase possessed their maximum
activity at pH S.0, any increase or ciecrease in the pH will effect their catalytic
activity. Table (3) show the dry weights of bacterial cells which ranged between
(2 7)S fbr cells grow at pH 8.0 and (2.4)g for those grown at pH 4.0 such low pH
rnay inhibit or highly effect the activity of enzymes involved in the synthesis of B12.

The enzvmes responsible tbr Bru production could be stopped at these conditions.
Figr-rre (8) shows that the fractions of extracted B12 wer€ limited between (9-

22), and bet"veen (11-18) for the standard. ConcentrationsofBl2obtainedforail
treatnrerrts are shorvn in trgure 9. It appears that addition at 2-2-Bipyndin-3-3diol to
the production medium (as e precurso) improved Brz production, when
concentration of extracted Brz from this medium increased to (la9.5)pg/rnl as

compared rvith ( 17 .97)pglml which rvas obtained when the riboflavin was added to
tire medium.

The addition of pyrocatechole (as precursor) to the medium had adverse
(negative) etlect on the production of B12 when its concentration decreased to
(17 97)ug/rnl. B,vkhovskii et al.(3;) confirmed that addition of some organic
compounds had an improving effecr on the pathway of vitamin B12 production,
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especially those having cobalt in their structure (Uropoporpyhyrin, Coproporphyrin,
Cobaltocoprophyrin). Dry u,eight of bacterial cells after fermenration period are
shown in table (4).

These results indicated that the bacterial cells were able to utilize all
substances added to the medium for their growth. lvlarks(s) confirmed that addition
of some vitamin like (B1, nicotine amide, and vitamin C) tc the production media
increase the biomass of bacterial cells but exhibited negative effect concerning
production of B12.

Table l: Dry weight of Bacterial cells arrer fermentation

100耐 dilution

Iable 2: Dry weight of bacterial cells after ttrmentation
iod at different temDeraiures

1 00nll I ttre temperature Co

20

2.0

Table 3: at different pH.

1.9

25

2.0

1.7

24

of bacterial cells atter fermentation
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Table 4. Dry weight of bacterial cells after fermentation period with addition of (7)
prcuttors tO the medi■

1 00nll The precursore

2.9 Pvridvlazo‐ 2-naphthol(1
つ

一 2-2-Bipvridin-3-3-diol(2
う
０ Pyrdoxine hydrochlordie (vitamin Br) (3
2.7 Pyrocatechole G

０
０

う
０ Pyrrole-2-Carboxyaldehvde (5

43 Ribonavin fvitarFlln B,)  f6

4.7 Pyrroeailol (7
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Identiflcation of Bacterial Strains lsolated Fronl Patients With

Urinal・ v Tract lnfected and The Role of Plaslllids in Their

Antibiotic Resistance

ZEANA G.FAISAL,FALAⅡ  A.ATTAWIAND GⅡALIB Ⅱ.AL‐BAKIRI
Depal・ tnlellt of Blotechnology,College of Science,Saddam University
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IdentiJicution oJ Bacterial Strains lsolutel Fron Putients Ll/ith Urifiary Tract lnJected and The
Role of Plasmids in Theb Antibiotic Rcsistancezea,t( G. Faisal, et al
bacteria and to two genera of Granr - positive bacteria. E. coli was the major
causative agent and comprise 4096 of all cases. Klebsiella pneumoniae and Proteus
mirabilis were second and third rvith 18.67% &. ),8,0% respectively. Other Gram-
negative bacteria u,ere belong to the genera Enterobacter, Acinitobacter,
Pseudomonas, Citrobacter and Serratia. Ten cases (6.67Y0) were caused by genus
Staphylococcus and seven (4 669lo) rvere caused by Streptococcus. Out ofthe 150
positive isolates 96(64%) were tiom female patients, while 5a(36%) were from
males. High percentage of all isoiares rvere resistant to ail antlbiotics excepts for the
nitrofuranation to which all isolates rvere sensirive. The second most effective
antibiotic for all isolates rvas Nalidixic acid (259,0 olall isolates were resistants),
while the Gentamycin was the third most eliecrive antibiotic (39% were resistant).
7 5oh of E. coli isolates and 869,0 of all isolates u,ere resisrant to Ampicillin. High
percentages of resistance ro antibiotics is a retlection for the missuse ofantibiotics.
Conjugation experiments shou,ed rhat E. coli strains harbour a self transmissible
olasmid carrying resistant genes for tetracyclin (TE), Chtoranphenicol (C),
Streptomycin (S) and Trimethoprime (SXT) It seems that this plasmid is widely
spread in the Iraqi isolates since ir rvas derecteC in all the three examined E. coli
strains. No conjugation \vas detected Lrell,een E. coli and other members of
Enterobacteriaceae like proteus, Serraria and Acinitobacter.

INTRODUCTION
The urinary tract is one of rhe most cornmon sires ofbacterial infection,

particularly in females; l0-20% ol the rvomen have I urinary tract infection (UTI) at
some time in their and a signirrcl,r nu'rber hare recurrenr infectio t).irrri."
disease of rvorldwide irnpo.tancc enrl iu son're ilrsrances it tlrrearens renal function
and may be life(2). Ho*ever a ccnsiderable propcnion of the popularicn may acquire
asymptomatic infection(5). It mav irtr,olvq j11st rhe Io$ er tract or both lower and upper
tracts.(5i.

Urinary tract inlbctions are caused b.v Grarn - positive and Gram - negative
bacteria. However the vast rnajority ofinlections are caused by Enterobacterlaceas
oriC.iLulir^g from the gut(7). The nrosr conrmon bacieria causing ttTls is Escherichia
co 2'3'4 8'e) Protets mirabrlis is otten tssociated with uri,ary stone. Klebsiella
Enlerobacter. Serratia ano, Psctrtlotnonas ae:tfttlittosct are frequently found in
hospital acquired UTI('). Grtnr - positive cocci ceuse UTIs less ollen than Gram -
negative bacteria(r0). Dist.iburion oi bacteria causin.e urls and their antibiotic
sensitivities vary lrom place ro place and tio*r rime-ro tirre depending on theenvironment and the
choice of treatment which require a co[tinuous assessment to establish the resistance
pattem of the micro organismsr I r' rl' 13. r.r' lJ).

The wide spread olbacterial strians resisting several antibiotics become one
of the major problems in trelting the UTI. The antibiotic resistance can be coded by
ckomosomal or plasmid genes. \'rany of the prasmids carrying antibiotic resistance
genes can be transferred fiom ,..rne bacterial cell into anotherby conjugation, thus
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spreading the resistance to antibiotics(16). The association of transmissible plasmids
rvith the ntultiresistance to several antibiotics were established in several bacterial
spp. Causing UTls(li' i8).

In this study the distribution and antibiotic sensitivity of bacterial strains
isoiated from UTis were determined, and the role of transmissible plasmid in the
resistance to some antibiotics was investigated.

N.IATERIALS AND }IETHODS
. Sanrple collection and culture : Midstream urine samples were collected in

sterile tubes from patients in saddam medical city hospital and Al-Hilla hospital
durring the period from 20.6.1998 to 10.8.1998.

Loopfirl of undiluted urine samples were spread on blood agar plates (Oxoid)
and llacConkey's agar (Difco), and inclubated overnight at37"C.

o Brcterial identification : Gram - negative bacterial isolates were identified by
the AP120E system (API Bio Merieux, Lyon, France) that designed forthe
pertbrmance of 20 standard biochemical tests. Gram - positive isolates were
identified by microscopic examinaticn and some biochemical tests.

o Antibiotics susceptibility testing : Susceptibility to antibiotics were determined
ibr rll bacterial isolates by standard disk diffi.rsion method(le), using 12

cor:rmercially available disks (Al-Raze Center Disks). The following antibiotics
r.r'ere tested. Ampicillin (AM, 25ug), Tetracycline (TE, 30ug), Rifampicin (RA,
5ug), Cenhalexin (CX, 30ug), St:eptomycin (S , 10ug) Chloromaphenicol (C,

30ug), Neomycin Q.{ , 30ug), Gentamycin (GN , 10ug), Amoxicillin (AI\D(
l0ug), Nalidixic Acid 0.fd 30ug), Nitrofurantion (FT , 300ug), and

Trimetiroprime * Suifamethoxazole (SXT , 1.25u9 - 23.75u9).
\{ininu-un inhibitory concentrations (MICs) were determined on Nutrient

agar plates (Oxoicl) by agar dilution method(2o).

o Brrcterill Con jugntion : Conjugation between donor and recipient E. coli strains

u as performecl on solid surface as described(2r). Cells of donor and recipient
strains were grown in Brain ireart infusion broth (BHIB) to mid log phase (O.D =
0.35). 0.5 rnl of donor and recipient cultures were mixed and filtered through a

millipore tilter (0.45urn). The filter was laid on the surface of nutrient agar plate

ttnd incubated at 37"C for 6 hours. Cells were washed of the filter paper with
riesh BFIIB, dilured and plated on nutrient agar plates containing the appropriate
antibiotics to select for the transccnjugants. Controls of both donor and recipient

cells rvere treated exactly in the same manner as above to check background
sopntaneolrs mutation ftequencies. Conjugation frequency was expressed as the
numller of transconjugants per donor cells in the mating mixture.
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. Isolation and Identification of Bacterial Strains :

Suspected bacterial colonies were picked up from blood agar and

MacConkey's plates and identified by microscopic examination and biochemical
tests.

The Gram - negative rods r.vere identified by using the API 20E system, while
the Gram - positive cocci were identified by microscopic examination and catalase

and coagulase tests.

One hundred and fifty urine samples were positive (i.e. more than 105

Bacteria / ml were detected). lvficroscopic and biochemical identification showed
that the causative agents were belong to ten different species ofgram - negative rod
bacteria and to lwo genera olgram - positive bacteria (table -l-).

E. coli was the major causative agent and comprise 40% ofall cases (table

l). This is in agreement with what is knor.vn about the E coil as the major cause of
UTI wortd *i6.(r'2'ro'22). AI other gram - negativ bacterial spices isolated during the

study are common cause of UTIs worlds rvide. Horvever their prevalence are

different lrom one place into another(r'2''0). The frequency of infection with K.
pneumoniae and P. mirabilis have approimately the same rate compared with
previous studies that showed that P. mirabilis was the second causative agent of
UTI after E. coh\t'tot. This is problable because Klebsielta and Prolerrs produce
potent urease which acts on urea to produce ammonia, rendering the urine alkaline(l).
Enterobacter , Citrobacter , Serratia and Pseudomonas species are more frequently
found in hospital acquired UTI because their resistance to antibiotics favours their
selection in hospital parients(r'.

Seventeen posirive cases rvere caused by gram - positive bacteria which
represented 11.33% of all positive cases (table - 1). Gram positive bacteria are
kno*"n to be involved in the UTI. Horvever the vast majority ofUTIs are caused by
gram - negative bacteria originating from the gut before entering the uretka.

Out of the 150 positive cases, 96 (649lo) were from female patients, while 54
(36%) of the cases were from males (table -2). It is.kno.,r,n that the incidence of UTI
is generally higher in felmales than the males world 'wide and for several
,easons(''t'tu).

r Antibiotic Sensitivity :

The standard disk diffusion method rvas used to determine the sensitivity of
all gram - negative bacterial isolates that a high percentage of all isolates were
resistant to all used antibiotics except the nirrofurantion to rvhich all tested isolates
rvere sensitive.

Nitrofurantion is an effective antibiotic in the treatment of UTI all over the
worl<ls(2''x\. 7syo of E. coli isolates (the leading causative agent) and 86% ofall
isolales were resistant to ampicillin (table - 3 ). The ampicillin is one common
antibiotic used for the treatment of UTI(10 

:r'2r), 
and the spread ofresistance to this

antibiotic in the Iraqi strain represent a major problem in trearment ofthe infection.
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It was reported in several parts of the world that the wide spread of ampicillin

resistance is due ro self transmissible plasmids carrying ampicillin resistance

gensQ2'24'zs,za1. The second most effective antibiotic agent for all isolates was

Nalidixic acid (25% of aii isolates were resistants), while the gentamycin was the

third most effective antibiotic (39o/o were resistant) (table - 3). Both antibiotics are

known to be effective in the treatment of UTI world wide(2'27). Generally speaking

the precentages of resistance to antibiotics reporteg^in this study are higher than

those reportea in some other part of the world(2'23'27). This is a reflection for the

missus of anitbiotics.
Many of the antibiotics resistance genes were found to be carried on self

transmissible or mobilizable plasmids, and the transfer of such plasmids from one

strain to another via conjugation was one of the major reasons for spreading the

antibiotics resistance between bacterial population specially those belong to the

family Enterobctcteriaceae which represenithe majoicausative agents for UTI(17'18'
2t,25,27).

*lVlinimum Inhibitory Concentration :

In order to determine the proper concentrations of antibiotics to be used in

the selective media for selection of transconjugants, the minimum inhibitory

concentration (lvIIC) for several multiresistance isolated @onor) and E. coli I{BIOI
(recipient) were determined. Results in table - 4 showed that the standard strain i-.

coll HBIOI rvas resistant to rifampicin (RA) and the MIC was 3Oug/ml. However it

was sensitive to all other antibiotics and the MICs were less than 10ug/mi which was

the lor,;est concentration used in the experiment. On the other hand, the three

muitiresistant E. coli donor strain rvere ail more sensitiveto rifampicinthan E. coli

IIBIOI bur they rvere resistant to all other antibiotics tested in the experiment. Their

MICs to ail antibiotics rvere higher than that of E coli HBIOI. According to the

IvIIC values obtained it was decided to add rifampicine (30 ug/ml) and tetracyciine

(30 ug/ml) to the media for the selection of transconjugants results from conjugation

between E. coli strain. The MIC value for other Enterobacteriaceas donor strains

are shown in table - 4, and accordingly (30ug/ ml) tetracycline and were used for the

selection of transconjugants in all experiments.

. Conjug:rtion :

Results of conjugation experiments between different multiresistant donor

strains and E coli F{BIOI are shown in table - 5.

Conjugation mixture of E. coli donor and E coli HBIOI were plated on

media containing rifampicin and tetracycline to select for tetracycline resistance

transconjugants. Tetracycline resistant transconjugants were detected in all three

cases and the conjugation frequencies were similar. It was concluded that

tetracycline resistance marker in the three E coll stains is a plasmid mediated maker.

Five tetracycline resistant transconjugants from each case were tested for the

transfer of other donor markers by rechecking their sensitivity to all antibiotics to
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Role of Plasmids in Their Antibiotic ResistanceZeana G. Fzissl, d al
which the donor strains are resistant. It was found rhat chloramaphenicol resistance,
streptomycin resistance and trimethoprime + sulfamethoxaz ole resistance markers
were all transferred with the tetracycline resisrance in all tested transconjugants.
These results indicated that the tetracycline, ctr.loramaphenicol, St;eptomycin and
trimerhoprime + Sulfamethoxazole resistance genes ofthe tltree E. coli strains are
located on one self transmissible plasmid. Ir seems that this plasmid is widely spread
in the Iraqi isolates since it was detected in all the three E cofi strain. Studies in
various parts of the world have demonstrated different kinds of antibiotic markers
including Tetracycline resistance, Streptomy,cin resistance, Cnloramphenicol
resistance, Trimethoprim + Sulfamethexazol resisrance are Iocated (either singly or in
combination of two or more) on plasmids of E. colistrains isolated lrom UTIs, and
such plasmids plays an.imponant role in spreading ant.ibiotic resistance among the
cuururiu" agentj oi UTlt'u'11'2t zLz! 26t.

It was also reported that the wide spread of ampicillin resistance in bacterial
strains causing^-9T]:-. ir due to self transmissible plasmids carrying ampicillin
resistance gene(22'2{'25'26). However the ampicillin resistance gene did noi tranife. bv
conjugation during this study (table - 5) This does not necessarily means that thl
ampicillin resistance gene is not located on a seif transmissible plasmid in the studied
strains because the selection lor transconjugent ivas done on the bases oftetracycline
resistance transconjugant and not ampiciilin resistance transconjugant. It is poisible
that the arnpicillin resistance gene is located on conjugative plasmid other ihan the
one carrying TE', C', S' and SXT{ genes.

No conjugation was detected between E coli and other member ofthe family
['nterobacteriaceae (i.e Proteus, Serratia and Acinitobacter) (table - 5). It is knorvn
that the conjugation betrveen bactenal strains belonq to the same species is more
common than conjugation between members ol dill'erent species. However several
studies reponed thar the antibiotic resistance can be spread between different
n:embers of Enterobacteriaceae and related bacteria via conjugation(:7).

The multiresistant conjugative plasmid derectedin[. coti strain during this
study desen'e more detailed investigation because it seems ro be widely distributed in
the Iraqi E coll strains isolated lrom UTIs.

characterization of this plasmid and determination of its exact role in
spreading the antibiotic resistance will be certainl.v important lor the understanding
ofthe wide spread ofantibiotic resistance amonq bacterial strains causing url.
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Table 1 : Percentage of bacterial species isolated from urinary tract infections

Bacterial Species Number Percentage
Escherichia coli 60 10Yo

2‐ Klebsiella oneumoniae 28 1867%
Proteus mirabiiis 27 18000/0

■
● Enterobacter aerogenes 4 2.67%

Citrobacter ferundii 4 2.67%
6‐ Enterobacter cloacae 2000/。

7‐ Acinitobacter calco var anitrat 2.00%
8‐ Dseudomonas maltoohilia ，

４ 1.33%
9‐ Pseudomonas aeimgenosa i 0.67%
10‐ Serratia marcescens 1 067%

Staphvlococcus sp. 10 667%
12‐ Streptococcus sp. 7 4.66%

Total 150 100%

Table 2 : Prevalance of urinary tract infection in males and females

Sex Number of
Patients

percentage

E-*.1^r ! rtrqiv 69    1   64%
NIale 54 36%
Total 150 100ツ 6
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Table 3:Percen腱 ge ofresistance to antlbiotics by the bacteHal strairls isolated iom urlnav

tract infection and the best three antibiotics

Precentage ofResistance To :

Isolates 船 1 C N RA NA S TE SXT Fr Ｇ

Ｎ
劇
Ｘ

CX The Best
Three

Antibiotics
E.coll 50 70 73 一

／
′０ 77 88 0 75 20 日 ,N.A,

CX
κ

′θ″θ″′
''077′

αι

89 54 100 32 50 43 86 0 61 100 32 FT,Nム
CXし

P IPI′″αb′′,s 74 74 67 89 11 85 0 56 85 30 Fr,N.A,
CX

EP71

αι′θ文2″′S

100
″
／ 100 100 0 50 100 0 一

／ 100 75 FT,N.A,S

C. ferundii 25 50 50 75 つ

″ 50 50 100 0 50 0 FT,N.A,
CON

Ent. cloacae 100 100 100 ，
′

‘
υ 67 0 10 100 100 FT,GN,

N.A
A. calco var

anitrat
100 100 ´

υ
″０ 100 0 1 67 100 67 FT, Iヨ こ́/ヽ ,

NA
P5.

maltophilia
100 100 50 50 0 100 100 0 1 50

I

50 50 FT,N_A,S

Ps
α

`″

0(″″OSα

100 100 100 100 100 100 100 100 0 1 100
|

100 Fr,GN

ScPた

′″arc(夕sc`″S

100 0 0 0 0 100 100 100 0 0 100 0

「
F,N.A、

GN
11`)raノ 86 64 63 1 69 63 Sl 0 39 86 48

Tabie 4 : Minimum inhibitorv concentratiou for different multiresistanr donor strains e.

| Antrbrotrc

I   Bactenal strain
|

AIVI I RIN I NA ｂヽ TE GN  AⅣ I

X
CX

1 E θO′ノHBIOI <10 >30 1 <10 く10 <10 <10 <10 <10
う
ι E θο′ノZ4 125 つ

一 30 30 30

E cο′FZ 64 一Ｄつ

¨

″
Ｄつ

一 30 Ｄ̈，

一
30 30 30 30

4‐ E θο′ノZ76 30 う

４ 30 一Ｄ，

一
30 30

´
Ｄ 30

5- I  P.″歯 bノノノs Z88 ■

一 20 く10 30 1 >40    - 30
′
０ Ser. ntarcescena Z

109

<20 1  20
|

20 30 つ

´ 30
|

20

7- A. calco var anitrat
245

く20 ¨
Ｄ ,ヽ ０^，

一

"- = Not done

and the resipient E εο″HBIOI
I        Antibioticヽ lICs uJml        l

つ

一

っ
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E θο″HBIOI strain

Donor and its
Resistance

Pattern

Recipient and

its Resistance
Pattern

Donor
Marker
Selected

Conjugation
Frequency

Other Donor
Markers

Transfered
1 E.coli Z4

Amr, cr, Nが ,Sr,

TEr  sxlrr, cnr,

熱 OC、 Cゞ

E.coll HBIOI

RAr

TEr i.5 x l0-a Cr,Sr,SXrr

2‐ E.coli Z64

飾
r,Cr,Nr,Nar,sr,

TEr , sxrr,Gr,
ハ Ⅸ

r

E.coll HBIOI

Mr

TEr 2xl0{ c4, s" sxr

E coli Z76

AInr, cr, Sr, TEr,

s)crr,

Gf、 ハ ∝

E coli HBIOI

RAr

「rEEttr 3 x l0-{ Cr,Sr,S刈
r

4‐ P.mirabilis z 88

Alゴ,Cr,N,TEr,
SXrr.Gnr、 ANIXr

E.coll HBIOI

RA4

TEr

Ser.   NIlarcescens

Z109
Alゴ, Cr, Sr,TEr,
s)crr、 小 便

E.coll HBIOI

Mr

TEr

6‐ A Colco varanitrat

Z45
Alゴ,Cr.N Ar,TEr,
SXTr.A～Ⅸ

r.cゞ

E.coli HBIOI

IRヒノヽ
r

π
r

*- = No conjugation.

Al-Mustonsiriya J. ScL レbl Iち No.`り,2θθθ

Table 5 : Conjugation between multiresistant bacterial donor strains and the recipient
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ABSTRACT

An oral vaccine strain of S. typhi Ty21a was spontaneously mutated for
rifampicin resistance this was accomplished by exposure to increasing concentrations
of the antibiotics. The S. typhi Ty?la rvas treated to be rendered competent and then
transformed, rvith plasmid DNA extract from local isolate of Cl. tetani. Transformed
colonies of Salmonel/a acquired resistance for two antibiotics from the donor tetani
strain. However expression of tetanospasmine was not detected by using flocculation
test.

I]\TRODUCTION

The Salmtmella typhi strainTy?la was developed to be as an oral vaccine to
immunize human against typhoid infections(1). t?.5 miilion episodes of typhoid fever
are recorded rvorld wide annuaily(2). On the other hand, about one million case of
lethal tetanus incidence is reponed ei'ery year(').

The transfer of heterologous immunogenes to strain Ty?la have enabled th
use of this strain as a multivalent vaccine against other infections such as bacterial,
viral, mycotic and parasitic pathogens(a).

Since tetanus toxigenes are known to reside on transferable plasmid(5'6).

We described in this short communication the attempt to transform the
vaccine strain Ty21a with a tetanus plasmid.
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Transformation of Salmonells Typhi 7y21a uhich usei os Oral Vaccine froru Closrklium
Taani Shaynra J. Ahmed & lllohammod A. Al-Faham

MATERIALSAND METHODS
Strains

Wild isolate of Cl. tetani GEB58(n was used as a donor for tetanus plasmid.

S. typhi Ty21a was obtained from Genetic Engineering & Biotechnology
institute for graduate studies, Baghdad university. It has:
- galE' mutation: galactose mutation
-Nf : resistance to the antibiotic Rifampicin this spontaneously mutant was obtained
by continuous subculturing on high increase concentrations of antibiotic
i 10,25,50,75,1OO)pg/ml, 12 colonies rvere obtained one of these selected to be
resistance to Rif (unpublished observation).

Plasmid DNA Isolation
This was carried out according to a modified extraction procedure reported

by Al-Dulamif0.
Transformation:

S. D,plr, GEB111 rvas rendered competent as described by Tasi et al(e).

Floccuhtion Test
A standard procedure to detect tetanus toxin production rvas followed by

reported 33, wHO(ro).

RESIJLTS AND DISCUSSION

Clostridium tetani GEB58 was isolated lrom sheep and goats t'arm, the strain
produce a potent tetanus toxin rvirh 20Ll A standard Flocculation test was
rccording to WHO(10) the strain also expressed resistance to .\mpicillin (Ap),
Streptomycin (Sm), Kanamycin 1I(m), Trimethoprime (Tp) and Te:racycline (Tc).
Multiple resistance is not uncommon among veterinary isolatesilr'.

Genomic isolation ol GEB 58 revealed the presence of extracyoplasmic
DNA. The plasmid DNA was purified and transformed onto a comDetent culture of
Salmone lla typhi Ty21 a.

Ty21a transformants lvere selected on antibiotic-supplemented media.
R.esults revealed that the strain have acquired similar levei of resistance to Ap
r 1OOp/rnl) and Tc (2Ougml) onll'.

However, Flocculation test reveaied no expression oftetanus roxin in the S.

ryp hr ^.1 y2ir a transtbrmants.
The acquired resistance rvas physically proved by extracting plasmid DNA

:iom both donor C/. tetani and the transformed S. 4,phi GEBIZ3 (Figure l).
This is further evidence ofthe transferability oftetanus plasmid on to Ty2la.
The cross species barrier betrveen Gram positive and Gram negative can

explain the lack ofexpression oftetanus toxin in this strain.

●
　

　

い
　

　

、

つ

´



И′=ルレコィ7″s″Jα 工 Sci ン♭ムII,Rsヽ

`り

,2θθθ

Similar results were observed using another S. typhi vaccine strain C!rD(12)
when Gomez-Dnarte et al. were unsuccessful in demosntrating expression of the
carboxyi terminus of diphtheria toxin in S. typhi CVD.
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ABSTRACT

Standarization of two new local commercial formulations (A-lnasir I and II)
of Bacillus ilnu'ingiensis, against the standard fbrmula of Bactospine, using
Ephestia calidella larvae, was conducted by bioassay method. The result indicated
that the potency of Alnasir I r.vas 12000IU/mg, whiie that of Alnasir II rvas 14500
IU/mg. The activitv ratio was measured using Ephestia cautella larvae too. The
ratio of both formulations were different than that of the standard and between each
other which indicated that both formulations contain different toxin, though they
belong to the same bacterial variety but of different isolates.

INTRODUCTION

Standard preparations of Bacillus thuringiezsls Berliner have been used in
the bioassay of both dry and liquid formulations of B. thuringiensis for more than
20 years(') The use of standard , assayed concurrently with the sample(s), serves
two purposes. The first is that the effect of day to day variations in insect
susceptibility, assay techniques and conditions are minimized. The second is that
potencies can he computed by special formula. For convenience, a standard is
assigned a potency in units of activitv, the most common being the " International
Unit "or "ILl' .The direct comparison of the LCso of the standard and that of the test
formulation(s) express potency of the test powder in fU's. This unit is much more
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Standarization of Trvo Ne:,lu Formulalions of Bacillus Thuringiensis Jor the Use Against
Lep lopteruus Pess E. F. Alrubeoi d al
reproducible over time and between laboratories than the LC:o(a). Herein we

depicted the standarization of the first two local commerical formulations ofB.
thuringiensis produced in Iraq and their activity ratios to differentiate between the

6-endotoxin.

MATERIALS AND METHODS
Test Insects:

Larvae 10 -11 days old of Ephestia calidella and E. cautella were
extensively used for bioassay . The rearing medium consisted ofrvhole grain wheat,
glycerol, date fruit syrup and yeast . Stock cultures were maintained under rearing
room conditions of28 oC+ 1,65 + 5Yo RH and l6 hr photopertod.

Formulations used:
Tow formulations (Alnasir I and II) produced locally at pilot scale, based on

ihe spore - crystal complex of two isolates of B. thuringiensis var. kuristaki, were
bioassyed using Bactospine @upber B.V., Holland) as standard. The fermentation
medium and procedure were as described earlie/r) using com steep liquor and whey
in 15 ,30,300 L ferminters. The materials were recovered by spray - drying and

lormulated as wettable powders.

LCso. and International Unit:
To determine the LC:o 's ol the formulations used, bioassay experiments

were conducted by mixing five differenr concentrations oleach fcrmulation with
the rearing medium. Each bioassay was replicated five times using 30 larvae / rep .

distributed 1/ vial and kept in an incubator at 28 "C+ 1.6515% RHand 16hr
photopriod. Monality rvas measured after ,{8 and 72 hr.

The conversion of LC:o's into IV's using bioassay against standard (
Bactospine ) is as the follow-ing equatio 5):

LCso standard
IU/mg sample = X IU/mg standard

LC5o test sample

.{ctivitv ratio:
Since the fU reflect only the relative activity ofa lbrmula against a standard

in assay rvith a specific insect, therefore, to differentiate betrveen the 8- endotoxin
of the test material and that olthe standard should be measured bv the activity ratio.
This was done by bioassay experiments using E. cautella larvae to determine the
potencies of the test lormula and ofthe standard . Each bioassay rvas conducted as

with that of E. calidella.
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The LCso for the tkee formulated products and their potencies in term of
IU/mg are represented In Table 1 .Results indicated that the LCso for the two local
formulations ( Alnasir I and II )were 0.092and0.079 mglgmediarespectively.
While the LCso for the standard used ( Bactospine ) was 0 068 mg/g media .This
Indicated that Bt products being used in this investigation , though they are
uniformly standarized against Ephestia calidella , are not equally efficacious when
compared to each other or to the standard. Similar results were obtained when
comparison were made between lab. formulations and commercial products of
Bt.(2). Dubios(3) stated that the acti'zity of toxins and the effrcacy of products may
be significantly affected by four different factors, the most important one related to
the case encountered here, is the relative concentration of the different toxins of
each product used. This is even well reflected in the initial level of potency at the
LCso. The potencies were 12000 iU/mg for Alnasir I and 14500 IU/mg for Alnasir
II in comparison with that of the standard of 16000 IU/mg. These differences in
potencies might be associated ',vith the formulation and / or the fermentation process
and others may be associated with the particular Bt strain or isolate used.
Regardless of the initial levei of potency at the LCso the most uniform rvay of
measuring the eflciency of
the potency of material is by the slope ratio (SR), especially where the regression
lines (the slopes) for the bioassay were dissimilar, those products are less
efficacious than the standard at values of less than 1.0 and more efficacious than the
standard at values greater than 1.0 therefore; it isclearthatthepotenciesofthe
tested products are the standard (Bactospine) >Alnasir Ii> Alnasir I.

Table 2 iliustrate the differentiation betrveen samples and the srandard it also
offers a convenient and quantitative tool for identifuing this differences and thus
comparing toxins. The results inciicated that both Alnasir I and II compared
dissimilar by the standard and relatively to eacir other. Hence, the formulation of
Alnasir II was more active than Alnasir I; although the potencies were different ,the
E. cad. I E. cat. ratios were relatively different. Therefore, it could be concluded that
each ofthe toxins used are characteristically different than the standard and to each
other.

Table 1: standari i Bacillus thuri formulzatlon o zrs 7srs a 10n

Sample Slope LC50

(mノg)

R-value Potency Slope
Ratio

Alna5ir i 80769 0092 0.912 12000 0.61

Alnasir II 115647 0076 0960 14500 0.81

Bactospine
(Standard)

133.000 0.068 0.900 16000 1
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Table 2: Activitv ratio bioassav & resultivity ratio bioassay & results on Bacillus thurinciensis formu
Alnasir I ALinasir II Bactospine

1‐ Assay agast E ca′i&//a

LC50 Stan量ヽ mg/g diet

LC50 Salnple,mg/g det

Potencv of samole

0.068

0.092

12000

0.068

0076
14500

・

０６８

・

０６８

６０００

０

０

１

2‐ Assay agalnst Eε αクセ〃α

LC50 Standar● mg/g dict

LC50 Samplc,mg/g dlct

Potencv of sample

・

‐６

・

・
Ｄ

０００
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４

・
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５
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3‐ E.cad/E cat 26
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Curing Trichophyton Mentagrophytes Lesions in Guinea Pigs by
Extract ofIIarmala Seeds
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Department of Biolo望 F,College of Science,Al― PIustansiriya University。

αιε
`′

νθ′しり″θ2θ ,ノ 999メ Иεゝep″ど1ヽ4ον 2,2θθの

Д..dЁ法
=ユ
ユ|

Lり ,1井1亀Lひ い 饉J rr・プεヵη ″ わ″″θ″′響
rり

ヶ θS脚 |も,品― ´ 墨 メ

LI.Pθga77:′ 722み″″α″ L.ιメ l υJ坤 岬 |ご口 |しユ ニ 」1伊 %ヽ ,o c多 儡J,国|メ l

i bLf二 |コIL口」|」._押13_戸銀 井 6メ ヽ υゃけ出 壺 %o,。 」 %。 ,Y。 メ メ |´

り
oげ 上

げJ■ Jj国|ぃ
´ン オ 墨

戸・ふ メ lυ」` ゲ 盤 贔 ぃ ご
国 IL」」|がら_押L

,」 1ミ

「

墨 もム 凄 錮 」 1'ユ “ヽ́ メ ||工 よ 出 |・ 【

“
-1´ 日 |“L」 |ぃ (OjプojJ

c_」|●J亀北」 |。 ゝ J.五 777θ ,7″ダ 9″ ′θSじ出 1ヽ い Lナ ヽヽハま
^‖ 呻 =ヽ =t●メ上 し

"●18■ 6ヽ  ^"eり 3ル
`■

よ るメ|ふ G`」 製‖』|."ひ 。し卜6ル `メ
ユ ♂ lo鵬

び 。J‐
「

ヽく
メ cr……」」Iでf11ふ `L"Lタ ル =点 6‐ 沸 Jtt Jj叫 ■ 」′ ♂

|♂ |

.祖 L

ABSTR{CT

Aqueous-extract of seeds or harmala (Peganum harmala L.) completely
inhibited colony grofih of Trichophyton mentagrophytes when added to the agar
media at l.lYo Concentration. At 0.25% and 0.5Yo the extract greatly reduced
colony growth. The aqueous extract was incorporated into a Vaseline ointment at
i0oZ concentration. This ointment was applied topically, once a day for ten days, on
lesions produced by T. mentagroplrr-tes in Guinea pigs. Treatment with harmala
ointment resulted in curing the lesions within 10 days from the beginning of
treatment. This period was ten dal's before the recovery of lesionstreatedwith
Vaseline alone and about nineteen days before the recovery of lesion left without
any treatment.

INTRODUCTION

In the hope of obtaining new and more effective drugs for treating
dermatophytes, researchers all over the world are screening plants extracts for their

/ 1,2,3)antlrungal actrvltres'
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Cuing Trichophlton Mentagrophltes Lesions in Guinea Pigs by Esrocr oj Humala Seerk
L S. Doninlasg

There is special interest in harmala (Peganum harmal L.) because ofbeing
very ancient medicinal plant and its wide use in folk medicine. Many workers
extracted and identified different alkaloids from the seeds olrhis plant and showed
rhe antimicrobial effect of the seed extract(o'i'u 7't). Despite many reports on the in
,.,itro tests of plant extracts very few published papers deal with in vivo tests. The
intimicrobial effects of several plant extracts have been tested({). We have tested, in
i itro, tests antinicrobial effects of several plant extrads(1). Here,re present data
showing the theraputic effect of harmala seeds extract in curing experimentally
irduced dermatophytic lesions in guinea pigs.

},IATERIALS AND METHODS
Earmala Extract And Harmala Ointment.

Seeds of harmala (Peganum harmala L.) were obtained tom the locat
rnarket, washed, air dried, then ground into fine powder. The powder was soaked in
distilled water (4 ml/gr) in a shaking incubator at 28"C for one day, filtered then
centrifuged and filtered again. The clean solution was evaporated under vacuum at
-i5oC untic a syrup like Iiquid obtained. Then left in a 50oC incubator until dryness
'vithin rwo days"'. This preparation was used as needed. A ten percent ( v)
lintment ol harmala extract was prepared in Vaseline (petroieum Jelly) by gradual
:.nd thoroughly mixing small quantiries of harmala wirh the Vaseline this is called
'harmala ointment".

Inhibition Of Colony Growth o{ T. nrentagrophytes By Harmala
Extract:

The agar dilution technique similar ro that used bv \:enugopal and
','enugrrpal (i995) rvas employed. To sabouraud chloramphenicol asar medium(1o)
1t 4511, harmala seed extract .ras added to obtain 0.0920 (control), O.2S%,0.5%,
t.jot'o,2.0o/o or 5.jYo then poured into petri plates. Inthe center ofeach plate rvas
placed a disc, 4 mnr in diam, of the inoculum of Trichophyton tnentagrophvtes
;vhich was grown for 2 weeks on sabouraud agar. Three replicates were used for
each concentration, and the plates rvere incubated at 28"C. After two weeks the
:olony .growrh was recorded by measuring tr.vo perpendicular diameters ofeach
;olony ').

Inoculation Of Guinen Pigs:-
Inoculation procedures were similar ro those of[9]. The inoculum collected

i:r phosphate saline buffer from rhe surface of a t.w.o rveeks old sabouraud agar
culture grown at 23cC it contained some hyphal fragments and 2.8 X I05 spores/ml
rs estimateC by hemacytometer.

For inoculation of 5-6 weeks old guinea pigs the methodle'was follorved.
:wo spots on each animal's back r.as shaved. One spot on the hind lee rhe other; on
:he shoulder on opposite sides. Then 0.25 ml of the Inoculum rvas placed on each
,.pot and rubbed by rhe aid of a sandpaper abrassive on a circular area ofabout i cm
rn diameter, then one ml of melted water agar at 45'C rvas poured on the each spot.

´
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For control, spots were inoculated with the same inoculum but after boiling for 15
minutes (heat killed inoculum).

A total of 14 animals were used two of them were inoculated with heat
killed inoculum. A-fter inoculation the animals were kept individually in cages and
fed normally and watched daily for the development of lesions in ttre ino-culated
spots. Microscopic examinations were done for mycelium in the skin sheddings and
in the hair and hair bulbs plucked from periphery of the inoculated spotsl Also
samples of these were cultured on sabouraud agar and the fungus, when gio*n, *a,
identified as T. mentagrophytes.

Theraputic Treatment Of The Lesions:-
Four or five days after inocuiation lesions developed in the inoculated sites.

The animals were divided into three groups, four animils in each group with two
spots on each one. Two animals were inoculated with heat killed inoculum did not
present lesions. Each group received one of the following treatments on the seventh
day of inoculation; (A): harmala extract in Vaseline (harmala ointment). The lesions
were treated daily for 10 consecutive days with harmala ointment(e). About 0.3 gr of
the ointment was placed on the spot and spread by the aid of a flat spatula rnu-kirg
sure that all the infected area and its periphery was treated. (B), Vaseline alone.
Spots treated as those in A but using harmala free Vaseline. (C): left without any
treatment.

RESULTS

Colony Growth On Medium Containing Harmala Extract:-
In controi plates (no harmala extract) T. mentagrophtas grew profusely and

covereci the surlace of the sabouroud agar in the plates of 90 mm diimeter. in the
presence of harmala seed extract in the growth medium, there was strong inhibition
of colony growth. The diameter of the colony was 9.4 * 2.2 mm (averalge mean of
three different experiments t standard deviation) or 9.4 r 1.2 when the medium
contained 0.250 (w/v) or 05% of the harmala extract respectively. At l.O%
concentration or higher the colony growth was completely stopped andthe original
disc of 4 mm remained without growrh.

Infection Of Guinea Pigs Ancl Thereputic Treatment:-
In the control animais inoculated with heat killed inoculum, no lesions

developed. In the other spots innfection developed into clear lesions after 4-5 days
of inoculation. The symptoms were (A) red inflammed area in the inoculated spot.
(B) sever itching as the animal often itched the spot and injured itself, (C) scaiing
(D) Development of crust covering a smooth alopecic area, and appearance of
normal skin and hair. The infection was confirmed by observing the fungal mycelia
in the skin scalings and in the hair pulled out of the periphery of tn. lesions and by
the fungal growth from the hair culture.
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Theraputic treatments began on the se.renth day ofinoculation. There was

conspicuous differences among harmala treared and non-harmala rreated spots. In
the spots with no treatment at all, the symptoms were severe they continued to
enlarge after the appearance of the symptoms on the fourth day after inoculation.
For 26 days after inoculation the fungal mycelia could be seen in the tissue
scrapings and in the hair. A-fter 28 days the symptoms began to resolve and the
recovery started. On the 37th day from inoculation hair started to eppear. In spots
treated with Vaseline alone the recovery began 21 days after inoculatioq and one
week later (day 28) they recovered. In spot treated with the ha:mala ointment
(10%), symptoms began to disappear il days after inocularion (4 days of
rreatment). The recovery began with reduced reddening then drying and no further
enlargement of the spot. The scales disappeared from the infected area and the
animal no longer itched the spot.l5 days after inoculation (8 days oftreatment)
normal skin began to appear and 18 days after inoculation (11 days after treatment)
the hairs appeared.

One case was really astonishing. After 8 days of inoculation in one ofthe
untreated animals the lesions enlarged on both sides of the abdomen with clear
elupecia. The animal was weak, thin and lazy. On the l0 th day oi inoculation we
siarted treating this animal with harmala ointment. Ten dals later tre enlargement
of the spot arrested, the animal became active, the symptoms rvere disappearing and
ihe hairs finally appeared in most ofthe infected area.

Microscopic examination of the hair plucked lrom cured spots and ofthe
skin scrapings failed to demonstrate presence of any mycelia. Furthermore, no
lungal growth occurred when such specimens were cultured.

During and after one monlh ol treatment rvith harmaia ointment no
symptoms ofallergy appeared in any ofthe treated animels.

DISCUSSION

The in vitro data presented in this paper agree with the previous works on
the eflect of plant extracts against dermatophy,tes where harmala seeds extract
inhibired fungal and bacterial growrh in cukure(o's'76'. Some of those authors
indicated presence of various alkaloids in the harmala extract '.vhich may be
responsible for its antimicroblial effects.

The in vivo data presented in this rvork came in accordance with ferv
published papers on the theraputic effects of some plant extracts against
dermatophytes(rr''). All the treated animals ,l/4 (each with trvo lesions 8/8) were
cured by the 10% harmala ointment. This result rvas expected in the view ofthe in
vitro tests presented in rhis paper and in previous workt*'.

The concentration used in this work may be very high nevertheless it did
cure the infection. From the in vitro tests, we expect that much lorver concentrations
may be very effective. We hope to test lorver concentrations of larmal4 and we
have some evidence, that harmala is activating the immune system of the animal
besides its direct effect on the funsus.
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ABSTRACT

Laser induced damage thershold at non‐ nollllal incidence has been lnvestigated.

This paper represent damage threshold data on many metals.It is shown that

damage threshold for p― polarization is identical to that obtained at nollllal inCidence

while damage threshold br s‐ polarization depends on the angle.The experiinental

values are compared、vith the repolted thresholds calculations and areお und to be in

reasonable agreement. :rhe pOlarization dependence are thought to be due to the

indamental infrared optical properties of metals

INTRODUCTION
Laser lnduced damage in optical rnaterials have received

considerable attention in the past t、 vo decades.The understanding ofthe behaviour

and mechanism of the damage is very ilnportant because such understanding is

closely related to the improvement and to increase the durability of such materials

under laser  radiation and consequently the ability to design optical materials

suitable for some very irnportant application such as fusion experilnents.

Pulsed laser induced damage to metal rnirrors is rather well understood

theoreticany(1'2). There also exists  reasonable agreement between theory and

experimental data at normalincidence(POrteus 1981)but Very little has been done

at non‐normal incidence This work represent data at non… normal incidence,it is

shown that fbr s― polaHzation large increase in the damage threshold with increasing

angle occurs.
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Laser Induced Damage in Optical Mdeials ut non-norntal Incidence
L. A, Mahmood, a al

Theory
If an incidence radiation of intensity I with either s-or p-polarization is

incident upon a surface the specularly reflected intensity is I.R(p).& and \ may
be simply computed(3)

a2+b2-zacosO+cos20
n-r\s- (r)

*+b2+?acosO+cos20

a2 +b2 -zasin0 tan0+ s i n2 0 tan30
Rp: R, ...(2)

a2 +b2 +2 asinO t an0+si n'etan'O
rvhere

^ _ n'k'l q2 _ -y+(y' -4=)''=* - ---;-n-b 2

-nt.. .k'.. -n'k'.^y=(--)- -(-)- -srn-0, z=-( ; )-nn n-
if all incident radiation is either specularly reflected or absorbed, the absorptance cr.s

and cro are just

ct, =1-&
ap =1-&

For metals at infrared w'avelength, K'))n'))l so that cls(l , cro <<1,. Fig I
represent the angle of incidence variation for this case. panicularly simple '
rpproximation for cr, and c[p can be derived

4n
ct, (0)= cos0 = ct (0) cos0

K2

ct(e)
sp(0)-

cos0
Fig. 2 illustrates the far field focus of a gaussian beam with an angle of

incidence 0 of the sample to the beam axis. If the ratio of the focal spot-size in the
oblique plane to the depth of ibcus is small, the on axis intensity in the oblique
piane is just locos0. Laser induced damage is reached when the energy per unit area
absorbed from laser pulse equals a threshold value. This value wil! be indepented
ofthe angle ofincidence, hence,
a(0)Tti0) cos0 = cr (0)T(0)
ivhere T is the threshold for damage mechanism e.g. melting. Therefore, the damage ,
threshold variation rvith incident angle is just

cr(o) T (0)

(3)

. (4)

(s)

.(6)

T(0)

cr(0) cos0
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Substituting equation 5 and 6 in equation 7;
r(0)

Ts(0)= _(8)

…(9)

cos0

Tp(0)=T(0)

EXPERIⅣIENT AND RESULTS

The experimental set-up used for this investigation is shown in fig.3. The
COz laser is a transversely excited atmospheric pressure (TEA). The discharge
volume has dimensions of 1x1x20 cm. The natural tendency to arc is countered
by the use of subsidiary discharge between trigger wires and the anode, these
causes ultraviolet irradiation of the cathode surface so producing the diffuse
photoemission of the electrons necessary for the creation of a uniform discharge at
atmospheric pressure.

The total energy in the pules which is 80 ns (FWHW) is just about 70 mJ
with + 10% reproducibility.

The spatial profiles of the energy in the pulse was measured by pinhole
method and this turn out to be gaussian as shown in Fig.4. The Coz pulse *as
focussed on the sample surface by 12.5 cm antireflection coated germanium lens.
The He-Ne laser was used as a probe beam to detect the early stageof laser
induced damage as described by (Mahmood 1985).

Tabie 1 compares damage threshold data at non-normal incidence with
the reported damage data for some metals. The big increase in the damage
threshold at non-normal incidence is very clear.

Table l

Sample Non-normai
damage

threshold

Experimental
threshold J/ci

Ref

Stainless st. 481 0.56 5

Al ll.9 2.7 5

Cu 6369 18.8 4
市lo 2406 85 5

CONCLUSIONS

In this paper it has been prOved theoretically thatiaser induced damage at non‐

ン♭ムJ′,ノVa`り,2θθθ
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normal incidence depends on the angle of incidence for s-spolarization while for
p-polarization there is no angular dependence. It is suggested that laser damage in
metals at non-normal incidence in the infrared wavelengths are controlled by the

variation of the optical properties with angle of incidence. This increase in the

laser damage threshold for s-polarization has very important application and may

permit the design of very high energy laser systems.

If the variation of absorption with the temperature is taken into account it
would be a very good extent ion to this work.
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ABSTRACT

The group-theoretical analysis of the problem of the physical interpretation of
the one-dimensional quantum harmonic osciilator with constant damping coefficient
is shown to be extendible to a wider class of quantum damped oscillators with

variable damping coefficient satisfying the conditio, 1] 
ay,(tl * 1 y 2 (t):const.). It'2 dt 4'

is thus concluded that this class of quantum oscillators, of which the constant
damping case is a special one, carnot be at all interpreted as a dissipative system.

This conclusion has important consequences reflecting on the physical application of
some special cases of this calss of quantum oscillators to model dissipative quatnum

systems.

INTRODUCTION

The study of the problems of dissipative systems and their physical
properties, at either the classical or quantum level, has been the subject of lengthy
discussions('). On the quantum level, the interest in such problems arises from the

49



on the Quantum Mechanics of the Harm** o'*'*;;.#.'r#:ff#YW. 
A. Abdet-Kader

fact that they have various applications in widely seperated fields such as nuclear
physics@), quantum optics('") and plasma physics(7-e) among others.

On the formulation side, attempts to introduce damping or dissipation into
quantum mechanics have fotlowed more than one path(r). However, most of these
attempts are plagued with problems of interpretation and have been criticized from
various points of view(Io'll).

The constant damping case, as modeled by a quanrum harmonic oscillator
with constant damping coefficient, represents one example. It is based on an
explicitly time-dependent Hamiltonia r2).

The mathematical problem embodied in the time-dependent Sckodinger
equation corresponding to this Hamiltonian, which is also called the Caldirola-Kanai
(CK) equation, has been solved by different methods(t). However, the physical
interpretation ofthe solutions from the quantum-mechanical point of view has been a
long standing problem. The question of whether or not the solutions represent a
dissipative quantum system, which is the analog of the classical damped harmonic
oscillator, represent the main issue. The answer to this question has been given in the
affirmative(t3-'6) and also in the negativs(10'r7'2r).

The generalized CK equation in which the damping coefiicient depends on
time has also been used as a model for variable damping in quantum mechanics('622).

In this connection it seems, therefore, logical that the interpretation questions which
arise in the case of constant damping are also present in the more general case of
variable damping. In an earlier publication(') we have used the "homogeneous
ensemble" idea to treat this problem. It turned out that the conservative system
argument applies, in fact, to a wider class of quantum oscillators with variable

damping coeflicient satisfuing the condition,++ *ll' tt.)=.onrt). This has
zuL+

motivated us to study the generalization ofthe group-theoretical work ofCervero'
and Villanoel(te) to this class, which turned out to be completely generlaizableea).
Actually, the work of ref(24) was the first step in dealing with the interpretation
question for the generalized CK equation from the group-theoretical point of view,
which is the subject ofthe present paper.

CANONICAL QUANTIZATION

The classical motion of a one-dimensional harmonic oscillator with variable
Camping coeffrcient 7(t) is govenrend by the equation (1)
dto . do

-a+y(t)++o:q=0 (l)
dt- dt

where q is the coordinate and wo is the angular frequency. It is well-known that eq.
(1) can be derived from a generalized form ofthe Bateman Lagrangian(r)
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(2)

(3)

The classical system represented by the Lagrangian of eq.(2) can be
quantized in the conventionai way, i.e., canonical quantization. This amounts to
constructing the conventional Hamiltonian lor the system which is the Legendre
transform of /as

.Dr1
2m2

On. .unothen go into cluantum mechanics in the usual manner, obtaining the
time―dependent Schrodinger equation

i轟
びЮ静十:mパざ

Ю
qユ

lズ
%0=あΨ (5)

which can be considered as a generalized CK equation(1'r3'r't). Inthe special case

l qe * 1 y I (t):constant, eq. (5) becomes the famous CK equation which has2 dt 4'\/
been used as a basis for one of the methods of introducing dissipation into the
quantum domain as mentioned in the introductioill3'16). Therefore, in this respect and

in the same spirit, it can be considered that the discussion of dissipation at the
quantum level can be extended to the variabie damping case based on the time-
dependent Schr6dinger eq. (5).

GROUP.TIIEORETICAL INTERPREATION

As stated in the introduction, there are indications from our previous work(")
that the class of quantum-mechanical systems, governed by the generalized CK eq.

1 dy (t) * 1 y ' (t) =.o,rt.), is in fact not the(5) and satisfying the condition ( 
Z -d, 4 

, nst.), is in fact not

analog of the classical system rvith variable damping governed by eq. (1). In order to
gain more support for these observations, we shail in this section extend the group -
theoretical analysis of Cervero' and Villarroel(20) to this class of quantum systems

using the extended group-theoretical results obtained recently(2a).

We first notice that, as in Cervero' and Villarroel(20), the Hamiltonian of eq.

(a) is not included in the set ofinvariantsderivedforthegeneraltime-dependent
damping case as given in ref. (2$. However, we also observe that the action
corresponding to the classicai equation of motion (1), and subject to the condition

ξ
′
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i dv(t) I( -_:+-y'(t)= const.), is invariant under the generator Gs obtained in'2 dt 4',
ref(24) for the general case ol time-dependent damping. Hence. this generator can
be considered as a non-conventional Hamiltonian which is conserved. Now, by
considering G: as a vector field associated wirh the system represented by eq. (2),
we can write.

,ldq
(1/2)7(t)q

_     dq
(1/ 2X7q +Tql

_ dp t4\
(l I2)lW -m"7er"'qri"1 '-'

where the dimensionless quantities r=w.t, t(t)-(t)/wo have been used and the over
dot indictes differentiation with respect to l.

The first integrals of the differential sl,stem ofeqs. (6) cnabe obtained by
integration as

I.,.. l-..
e=.l""q,p - pe l' " +

I t I -Lrr,r
*.1:yftl l.' '",q 

(7)
L/. l-

It can easily be shown that eq.(7) represents a canonical transrbrmation since
the fundamental Lagrange brackets(26), which are invariant under contact
rransformations, sadsfy [Q,P]= 1. Furthermore. the generatinq function for this
transfbrmation turns out to be

Fdq,P,t) =er(t)qP - 1r2 f1t)m"e2rt"rv"q: 18)
Therefore, the resulting Hamiltonian, after perlorming this rransfo.mation, can be
written as

D: I
H*=-+lm <,1 'e' (9)lmz
、vhere

、v=(w。
2_δ 2)12

(10)

and 52 is the constanr 
ldrttl I ' '

r dt +;Y-(t)
Substituting for P and Q from eq. (7) into eq (9), and using the lact rhat from eq. (4)
p=6rowoqer(') ( 1 1)
we obtain

H*=]m<0e""{o'*[r-]-\ " - I

2 " t' \ 2Yrq 
+^/ccJ

＾
′
´

Ｄ́
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(12)

We notice that H* of eq. (12) is the invariant Is obtained in the generalized group-

theoretical treatment of the time-dependent damped harmonic oscillarot(24), measured

in (l/2m"wo';- units. if we now follow the same line of reasoning used by Cervero'

and Villarroel(2o) and select Hx as a true Hamiltonian for the classical system

governed by eq. (1), then we can write a stationary Schrddinger equation

corresponding to H*

{e-.,,, +. 1*.t.3 - (6, - (y t z),)l
[ 2r" 2 r

e'(')q' +y(t)(qp + W) )lV") = a" lV")
The time-dependent wave fi:nctions, which are solutions of the time-

dependent Schrodinger eq. (5), have been found by Abdalla('D. It can be shown from

eq. (3.10) in Abdalla@) that, if th condito, (+ry*1r'(t)=const.) is'2 dt 4'
satisfied, then these wave functions, normalized with respect to q, are

1 (a\"' lrrtl
\y, (q, t) - (r,nrf, [;J .*tr[i -

i[, *1)r, - 
im"Y(t) o']*

\ 2) 2h ^"1

I u'q] l
exp{ --:3 iH^(oq") (11)'t z 

1

/- at"'
where o = I l11I. I (lo=qer(t), q,=qer(t) and Hn are the standard Hermite

[ft )
polynomials.

As noticed by Cervero' and Villarroel(20', *. also notice now that the

stationary problem of eq. (13) is satisfied by eq (14) with

e,,: hw(n+ ll2);n= 0,1,2,3.... (15)

DISCUSSION AND COI\CLUSION

In this lvork, we have been able to show that the group-theoretical analysis

of the damped harmonic oscillator rvith constant damping coefiicient as performed

by Cervero' and Villarroei(20)and extended in ref. (24), is applicable to a wider class

of damped harmonic oscillators with variable damping coefficient y(t) satisfying the

1dv(t) 1 ..condition(l+ + .T -(t)=const).

,, ;'arSi th"t tl"grorp-tlr.or.,,., arguments of cervero' and villarroel('o),

supporting a conservative system interpretation for the case of constant damping,
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also apply to this wider class ofoscillators. This follows as a result ofthe analysis

given in the previous section, which indicated that for this class of oscillators, the
stationary solutions lor H+ are also time-dependent solutions for H. This may be
taken as an indication that the system represented by H can equivalently be described

by H*. However, it should be noted that the Hamiltonian H* (see eq. {9)), represents

a conservative rather than a dissipative system.

In conclusion, based on the present $oup-theoretical analysis, we may say

that the class of quantum-mechanical systems, governed by eq. (5) and satisfiTing the
I dv(t) I

condition (:- +:Y- (t)=const.), cannot be considered as the quantum'2 dt 4'
analog of the classical dissipative system govemed by eq. (1). Rather, the general
features of such a class of oscillators that emerge are those of a simple harmonic
oscillator with a stationary phase a. = w(n+ 1/2)t as the special case of constant
damping.

it is felt that these conclusions have important implicatior:.s on the areas
rvhere such a class ofoscillators have found wide applications. In other words, the
results olsuch applications(3'a'2o, should now be looked upon carefully in the light ol
ihe present findings. Finally, it should be stated that the more general case ofvariable

I dv(t) I
damping, where thecondition,, 

a, - 
;7"(t)=const.) 

islifted, needsfurther

investigation.
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ABSTRACT

The question of whether the quantum-mechanical problem of the damped

harmonic oscillator represented by the Caldirola-Kanai equation colresponds to a
conservative or a non-coservative system is tackled by using the "homogeneous

ensemble" idea. It is shown that the classical limit of the wave function representing

the damped harmonic oscillator corresponds to a single particle ensemble for which
the energy is conserved.

INTRODUCTION

Introducing dissipartion into quantum mechanics is of a very high importance
mostly due to the fact that this would have various applications in widely s-eparated

field such as nuclear physics('), quantum optis5(2':'rr and plasma physics(5'6'z) among

others. Attempts to treat this damp:ng or dissipation have followed more than one

path(8). However, most of these attempts are plagued with problems of interpretation

ind have been criticized from various points of vie#e'to). Our concern here is the

approach to this probiem based on the expiicitly time-dependent Bateman

Hamiltonian(8'rr).
The mathematical problem raised by the Schrodinger equation corresponding

to this Hamiltonian, which is also called the Caldirola-Kanai equation have been

solved by different methods(8). However, the physical interpretation of the solutions

represents a long-standing problem, which ahs been tackled by many authors from
different points of view(e'r0'r2'r3'rr'15'I6'17'18'1e 

and 2o). Despite of all this work, it is still

felt that further analysis based on new concepts would further clarify the

interpretation question.
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ln the present worh the intention is to analyze the wave function for this
problem in the classical limit. It is expected that this would reveal something about
Ihe nature of the classical system to which this problem corresponds. It would
appear that such an approach is hindered by the ambiguity surrounding the physical
meaning of the wave function in the classical limit, which itself represents another
problem. However, the work of Qian and Huang(2r'22) has shown that for all quantum
mechanical system in stationary states, i.e., systems in which the energy is conserved
the classical limit of the wave function corresponds to a certain kind ofensemble
called the "homogeneous ensemble". By exploiting a similar idea here, it will be
shown. that the classical limit of the damped harmonic oscillator wave function
actually corresponds to a homogeneous single-particle ensemble in which the energy
is conserved.

The rest of the paper is organized as follows. In sec. (2) the homogeneous
ensemble idea is reviewed. Sec. (3) deals with the quantum and classical solutions of
the problem ofthe damped harmonic oscillator. Then, in sec (4) the classical limit of
the wave function for the quantum-mechanical problem ofsec. (3) is presented. Sec.
(5) utilizes the ideas ofsec. (2) to tackle the interpretation problem. Finally, sec. (6)
contains some discussion and conclusions

THE HOIVIOGENEOUS
ENSEMBLE IDEA

According to Qian and Huang(2r'22) one can consider a single-particle
ensemble for which the physical quantities Gr, Gz, G:,... etc are kept constant, i.e.,
Gr = Gr'= const.. G=G2'=const.. ...etc. Then, assuming Xr, Xz, Xs ... etc. to be the
corresponding conjugate coordinates of Gr, G:, G, ...etc. respectively, we can write
the distribution tunction (DF) in the (X.G) space as p(X,G): p(X) 6(G-G.) where
X=(Xr, X2,X,,...), c: (cr', Gz', G:',. .1.

The "homogeneous ensemble" is defined as the single_particle ensemble for
which p(X)=A=const.

It was shown by Qian and Huang(2r) that the crassical limit of the electron
wave function for the hydrogen atom corresponds to such an ensem)le. It was then
further shown by these authors(22) rhat rhis idea is also varid for any quantum-
mechanical system in a stationary state. i.e., a system that consenes thl energy. it
can thus be concluded here that ilone can show that the ciassical DF for a quantum-
mechanical system corresponds to such an ensemble then the svstem is of the
conservative type. This is the main idea on rvhich the rest ofthe discussion in the
present work will be based and represents the core ofthe present approach to the
interpretation problem that is tackled here.
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QUANTUM AND CLASSICAL SOLUTIONS FOR TTIE
DAMPED ITARMONIC OSCILLATOR

The question of interpretation discussed above arises in the more general
quantum-mechanical problem of variable damping(r7'23). Therefore, our starting point
will be the Hamiltonian for variable da.rrping given gr(8'17 and x)

h(q,p,t) :-P' .-,.,,, * 1r"r 1.,..,,q, (2)
Zfro

The classical equation of motion corresponding to this Hamiltonian can be obtained
in the usual manner as

q+Ty(t)q+wo2Q=o ..(:)
where it has been assumed that(2a)

r(t): i'y(t')dt' . (4)
It is clear that eq. (3) represents a classical harmonic oscillator of angular

frequency lvo acted upon by a damping force proportioanl to the velocity with a
time-dependent damping coefficient T(t). The quantum mechanical problem

described by h of eq. (2) in the Schrodinger picture is governed by the time
dependent S chrodinger equation:

[-4.-" ", !-* !r"";.""'q' lv(q,1; = 11gvGC
L 2r" dq' 2 u " 'J '^" A

(5)

In the case of constant damping coefficient y(t):yo: const. eq. (5) reduces to
the well-known Caldirola-Kanai equation(15). The solutions of eq. (5) were obtained

by Abdalla(2s) using the method of canonical transformations. This method will be

seen to be well suited for the present investigation. therefore, in the rest of this

section we shall review briefly this method along the lines of Abdalla(2s), and show

that the same transformation used by him also serves to furnish a solution to'the
classical problem governed by eq. (3), which is also needed in the present work.

Defining the canonical transformation.

Q(t) =.t(')q(t)
P(t)=e‐「(t)p(t)

… (6)

H=轟 +:mρ。2+響QP+PQ… 0
The Schrodinger equation(5)is the transfolllled to that corresponding to H,。 r

寿―平αΨ+午爛Q幾 =

-2キ羊ユγ一十爛V ・ 助

声

n」

ilざ

ng
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eq(8)becomes

宇[締Iプ
Φ+午轟

レ+器
]y器
―器器場器Φ・0

where it has been assumed that Φ(y,t)=Ψ (Q,t)and Ω(t)Satisies the equation

券[II:]― :[器IttΩ
℃=

ω:-1/(t)― γ
2(t)      

… (11)

with the aid ofthe assumption

q"諷
"Ю可

_鶏←①+器)」

… (12)

I was shown by Abdalla(2,that eq(10)Separates to the two equations

辛

+lλ 一三

'要

:]Y=0

and

d.r-i?(t)t,h*1",,"?(t)lr=o 
(14)dt 2-" L 2rra'(t) 

|

where ). is the separation constant. The solutions to eqs. (13) and (14) are known to

_(13)

(15)Ｖ
′

ｍ。一筋
一ｐヽＣＶ

・

ｍ。
一カ

Ц〓

，記
　
Ｙｎ＜ｙ
　
　

ａｎｄ

T,(t)=o"o(t) e*p [- ]5 rr,tl,
L .:m, l

where H, are the Hermite polynomials,

).. = (2n+l) m./h; n = 0,1,2, (17)

It can also be shown that the transformation used by.{bciallalx) to solve rhe
quantum-mechanical problem above, can also be used to solve the classical problem
govemed by eq. (3). The transformed equarion of motion is that corresponding to H
of eq.(7), or

I(1)=α「Ω(t)dt′

and
(16)

e+(w.'?-y(t)-l(t))e = o … (18)
Using eq(9),eq(18)becomCS
y‐(Ω(t)/Ω (t))y― Ω

2(t)y=0      
(̈19)

The general solution tO eq(19)Can be showntO be

マ
　
　
　
　
〕
　
　
　
　
ヨ
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y(t): yo cos (I(t)+e) . (20)
where yo and e are integration constants

Then, Q(t) and q(t) follow from eq. (20) using eqs. (9) and (6) respectively.

THE CLASSICAL LINIIT

We now turn our attention to the calculation of the classical limit of the wave
function for the problem under consideration. We shall be working in the description
of the problem in terms of the Hamiltonian H, rather than h, which is an equivalent
description. This helps to avoid the problems related to the ambiguity of whether h

represents a particle of variable mass m(t)=moe2r(t) or constant
mass mo (e'ro). The form of the Hamiltonian H as given by eq. (7) shows that this
Hamiltonian refers to a particle of constant mass mo whose coordinate and
momentum are Q and P respectively. Hence, there will be no contradiction with the
use of the "homogeneous ensemble", idea which, by definition, refers to a particle of
constant mass mo (see sec. (2)).

The quantum-mechanical position probability corresponding to ry"(Q,t) in
terms of y is obtained from eq. (12) as

pn(y,t):lOn(y,t)l'=Q"'(t)lY"(v)l' ..(21)
assuming a(t) to be real. Therefore, as in refs. l2l,221the classical limit of p. can be

obtained in the WKB approximation for Y"(y), which is the solution of (13). This is
well known as(27)

Y,*(y)=cK'r'2exp(tilvk(y')dy') ..(22)
where

ピ=卜事)

and C is a normalization constant. From eqs (?l)(22), and (23) we obtain

pn*(y,t)=Q"'1t;c'{1- - 
*3I'}' .. (ro)

l'"^ h2 I
We also have the quantization condition in the WKB approximation(2')

(23)

∫k(y)dy= (n+ 1/2)7C …(25)

_(27)

where a and b are the boundaries of the classically allowed region expressed in terms

of the y-coordinate. From ec1. (20) it is clear that a:-yo and b : +yo. Therefore, eq.

(25) becomes

j"['^-+)"'or=#^" (26)

Solving this equatio for l-, we obtain

λn=>y:
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Using eq. (27) in eq (24) and normalizing \lith respecr to y, we obtain the
normalized classical probability distribution function expressed in terms of Q, in the
WKB approximation, as

p.*tB (e = un (e"'- e')-t'' ... (2s)
where Q" = y" O(t) and eq. (9) has been used

THE INTERPRETATION
PROBLENI

To tackle the main problem set up in the introduction, which is the
interpretation problem, we start with a homogeneous single-panicle ensemble in
which the energy is conserved. Since time (t) is the coordinate conjugate to the
energy, we can write from eq. (1)
p(t)=A=const. ... (2e)
But, as it has been indicated in references [2i,22]
P(Q)'= e' P(t) .. (30)

(dQ / dt)
where A'is a normalization constant, and from eqs. (9) and (20)

(fl=-o(,(d-a,,-%(#Jo

Now ., we see that only if ,h. .ondi ion 
(31)

O(t) == const. … (32)
is satisfied, then eqs. (30) and (3 1) give
p(Q)=(COnst)(Q。 2_Q2)‐ル2,

. . (33)

゛
　
　
　
　
●
　
　
　
　
ヽ

which becomes identical to eq. (28) upon proper normalization. We may thus
conclude that, when the condition (32) is satisfied, the quantum-mechanical system
described by the Hamiltonian H of eq. (7), or equivalently by h of eq. (2)
corresponds in the classical limit to a homogeneous single-panicle ensemble in which
the energy is conserv'ed. In other words, the class ofquantum-mechanical systems
described by h and satisfying the condition (32) is the analog o[a conservative rather
than a dissipative classical system.

DISCUSSION AND CONCLUSIONS

It can be seen lrom eq. (l l) that condition (32) is satisfied when (see also
t2sl). y(t) + f1t; = const. . (34)

The simplest special cae for rvhich eq. (34) and, hence, eq. (32) are satisfied
is the case of constant.damping coefticient y(t)="(O = const. which was treated by
Cervero' and Vilarroel(r8're) using group-theoretical urguments and by Habeeb(2d)
using fluid-dynamical ideas. Therefore, it may be concluded that the present work

ヽ

一

０́
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supports the cOnseⅣ ative systern interpretation of these authors starting iOnl a

dinttrent perspective by looking at the classicallimit ofthe wave inction.Besides,

the present work also shOws the existence ofa wider class ofquantum― mechanical

systems thtt are govemed by the Hamitonian ofeq。 (2)and satiSttng the condhion

(34),whiCh are the analogs of conservat市 e rather than dissipat市 e systems in the

classical limit.It wOuld,therefore,be ofinterest to see ifthe group― theoretical work

of Cervero' and Vinarroel(18,19)and the nuid dynarmcal arguments OfHabeeb(20)can

be extended to this wider class.

At any rate,although some aspects ofthe present apprOach,especiauy those

rdated to the ntture of the dassical phydca system that lies behnd the

homogeneous ensemble that emerged in the classical limit,seem to be somewhat

speculative at present, looking at the classical limit seems to be a prormsing

approach.  This  may  promote  treating  other  siinilar quantum‐ rnecharucal

interpretatiOn problems using this approach.
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ABSTRACT

A new effective numerical method for computing magnetostatic fields in the

ferromagnets of electrical apparatuses is suggested. In.solving nonlinear problems

Newton's iterative procedure is used, which gives convergence of the second order.

Continuous basis functions are used for the approximation of the magnetization

vector in a tkee dimensional ferromagnetic body. The algebraic system of equations

for the values of the magnetization vector values at the nodes for all iteration steps

are obtained tiom a nonlinear integral equation.

INTRODUCTION

As a rule, the analyses of the magnetic field in some ferromagnetic parts of
electrical apparatuses, requires taking consideration of the nonlinearity of material

correlation which connect the magnetization vector M and the field density Vector H
without discounting the effect of anisotropy and hysteresis. This correlation may be

written in the form
ンI=χH, or H=v\,I

Here, scalar coefficients x and v represent functions of the modulus of
magnetic field density vector. As long as M(H) is monotonic, we can imagine it as a

function of the modulus of the magnetization vector. Using Cartesian coordinates,

>(. (where: a:7,2,3,...), the integral equation for the component M. of the

magnetization vector can be rvritten in the form

v(M)rvL.+if [*if"' ou - Ho (r)\ / * 
ax ?,4nJ R'
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"Here,■ ,is the component ofthe winding magnetic ield density¬ ith current in the

absence of magnetic conductance;Xt isthe component ofa vector from element of

volume dV,to the obsen/ation point:RI shte modulus ofthis vector

ln refs(1,2)お r sol宙ng equation(1),resOrt to iterat市 e procedures was made

whcih gives convergence ofthe flrst order ハヽ/e denoted the error ofsolution in i‐ m
iteration step by εi For tllls scheme,it is possible to、 ャnte do、vn the estimation

ti.r ( Cr€r c≦ 1

In this paper we utilize Newton's iterative scheme, which gives convergence of the
second order for solving equation (1) so we write the estimation.
tr*t ( czet2

Method of Solufion
Approximate the distribution of magnetization vector-in the volume ol

magnetic conductor-in linear-bits basis functions according to (3). Owing to this
approximation, the calculations in every iteration step become equival:nt to solving a
system of algebraic equations for values of the component of the magnetization
vector, in the fixed collection points of magnetic conductor.

Consider the construction ofNew'ton's iterative scheme as in (4). For solving
equation (1) the upper index ofiteration step number is denoted by i and i+1, where
i:0,1,2,3.... Let us assume that the i-m, iteration step is approximated byM".and
Iimited the first term ofthe expanding part ofequation (l) so;

醜=疵 +耽きMぱ―M♂ )轟
Evaluating partial derivat市 e■om(2),

～ _=ず
1`."

いノ【α′ (Ml)=

where r=M:二土
divi

The first part ofequation (2) is linear in lvl".. By subtituting (2) and (3) in (1)
and substituting exact solution M. by Ir,L.r, we get linear integrai equation form
IVL+r :

) l6"-.v'M- ,., +
"_,,1

= Ho, + t'Mo,

+稜
ζ:1雨

∫里量ギ
■dVI

The solution, Mo"r for equation (5) is considered near ro the exact solution
of equation (1) which is lvl., . As an initial approximation iv[0. is raken as a solution
of equation (l) with the coefiicient r--consranr, in term ofthe quantities, which
appropriate the main value v.

(2)

、ve obtain    (5)

(3)

(4)

τNI¨ M^“ M

(Ml)2

０́´
０
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Consider the knowledge of integral equation for system of linear algebraic
equation, then algebraic process in case of r- constant is described in details in (3).
We follow the same basic idea and adapt generalized process for nonlinear case. By
dividing the magnetic conductor into small sectors in parallelepiped from (we assume
that the form of the magnetic conductor allows), we construct unintem:pted system

in the volume of the magnetic conductor by basis function er, where k:1,2,3...,K
which iinear-bits in every Cartesian coordinate. The number of basis functions K is
equal to the number peaks of parallelepipeds (knots). We approximate the
distribution of the component of the magnetization vector by the function;

Iv{..i.r(r) : !u*. e*tr)

where the coefficients Mo i*r have the same as

number k.
The number of unknown components of the magnetization vector in the knot

equals 3K. To determine them it is necessary to put 3K in the algebraic equation. In
(3) these equations were proposed and the results for magnetic density in the system

of orthogonal segments of conductor through every knot where obtained. We take

through knot number k a segment along axis {, with the ends }fu:Xoi..*and
&:Xor*u* then we integrate equation (5) on & to obtain:

i{"T-[,'u* *''YiY,tr, ,.,u- +-l- iry.*l] =:**]=
-, lx*-"L 1rvr,1: J"t'''*'" 

' on{' N *'lx* 
=x**J-

Thus, we get 3K integral equations (7). Substituting (6) in (7) we obtain a system of
linear aigebraic equation for lvloi*r

(6)

sense the value lvf.,i*r in knot with

Ｋう
Ｄ

Ｍ・Ｖ．　　　　う′つ

塩ユ
Ｗ
端
ｄ

塩ｒ百胸
臨
Ｗｈｅｒｅ

覇:卜
+器

=卜
・鴫+未

|や畿二ない=

ヽ
"=

∫ヽ鴫
ヽ m

lntroducing the designations:

鮎 αT=II゛ δm.+器
IΨ

rdX・ (9)

(10)Saka k′ =コ
雨1讐

dVIIi11lI
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U改 =∫ H♂ dXα ,

Xは
""

Xは ⅢⅢ

Ci改 =∫τ:M♂ dXα

the syttem(8)takeS the fonn
3 K

ΣΣ(G嵐Υ+S..T)ヽ 1嵐 =Uは +Ch

GLT=二δlkil卜・ヽ・+:主燎キ:二
|こ

dX。

κ ′ Kα昴 ″″

(11)

(12)

(13)

It should be mentioned that the integral (9) is different from zero only when the knot
k'coincides with the knot k or they appear as neighbors in the direction of>q axis.
Designating the knot which is neighboring knot number k in the direction ofthe
Iesser value of coordinate >Qby j(1,s,k), the indexj(2,a,k) is taken equal to k, and
the index of the knot which neighboring knot number k in the direction oflarger
value ofhe coordinate )Q is designated byj(3,cr,k), then equation (9) can be written
in the form.

(14)

rvhere, j=j(l.,cqk) hence, it follows that the calculated matrix Giir: every iterative
step sparse, because it has ZTK nonzero element. It is different from the matrix S,
which contains 9K2 nonzero elements. The matrices S and U have the same structure
for linear and nonlinear problems. The elements of matrices make sense for magnetic
densiq' in the segment, which is done by distribution of magnetization vector in a
bounded form of bases functions of the matrix U"1. This also makes sense for
magnetic density in the segment, which is done by magnetic tield winding and
current. Nonlinear characteristics would be calculated the matrices Gi and Ci.

Consider integral equation (1) for dimensionless form, which is necessary for
numerical modeling of magnetostatic fields in case of changing in wide ends as
characteristics of magnetic conductor size and winding as well as external field
intensity. Introducing fundamentals quantities: cro, characteristic size of magnetic
system. lI.= Iw/ao, magnetic field tension, and coefiicient v in equation ( 1) as modei
of dimensioniess function for magnetization vector, which can be imagined in the
form r.-r(N4/M.), rvhere M. is saturated magnetization, lve can determine
dimensionless magnetization as

MM\1. =:-=.s ( 15)-H. Iw
Then, the coefiicient y can be written as v = r.(AM u ), where A is the relation
betrveen induction magnetic field in infinite solenoid with Ioading current on unit
lengh (Iw/cro) and induction magentic field in infinite cylinder, which is magnetized
along axis to saturation. Divide both sides ofequation (1) by H* all coordinates by
clo, and taking into account equation (16), we get an integral equation for
magnetization vector in dimensionless form as
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v(AMo)rA".+i*l ++*dvu =H^, (16)
-,\cro c,=r r /L vo ^tb " ctb

By analyzing the dependence of the solution on the parameter A! the calculation can
be organized as follows. Using a set of parameters
0<Ao<Ar<....<&,.........AN' then the solution to the equation when A=A,, is denoted by Mog and when n=0 we

have the linear equation

v(o)p1^,*3i I IM3tf"'avs=H-, (17)'\-'l"'a8 % lrGJ^-tI-d'. = Hob (1

Solving equation (17) by Newton's method, we can find the solution for successive
values of n, by using Mo*, as initial approximation for solving equation with respect

to Mo", and thus up to MoI . From this result we get the distribution of

magnetization vector in the magnetic conductor for a great number of similar
geometric magnetic systems with different degrees of solution.

CONCLUSIONS

We distinguish the main result of this rvork. On the basis of Newton's
method , solving the integral equation for magnetization vector leads to the solution
of a succession of linear equations leads to a system of linear algebraic equations for

' the values of magnetization vector in a sequence of point magnetic conductors.

, Integrated equation was taken in dimensionless form, and allows arranging

calculations by Newton's merhod, thus helps in the investigation of the dependence

of the solution on a dimensioniess parameter.
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i,4[ill

,JJS,I-tsl 4l'ti+ cllij 1.2-Di(2-propynylorT)benzene srJ,3-Yl J:r)l E-:sl d:rJl ,Jrlr:,

,.il-S!l o :-cJ*+- y.::l Lr"Jl LtrL &til ..=,S!l l.A .s! ,Jll j ,r.!+-,r\-l-dl JrJJl C1

dr;l;jl estrUlr elJ^ril ,',-'r i-;)l ,lrri'.'L elsJ^il orA ,,erl.:.i; f .;++':t qr+i$-Yl JIJ,N 4Jl*"Yl

.&6Jl J,^-U*ll l[Li3 qr-Jlji-ll .9JCl

ABSTRACT

Seven new ether acetylenic amines derived from catechol have been

synthesized. These compounds are characterized by spectroscopic methods (IR),

Nvm.) and elemental analysis.

INTRODUCTION

Acetylenic amines are important chemical compounds, since some of them

are used as drugs because of their biological activity which is in some cases

resembies that of Acetylcholine(I).

The interest in these compounds began after the preparation of iremorine

( 1 . 4-dipyrrolidino-2-butyne)e)

.rA. \i NCH,C=CCHTN Iv -\,/
Everett et al. studied the physiotogical effects of tremorine upon animals and

found that it causes the same effects of Parkinson disease. In later studies

Oxotremorine [1 - (2 - Oxopyrrolidino ) - 4 - pynolidino - 2 - butyne]was

prepared.

And found to be produced in liver as a result of oxidation of tremorine(o). They also

found that changes in the amino group of the acetylenic compounds results in

compounds having the same effect of the Oxotremorine('). Some of these groups are

succinimide(6), pht[alimide(7) sacharine(8) and some aromatic lactam(e). In this work, a

new series of substituted acetylenic amines was synthesized. This involved, the

reaction of propargyl bromide rvith catechol in the presence of base, then followed

OCH2C=CCH2NO
O
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Mannich reaction to resultant Acetylenic ether.

expected for these new compounds.

EXPERIMENTAL

A. H. K Shafia et al
A double biological activity is

Melting points were determined by Electrothermal melting point apparatus.
In&ared spectral were run on a pye unicom sp-3-10 spectrophotorneter usign Kbr
discs. NMR measurements were carried out on a Hitachi Perkin-Elmer 60 A
spectrometer (R-248) using CDCI: as solvent and (CHr)4Si as internal standard.

}IATERIALS

Catechol (Riedelde-Haem chemicals), propargyl bromide (BDH-chemicals),
all the secondary amines used in Mannich reation were (BDH-chemicals).

Preparation of 1,2-Di(2-propynyloxy)benzene [tl
To a stirred solution of catechol (0.05mo1e, 5.5g) in acetone (50m1) rvas

-rdded potassium carbonate (0,1mole, 13.8g). To the reacrion mixture was added

2ropargyl bromide (0.11moIe, 8.3m1) droprvise. The resction mixrure was refluxed
;br 48 hrs in an oii bath, then cooled to room remperature, filtered and the filterate
'.vas evaporated under vacuum.

A 100 ml ol 5% NaOH rvas added and the alkaline solution was enracted
'rith chloroform, the solven rvas removed under reduced pressure, to give a viscous
iesid3ue of I (68%) y'ield.

.{nal.:Calc for Cr:HroOz C 77..{1 H 5.37
Found C77.33 H531

Preparation of Acetylenic Amines II by "tr{annich Rerction,, General
Procetlure('o'")

A mixture of 1,2-di(2-propynyloxy) benzene I (0.005mole, 0.93g),
parafo:maldehyde (0.01 I mole, 0.33g), The appropriate secondary amine
l0.011mole) and a caralytic arnount of cuprous chloride in peroxide-free dioxane
i l5ml) was heated in water bath at 70'C for 3hrs. Alter cooling rhe mixture was
iiltered in ice-water (25m1) was added to the filterate, and extracted with chloroform
i3x15rnl), The physical properties ofthe synthesized compounds are given in (table
l ).

RESULTS AND DISCUSSIONS

The synthesis ofacetylenic compoudns AIII was carried out according to the
steps outlined in scheme 1.

（
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The reaction is initiated by nucleophilic attack of orygen anion on the
methylene carbon in propargyl bromide to yield compound I. The structure of
compound I was confi.rmed by IR and NMR spectr. The IR spectrum showed that
following characteristic absorption:

Bands: (KBr vcm'r) 3280 (strong, =CI{ stretching), 2120 (medium, C=C stretching),

2960 (weak, CHz stretchig), 1240 (medium -O-C, stretching).

The NMR spectrum showed the following characteristic chemical shifts 6(ppm):

21.35 (tripiet, lH, =CH), 4.3 (doublet, 2H,O-CHz),6.7 (m,4Earomaticring), as

well as by the agreement of the theoretical and practical value of (CHN) analysis.

Introducing compound I in lvlannich reaction using secondary amines and

formaldehyde in presence o cuprous chloride as acatalyst results in Mannich bases II-
VIII.

The strucutre of he syntheisized compounds II -VI[ was confirmed by IR

and NMR spectra. The IR spectrum showed the following characteristic absorption

bands: 1600, 1450 (medium, C=C aromatic str), 1340 (medium C-N, str), where the

absorption band of =C-H groups at (3280) for all the prepared compounds has

disapeared. The infrared and NMR spectral data are recorded in tables 2 and 3

respectively
OH

+BrCH2C=CH
OH

OCH2C=CH   9
+H_C―HttNR2

OCH2C=CH       H
(1)

OCH2CttCCH2Am

OCH2C=CCH2Am
(II― ノヽ■II)

Am=‐(D
イ   ヽ

―N  O

ノ   ヽ―N__N―

―
CCL

―
ND 

―

O-OH

ON(p⇒ 2
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Table 1: The physical properties of the synthesized compounds
И.嵐 【 Sル arbα ″α′

α::1:]::1:

Table 2: infrared Data for co nds I― lヽII

Comp.
Nc,.

KBr(cm ) Infrared spectrum

ν(=C‐⊃〔32801,ソ (CD arOmatic[30801,
V“ (CH2)[29601,ソ (̈CH2)128701,
ソ(C=C)[21201,1,(C=C)arOmadcl1600,
1500.1450

νCH aromadc[30801,ソ
"CH2〔

29601,ソsCH2

[28001,ソ C=C aromauc[1600,1500,14501,
ソC‐0‐C[12401,ソ C‐N宙bradon「 1320
νCH aromadc[30801,vaCH2129601,vs CH2

[29301,ソ C=C arOmadc[1600,1500,14501,

…

‐C[12601.、′C‐N「 13

I,** (nm)
(log e.".)

in chloroform
311

(2125)

317

(2.078)

314

(2.0917)

319

(2118)

315

(2107)

310

(2113)

=CC
Comp.

No
Am Yield

%
ⅣI P
Oc

Formuia Elemental anall'sis cal. o/o, (Fnd7o)

C H N

‐ND 61 Oily C二H32N202 75 19

(7431)

8.42

(8.27)

7.36

(7.51)

一̈〕
０
０

一Ｄ Oily C22H23N3Oa 6875
f―‐)

7.29
(--)

7.23

f¨‐)

Ⅳ
‐N(n―pr)2

40 71-73 C22H{o}.1?O2 7573
(7454)

9.70

(9.40)

6.70

(6.23)

V
‐
00H

●
，
′
υ Oily C2432N203 72.73

(71.88)

8.08

(7.93)

707
(731)

Ⅵ ‐0 59 Oilv Cz:HzN:O: 7500

(7413)

7.95

(7.40)

7.95

(841)
や11

二
〇

CH3
Oilv CttH36N203 7647

(‐
― ―

)

8.82

(―
― ‐

)

6.86
(-t

VIII /   ヽ
‐N ドー

38 79-81 C35HおN404 72.90

(71.81)

6.75

(6.93)

945
(1002)

ツ(C⊃ arOmadc[3080],ソ
"(CHl)[29501,

ソsCH2[2860〕 ,ソ(C=C)arOmadc[1600,1500,
1450]、 ν(C‐ 0‐C)[12401,ソ C‐N「 1320

ツ0‐H[3400〕 ,ソ CH arOmatic[3050],ソ
“
CH2

129501,ッ3 CH2[2800〕 ,ν C=C aronlatic

[1600,1500,14501,、 ,C‐0[12401,ソ C‐N

ソCH aromatic[30801,、 ′
“

CH2〔 29601,ソ s

CH2 12810〕 ,1'C=C aromatic[1600,1500,
1450],ソC‐ 0‐ C「 1 、′C‐N、 ib i1310

ソ(CH arOmatic)〔 30SOl、 ツぉCH2

|
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CH2[2860],ッ(C=C)arOnladc[1600,1500,
1450],ソ (C‐0‐C)「 12401,ν (C‐ 1ゞ)「 1340]

(2.122)

VIⅡ ッCH aroma二 c[3080],vas CH2 129601,ソ sCH2

129001,ソ (C=C)arOmatiC[1600,1500,1450]
ツ(C‐ 0‐ C)「 12501,ソ (C‐Nvib「 13501

314

(2.13)

JJ‐lZ“ ,α″strια工 Scι . レbl ff,No.(2,,2θ θθ

'  Tabl e3:NMRs data for nds ―V■

Comp.
No.

δ(ppm)帥R)げ■L^‖ げ」メ|ぃり■■

I 6(2.35) [t,2H], 6(-t.3)[d,4FI], d(6.7) [m,aH aromatic]

δ(1.65)[m,12珊 , δ(2.5)[t,8司 , δ(3.35)Is,4珂 , δ(4.8)[s,4珂 ,

δ(7)[m,4H aromaticl

δ(2.3)[t,4司, δ(3.1)[m,4闘,  δ(3.5)[t,8珂 , δ(4.5)[m,4司 ,

δ(68)「 m.4H aromatic]

V δ(1_9)[m,8珂 , δ(3.4)[m,12珂 , δ(3.8)Im,2珊  δ(5)[m,4珂 ,

δ(7.75)im,4H aromatic

Ⅵ 6(3. I ) [m,8IIj, 6(4) [m,]H, 6(5. 5) [m,.tt{, 6(7. 7) [m, aromatic]
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i..aUitt

trans-2, cis-6- Li1-irrtjdl3 trans-2, none-l-al cI rl::: Or;]tJl u*l>E$l ir=lii*lr
d.-t tu. + L-li:*il Ji S-l oJ-6 ,J$l dlY Li s l^J$E e,J= rr ,-,."Jr nonadien-l-al

6l;x g;13 CSJ'" 
-.JtiJl crttSl pa.lta C$-rtt \..-n3 63pe"Yl &qJS J-l-tr f.J'jYl J*i .&Jl

lJ-J- 4il5lJ Jill i:l-+ r.rtJ€Sll : ++ll dL.,:-l rrc, ,.9\r''ily, I i ll +Uq dIlr elljll ,Jo

slt^r:-t3 &)l d* e ,;=tr:*ll AIY! fu;15. o,1 cY,! c\,Y RF-+,:tiL &X j-tel #!ll

J+-Ll rii di-iit sodium dodecyl sulphate page SDS Jt-,l-l :.u 1-1 ,r,t+;+Sll eJl jl-(+

e+-i;lil .'+ r.l. r J tJ*iJ*)l 6qJS Jl --':..,t ..: fj- ) . J tLJl ,.1>Yt J-lii* a'^ LF ) i
t i. glL-:;rbgj JL--+, u Js OLs.oll.:S Yt,o ,yf,c .\Y,o i,:'j?rl 16l-1rl crilSr,\!
l,A e \,t ,_,21r i, Ki .t+l! +E J diJl c!=: ih U* ,-Ii:*ll J: $-l aJ-6 .JS-l dyY c.retr

,J,-lii*.ll t':.-lt aiYl r.: ap.Ul L#1i11 ,-,rli !.+.i cslS: tt:ll L*ji:*ll Jltsl .,J.c ;'JJ $
.Jt-dt & lS.1^ll -ElJ.$ o,l 3l,Y t- j-Jl ,i1., Lj^

ABSTRACT

The plant defence compounds trans-2-Nonen-i-al and trans-2, cis-6-
nonadien-1-al (TzCoN) were investigated as inhibitors of Acetylcholinesterase
(AChE) which were extracted f;om honeybee brain. Ammonium sulphate
fractionation followed by gel filtration gave 2-fold and 4-fold purification
respectively of this enzyme was extracted intheabsenceofproteolyticinhibitors.
Non-denaturing polyacrylamide gel electrophoresis (PAGE) of the partially purified
AChE resoived in silver-stained gels 3 species with RF values of 1.2,2.4 and 5.6'.

electric eel AChE gave an identical results. Sodium dodecyl sulphate-PAGE resolved
14 bands from crude extract of bee brain, i0 bands after ammonium sulphate
fractionation and 3 bands after gel filtration with estimated molecular weights of
L7.5,23.5, and 24.5 kilodalton. TzN and TzCoN were competitive inhibitorsof
honeybee brain AChE with inhibition constant (Ki) of 6.4mM and 1.8mNI

77

，
　
　
　
●

　

　

　

．



2“″′Dψ″vL囀 ο
“
″ム rra″s_2-,VO″ ″‐7‐αr a7t″ rrα″,2,Ct,6-渤″α″″″‐2‐α′

“
ル″あirars

√∬ο″9う″Braレ スcのICIοriF′es_asF              tt И.ルカα

respectively against cnide  extracts of bee braini cOrresponding values against

puriled AChE were 3 2 and 5 4n■M

INTRODUCTION

In 1936-1937, extensive investigations were made on the mode ofactions of
rhe organophosphate pesticides towards anticholinesterase enzyme. AchE was first
isolated and homogenization by centrifugation from the electric organ of Torpedo
indrmorata (Risso) in 1938(r). Purification was increased hundred-fold of AchE
e$racted from electric tissue of Electrophorous electricus (L.) which were achieved
by fractional ammonium sulphate precipitation(2). Sodium dodecyl sulphate of
mercaptoethanol and revealed two major polypeptide components have a molecular
weight 88 kd and 6a kd (3).

Properties of AchE in crude homogenates ofhoneybee rvas different than
rhat from the American cockroach(a). Their activities were not inJribited by high
concentration of the substrate(5).

The AchE from housefly and honeybee was inhibited by three
organophosphate and gave the following Ki values: Parathion (0 00045mM and
0.00lm.lvl), Paraxon (0.000026mM and 0.000019mM) and P-nitrophenyl di-
isopropylthiophosphate (0.02rM and l4nuV) respectively(6).

The following procedure describes the isolation and partial purification of
.\chE from honeybee brain by column chromatography addition, polyacrylamide gel
electrophoresis (PAGE) and SDS polyacrylamide gel electroohoresis (SDS-PAGE)
rver used to resolve the soluble .{chE lrom other proreins at different stages of
purilication. This rvork explores the biochemical mode of acrion of the rwo
aldehydes in lenns of inhibition ofthe enz)me AchE honey,bee brain.

I\,IAI'ERIALS AND NIETHODS
Isolation and Purification of Acetylcholinesternse

All isolation and purification steps were undertaken between Q-4 C. Honey
bess stored at -20C rvere individually decapitated with scalpei and forceps in a
containing finely broken dn'ice. one thousand lrozen heads were sround in moftar
with l00ml distilled rvater containing -lml butanol and;100 mg sodium taurocholate.
A-fter storage in the cold room for T2hours lor autolyses rhe resultanr slurry was then
strained through glass wool and centrifuged at 7.100 rpm for 30min. As a
preliminary experiment indicated that about 85% ofAchE activity remained i nthe
supenutant, the precipitate was discarded and the supematant was again strained
through glass wool to remove wax particles. the filtrate was dialyzed against 2 liter
(20 volumes) of0.003 M phosphate butrer (pH 7.0) with two changes ofbuffer at 12
hour intervals. The dialyzed contents were then centrifuged at 7.100 rpm for i0 min
and the precipitate r.vhich had only 5.2Yo ol AchE activity rvas discarded. Fat
particles were removed from the supernatant by filtration and the tiltrate was kept

Ｑ
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for ammonium sulphate fractionation. From this stage on 500 pl of 0.01 M choline
solution was regularly added to every preparation to increase enzyme stability during
purification.

Ammonium Sulphate Precipitation
To crude AchE extract solid ammonium sulphate was slowly added with

stirring togive the following concentratoin: 0 to 20oh,20 to 40oA,40 to 600/o and 80
to 100%. After each addition the mixture was allowed to stand for t hour and was

then centrifuged at 7,100rpm for 30 min. The precipitate from each fractionation was

dissolved in 30ml of 0.005 M phosphate buffer (pH 7.0) (Table 1) followed by
analysis against 20 volumes of deionised water. Precipitates from solution 0-20 and

20-40 ammonium sulphate precipitation, the rechest in AchE, were combined and

then sub-divided into 3 portions of which two were used for Sephadex G-100
chromatography and the third for enzyme assays and electrophoretic analysis. All
other precipitates were discarded.

Gel Filtration Frnctionation of Enzyme
Sephadex G-100 (+-5g) was sr.vollen at room temperature for three days with

several changes of buffer 0.003N{ phosphate pH 7.0. The gel was deaeratated for I
hour, packed in a column (1.5x20 cm) and equilibratedat4Cwithrhreecolumn
volumes of 0.003M phosphate buffer pH 7.0. The crude extract (2rnl) was carefully
applied to the column bed and eluted at a flow rate of 4mVhour. Fractions (1.5-2ml)
were collected using a Gilson fraction collector and the eluting protein was

monitored at 280nm. In addition. the Bradford method of protein quantification was

used throughout the isolation and purification procedures using bovine serum

albumin as standard(7).

Activity Deternrination
AchE activity in crude and derived fractions was determined by the method

of (8) The activity of honeybee brain AchE was expressed with reference to the
activity of units of crystalline, electric eel AchE. Two standard curves were prepared

using 0, 0.025, 0.05, 0.1, 0.3, 0.4 and0.5units/mlelectribeeland 1,2,3,3and5
units/ml electric eel AchE these provided a measure of the velocity of the reaction
with bee enzyme and of the amount of honeybee AchE present in a given fraction.
The enzyme-rich fraction (9,10,11 and 12) were combined, thenconcentratedto
one-third of the original volume in a N'finicon B-15 concentrator.

Polyacrylamide Gel Electrophoresis
Acrylamide gel electrophoresis was conducted on slab gels at 5C according

to the method of Davis(e) and optimal separation of AchE was achieved in a 5%
resolving gel and 3% stacking gel Enzyme samples (0.1-0.2rnl) contained l0%
glycerol with bromophenol blue as a tracking dye were applied to the gel. In
addition, subunit numbers and molecular weights rvere estimated by sodium dodecyl
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sulphate polyacralamide gel electrophoresis (SDS-PAGE) according to (10) usign

slab gels comprising 12.57o resolving get with a 4% stacking gel. Enzyme samples

were dissolved in buffer comprising 0.01M Tris Hcl (pH 6.8), 0 001 EDTA l%
SDS, 10% glycerol with bromophenoi blue and 5% reducing agent mercaptoethanol.

The presence ofabsence of reducing agent affects gel pattems (11). Non-denaturing
and denaturing gels were stained with Coomassie Brilliant Blue G-250 and, in
addition, such gels were silver stained by according to (12), As acheckongel
pattems resolved lrom bee brain AChE, electric eel AChE rvas also electrophoresed.

Kinetics of Acetylcholineesterase Inhibition
Constants appropriate to quantity AChE / inhibitor interactions were derived

tiom incubations of enzyme, usually i.25 units/ml, with two concentrations of the
substrate acetylthiocholine, (0.i and 0.5 rn-M ATCh) and five concentrations ofeach
aldehyde (0.09, 0.3, 0.45, 0.6 and 0.9 mM) assayed according to (8).

Results and Discussion

-A.cetylcholinesterase Isolation and Purificafion
About 85% ol AChE activity in the honeybee homogenate ;emained in the

supernatant aller centerfugation ar 7,100 rpm for 30min. After a second simillar
centeri:ugation 809/o olAChE activity rvas in rhe supematanr so the rwo precipitates
ii,ere discarded. Follorving arnmonium sulphate precipitetion ofthe supernatant, 77%
;f total ACIiE activitl- resided in lractions 0 - lOo..i, and 20 - 40% saru;ation. (Fig. 1).

The enzyme in fractions 8 - i7. espciallv fractions 9 1nd 10.

Purified honeybee fraction 9 - 10 AChE .,vas resoived insilver - stained non-
denaturin gels into rhree bands rvith Mr,alues ol 1.2 , l.l and 5.6 . eel AChE gave
an identical result (Fig. 2). Silver - stained SDS-P.{GE gels olhoney'oee brain AChE
resolved i4 bands from the crude extract, 10 atler ammonium sulphare fractionation
and 3 after Sephadex G-100 ckomatography (Fig. 3). The latter bands represented
molecular weights of 17.5. 23.5 and 24.5 kd.

Kinetics of Inhibition
The Km value for ATCh of crude exrracrion oihoneybee brain AChE rvas

estimated from Lineweaver - Burk plots as 2mi\,I (Fig. .l). Furthermore, these data
indicated that AChE (inhibition consranr) derived from Dixon plots for T2N rvith
honeybee crude and purified enzyme were 6.6 mN{ and 3,2 mlvl respectively :

correponding values tbr T2C6N were 5..1 mr\l and 1.8 mrV respectivell. (Fig. 5).
Crude extractions ol bee brains hydroly sed 2.1 mr\{ .'\TCIL mg tissue/hour,

rvhich is consistent rvith the reponed value of 1.5 nu\I .\TCIvmghour for simillar
tissue'6).
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Our extract, purified l7-fold, resolved in a 5Yonon-denaturing gel into 3
bands which Rf values matching those of eel AChE under the same conditions.
Electric eel AChE has been separated by molecular sieve chromatography in to three
globulor forms representing monomers, dimers and tetramers of the catalytic subunit
: sucrose density sedementation has produced three asymmetric forms consisting of
one, two or three tetramers attached by disulphide links to the strands of a triple
helical collagen-like tail(r3).

Moreover, crude extracts of honeybee brain AChE also resolved 3 bands (M
value not given) in Acetylctrloide and acrylamide gels(t'), indicating that each species

contained ligand binding sites.

SDS-PAGE of our crude extract resolved 14 bands decreasing after

purification after sephadex G-100 cl.romatography to three with a Mol. wt of 17.5,

23.5 and 24 5 kd. Various moiecular rveights have been assigned to AChE subunits.

Sedimentation equilibrium studies indicated a molecular weight of 260 kd(lr).

dissociating in the presence of guanidine-.hydrochloride and mercaptoethanol into
four equal sununits of about 64 kd. each(tu). A study in 5 M guanidine and 0.001 lvI

dithiothreitol of ACI{E purified from electric eel estimated the subunit molecular

weight to be 42 kd. In neutral 5 NI guanidine and 21 5 kd. in acid 5 M guanidin_e,

indiiating that the 42.4 kd. species was a dimer species of the other(l7).

Subsequently, SDS-PAGE in reducing conditions of electric eel AChE purified by

affinity chromatography displayed one component at 80 kd. susceptible to cleavage

by proteolysis to peptides of 55, 28 and 25 kd.(18). As an investigation of the

inhibitors most appropriate to block insect proteolysis was outside the present study

none lvere included in the extraction protocoi. Accordingly, the subunits identified

from SDS-PAGE undobtedly ret'lect the action of proteoiysis. Their amalgamation

wouid give a species of 65.5 kd. and it may be relevant that recent studies of AChE.

extracted in the presence of proteolyic inhibitors, from Topedo and human

erythrocyte gave values ror the caralltic subunit of 67-69 and 67 kd. respectively(16).

Nevertheless, the fact that the unprotected product of our purification hydrolysed the

substrate with enhanced activity could suggest a distinction might exist between

structural and functional subunits.

Our observations on such activity indicate competitive inhibition of insect

AChE as a mode - of - action by rvhich the aldehydes kill insects. Furthermore, they

indicated T2C6N as a more potent inhibitor than T2N qiven their respective Ki
values of 1.8 and 3.2 mM respectively. This is consistent with our from bioassays

against 1i insect species in rvhich T2C6N was about twice as potent as an

insecticide('0). It also seems relevent that ki values for insect AChE better reflect the

aldehydes affiacacies as insecticides than do the ki values for eel AChE (0.34 and

0.36 mr\{ respectively). Furthermore, these ki values indicated insect AChE as iess

susceptible to the aldehydes than vertevrate AChE. Thus, in terms of ki, honey bee

AChE was 5Ofold 9-fold less inhibited than eel AChE by T2C6N and T2N
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Plant Defense Compounds Trans-2-Nonen-1-al and Trons-2, Cis-6-Nonodien-l-al as Inhibitors
グ∬θ″ψb`′ B′αレИεαソた力οriPa`cェeFαS′ ″ И.rαヵα

respectively. So evolution of the AChE molecule from the level of tlie insects to the
vertebrates might entail decreased resistance to plant defence compounds such as

these aldehydes.

Table I : Distribution of AChE activity in various fractions of an extract of honeybee
brain

Stage Volume
(ml)

Enz-vme

Activity
(units/ntl)

枷
Ｕｎｉｔｓ

Protei
(mgiml)

Specific
ActivirJ*

(unitYml)

Recovew

ｄｃ

ｍ
ｍ　”I'ellet (7,100

rpm) before
amrnonium

liactionation

1.25 37.5 t {.5

Pellet
(a7,100 rpm)

before
ammonium

fractionation
Supemxtant 79.9
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ABSTRACT
Three types of NIn(IiI) dithiocarbamate complexes are used as thermal

initiators (at 80"C) for polymerization of methyl mathacrylate (MIvIA) in presence of
dimethyl suiphoxide (DMSO). These complexes are,

I- Tris(diethyl dithiocarbamato)manslnese (III) IvInISzCN(CzHs)z]3 Mn(DEDTC)3,
II- Tris(ethyl phenyl dithiocarbamalo) manganese (III) Mn[SzCN(CzHs)(CrH:)h
Ivtn(EPDTC), m- Tris (diphenyl dithiocarbamato) manganese (III)
Mn[SzCN(CoHs)z]; Mn (DPDTC)s. The order in initiator is 0.5 and in monomer is

about 2. No retardation or inhibition is detected under the experimental conditions

employed. Spectroscopic analysis sho..vs that initiation process occurs predominantly

through scission of ivln-S bond enhanced by the coordination of DMSO molecule to

tbrm dithiocarbamate free radical and simultaneously the oxidation state of Mn(IiI)
is reduced to N.{n(II) through the intraredox thermal process. The activation energies

of overall polymerization and initiation rvere determined and are generally lower than
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the usual values for MMA polymerization using conventional initiating systems. A
mechanism of initiation by the present system is suggested depending on the kinetics
and spectroscopic analyses.

INTRODUCTION

Thermal initiation of free radical vinyl polymerization by rransition metal
chelates has received a considerable attention in the last tluee decades(r.13). Reports
in literature reveal that the presence ofelectron donor rvith metal crelate initiating
system enhances the efficiency of these complexes in the polymerization process.
Korshak and coworkers(l) first reponed that the formation ofacetyl acetone radical
(acac ) from the thermal decomposition ofMn(acac)3 is enhanced by the presenece
of acetic acid and trichloro acetic acid as electron donor. Uehara and coworkers(r)
reported the polymerization of methyl methacrylate (Ntr\{A), styrene and vinyl
acetate at 70'C by N[n(acac)3 could be activared by pyridine and its derivatives as
electron donor. The average rate of polymerization rvas found to follow the
following trend:
Pipvridine>Pyridine>2,6-dimethyl pyrindine> no additive

Bamford and Lind(6) shorv that acrylonitrile could be polymerized at 25"C in
presence of Mn(acac).,,DMSO initiating system. Kimura, Inaki and Takemoto(7) have
suggested the initiating mechanism of vinyl polymerization by Cu(iI)( 1 ,3-diamino
propane)/CCll system. Bamford and Ferrar(s) gave the detail kinetic studies of
photoinitiated polymerization of MNIA, styriene and acrylonirrile at 25"C using
!In(acac)3 and \.{n(t-acac)3 in presence of pyridien and DVISO as electron d.onor.
Aliwi and Bamibrd(e) have reported the rnechanistic studv ofthe photoinitiation of
polymeriaion bv VO(acac)1Cl ol VL\,IA at 25'C and the initiation prccess is greatly
enhanced by the presence ol pvridine or D\{SO as electron donor. The suggested
mechanism of initiation that rhe electron donor molecule interacrs with chelate
compl.ex to form the ionic intermediate from rvhich a chlorine atom is radical derived
tiom D\,ISO or pyridine can be Ibrmed phtochemicalll' rvhich are found responsible
lor free radical polymerization process. In the present r.r.ork, rve intended to
investigate the kinetics and mechanism of the thermal polvmerization of MMA at
S0"C in presence ot' DNISO as elecrron donor rrsing three tupes of rnenganese (lll)
dialkl'l dithiocarbamato complexes These are:
I- Tris(diethvl dith.iocarbamato)manganese (III)

MnISrCN(C1H;)2]3 lvln(DEDTC)r
II- Tris(ethyl phenyl dithiocarbamato) manganese (III)

MnI52CN(C:H:)(CoH:)J: Mn(EPDTC):
IiI- Tris (diphenyl dithiocarbamato) manganese (III)

Mn[SzCN(CoHs):]: lvln(DPDTC)3

や
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EXPERIMENTAL
Materials
1. Mn(III) chelate complexes: The three chelate complexes I, II and III were
prepared according to the method suggested by Fabretti and coworkers('o) for the
preparation of tris( diethyi dithiocarbamato) Co(II| complex. Elemental analysis and
the physical properties are shown in table 1.

Table 1. Elemental analysis data, deccmposition temperature (D.P. "C) and color of
the three lvln(IID chelate complexes and dialkyl dithiocarbamate sodium slats (Ll,
L2and L3

Complex

or Lis.
DP,C Color

C H N

I 180 Brown 3533
(35.86)

6.10

(598)

7.85

(837)

167 Brown 51.29

(50.39)

4.42

(467)

659
(653)

150 Dark
brown

59.49

(5924)

3.83

(380)

4.43

(5 32)

Ll 93-95 Fate

vellorv

34.98

(3509)

6.73

(585)

7.88

(899)

L2 96-98 Yellow 49.47

(49.54)

521

(459)

523
(642)

L3 80‐ 82 Ｄａｒｋ

Ｖｅ‐‐。ｗ

58.38

(5843)

374
(375)

596
(5.24)

2. Diallryl dithiocarbamato ligand sodium salt: The sodium salts of diethyl
dithiocarbamate (L1), ethylphenyi dithiocarbamate (LZ) and diphenyl

dithiocarbamate (L3) were synthesized according to Vogel(lr). CIS{ analyses are

shown in table 1.

3 MMA monomer (BDH ltd.) was purified by the method reported by Bamford and

Lind(6): The monomer was prepolymeri zed at 100"C for t hour before being distilled
under reduced pressure, for removai of traces of impurities whcih might act as

retarder or inhibitor.
4. Dimethyl sulpiroxide (BDH ltd.) rvas purified by the mehtod of Atkinson and

colleagues(t'), dried using moiecuiar sieve type 4A (BDH ltd.) then distilled under
reduced pressure (1amm-Hg) at75oC under nitrogen atmosphere.
5. Solvents: Benzene, methyl aicohoi of analar grade supplied by BDH ltd., used

without further purification.

Techniques
Polymerization process was carried out in a Pyrex vessel of 10cm3 capacity

connected at a nitrogen gas purging system. Dissolved air was removed by bubbling
MMA saturated nitrogen gas (Al-lvlansour factoryi Baghdad of purity 99.90o/o) for
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20 min. The reaction tube was protected from light using aluminum fcil and placed in
bath at 80'C +1"C using thermostaie tpe Haake-K15.

Rates of polymerization rvere measured gravimetrically by precipitating the
polymer in 50 fold of methanol according to the following equation

d[M] [M"]xdco,/o
dt 100xt(s)

Where [IvI"] is the initial monomer conc. dco% isthe % monomer conversion to
oolymer with polymerization time (t) in seconds. Number average mrlecular weight .

rM,) of polymer was determined viscometrically using Ostwaid viscometer with the
aid of the modified N'Iark-Houwink equation:

()-u 
|"1+y(t+a/2) (2)tal=k'vtiiffi) l*y

[4] is the intrinsic viscositl,and 5k,"/k,a:0.77(r3). (k," and k1,1 ?r€ the rate constants
tbr termination by combination and disproportionation respectively).

ct and k values rvere taken(ta) as 0.76 and 9.4 x l0'5 using benzene as solvent
3t 250C.

Infra-red spectra were measured by Pye-Unicam SP3-100 spectrophotometer
using KBr and polymer film technique. This technique is used for identification of the
rnitiator and ligand Na salt. Hitachi U-2000 double beam UV-visible
spectrophotometer was used to measure the spectral changes in initiator during '

tolymerization process and identify the adduct form betrveen the complex and
DMSO molecule.

Specifrc conductance of NLr\,fA/DlvlSO and IvIn(III) complexes solution r.vere

ineasured using WTW conductometer LF19i Germany.

R.ESTJLTS AND DISCUSSION
It is known that the electron donors such as DMSO. pyridine and aliphatic

amines can enhance the photo and thermal initiation of free radicai polymerization of
-,,inyi monomers initiated by transition metal chelates(6'8'e). This enhancement was
attributed to the reaction benveen the electron donor (D) and metal chelate molecule
ilIL") which transfornt the latter to the charge transfer complex as shorvn:
\,IL3 + D + D-+IV{-L2L-(charge rransfer complex) (3)

in the present work, we havb explored the kinetics and meciranism study of
ihe thermal polymerization of N,IN{A by three types of \'In(III) dialkyl
tiithiocarbamate complexes (I, II and III) in presence of dimethyl sulphoxide as an
eiectrc,n donor.

The formation of the charge-transfer complex of the ion pa:r type between
the Mn(III) dithiocarbamate complex and DIIISO was detected b1'the change in the
IJV-visible spectrum before and after addition of certain amount of DMSO to the
r{n(Illl) compiex in N'[MA solution. Figure I clearly shows that the spectrum is .-

changed when the Di\'lso is added to rhe lvln(III) (DEDTC). in \MA solution.
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Similar changes were ohtained fro五 the卜価(HI)(EPDTC)3and Ⅳh(ⅡI)(DPDTC)3
complexes.

The nature of the adduct follllation between N伍 (IⅡ)dithiOcarbamate
complex and DⅣ ISO was also studied by the electrical conductivity lneasurements

bebre and aner the adductibrination Table 2 shows that a speciflc conductance is

incrёased from 2.5x10‐
8Ω‐l cm‐ lto 3.6x10る

Ω
‐l cm‐ l when O.12Ⅳ

l ofDヽ4SO is

added to 5x10‐
4Ⅳ

[。f Mn(HI)(DEDTC)3in Ⅳ6鋏 solution This clearly indicates

the ionic(or paiially ionic)nature ofthe complex formed between DMSO andン h
complex.

Table 2:The specinc conductance of complex(I)in Ⅳ脂Ia solution in presence of

dinbrent conc.ofI)ヽ/1SC)as an electron donor

Solution
Composition

PLl(DEDTC)3]

mole/L
[DMSO]
mole/L

10′ spec」Ec

conductance

(Ω・ Cm~1)

/ゝ卜快 0.0 000 <020
/ヽ1VAttDⅣ ISO 0.00 0.12 <0.20

MMA + complex (l) 5x10→ 0.00 025
lNIIMA+(I>DMSO 5x 10-a 0012 750
ントlA+(I)+DMSO 5x10-a 0024 120
NIIMA+(I)+DMSO 5xI0{ 0048 170
ンDИ A+(I)十DMSO 5x10-l 0.072 23.0

ントlA十 (IltDMSO 5x 10-l 0096 290
ントIA+(I)+DMSO 5x10‐

4 012 360
The observations of tire spectral changes and conductivity measurements

might iead to suggest the foilorving equation for the reaction between the Mn
complexes I.II or III and DMSO: 

S-s

Mn[S2CNR2]3+(CH3)zS=0 -) 1n2NC S:)zNFu. - )r-*,ps
CHS-S-CH:

Ion pair complex
The nature of the initiation process using this system of initiators I,II or III

and constant conc. of Dlv{SO (0.121v0 was studied by monitoring the average rate of
polymerization with square root of initiator conc. The straight line obtained from this

relationship that shown in Figure 2 strongly suggests the free radical nature of the

initiation process. From the straight lines shown in Figure 2 the following relations
are obtalned:

ω=536× 10‐
3[I]12 mOle L‐ ls‐ 1

①=527× 10‐
3[II]ltt mOle L‐ ls‐ 1

o=509x10‐ 3[IH]12 mOle L‐ ls‐ 1

The above equations indicare rhat the initiator I is more active than initiator
II and this is more active in pol1.'merization than initiator III.

(5)

(6)

(7)

91



Thermol Initiation Of Polymerization Of Mahyl Mahacrylate By lllonganese (IIl
Dithiocarbamates In hesence Of Electron Donor S. M. AlitriAndA. H. Hayali

Wtren the 9o conversion of polymerization is followed with reaction time (at
constant DMSO, monomer and initiator conc.), all initiators show a straight-line
relationship passing through the origin. This result indicates the unretarded
uninhibited nature of the polymerization process using these initiating systems.

The order in initiator conc. was also determined by rhe logarithmic changes

of average rate of polymerization with logarithmic changes in initiator conc. From
the results obtained, it was found that the order in all initiators I, II and trI is very
close to 0.5. Again this result inidcates that the polymerization process of MMA at
80"C is free radical in nature.

The order in monomer was also determined by variation of rate of
polymerization with monomer conc. using bezene as diluent in presence of constant
conc. of DMSO (0.12M) and initiator (5x10{M). The slopeof logcl versuslog
F/n4Al plot reveals that the order in monomer is 1.98 (about 2) fcr all initiators.
This value recalls the monomer order for the thermal initiation of polymerization of
MMA (1.5 for Mn(acac):(6)) and (l 44 for cobalt (III) chelate('s);. However, when
dibenzoyl peroxide is used as initiator (with 0.12M DMSO) the order in monomer is
nearly l.

It seems to us that the order in monomer using transition metal chelates as

thermal initiators is alr.vays higher than 1 (between 1.5 to 2). This of course led us to
conclude that a monomer molecule is involved in the initiation step.

The kinetic parameter ko k,'12 was also calculated from rela,tion (8) for the
simple free radical polymeHzation:

7_=出 {ω
扇総ゝ

2

(8)

{y=he ratio between the rate constant of combination (k,.) to disoroportionation
(k,a) and taken as 0.77 at 80"C for VLIIA(I3)). Dp is the average degree of
polymerization. Table 3 shows the average value of ko h-''' for initiators I, II and IIL

Table 3: The average values of ko kilz for the thermal polvmerization of MMA at

80"C. Initiator conc. is 5xlO{M. DMSO conc. = 0.12 lvlandmonomerconc. =
9 33M.

The values of kPkt‐
1/2 for aH initiators are generaHy lo、

ver than that reported

by Bamford and Lind(6)(017)and Thiagaraian and cOworkerζ 15)(0.174)and

山rnett116)(0109)using Mn(HI),CO(III)Chelate cOmplexes and tIBN initiators

respectivelyお rlBIA polymerization at 80°C

Initiator (L171214。 r1/2s

92

0.078

0077

|
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Since no retardation, inhibition or chain transfer processes were indicated in
the present polymeri zation system, the low values of ko k,-12 obtained in the present
work could be attributed to the possibility of primary radical termination because of
the relatively stable initiator radicals produced. Using the average value of the rate of
polymerization rather than the initial rate (higher in value) in equation (8) might be

the other reason for the low value of the calculated kok;''.
The rate of initiation (vi) could be also calculated from equation (9) using the

values of krkir'2 in Table 3 in term olinitiator conc.

dIM]  kp~可~化
に十kd)/1NIl畔

2=ω

ソi=5.42× 10‐
5[I]  m01L‐ ls‐ 1

ソi=5.38× 10‐
5[II] mOI L‐ ls‐ 1

ソi=5.29× 10‐
5[III] m01L‐ ls‐ 1

Equations 10,11, and 12 and equations 5,6 and 7 clearly indicates the

initiator I is relatively more active than II and this is more active than III.
The activation energy for overall polymerization (E1) process was deduced

from the slope of Arrhenius plot shown in Figure 3 for all initiators used

(polymerization temp. ranged between 50"C - 90"C). The activation energy for
initiation (E;) is calculated from equation (13).

Er: (Ep -\12)+E'12 (13)

When Et and Eo are the actir,ation energies for termination and propagation

respectivlev.
By taking the value of Eo - E,lz : 19.24 KJ/mol for thermal

polymerization of N{lvIA at 80oC(r7), rhe values of E1 , Ei. Results are shown in table

4.

Table 4: The values of overall polymerization and initiation activation energies of the

thermal polymerization of IvIMA at 80"C (initiator conc. is 5x104M and DMSO

(9)

(10)

(11)

(12)

conc=

Results in Table 4 show that both Er and E; increase in the following order.

[[I>[I>I. Therefore, the values of Er and Ei are dependent on the chemical nature

and structure of the initiator used. The value of Ei for initiator I is lower than for
initiator II and htis is lower than Ei for initiator III which reflects that the initiating

radical produced from initiator I is more active (less stable) in initiating process than

in II and this is more active than initiator III. i.e. the radical produced from initiator

Initiator

39.08      1      3966

93



Thermal Initiation Of Polymerizution Of Methyl Maltacryiate By l{anganese liII)
DJ`力あεαめ α″ほesil Prぉ●JP,c′

`yE7ど

ctrO“ Dθ″οr S. i'1. Alht'i.4nd A. H. Hayali
III is the more stable radical. The radical stability could be attributed to the high
resonance structure in radical derived from the ligand in complex III than radical
from complex II and this gives radical more resonance stable than radical obtained
from complex I.

The values of Er and Ei for MMA shown in table 4 are generally lower than
that obtained by many authors using transition metal chelates as thermal
initiators(6'15). This might be explained by the chemical nature of the adducts (ion
pair) formed between complex I, II and III and DMSO by which the formation of the
initiating radical needs less energy.

The UV-visible absorption spectrum of the complexes I, II and III in MMA
with 0.12 lvI DMSO is changed with heating time. Figure 4 shows the spectral
changes of complexes I, II and III and all show an isosbestic poiirt at wavelength
located about 32Onm which indicates that the thermal decomposition reaction of the
complexes is not complicated.

By following the log(.\-A") versus heatign time, a straight line is obtained
for all initiators used, indicating a first-order reaction and from the slope of the
straight line the vlue of the specific rate constant (lq) for initiator decomposition is
evaluated. Table 5 shows the value of h and rate of thermal decomposition of
complexes I, II and III.

Ar and A- are the absorbance after reaciion time (t) and after ten half lives of
complex conc.. respectively. The absorbance is measured at wavelengih 340nm.

Table 5: The values of ka (s-r) for the thermal decomposition of lvln(III) chelates at
80"C in bulk N,IVIA solution (complex conc. =5x10-1M) in presence of 0.12M
DNlSO

Complex Kd(s・ ) Rates of
decomposition 

i

5.0x10{ 笙 喧
8.26x i0{ 4.13 x 10-7

8.73 x l0-a 436x10‐
′

Results in table 5 shorv that initiator III decomposes faster than II and this is
faster than initiator I. These results are in contrasr *'irh the results shcrvn in equation
(10.11 and 12) and the activation energy values shown in table 4. This discrepancy
might be explained by the instantaneous formation of dimeric ligand species during
the thermal decomposition process by what so called cage ffia By this mechanism
no radical is formed to initiate polymerization.

According to the kinetic and spectral observations alreadv reported, one
might suggest the following scheme for the thermal initiation by the p;esent initiating
system :
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[R=C2H50r C6H5,M=Ⅳ 卜m molecuに,D=DMSO]
δtt  δ‐

レ♭ム
「

〃,/Va.`υ,2θθθ

ヽ1

|ンmCR汁町Ψk%Cmがな‖fttL肌→
2Mhm(s2CNR2)3→ 2卜伍

Ⅱ
(S2CNR2)2+(S2CNR2)2

D          D       (ligand dimer)
.      ki                      .

R2N―C(S)S‐ M+M→ 烏NC(S)S―M¨ M
kP

R2NC(S)S―M― M+rⅣ〔→ RパC(S)S(M)n・ lM
聰

2R2NC(S)S(M)n+lM→ R2NC(S)S―Ц n.a2SC(S)｀R2
軸

2R2NC(S)S(M)n.M→ 2RがC(S)S‐Mn_2

The poly(methyl methacrylate)therefOre produced possessing an active

(thermdけ Or phOtOche面 cdり)d」kyl dithocarbamtte end groups.Ths codd be

utilized to prepare block copolymer oftype AB or BAB in presence ofother vinyl

monomer like styrene or vinyl acetate or acrylonitrile.… etc Furtheer investigations in

this aspect are worthwllile
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ABSTRACT

An inflnite dirnensional generalization of the Leslie inatrix is introduced,and、 ″e

assume that the top Ю w((CXn)1∞ )and the subdiagonal({Wn}1∞ )OfSuCh mat五卜 are

considered to be elements in the Hilbert space′ 2

1n this paper we prove that an inflnite dilnensional Leslie Fnatrix have a real

positive eigenvalue and  bounded for the eigenvalues is also investigated. In

addition, 、″e prove that such lnatrices,deine a compact linear operator fromイ 2 intO

`2.

INTRODUCTION

The Leslie mat五 x model[121is a Wen known lnatrix,and is used to describe

the dynarnics of an age stnictured population.

The population is d市 ided into n classes(grOups)with the number offemale

豫8巽
l「
こ
li灘

llill(113;tk iS deflned by

it is called the age distribution vector=where xll is the number offemales in ciassi

+l attime tk,i=l,2,… ,n-1

The chanse in the population structure from time tkl to tirne tk.lis given by

x(k)=Lx(k‐
1)=L2/k‐2)…

=Lkx(0)

where x(0)is the initial age distribution and L is the Leslie rnatrix:

F2‐‐~Fn_1

0…‐0

Pl――-0

:    Pn_1

．・ＯＷ‐Ｓｉｎｄｉｖｉ鰤
ｍ
ｔｏａｎ
叩
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Therefore, if we know the initial age distribution t/ector and the Leslie
matrix we cam evaluate the lemale age - distribution at any time .

It is rvell knorvn that Leslie matrix L has only one real positive eigenvalue
ir sa/ [12,13,14] , and the remaining eigenvalues ofl- are negative or complexUal .

The behavior of the population is governed by the eigenvalue ofthe Leslie
:natrix it gives the general picture ofthe dynamics ofthe gro*th process, if ].1>l
;hen the population increasing while it is decreasing when i,>l and the population
rvill go to extinct. The stability size rvill happen rvhen ir1:l and the population has
zero
growthtl{l

The non-positive eigenvalues of Leslie matrix also exist. A sharp
:ontainment region for the non-positive spectrum olleslie matrix is constructed in
,aper [9]. While paper [ 10] considered a Leslie matrix with a near periodic
ttcundity pattem, it shows that such matrices have at least trvo non-real eigenvalues
rvith moduli close to the spectral redius.

There is an important reason arised when the eigenvalue to be existed when
:he Leslie matrix has an infinite-dimensional, because the determinanrs, in this ease.

:s not defined. In this paper we assume that Leslie matrix having inirnite dimension
'rith its top raw and subdiagonal are considered to be elements in the Hilbert space

,i. the space of all sequences 1*,,1 > ll*.1t <r with norm det-rned by ll*il =
n-l

\-l* r 
l-/-t'"t

\\'e rvant to prove that such matrix rvill have a positi're real eigenvalue and
ihe corresponding eieenvecror has positive enrries, rve also prove that the infinite
iiimensional Leslie uratrix detine ir compact linear operator from r,. into l, .

The Infinite-Dimensional Leslie Populntion Nlatrix In The
flilbert Space l.
Definition I

.{ infinite malrix (oij)r- whose elements satisfv :

ci, . i= I and j- 1.3,J..
t/-,j= . \U, i= 2,3,... and j=i -l

-0 . Othenvise

Where 0 <w1< I and crlcr€R-6, is called an infinite- dimensional Leslie matrix.
\ote that, for shortness, we put c[:= (a. ]1- and u,:= {rvn}r-.

We consider a population divided into an infinite number oiage groups, the
iop row crr considered to denote the number of individuals produced by each
individual in age group attimet, and the subdiagonal r.v1 denotethe probabiliry of
survival from age groupj to age groupj+l
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Let X and Y betwo subsets ofsequences ofcomplex numbers and T=(α l)1∞

an ininite matrix of complex numbers.Ifx={xl}1∞ ∈X implies that Tx∈ Y when

Σ αJtt COnverges for eacht thenWe saythat Tdeines amat五 x transformttion

j=1

from X into Y and is denoted by Ti X― 一 >Y l15〕

LemmaI。

A necessary and su腱 dent conditionおr an ininite matrix(α l)乳ョtO

deterlnine abounded linear operator on a separable Hilbert space His that,there

exists a constant卜 /1 such thatお rn,m=1,2,_.

暮を可釦2書ぽ   ①
for dl sequences(d,C2"… ・Cmr_)OfnumberssuchthatiLF<∞

J =1

Proof

Let(q)1∞ be an o■ honormal basisお r the Hilbert space H.Let T be a bounded

。  linear operator iom H into H.

.   Let(Ta,可 )=αj,and(α u)1∞
iS an ininite mat●x.

We denote the coordinates ofthe element Tet,i=1,2,3_,by ail,ai2,ai3,・ …

、 Thus Tq=Σ くTQ,q>q,i=1,23_
i=l

put x=DE 5%and y=DE aiei
j二 1 i=l

Taking α」≠0∀ 0均≦m and αJ=0■7m
Hence

llTttF=Σ laqF=Σ IΣ α」%12=Σ IΣ aJql
i=l              i=1 j=l             i=l     i=1

Since T is bounded,then there e遵 sts a podtive constant M such thatllT刈 |≦ MI卜
||.

So

Σ Σ aJらに Σ IΣ α」qF司
「

刈|‐I¬ 国F=M2Σ lcJ12

1=l    」二l             i=l     i=l                                      j=l

` Hence Σ IΣ a」 %12≦M221ら
2

1=l    i=l 」=l

Conversely,suppose inequality(1)hOldS,let T:H― 一>H be a linear operator
｀
     Letting ln and n tend to ininityヽ ″e obtain
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,*=i qre;=f i ui;.,.,=(i i loiil'lt i i.;l')
j=l i=l t=t r=! j=l j=l

qQ@

Taking M':I Z lorl' llrxl5laz; lc;12 or iirxil< Mllxil
i=l j=l i=l

Therefore T is a bounded linear operator From H into H.

Proposition I

Let cr:= {a''} eIz and w: {w,} e 12 then the multiplication by the Infinite -
itimansional Leslie matrix (ai.i) defines a compact linear operator L'. t z {,2

Proof: ->

Since ct:= {crn} eIz and w:: {rvn} e12, then the 12 norm will be ,

|。 |♭

2=Σ ●J2く∞and llwl122=Σ
 lw‖

2<∝

j=l                             J=1

Let(αl)be an inflnite― dimensional Leslie matrix thus

Σ Σ lαl12=Σ μi12+Σ I勁 12<∝                 .
i=l   j=:l           i=l           j二 l

Now, conSider the operator L: 12   12 the臓 卜the rnultiplication Lx=y deflned by yi    ・

=Σ αl狗,i=1,2,_Then by Cauchy― Budakows轟 hequ」ly         ・
j=l                                                              t

Σ IΣ αJヽ 12≦Σ Σ lα j為 12≦(Σ Σ lau為 |)2≦ (Σ Σ lαu12)(Σ RI)<∞
i=l     ,=l              i=l    j=l                i=l    j=l                  :二 l    j=l             i=1

Hence Lx∈ 12

Tanng M=(Σ Σ lαむ12)●
i=i    ,=1

Thus by lerlllnal ,the inflnite― diinensional Leslic inatriK deflnes a bounded linear

operator from 12 intO 12 COnSequently L is COmpact Linear OperatOr■ om 12 intO
12・(Settq)

In the theory Ofmatrices and graphs irreducibility ofa mathx is knOwn to be

equivalent tO strong cOnnectedness of its directed graph and this gives a way tO    、
detect、″hether a rnatrix is reducible or not[31

For the deinitiOns Ofgraph。 ,directed graph and strOn31y connected,see fOr
example[3,8]                                      ′
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If A : (a;1)eRff* (cr,.i>0 Yi,j=\,2..) then the directed graph D(A) associated with A

is given by

D(A): {(i,j)eInxiNlcri.;*0} and it is strongly connected if for every pair (i.j)e INxIN
a directed path (i,kr),(k1,k2),...,(knj) in D(A).

That is. a directed path is strongly commected if for any pair of nodes Pi anC

P3 then exists a directed path connecting P; to P.;.

From definition 1, . that the birth rate in age groups are non-zero elements so

the directed graph is strongly connected hence the infinite-dimensional Leslie

matrix is irreducible.

Lemma 2 :-

Let A = 1a,;)eRls be an irreducible matrix then for all

(i.j) e INxIN lneIN such ali)> 0 r.vhere ,f : (ofi') , Vi<n.

Proof:‐

Let a」 be an entry in A with itt the marix A2 haS a Component

aF)Σ ajtt WhchisposI市 e r any sh」e term αlα●is post市e.

。  The mat五x A3 haS a Component

′  αP Σ akla績プ
)=Σ

 aklΣ ttldatつ ,WhCh is posh市 e r any ofhstermsも
j=l                    J=l         j=1

posltlve.

Henceお r Nl=(α F)we have

αP Σ anattr)=Σ  amΣ ank2a驚
⊃=Σ amΣ am口Σ a鯉。一Σ ak_

kl=l       kl二 l         kl=l            kl‐ 1j=l                kl=l       kl=1

2b‐ labl_巧

、vhich is positive if any ofits terms is positive        ´

But from the hypothesis that A is non― negative irreducible matHx which implies

that atleast one ofthe terms cyt,αょうαklじ ,… …,CXkn‐ lj iS pOsitive

Hence aΥ )>O Where r=(a11)),i≦ n

VVe come nou′ to the theorem which is indamental in our work such

theorem due to the Krien― Rutman llll

Theorem l。 (Knen¨ Rutman)

Let X be a real Banach space and Iく (=】[be a convex closed cone with

 ヽ KU(― K)=X and K∩ (―K)={0)
Let

く
υ

（
）
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Teof 6(x, x) be a compact operator leaving the cone K invariant, ie

Txe K,VxeK.
Sxoe K-{0}, llxoll:i, he fN and lCeR" such that
Tnxo -Cxo eK.

Then the operator T has an eigenvalue l"r €R*, and an eigenvector *' e K associated :

with ir.

Theorem 2.

Let L '= (aij) be an infinite-dimensional Leslie matrix, suppose & cr,rv€I2 and the set
B: {(i,.i) e InxINl a,.i> 0} is infinite.
Then there exists an eigenvalue ),r€R-o of L and a corresponding eigenvector xIe12
with Lxl :IrxI and xil >0 V;eIN.

Proof:-
Define K. = {xel2/x;>0, ieIN}. Then for any x e K and,gr 2 0
lrx = !rx1>0. So .pix e K, and hence K is a cone. To prove that K is convex, Let x.y
€ K =.) x,yel2 with x;>0 and yi>OVieIN.Let 0< i<1. tlien ).x.. (1 -x)y: )"x1
'r(i-), )yi>0 :> ix+(l-i )ye K, thus K: is a convex set.

Next we shorv that K is a closed set. Let 1x(')1 be a sequence in K such that
fn)-+x as n-).D. Denote *(n)=i*,(n)y l, and x = {xi}:r e

To prove that x = K , ie to prove that x e lz x>0Vi. r
Since r(n) =K then x(")€12, and xr(n)>0vi
aiso x('')-+x as n-+cc and 12 is closed then xe 12.

Sut x is a limit point of asequence*("))={*,t")}1, ofanon-negativenumbers
hence x;>0vi. Thus xe K , means that K is a closed set.
Now, we verify conditions a) and (b) of theorem 2.

For (a) since L has non-negative components thus for any x e K then it is
clear that Lx e K.

For (b) Notice that K. is irreducible matrix by infiniteness of B Indeed, pick
(i,j) e NXLN, i< j,3n e IN with n> j suchthat (l,n) eD(L).
That i s, (1.2).(2.3),....., (i-l,i).. ..., (j-l,j)...,(n-1, n) in D(L).

a-iin'o <-o<- --- <- o <- - - +-o +-a
12iin

Hence D( L) is stronglv connected, thus L is an irreducible matrix
By lemma 2., fori = I j :l ln e INwithul;^,, O
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e Kl{0} and C:aij(n) > 0

|°
=Lnx。 _αΥ

)X° ∈K,hence(b)Therefore theorem 2.Implies that

there exists an eigenvaiue l"r e R* of L and a coresponding eigevector xl e K.

Finally we prove that xl has positive entries , xir ) OVi e IN '

Assume the contrary , thus lielN with x;1:6 since Lxl = 1,rx1, thus

multiplying both sides by L we get L2xl = 1.t2xr and repeating this process we get

Lnxl ='I,;*t, n = flri , Fiom this we have the i th coordinate of L1xl is zero. On the

other hand !jeIN with x.1l > 0 thus ln e IN such that ofi' '0.
Hence for the i th coordinate oflnxl we have , 0:i ali)xt1>al;'*i'>'0,

k=l

which is impossible . This contradicts our assumption and hence xil\ > 0 Vi e IN'

Bounds for the eigenvalues of an infinite-dimensional Leslie

matrix in Ililbert space 12.

Let T be a linear operator with its domain D(T) and range R(T) contained in a

Banach space X, rve consider the operator T1= (1"I- T), where )' is a sealer and I is

the identity operator on X. For shortness we rvrite (1.- T) in place of (f i - T).

The spectrum oiT,c(T) detined on an ifinite-dimenslonal Banach space X is

partitioned into three disjoini setsl"]:

l.The point spectrum of T, Po(T), is the set of complex numbers )' for which Ti is

not one-to-one. Acomplex number ),ePo(T) is called an eigenvalue of T.

2. The continuous spectrum of T,Co{T) , is the set of complex numbers }" for which

Tr., has a discontinuous inverse rvith domain dense in X.

3. The residual spectrum of T, R o(T) , is the set of complex numbers 1' for which

T;" has an inverse r.vhose domain is not dense in X

Delinition 2:

Let (aii)) be an infinite - climensionat Leslie matrix rvhich defines a bounded linear

operator L:Iz+Iz. Then the Iz -norm of L is given UV l[-ll<( i lu,:l')'''
i' j=t

Remark L.

All eigenvalues 1, of an infinite-dimensional Leslie matrix L lie in the disk lZl <

llI-ilz, Z e C.C is a compiex numbers.
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Remark 2.
If )"reR* is an eigenvalue of an infinite-dimensional Leslie matrix Z. and 1"1is any
other real or complex eigenvalue of L then l),ii sir.

Theorem 3 :-
Let ('aii)r- be an infinite-dimensional Leslie matrix defines a bounded linear
operator from 12 into Iz.

If {L} be a sequence of the eigenralues of L, then {L} e Iz

Proof:-
Let {e;},- be an orthononnal basis in I2(domain ) and {g}r-be a similar

sequence in 12 (range).

Let cr1:<Lei,gi>, ------( i)

(cri1) be an infinite-dimensional Leslie matrix defines a bounded linear operator
L:Iz-+Iz.Thus
Le;:Ia1ig1 -----(2)
consider 1)'i) be a sequence of eigenvalues of Z, and {e1} be corresponding
eigenl'ector then
Le; =1";e; ------- (3) -+ {Lq,ei) = }.i , Yi : 1,2,....

Q!€@

Now I lrii'=; iiii]lleill2z=I irieil2z=I ;Le,l'r ---by(3)
r=l i=l i=t i=l

,6r'4

=I Z l<Lei,gi>l'----by(2)&(l) =Z I io1l'.- by proposition 1.
i=l i=r i=l j=l

@

Hence | 11"i12 <.c , means that {tr,} eI2.
i=l

Theorem 4.

Let (ai.;)y- be an infinite-dimensional Leslie matrix defines a bounded linear
operator L from 12 into Iz. If 0 or I is a limit point of the point spectrum, po{L},of
L, thenL it is in the continuous spectrum, Co(L), of L.

Proof:-

Let x e 12, then x can be written u, *: I xnen where {e"} is a basis for Iz.
n=i

Consider {1.} be a sequence of eigenvalues of L be such that }.n+ 0 as n -+oc with
l.n*0Vn .

Consider Lr.:(l-L)then Lo:-L .If we put Lox: 0 then-Lx:p.
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or 0=) a;x;. But Leslie matrix has ai;>OVi,j. Hence x.; :OVj
j=t

Therefore x = 0 , means that Lo is one -to-one thus Lo'l exists , thus 0 is not an

eigenvalue of L. Furthermore Lo'1 is not bounded , Indeed

lll.xll=ll-Lxll2:l-lllll-xl12 < kllxll, for a positive constant k, as L is bounded.
' Lo is dense in 1z however for,

. Y: -Lx -+ yi: - i a,jxj Yi= 1,2,...
j=t

Thus the range is a closed subspace of 12, hence the range of Lo. So the range ,

R(L"), of Lo is dense in lz.

Hence 0 is in the continuous spectrum of L , ie 0 e Co'(L)
Now, consider L-+ 0, with l"n*lVn .

First, we want to prove that 1 is not an eigenvalue of L.
Suppose L1x:(l-L)x:0

->x:Lx
o4

+ | xnen:I xrl.nen or
n=l n=l

o

|, (1-}'n)xnen=o or
- n=l

- I lr-).,l'zlx"l=o
, n =1

' as {e,} is an orthonarmal basis tbr iz

But ),,*lVn Hence xn=Ovn So x:0 , means that Lr, is one-to-one Thus Lr-l exists.

Therefore 1 is not an eigenvalue of L.
Finally , we want to show that Lr has unbounded inverse and the range of Lr is
dense in lz
Since Lrcn = (1 - L)e" = e,, -Le,, =en-I,,en-+ lllrerll :11 -Ll-+ 0 as n-+o.

Hence no positive constant k could exist such that Kllxll<lllrxll Vxelz
Therefore L1'1 is unbounded

R(Lr) be the range of L1

Since L,(+- ):e,,-)e,,eR(L1)-+l{e1ez, . }]cR)Lr)''l-),

As {e.}1o is a complete orthonormal set in lz.Then [{e,}I : lz .Thus R(L,):I2
, Hence the range of Li,R(L1), is dense in Iz, thus i is in the continuous spectrum

Co(L) of L,That is l eCo(L).
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ABSTRACT

This work is devoted to the study the properties and characterizations of
fully stable rings, and the relation between this clas of rings and known classes of
rings. For example, Quasi-Frobenius, Almost quasi-Frobenius, self-injective, terse

and vaiuation rings. We introduce the concept of weakly quasi-injective modules to

clarily the relation between fully stable rings and self-injective rings. Dedekind

domains are characterized among Noetherian domains in terms of per-fully stable

rings.

INTRODUCTION
Basic Concept

Throughout, R stands tor commutative ring 
"vith 

identity and all modules are

unital left R-modules unless stated otherwise.

A submodule N of an R-mcdule M is called stable, if ctQi)cN for each

creHomn (N,M)
In case each submodule of lvl is stable, M is called a fully stable R-module. A

commutative ring R is called fuily stable if R is a fully stable R-module(r).

In the following proposition various characterizations of these rings are

studied.

Proposition
The following statemeltts are equivalent for a ring R.
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1. R is fully stable.

2. annn (annn(x)) : (x) for each x in R.

3. annp(x)gann*(y) implies that (y)E(x) for all x and y in R.
4. Baer's condition holds for principle ideals.

5. anns[(x)nannB(y)]:annn(x)+(y) for all x and y in R.

Proof
For the equivalence of (1), (2), (3), and (a) see [1]. The proof of (5) implies

(2) follows by takin x:1. To prove (5), iet aeannx[(r)r-,annp(y)]. Then
annp(xy)gannp(ax), by (3) rve have (ax)g(xy), so ax=sxv for some s in R. Thus
a-s)€annp(x) and hence ae annq(x)+(v).

Examples and Remarks
1.R is a field if, and only i[, it is integral domain and fully stable.
2.If R is an integral domain which is not field, then R fails to be fully stable. For

example, the ring Z of integers. However, if R is integral domain in which each
finitely generated ideal is principal (e g R is a valuation domain). Then R/(m) is a
fully stable ring lor each non-zero element m in R. For each aeR(:R/(m)), it is
enough to show that annR(annR(a))s(a) Let beannp(anq(a)), t:ren there exists
de R such that (m)+(a):(d), So fir:r1d and a=r2d for some rr snd 12 in R. Now,
ar1=r2r1d:r2rn:0, hence r1€annp(a), So r1b:0, then be(d), since R is integral
domain. Thus be(d):(a). In particular, the ring Zn of integers modulo n is a fully
stable ring.

3.For anv ring & J(R) and Z(R) are stable ideals of R(r).
4 R is fully stable ring il and only if, each principal ideal of R is stabie.
5.R is a fu11.'" stable ring if, and only if, each ideai of R is a tully stable R-module.
6. There is no polyngmlal ring which is fuily, stable. Holever, *,e have rhe follorving

Let R=22[x,y]/(xr,i'2) be the ring of polynomials in rwo indeterminates x and y
over z2 modulo the ideal (*',y'). It is clear thai (x),(y), (xy) and (x,y) are the only
non-trivial ideals of R. Since annp(x)=(x), annn(y)=(y), annp(ry)=(x,y) and
annB(x,y):(xy), then all ideals of R are satisry the double annihiiaror conditions
(see prop. (1.1)). Thus R is a fully stable ring

7. Homomorphic image of a fully stable ring may not be full1' stabie. For example,
lel R=R/(xy) rvhere R is the ring in (6). Then R is not fullv stable, since
an,np(annp(x)) :annB(x,y):(x,y)*(x), w.here x stands for the elemenr of R.

The class of fully stable rings includes self-injective rings and regular rings.
Utunri in [2] proved that, if R is a self-injective ring, then R/J(R) is regular and self-
injecrtive. We shall establish here an analogous result for fuliv stable rings. First we
cons:rder the lollowing proposition which is true fbr self-injective rines.

Proposition
Let R be a fully stable ring, then Z(R)=J(R)
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Proof
If xeZ(R), then annp(1-x)=(0), hence R:(1-x), so 1-x is invertible in R. Thus

xe J(R).

Conversely, if weJ(R) and weZ(R), then there is a non-zero element y in R

such that annp(w)n(y):(0). Hence R=annn[annn(w)n(y)].By prop. (1.1) we have

R:(w)+36q(y), but (w) is a small ideal of& thenR:annp(y). Againprop. (1.1)

implies that (y):(0) which contradicts the choice of y.

Corollary
Let R be a fully stabie ring. If i is any essential ideal of R' then annp(I)gJ(Rl

Proof:
If xeannq(l), then annR(x)tannn(anh(x))=I, so annp(x) is an essential ideal

of \ hence xeZ(R):J(R),

Corollary:
Let R be a tully stable ring. Then J(R)E(soc(R)).

Proof:
For each xeJ(R). Full stability of R implies that xeZ(R) and hence annp(x) is

an essential ideal of R. So soc(R)cannp(x), thus (x)=annp(annp(x))Eannt(soc(R)).

Now, we are ready to conside: the analogous result of Utumi's result for self

injective rings.

Theorem
Let R be a fully stable ring. Then R/Z(R) is regular-

Proof
Let zeNZ(R), and B be a complement ideal of annp(z) in R. Define g:B+Bz

by g(b):bz for each beB. It is clear that g is an isomorphism. Full stability of R

implies that, there is an element t in R such that g'I1bz)=tbz. Now, b:(g-'og)(b)=g'
tibz;=bz. We claim that B+annq(z)canns (z-ztz). Let x=b+seB+annn(z) is an

essential ideal otlR, then so is ibr anns( z-nz). Thus z-ZrzeZ(R) and hence z:ztz.
The following corollary is immediate:

Corollara
Let R be a fully stable ring, then R/J(R) is a regular ring (and hence fully

stable).

Rings rvhich are related to fully stnble rings.

う
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It is natural to ask about the location ofthe class of fully stable rings among

the other classes of knorvn rings.
In this section we try to answer this question. We shail consider rings which

;mply full stability and those which implied by full stability. Then rve investigate
conditions which provides the missing direction.

Recall that a ring R is quasi-Frobenius (QF) ilRis Noetherian and every
ideal of R is annihilator. In (3) introduced a generalization of quasi-Frobenius rings.
R is said to be almost quasi-Frobenius (AQF) if each principal idealofRisan
:nnihilator and R satisfies the ascending chain condition on principal ideals.

Remarks
l.If R is a ring in which each principal ideal is annihilator of one element, then R is

fully stable. The of this statementfully stable. The converse of this statemenr may not be true. For example, let
A=7oJ;<,yll(x'zy'?). It is an easy matter to check that R is a fully stable ring, while
(2x)=anns(2,x)

2.It is clear that, each AQF ring (and hence QF ring) is full,v stable. However, rhe
converse is not true. For example R:Z4@Z4O ... be the direct sum of a countable
number ol copies of Zr. It is easy to see that each plincipal ideal of R is
annihilator of one element. Thus, by Remark (1), R is a fully stable ring. But R is
not AQF ring, since (2,0,...De(Q,2,20, ))c is an ascending chain of principal
ideals of R which is non-terminate

In the lollowing proposition. we consider conditions on fully stable ring to be
AQF

Proposition
Let R be a ring rvhich satisiies descending chain condirion on ;,Jeals rvhich are

:nnihilators of one element. Thus R is fully stable ring if and only ilR is AQF.

Proof:
Assume that R is a fully stable ring, then by prop (1.1) each principal ideal of

R is annihilator ideal. Let Irclzcl:c... be an ascending chain ofprincipal ideals of\
then anns(I1):annp(I2):anns(I3):... is descendine chain ol ideals which are
annihilator of one element. By the hypothesis, there eists a positii'e itneger n such
rhar annR(I.)=annn( 1.- r ) lor each m>n. thus annp(annp(I*))=amx(anr:1 (I.,1)), which
implies that I.:I--r, so R is AQF.

Corollnry
Let R be an Artinian ring. Then R is a fully stable ring if and only if R is

.{QF
The ring R=22[x1,x2,...]/(xr2,x2r,...) is AeF(i). Fiorvever the descending chain

of principal ideal (x1)=(x1x2):... of R does not terminare. This example shows that
AQF property does not imply Artinian properry.
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As we have mentioned before that every self-injective ring is fully stable, so
there exist fully stable rings that are not self-injective. For the convers relation we
introduce the followign concept.

Definition
An R-module M is said to be weakly quasi-injective if for every x in M and

every ideal I of R" each R-homomorphism cr:Ix+M can be extended to an R-
homomorphism B:Rx+IvL A ring R is called weakly quasiinjective if it is weakly
quasi-injective R-module. It is clear that every quasi-injective (res. injective)R-
module is weakly quasi-injective. In particular every self-injective ring is fully stable
and weakly self-injective.

Our next step, we prove that full stability and weakly quasi-inejctivity of
rings imply self injectivity, but first we need the following lemma.

Lemma
Let R be a fully stable weakl,v self-injective ring. If I is an ideal of R satisfies

the double annihilator condition, then so is for I+(x) for each x in R.

Proof:
Denote annx(I) and annB(x) by A and B respectively, then by hypothesis

annp(A):I and by prop. (l 1) arnp(B)=(x), it is enough to show that ann-

n(AnB)gI+(x). Let |eannp(AnB), define 0:Ax+R by O(ax):ay for each aeA. If
ax:0, then aeann*(x):B, hence a e AnB, so ay = 0 , therefore 0 is r.vell defined.
Then there exists cr:Rx+R. Full stability of R impiies that a(x)e(x). Thus

acr(x):cr(ax): 0(ax): ay for each aeA. Then cr(x)-yei and hence yel+(x).

Theorem
Let R be a weakly self-injective ring. Then R is a fully stable ring il and only

if, each finitely generated ideal of R saiisfies the double annihilator condition.

Proof
Let I:Rx1*Rx2*Ran be a finitely generated ideal of R for some X1,X2,...,Xn in

I. We shall use induction on n. For n:1, there is nothing more than prop. (1.1).
Suppose that the double annihilator condition holds for finitely generated ideal
generated by * elements, where mSn-1. Then lemma (2.a) implies that the double
annihilator condition is hold for ideals generated by m+1 elements.

CorollarT
Let R be a Noetherian rine Then R is self-injective if and only if R is fully

stable and weakly self-injective ring.
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Definition
A submodule N of an R-module M is called pseudo-stable if f(N)qN for each

R-monomorphism f:N-+M. M is called a fully pseudo-stable module if each
submodule ofM is pseudo-stable. A commutative ring R is called fully pseudo-stabie
if it is a fully pseudo-stable R-module(r).

It is clear that, every stable submodule is pseudo-stable and hence every fully
stable module is fully pseudo-stable. But the converse is not true in general.
However, it is proved that every unilorm fully pseudo-stable module is a fully stable
module(').

W.D. Weakly in (4) studied terse modules. An R-module is said to be terse if
distinct submodules are not isomorphic. It is proved that, an R-module is terse if an
only if it is fully pseudo-stable(I). We need the following know'n lemnra.

Lemma
Let IvI be an R-module and I be an ideal of R. Then annrl(I)=Homp@,rl,M).

For an R-module M. The right R-moduel I{*::HomR(M,R) is called the dual of M.

Lemnra
Let R be a ring. Then R is fully stable if and only ilR is terse and (x)=(x)* for

:ach xe,R.

Proof
Assume that R is a fully stable ring, then it is terse. By lemma (2.8) and prop.

l.l) we have that (x):annp(annp(x))=Homp(R.i annp(x),R)=(x)'' for each x in R.

Conversely, il R is terse and (x)=(x)x for each x in R. .\g:in lemma (2 S)

implies that anna(x))=(x)*. then (x)=annq(annp(x)). Terseness ol R gives tht
tx)=annp(annp(x))

Next rve consider the lollowing condition on a ring R.

r'+) Let R be a ring. For all xe E(R) (E(R) is the injective envelope of @) there exists
v€E(R) such that annr(y)=(0) and xe(y).
Sxanrple olrings satisfu condition (*) include integral domains, seif-irjective rings. If
R is an integral dornain, then E(R) is a divisible R-moduie(s). For all non-zero
element r in E(R), rhere exists that 1eE(R) such that x=r.v for ail r ::r R. If t(-0)eR
ruch that t=annp(y), then 0=y=x. It is clear that, every self-injective ring has
:ondition(*). While Z has (*) but not fully stable (and hence nor self-injective) ring.

Theorem
Let R be a ring. Then R is self-injective if and only if R is fu11."- stable and has

conditron(t).

´
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Assume that R is a fully stable ring with condition*. It is enough to show that

R:E(R). For each xeE(R), then th:re is an element yeE@) such that xe (y)_ and

ann,(y):(0). It is easy to see that R:(y). Full stability of R implies that (y) is a fully
stable R-module, then (y) is terse, thus (y)=R.

The ring R=22fx1,x2,...)l(x,,2, x22,...) is fully stable which is not self-

injective(1). The above theorem implies that R is a fully stable ring which does not

satisfy condition (x).
It is clear that every regular ring is fully stable. On the other hand every

regular ring is p p. ring (ring in which each principal ideal is a projective R-module).

In the following we have:

Proposition:
Let R be a ring. Then R is regular if and only if R is fully stable and p.p.

Proof
For each non-zero element x in R. Defin O:R+Rx by the natural way. By

projectivity of (x). there exists an R-homomorphism u:Rx+R such that 0oa=I1*1.

Full stability of R implies that there is teR such that a(x)=x. So

x1x=xcr (x) = 0 oct (x) : I19:x.
In the following proposition we give another relation between regular rings

and fully stable rings.

Proposition
Let R be a fuily stable ring. Then the follorving are equivalent.

1. R is a semi-prime
2 R is reguiar
3 J(R):(o).

Proof
It is enough to prove the impiication (1)-+(2). For each non-zero element a

in R, let T=(a)nannr(aj, then f'=iO) and hence T:(0), for each r€annR(a2), then

ra=T, ihus reannB(a), full stability cf R implies that (a)g(a'), so there exists teR
such that a:ata.

Proposition
Let R be a fully stable local ring. Then R has no proper principal ideal which

is projective.

Proof
Suppose that I is a non-zero principal ideal rvhich is projective, then there is a

semi-regular element x(*0) in R such that I:(x)(3). Hence there exists an idempotent
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element aeR such that x=ax and annR(a)=annR(x). Since R is local, then 0 and I are

the only idempotent elements of R. Therefore a =l and hence annp(x)=(O). Full
stability of R implies that (x)=R.

We closed this section by consider the relationship between fully stable rings
and valuation rings. Recall that aringRis valuation if for any pair rl element, one
divides the other. This is equivalent to say that, the set ofwhose ideals is totally
ordered by inclusion. The ring Z, ofinteger modulo n is a valuation ring if and only if
n=pk where p is a prime number and k is any positive integer, while ii is ruUy stabte
ring for each n.

The following definition is known.

Definition
A valuation ring has rank zero if it has only one prime ideal.

Proposition
Every rank zero valuation ring is fully stable.

Proof
For each xeR. Assume that there is y(*O)eannp (annn(x))-(x). Since R is

valuation ring, then (x)c(y), say x:m-v for some me\{, where V is the maximal ideal
of R. Since yeanns (annp(x))=annp(ann*(my)), then annl(m1)c anna(y), so if
rmp0. then ry:0. Hence annp(m)n(y)=(0), thus annl(m)=(0). Since R is rank zero,
then \{=L(R), this implies that all non-unit elements ofR are nilpotenr, then there is
a positive integer t such that mt=O and mt'r*O, so m''r(=0) e annl(m) which is a
contradiction.

Phif-rings
We have seen before that the homomorphic image of a fully stable ring may

not be a fully stable ring. In this section, we shall consider rings all whose proper
homomorphic images are fully stable rings. Obsen.e :hat in the ring Z of integer,
Z/nZ is a fully stable ring lor each positive integer n, rvhile Z is not fulll stable.

Definition
A ring R is said to be phif-ring ilevery proper homornorpl c image is a fully

stable ring.

Examples and Remarks
1.In a phif-ring \ every non-zero prime ideal is rnaximal. For. let p a. prime ideat of

R" then R{P is a fully stable domain, hence P.,? is a field Therefbre P is a mariimal
ideal of R.

０
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2.Let R be a phif-ring which is not integral domain, then R is Noetherian ring. Since

R is not integral domain, then each prime ideal of R is maximal (by (1)), hence R
is Artinian.

Lemma
Let R be a fully stable ring and M2:(0) for some maximal ideal of R. Then

(0)cMgR are all of the ideals in R.

Proof
Let x be a non-zero element of M, then Mcannn(x), but annn(x)*R, so

M:annp(x). Thus (x):R/ivI. Therefore any two non-zero elements x and y of M we
have (x):(y). Then annp(x):annn(y), prop (1.1) implies that (x):(y).

Suppose that M has an ideal N with (0)GNGM, then there exist two non-

zero element x,y with xeN, yeM and y€N. BY the above argument (*):(y), hence

yeN which is a contradiction.
Now, let K be any ideal of R such that K+(0) and K*M. Since there are no

ideals between (0) and lvl, rnaximally of M implies that R=M*K, then

M:RM:KMcK, so that K=R. Therefore (O)EMER are the only ideals of R.

In the following theorem we characterize Dedekind domains among

Notherian domains.

Theorem
Let R be a Northerian domain. Then R is phif-ring if and only if R is

Dedekind domain.

Proof
Assume that R is phif-ring. If IvI is a maximal ideal of \ then RrM2 is a fully

stable ring. Let M be the image of lvl under the natural homomorphism from R onto

R442, then M2=(0). Themrem (3.3) implies that R/Jv12 has no ideals between M and

tvt2. thusR has no ideals between M and M2. Therefore R is a Dedekined domaid6).

Conversely, let R be a Dedekind domain, then each proper homomorphic

image R of R is an Artinian principal ideal ring. By (5), we obtain that

R=RrCIRz@...@R" where each Ri is a local Artinian ring, moreover it is easy to check

that Ri is principal ideal ring for each i=\,2,..,rr. Lemma (6.6) in (5) implies that there

exists oi€Ri and positivie integer s; such that the only ideals of& are (a;;,(ai12,...,

(ai)'i-r,1ai;'i:(0), these being all distinct. Thus (ai)k:annp(ai)'i'k fore each k<si. Hence

every ideal of Ri is an annihilator ideal, thus & is a fully stable ring for each i, then R
is a fully stable ring, therefore R is phif-ring.

In the followign we consider the case that, R is not integral domain.
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Theorem
Let R be a Notherian ring which is not integral domain. Then R is phif-ring if,

and only if,
1. R is an Artinian principal ideal ring., or
2. R is a local ring whose maximal ideal M has composition length 2 nad satisfies
M2=(0)

Proof
Assume that R is phif-ring. Since R is not integral domain. then by remark

(3 2) R is Artinian and hence R=Rr@Rz@-..OR* of local rings. Let M; be the maximal
ideal of& for each i, we consider two cases.

If n>1, then for each i, define cti:R-+&,&{,'by o,(r,, 12,...,rn)=r1+M;2. 61i i5 3n

R-homo. with ker(cr;)=M''* I & Then R/ker (ai) is isomorphic to ft/trrl;2 . By

hypothesis, it is a fully stable ring. Apply lemma (3.3) to \Avli2, lor any qeM; but
not in NIi2 rve jhave M;=(;6,+\{,2:p;m;+(rad(R))M;, Nakayam's lemma shows that
Mi=Rirni. Thus & is a Noetherian ring in which every maximal ideal is principal.
Kaplansky theorem asserts that any such ring must be a principal ideal ring(a). Thus R
itself is Aninian principal ideal ring.

If n=1, then R is Artinian local ring rvhose maximal ideal \t satisfies that
14'z=10; We can suppose that M has composition lengh at least two, since otherwise
R will be a principal ideal ring, because R is Aninian. then N{ contains a minimal
ideal N of R. By lemma (3.3), the non-zero ideal ItN of the fully stable ring R./N has
composition length l. Hence, M has compoisiton lengh 2.

Converseil', the proper homomorphic image of rwo r)pe ,ti rings are all
Artinian principal ideal rings, so by the same rvay used in (3.4) rve obtain that R is
phif-ring.

Proposition
Let R be a local fully stable

contained in every non-zero ideal ofR.

Proof

ring with ma.rimal ideal r\{, rhen annp(M) is

We can assurxe thar annr(M);t(0). If r(=0)eanna(V) then Mr(0) and
&x*(C,). This shows that, Mgannp(x)cR. Maximally of Iv{ implies rhat M=annp(y)
and t,:lvl, since R is local, then M is the ideal ofnon-unit ofR, thus there exists beR
such that bt:L Now, y1. Ilbt=0 r.vhich conrradicts the choice cf y, therefore,
annp(y)cM=annp(x). Full stability of R gives xe(y). Thus, annR(iv{) is contained in
every non-zero principal ideal ofR.
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Let R be a local ring with maximal ideal N{. Suppose that R/lvlx is fully stable

ring whenever IvIx*(O), then either R is a valuation ring or M'=(0).

Froof
Suppose that R is not valuation ring, then there are two elements x,y in R

neither of which is a multipie of the other. If Mx*(0), then by the hypothesis R/lvIx is

fully stable local ring with maximal id,eal M, annp(M) contains the non-zero element

x, moreover y{0), since y is not a multiple of x. prop.(3.6) shows that, this implies

that there exist reR and meM such that X:ry*mx, so (l-m)x:ry and hence x is a

multiple of y which is a contradiction. Therefore, ttzlx=(0). Similarly, MV:(O).

Next, we show that IvI2:(0). If not, then there exists ueM such that Mur(0).
By the above paragraph (with u in place of y) that either u is a multiple of x or x is a

multiple of u. If u is a multiple of x, we have MucMx:(0), so Mu:(0) which is a

contradiction, then x:bu for some beR. Similarly, 5cu for some ceR, since

O*cuecM. Again the above paragraph shows that one of b and c must be multiple

ofthe other and hence that one of x and y must be a multiple of the other, therefore

M2:(o).

Corollary
Let R be a local ring with inaximal ideal M such that M'?*(0). If R is phif-

ring, then R is valuation.

Corollary
Let R be a ring rvith unique Drime ideal P such that P2*(0). If R is phif-ring,

then R is fully stable.
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ABSTRACT

The probiem of scheduiing n jobs on a single machine is considered. The

composite objective function to be minimized is the total cost which is a linear

function of total weighted compietion times and the maximum weiglrted tardiness.

A branch and bound algorithm is presented to produce the optimal schedule

efiiciently with help of several dominance theorems which eliminate much

branching. Our lower bounds based on the decomposition of the problem into two

subproblems. Computational experience with some instances having up to 50 jobs

shows that the lorver bound is effectiv: in restricting the search.

INTRODUCTION

Although many real lit'e sequencing problems involves multiple objective,

surprisingly liitle work has been done on these multiple criteria, Van wassenhove

una^ Cta..i(l) considered a multiple objective problem where the objective is to

minimize two different criteria. These two criteria are minimization of the total

completion times and the minimization of the maximum tardiness, where the two

objects are equally important. Emmons(2) considered a multiple criteria problem, in

*t i.l, the primary criteria is to minimize the number of tardy jobs, while the

secondary iriteria' is to minitnize the sum of completion times. The computational
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experiments he carried out indicated that the additionai computational effort make

continue to optimality to be remarkably little.
As gineralizition of weighted tardiness scheduling(3'{) the rroblem can be

easily regarded as Np-hard, and has been studied by Kim and Yanc(5) and Abdul-
Razaq and Potts(5). It should be pointed out that there are a large numbers ofpapers
considering weighted tardiness and earliness scheduling. Zaghaiar\') proposed a
branch and bound algorithms for the sum olweighted tardiness and the weighted
number of late jobs, the lower bounds were^.derived by the dynamic programming
state-space relaxation method. Abdul Razaq'o) proposed a neer solution for multiple
objective problems.

In this paper rve shall use the branch and bound approa,:h and we shall
derived a lower bounding procedure based on the decomposition ofthe problem
into two subproblems. We show how this technique is flexible for finding lower
bounds on multiple objective functions for a wide range of scheduling problems.
Especially, we consider the problems of scheduling n jobs u,ithout intemrption on
one machine that can process at a most one job at a time. Eachjob becomes
available for processing at time zero, requires a positive processing time, and has a
rveighr related to the importance ol the job. The cost ofscheduling ajob is non-
decreasing function of its completion time. The objecrrve is to fin<l a schedule for
which the total cost is a minimum. A multiple objective is considered in this paper,
in which the total cost is a linear function ol total rveighted conipletion times
(holding cost) and the maximum weighted tardiness.

Srrl[GLE NIACHD{E PROBLE}I WITH NIULTIPLE OBJECTMS
Formulation of the Problem

The multiple objective problem can be stated as follorvs:
A set ofn jobes N={1,...,n} are available for processing at tirne zero, job i
(i=1,....,n) is to be processed u,ithout inrerruption on a single-rnachine that can be
handled only one job at a time. Job i requires processing time Pi. a :ositive weight
(importance weight) S'i and due date di.

For a given sequence o of the jobs, C; and T,=ma.' {Ci-di, 0}, are
computation time and tardiness ofjob i, respectively can be caiculate,l. The problem
is to find a sequence o to minimize the total cost Z(o).More precisely, we are to
tlnd the sequence that minimize the sum olthe weighted ccmpletion time and the
naximum weighted tardiness, subject to the constraints thar no preemption ofjobs
is allowed, no machine idle time permitted (i.e., all jobs are processed during the
interval [0.p], where p=l pi) and all thejobs are initially available.

,€N

The problem can formally be stated as
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Min z(o) : I
oe6 i€N

S.t.

Co(i) > Po(i)

たヽ。O Cσ①十TWmax(σ)

Co(i)=Co(i-l)+Po(i)
To(i) > o

To1iyz Co11- do11;

i=l,… ,n

i=2,¨ n

i=1._.n

i=1、  ,n

Where T*n"*(o) = max{wo(i) To(i)} and o(i) denotes the position ofjob i
in the ordering o' and 6 denotes the set of all sequences. The total cost for (p)

consists of multiple objective of minimizing weighted sumof completiontimes

Iwici and maximum weighted tardinesS Tw,.,,u,,. It is clear, however, that the so

called optimum, with respect to one objective, could perform extremely badly with
respect to other criteria. Hence our objective is to find a sequence that does well on

both criteria.
It should be noted that if the coefficients of Ci and Ti zlre different then the

objective function for (p), is Ihici* T'",n"*, where hi is the weight for job i while wi

is the penalty for tardiness of job i. Hence if wi = I (i=1,. . .,n), then we-get the new

objective lhici+ T.o*, which is a special case of problem (p).

Several special cases of the problem (p) yield polynomial algorithm, to

minimize the weighted sum of completion times (i.e., lll lwiCiproblem) jobs

should be sequenced in order of non-decreasing pi/wl, the shortest weighted

processing time SWPT schedulete). To minimize the maximum weighted tardiness

ii..., y/T;,.,u*), jobs should be sequenced by using Lawlers algorithm(10). Here we

wish to minimize T'",,,u* = max [WrTi]
A special case of the weighted form of our problem (p) is obtained by

setting W1=l(i=1,. . .,o), hence the problem (p) is reduced to the problem (pr).

SPECIAL CASES YEILD OPTIMAL SOLUTION
For the case of unit weights, the following results give an optimal solution to

our problem (pr).

Theorm (2.1)
If o=(o'rrr,...o(n)) gives Polrt :?oizf . 'sPotnl and dolry<do1z;s" '<do1n; the

o is optimal sequence for (pr)
Proof:

Let o'be the sequence obtained by SPT - rule, hence lCoii; is the minimum

sum of completion time. Since o is also in EDD-ruIe, hence Tmax(o) is the minimum

of the maximum tardiness. It is clear that there exists no sequence o' dominated o
(i.e. there exists no o') such that

Z Co'1iy - T,,.,0*(o')<I Co',iy + Tn,.*(o)
icヽ ic N
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Corollary(2.1):Ifp=p(i=1,_っ n),then EDD― rub gives an opima sequence

Proo■ By theorem(21)

Corolla町(2.2):r di=d← =1,… ,n),then SPT‐ rule gives an opimal sequence

Proof By theorem(21),

Theorem(2.2):

The SPT sequence is optimal sequence br problem(pl)if Ci≦ di(i=1,_.n)

Proof:
Lsuppose the processing times are different. Then the unique SPT sequence o given

T.u* (o) =0 , since all Ci s di hence this SPT sequence gives the absolute
minimum oflc"rit. Hence the SPT sequence o is optimal.

2.If more than one SPT sequence exists (obs with equal processing times), then it is
clearly all SPT sequences are optimal.

Theorem(2.3):
The SPT sequence o will be optimal for (pr) if the maximunr tardiness of o

is equal to the minimum tardiness that EDD-rule gives.

proofi Suppose that SPT-rule gives a sequence o in which

I Cori,: Min i t Cc,,))
i€q€ d

Also, suppose that Trr.r-r (EDD) be the minimum tardiness in o since .

T-". (o) Min max 
tT1,y): 

T*".(EDD)

Hence by theorem (2. I ) the SPT sequence is optimal.
Suppose that the SPT -rule gives two blocks oljobs .Let us define a block as a
period of continuous utilization of the machine such rhat the last job i in the first
block Br completes its processing at time Ci, which is less than or equal to its due
date d1 (i.e., job i is early with C;< d;) . For the second block 82 in rvhich the firstjob
j is late (i.e ., Cr >di)

Corollary (2.3): Let i be the last job in B 1 and j be the first job in 82 .If the jobs of
82 are seQuenced in EDD-rule, then SPT sequenced is optimal fo(p1).

Proof: Let o be the sequence obtained SPT-rule . hence lCot,r is the minimum sum
of completion time In this sequence the jobs of Br has T,,,,* =0. since Ci s d1 (i r

′０つ

´



Al-Mustunsiria J. ScL VoL 11, No. (2), 2000

=Bi) .Hence o is optimal sequence firr (P1) if the jobs of 82 are sequenced in EDD-
rule by theorem (2.1).

For the case of arbitrary weights , we get the problem (P) which is more
diflicult than the problem (P, ). There are also special cases which lead to the
optimal solution for (P).

Theorem (2.4):

' If o=(o1ry,....., o'in)) is S\\PT sequence , identical with the sequence obtained by
Lawler's algorithm, then o is optimal for (P) .

Proof: Let o be the sequence obtained by SWPT-rule , hence lWoio Coli; is the
minimum sum of weighted completion time , since o is identical with sequence

obtained by Lawler's algorithm , hence T**",,(o):T*.o*(L),
where T*,on* (L ) is the minimum of the maximum weighted tardiness of Lawler's
algorithm .Hence o is optimal sequence for (P).

Theorem (2.5):
The SWPT sequence is optimal for (P) if Ci <di (i:1,.......n).

. Proof: See theorem (2.2)

' Theorem (2.6):
' The SWPT sequence o rvill be optimal for (P) if the maximum weighted tardiness

. of o is equal to the minimum rveighted tardiness that Larvler's algorithm gives .

Proof: By using the same arguments presented in the proof of theorem (2.3) we get

the required result.

PROBLENI REDUCTION AND HEURISTIC IVIETHOD
Recently, local search techniques are widely used to obtain approximate

solution to machine scheduiing problem(11'12'1:).

In case of our problems (P) and (P1), there exist n! possible orders of the
jobs .To reduce the size of these problems by finding a job i which precedes or
succeeds all other jobs in an optimal schedule such a job is removed and hence the
number of possibilities is reduced .

For the case of unit weights (problem (P1))

l If pi S p1 and d; S d.;, Vy e N-{i}, then job i is sequenced first in an optimal
sequence and discarded .(see section (2.5), corollary (2.$).

' z.If pi > P.i and di > d.i Y e N-{i}, then job i is sequenced last in an optimal sequence
and discarded .

, For the special weighted case, l/[wi ci * Tn.u* problem. We add w1 2 Wj for
condition (1) and wi S wj for condition (2).
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When no further progress can be made with this reduction conditions, .we use the
following heuristics .Hence we assume N has been modified io refle ct any problem
ieduction which has taken place .

First we describe the heuristic for the case ofunit r.veiqhts.

Heuristic (UB1) :

In this heuristic , we orderjobs in SPT-ruIe, then for this sequence calculate
the sum of completion times ICi (SPT) and the maximum tardiness T-"* (SpT),
then set UElr= IC(SPT) + T,,,* (SPT )

Eeuristic (UB2):

Step 1: Orderjobs in SPT-ruIe, then find ICi (SPT) and T,,"" (SpT).
Step 2:Let M: T.",(SPT )- l, Di : d;+M (i=i,......,n ), R:I p,, k:n, and o is the

l['JI Tlff :::b i r pi 2 p;, Di > D >R, i,jrN assign job,',o' oo,n,o, *,n o .

Step 4: Set R:R- Pi.Fk-l , if K:0 go to step 5 . Else go to step 3 .

Step 5: IIBr= I C(") - T",.. (o) rvhere o is the obtained sequence.
1E\

Step 6: Stop.
F'or the case ofarbitrary weights, the heurisric (lIB) is mociified : !

Order jobs in S\tr?T-rule , then for this sequence calculate the sum of weighted
completion times I wi C.t (S\\"T) and rhe maximum r.veighted tardiness
T",,,*(S\\?T), then set LtB=l WiCi(S\\?T) - T'",,".(S\\?T)

LOWER BOUNDS
In this section we derive two lower bounds for (p) and (pJ.

Relaxation of obj ective
For the case of arbitrary weights . a lower bound obtained b1.reducii.,e the objective
i'unction as follows
Let di: di * I p,,. hence in any schedule C,.< di ii= 1,.......n) 1i.e. eachjob i is

'E 
!'l

early). Hence By using theorem (2.5) rve get.

I Wc(o)*r*..(o)>l Wc1srwD..... ....... (2.1)
,:N r€N

where o is the optimal sequence for (p)
LBw= I wci(swPr) .... ....... (?2)

1€:N

Now for rhe non - weighted (i .e.,problem (pr)) the lower bound is gi,..en by

０
０

，

一
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LB: I Ci(Spr)..... ............. ....(2.3)
i€N

It is clear that LB and LBW are rveek lower bounds for problems (pr) and (p)
receptively , since the tardiness T; = 0 (i:1,...... n). Hence inthe following section
we try improve the lower bounds.

DECO]VIPOSITION OF THE PROBLEM AND DERIVATION OF LOWER
BOUNDS

Let δ be the set Of all nl sequence Of the problem(Pl).Now consider the
formulation ofthe problem(Pl)

Min Z(σ)=Σ Cqo+Tmax(σ )

i€N

S.t

Coi;1> Polry

Co1il: Co'ti-tl + Poti)
Toliy>0

Toli;> Coliy - do11

21 =N,Iin:l Coitt
I3 ,\

oeO

S.t

Coli;> Poli;
Coiil: Co'1i-r; + Poli;

i=1,… … n

i=2,… …,n

i=1,… ,n

i=l… … n

i=1,.… n

i=1,… …,n

(P3)
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where Tmax=理
鮮{T σ①}                       ‐ ・

Now,if Only one obieCtiS cOnddered in the obiect市 e inctiOn,problem(Pl)Can
be decOnlposed intO t、 vo sub problems:(p3)and(p4)
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First , (Pr) and (P+) have simpler structure than (P1) and thus appear easily to solve
optimality Second (P3) is solved by SPT - rule and (Pa) is solved by EDD-rule
.llence we shall solve (P3) and (P+) for obtaining a solution ro (.P1) . However,
solving (P3) and (Pa) does not yield a direct solution to (Pr) . So in this section we
::olve (Pr) and (P+) directly to derive a iower bound for G,).

Theorem (2.7)

lf Zt Zz and Z are the minimum obj ective function values c f (P3), (Pa) and

tPi) respectively then Z1+ Zz< Z

Proof: Let o be the optimal schedule to (Pr) andZ: Sr- S: rvhere S1=fCo1;y, the

;otal completion times of o and Sz)T,n"'(o), the maximum tardy, cost of a clearly o
rs feasible to (Ps) and (Pa). Hence Sr > Zr and Sz>Zz, yielding Z=S1- 32> Z;7r.
l'lrerefore Zr Zz<Z is a lower bound for (Pr)

i'Ience for the modified lower bound for unit weights is .

',{LB= Zi Zz

fheorem (2.8)

if Vr ,\/z and Z are the minimum objective function'"'alues of (Ps),( Pe) and (P)
respectil'ely then

ifY.<Z

\,Vhere

\,'r : lulin I Wo1;i Coli;
i€ \-

oe6

i:1,.....n
i:2,....,n

T｀
｀
nla、 (σ )

i=1,.....n
i:1,....,n

０
　

「

σＰ，十り
ＰＯ＜‐＞％
＞
一　
〓

ｔ
　
σ
　
σ

Ｓ

Ｃ

Ｃ

―

―

―
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D― dσ
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where T*rnu*: max{W o11 Toli;}
ceN

proof: using the same techniques of the proof of theorem(2.7).
Hence

MLBW:Vl +V2, is the modified lo'uver bound for (p).
It is clear that the modified iower bounds is better than the lower bounds given in
section (2.4.1). In the following section we shall generalized the modifiei lower
bound to be used for a general multiple objective function.

GENERALTZATION OF THE LOWER BOUNDS
In general, let the total cost Z(o) is a function of fl,f2,...,fn, say g(f1,f2,...,fn).

we assume, therefore, that no pair of the measures fi,fz,...,fnare equival*t. srppora
the generalized objective function is:-

i Min z(o) = Z t,
II ieN
)

(P-) 1 o'eN

I rtI certain constraints on the objective functions

Now by using the technique of section (2.5.2), this problem can be
decomposed into n sub problems (pr*),(pz*),...,(pn*).Hence there,are two cases to
be considered. the first case, if we can solve (p1*),(pr*),...,(pn*) directly to derive a
lower bound for the generalized objecrive function.

Theorem(2.9):

If Z* r,....,2*,, and Z are the minimum objective function values of
(Pr *),(pz *),...,(Pn*) and (P *) respectively, then Z* iZ* z-t...+ Z* n<2.

Proof: By using the same techniques of the proof of theorem (2.7).

The second case, ilwe cannot solve (p*1), (p*z),......, (p*,) directly, thenwe
can use the following Lemma to obtain a lower bound .

Lemma (2.1) : If LBr is a lower bound for (p*1) and LB2 is a lower bound for
(P*2).... LBn is a lower bound for (Px,,). then LBr-LB2+....+LBn is a lower bound for
the generalized problem.

proof: Since LB1....LBn are lower bounds for(P*1),......, (p*n) respectively, then
LB i<Z* 1,..., LB,, <Z*,r.

thus , LB1*LBz+....+LBn1Z*; Z*2+....* l*n.
from theorem (2.9) , we have

ｎ
Ｄ
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Z* ;lZ* 2*....11* n< I

Therefore
LBr+LB2+....+LBn<Z
is a lower bound for the generalized problem.

BRANCH AND ROUND ALGORITENIS

In this section we give a description ofour branch and bound algorithm and

its impiementation Our 
-algorithm 

based on fonvard sequencing branching rule '
orior io its application , the heuristic methods of section (2 3) are used to generate-

L 
"pp., 

Uo,inJ iUS; on the cost ofan optimal schedule Also , at the root node of

the search tree an initiat lower bound on the cost of an optimal schedule is obtained

ii-;. il" procedure described in section (2.4.2) . As was stated in the previous

;;;1i"; , i node ut level h of the search tree corresponds to an initial partial

;a;;;.; in which jobs in the first h positions are fixed This procedure has

"air.","g" 
that once a job has been sequenced, its completion time is immediately

computed and it
can ie discarded form considered in all successor nods'

DONTINANCE THEORENIS (RULES)
lf it can be shown that in optimal solution can always be generated without

branchinglromaparticularnodeofthesearchtree,thenthatnodeisdominatedand
.un u. ii,,inu,ed Dominance theorems usually specify that if certain conditions

ur. *irn.a, then job i precedes job j in at least one optimal solulirn When such

conditions are satiafied we say th;t job i is a predecessor oijob i and that job j is a

successor of job i Applying stlch theorems results:o construct as many

ielationships ai possible Uittrlen thejobs. Hence, if many precedence relations can

L. iouna,'tr.t" number of panial schedules to be investigated can be considerably

reduced.
Here we present a dominance theorem for problem (P1)

Theorem (2.10):

Il pi<pj and di < dj ibr i.j
scheduk: .

cN,theniobliSSequencedbeforejObjineachoptimal

Prooft Let oij o. be a schedule, where o and o. are tw.o panial schedules, let ij be

two jobs with pi <p; and d;< d1 and consider the new schedule oiio \ow by using

SPT - rule and EDD rule , r.ve have

I Cr(orio' ) + T.",.(o,.io' ) <c I C'r(otio' )+T',,"*(ojio' )
r.NrEN

Therefore the cost ofthe schedule o,io' is less than the cosl ofthe scheiule o;io'

tJ-
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Hence in each optimal schedule job i is sequenced before job j.

Corollary (2.4) : If pi < py and di < d: for all jeN-{i} , then job i is sequenced first
in each optimal schedule .

proof: Consider the schedule of the form oio', where o,o' are partial schedule and
, o is not empty. Clearly job i (has smallest pi and d;) can be interchange with last job

of o without increase the total cost ICi tTmax (by theorem(2.10)).Repeatthe

. process and we shall end up with job i sequenced first.

Note for the special case lll IWtCl, *Tmax problem , the following dominance
theorem is used .

Theorem (2.11):
If pi<P; , wi2w1 and d1sd.; for i,j eN. then job i is sequenced before job j in each
optimal schedule

Proof: By using the same arguments presented in the proof of theorem (2.10) , and
let p;/ wi S pj/wj, we obtain

I WpCp(o;.;o') * T-"" (oi,o')< | WLC'p(o;;o') + T-"*(o;io' )
keN keN

, Hence in each optimal schedule job i is sequenced before job j .

- 
Corollary (2.5) : If p;<P1 ,w;t w3 and disd.; for all j eN, then job i is sequenced first. in each optimal schedule .

Proof: By theorem (2.11)
Before anv node is created . tire dominance rules above are checked .For all

nodes that remain after apply'ing the dominance theorems we can use the procedure
described in section (2.4 2) to comeute a lower bound LB .If LB for any node is
greater than or equal to the value of a solution already computed IIB , then this
node is discarded . The lower bounding method described earlier . is applied to the
unsequenced jobs .

Finally , the search strategy used in our algorith.m is the newest aciiue search
, this selects a node form rvhich to branch, which has the smallest lower bound
amongst nodes in the most recently created subsets.

COMPUTATIONAL EXPBRTENCE WITH THE BRANCH AND BOUND
ALGORITHMS

' In this section, r,ve report on the results of computational tests to assess the
tiveness of rhe branch and bound algorithms.

う
０

う
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The branch and bound algorithms were tested on the llDCi +T.ox problem

rvith 10, 20,30,40 and 50 .jobs as well as on the l/,ECi +T"n *problem with
i0,20.30 and 40 jobs.

The algorithms of section (2.5) run on a CUP-PENTIUM 13.]mhz, RAM 16

MB Computer, using a FORTRAN 77 Compiler. For the brar:ch and bound

algorithms computations are abandoned if a limit of75000 nodes is exceeded for
(P), whereas 50000 nodes is exceeded for @) and

l//I,Wi Ci +T*u* problem respectively . Data lvere generated at randon as followsll ]

For job i(i:I,..,n), an integer processing time Pi is generated from the

uniform distributionll'Io]. An integer due date d; is generated from the uniform

distribution t0, tPJ For the problems l/[W;Ci *T",n"* ard 1/[W; C1 +T*"y

integer weight W is generated from the uniform distribution['rol for each job i'

For every value of n, twenty problems ol l//ZCi +T."* li'[Wi Ci +T*."*

and l/[WiCr +Tm"x respectively are generated '

Average numbels of nodes and numbers ofunsolved problenrs are given in

Table (2.1). iyh"n"re, a problem rvas not solved rvithin the limit of75000 nodes,

computation rvas abandoned for that problem. Thus in some cases the figures given

in Table (2.1) will be a lower bounds on the average numbers ofncdes, table (2 1)

shows that for 60 problems where

n-10,20 and 30 jobs , the algorithm is capable of solving 55 problems in a

considerably smali time. Also Table (2.i) shows the numbers of solved problems

that require not more than 100 nodes. that require over 100 nodes and not more than

1000 nodes and that require over 1000 nodes, for problem(p).

Besides that, Table (2.1 )shows the computational resulls with 10, 20, 30,40

rnd 50 jobs, u'here for 10 and 20 jobs all problems are solved, whereas 5'9 and 11

problems are unsolved tbr i0,{0, and 50 respectively

The computational results for our problems have also shown the importance

of the dominance theorems rvithin a branch and bound algorithrns Table (2 2)

gives the results ofproblem (pr) rvithout using dominance theorems.

T'able (2.3) shows the computational results with 10, 20, 30, and 40 jobs for

ihe problems l//IC; +T"n,,"' and liEWi Cr +T,'"* respectively.

As in Table (2.1) average number ofnodes and details ofnunbers ofnodes

required and number ofunsolved problems are given .

The results given in Tables (2.1) and (2.3) for problems li[Q; +1-"* r,6
l/DWi Ci +T**u" indicate that ,This l//IWiCi +T*n,"* problem.s clearly much

irarder than liDCr +T"'". problem.
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e(2.1):A number of nodes for ll, +Tl

N ANN blPS l ■lPS2 WS3 W
10 747 14 6 6 0
20 12.690 1 6 う

０ 0
30 25*、 244 2 つ 5

40 41* ,946 1 l 9 9
50 57*,279 0 0 9

Иた

“

レJr“ sirJα I S鍼 Иtt ff,No_r29,2θ θθ

.Tabl

Table (2.2) . Average number of nodes without dominance theorems for li[Ci
+Tl

ANN: average number of nodes in branffi
NPS1: number of solved problems that require not more than 100 nodes .

NPS2: number of solved problems that require over 100 nodes and not more than
1000 nodes .

NP33: number of solved problems that require over 1000 nodes.
NU: number of unsolved problems , r.vhen the limit of 75000 nodes is reached

*.average ttumber of nodes on the lorver bound because of the number of unsolved
problems.

Table (2.3). Average nunrber of nodes for the problems llD.Wi Ci *T*n,"* &Dd
l/[!Vi Ci *Tn,"*

N The
problem

酬 NPSl NPS2 WS3 NU
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０
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16、 865

フ^
一　
う
０

つ
“

７
′

８

‐０

８

０

30 Ｐ

Ｆ

46*,447

34*,458

∩
）

つ
４

０

１

５

６

15

11
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42*,150

∩
〉

つ

一

０

０

１

２

９

６

P:1.‐Wi CittTWnlax problem

P::the 1/2Vtt Ci+Tmax prOblem

ANN,NPSl,plPS2,blPS3,*as h Tabk● .1)

em

N AplN NPSl WS2 NPS3 blU
10 78 14 6 0 0
20 12,850 1

ξ
υ 14 0

30 26*、 115 0 0 く
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40 44*,310 0 0 10 10
50 60*、430 0 0 7 13

ξ
υ

つ
つ



single 'tlachine scheduling uing Branch and Bound rechTlXiirr^rr* 
nrrr A. M. Rsrrradhan

CONCLUDING R-EMARKS

If the enumeration method to solve a scheduling problem is tedious, which
is often the case . the first step we should make is to try to understand the structure

cf the problem considered and, using our intelligence and knowledge , try to find

Jut an alternative method to solve the problem in a reasonable time . Hence. we
,:ither look for a polynomial algorithms, or we devise elficient branch and bound

methods , Our study falls in there areas. All of the problems rve considered are NP-

hard hence we use an implicit enumeration method . We proposed branch and

bound in an attempt to solve them \\re derived a lorver bound based on the

decomposition of the problem Below we gave a summary of what has been

achieved together with some results and concluding remarks.

The l/DW Ci *To.", problem , is one of the multiple objective function,

which is often more diffrcult than the problem with single objective ' The

computational experience resulting from the branch and bound in Table (2.3) shows

ihat ihe lower bound is extremely effective in problems of small sized.

our results indicate that the problem l//Iwr cr *Tn'ar ofld 1//)c; +J''"*

rvhich are special case of l/[wi Ci *T","* problem are slightly easier ' To our

krorvlerlge, this is hrst attempt to solve these particular problems We have

propor.d a new branch and bound algorithms for these problems . All ofour
itgorith., for the above problems are satisfactory for solving small and medium

siied problems. The computational results for our problems also show the

rmportince ofthe dominance rules within a branch and bound search tree'

As a final conclusion, it should be stated that the multiple objective

oroblems are difficult lor a large n, and some diffrcult cases of l//)ci +J,""
problem have been arised. these cases har,e the property that the difttrence between

ICi (SPT) and ICi (EDD) or T(SPT) and T(EDD) is big enough to allow the

increase in the difference between the values ofLB and the opiimal'
1\n important area for future research is to design enumerative algorithms

and local search heuristics for single machine problems with set -up times and with

rnultiple objective functions (i/ Sr [Ci+T,,,' problem).
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ABSTRACT

One of the recent methods of reduction of a partial differential equation

(PDE)is Galaktionov's separation method,which is applied to celtain evolution
equations.Galaktionov main(Simplest)eXample is the semilinear parabolic
equatlon

ur = uxx +(1+u)ln2 (l+u),x € llt > 0- rvhich arises in the study of heat propagation.
The transformation u:e"-l lead to the equatioo vt=vrx*v*'+r'. It has the exact
solution v(x,t)=r;1(t)+rr2(t)cos(x) where wt, w2 satisfy the system ty'r:wrzt'e22,
'rr'2:2w;v2-w2. A modification of this method is presented in this paper with
application of the modified method ro Galaktionov's examples and other equations
(equations(23)). We find that the modification technique gives more solutions
including Galaktionov's solutions

INTRODUCTION ,,, .

In Galaktionovltl preseuted a method of construction of new exact blow. up
solutions of quasilinear parabolic equations of nonlinear heat conduction'with
source.
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Modifrcation Technique /or Galakionovt s Method
I. A. llalloki, , Antl A. G. Al-Muqi

1. v,= **+v2*+v2, x€R,t>o.
2. v1 =tiv+7)vo+v2, xeR',t>0.
:. V: (v*7)v**+6'l v2**ov2, o:const. >0, x e R,t >0.
:1.vi=w**-v2X-6,6=const. 10, x € R, t > 0. and other equations.

It was shown that, in general, these equations adrnit explicit solutions, which
;an be constructed by the method ofnonlinear separation,, Nanrely substituting a

solution of the from u(x,t):w1(t)+w2(t)0(x) yields some over deterrnined system of
differential equations v"'ith free parameters lor the function 0 (x). Finally, he arrived
rt some system of ordinary diflerential equations (ODEs) for the functions w1(t),
wdt). provided that such a 0 (x) existst2l.

In this paper, we show how these solutions obtained by Galaktionov's-
method can be obtained by modifying the method to find a general form of0(x)
which gives more separable solutions. In section 2 ue shorv the outline ofthe
modified G-method (nGm). In section 3 we apply the mcm to trvo typical cases,
one of them is the so called "Galaktionov's main (simplest) example"

The applications of the mcm to Galaktionov's examples and other equations
are presented in tabular forms in section 4. In section 5 we present the result of
rpplying the mGm to a particular class ofequations which includes the equations
studied in section4.

Outline of the modification technique
For existence of 0(x) and to modily the G-method, ue assume thatthe

derivatives of0 are infinite series of0 as follorvs.

(e'(x)':Z

rvhere cln e \reN

It should be noted that this hypothesis is used in the nrethod ofclassical
separationtsl. Il a.'s exist and are finite then the given PDE is separable. On the
other hand if a"'s do not exist. or infinite, or all identically zero then either our
original hypothesis is incorrect and the equation is not separable in this tbrm, or else
the trivial solution u(x, t) = wr(t) is the only separable soiurion olthe equation.

Il the series (l) terminates it represents first-order equation rvhich can be

solved for 0(x), if the series does not terminate then the queslion of uniform
convergence must be looked into [i.e. the differential equation (1) may exist lor
cenain value of0, but not orhers].
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Typical cases
A. Galaktionov main (simplest) example:
The equation
v1:v;x*(v*)'+v'.......... (2)
is obtained from the semilinear parabolic eq.
ut: u** + (i+u) In2 (1+u;.
which arises in the study of heat propagation, by means of substitution v: In(l+u).
When the statement:
v(x,t):w1(t)+w2(t)cos(x)........... (3)
was made, Galaktionov, reduced (2) to a first order planar dynamical system. The
solution (3) is derived also by Nuccit3l using the iterations of the nonclassical
symmetries method.

For more separable solutions vre substitute
v(x,t):w1(t)+w2(t)0(x) (4)
in equation (2), and using the assumption

0、
2(x)=2〕

Σ] ctl10n(X)
n=o

we have

W｀ 1+W｀ 20=W2Σ nαnOn・ +2w22Σ αnOll・(Wl十w20)2
n=0

Comparing coefficients of 0o, 0r and 02 gives the following relations
W'1:CL1W2*2C{,.w22+P, (6)
w' 2:2a-2w2+?atw22+2w1!V2......... (7)
3cr3w2+(2crz-r1)wz2=0. (S)
respectively. For nonconstant tunction rv2 eQ. (8) gives

cr;2=-t/z and ct: :0. . . . (9)
The coefficients of 0" n>3 give
(n*1)cr,,*1wz*2snwz2:0.......... . ... ..(10)
Consequently
crn:0 Vn>3 . ... (11)

Then from (5) - (l I) we have

and
Y7'1:'1Y,2+61twz*2aowz .... . (13)
w'2:2w1w2-wz*?atwz . . (i4)

where cro and c{.1 Bro arbitrary constants.

… (5)
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TlodiJication Technique lor Galoltionov's Mdho. 

I. A. .,tlullok

,'learly Galaktionov's solution olthe eq. (2) is a special case ol
if we set c^o: Vz and, ccl=0 .=> wr = Wrz +w22, w'2 = 2x'1rv2-rv2

3. The equation

i\= urc( + u*2 +1, 1^*0 (14)

ll

…(21)

,,!nd A, G. Al-lluqi
our solution above,

exact solution ( 15) if

This example shows that the series in (1) may be infinite.
Substituting
u(x,t):rvr(t)+w:(t)0(x) (15)
into (14) and using assumption

0'=22 crn0n........ ...... .. . (16)

gives

rv1'+w2's1vrl ncr.nO'-l+2w22f, a,,0"+--v ........... (17)
o=0 !=0

'Jomparing coefficients ol0' V n gives
V`｀ FαlW2+2αow22+/… …………………………………(18)

w'2:2ct2*'2+2ctrwr.'................. . . ..(19
in+1)o"*rw2+2onw:2=0 V n>2 ......... . (20)

Case l: If w2;c constant
:hen (20) gives ct,=0 /n >2 and then equation (14)
n(x) is any solution of the equation

has

0'2=2(cr+o16)

and w1, w2 are the solutions of the system
w1'=cr1 w2 +2c"Wr'*y
\y2'=2oltw22
rvhere c6 and c1 are arbitrary constants.

Case 2: If rvr = constant = -Xi2*C
then (20) gives

crn.r:]\Vn>2, and l9 qives or= 
tro'

''' n+l 2

Hence an-,: 19o vn> 1.................
n+1

From ( 16) and (21) we have

o'2 =2a.+2(ore*or}or-.,rl.or+ )

l4_
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=たげ午十争0+Ю +【埜Di+【彎Pit→21     31

=2α。‐L+2al eλ 0

2α oλ -2%+2%eλ
l,λ =生 .……… …②'       =~    

λ        α
l

Therefore eq(14)has fOrmal exact solution

1
u(x,t):wr(t)- | e1x)

where 0(x) is any solution of (??) and w1(t)=k1t * k2, where

-1 1"r
kr =c[r-- ' 12s. L+y, and k2 is arbitraryconstant.24
If we choose cro)"-cr1 : 0 then (22) becomes

e.r: 2l,eio,1- g!
tt CLo

which is solvable by classical methods.

The results of the mGm

. ,n this section, we present our results of applying the mGm to the full set (of
equations w'e wish to explore) in tabular from I Table I contains the ODE for 0(x)
and the system for w1(t) and w2(t) for the equations we investigated.
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Table 1:the result of the mGm
I. A. llalloki, ,.{nd A. G. Al-Muqrt

'Ihe partial differential The derivatives equation
for 0(x)

The s1'stem for w1(t) and
rv,(t)

\'r:V*r+V.'+1l 0''=2(ao+ar0-%0') w'r =11,r 
r+6..r 

\1,"*2Ct,.\v^r

trJt=uo+u*r|/.
'1:const.*0

0'r=2(oo-2or+2crre)

e':= 2o"i, - 2cr, +2cr,e^'

,l"

),=2ulat

tl) 1 =cti \}r*2cro\v"i+tr
w'2=fo,t t:
lvr' =ctr (-il2) +2s. (/: / 1)

yrf-7.12

v,=(v+"y)v..+/,
L=const.>0

0"=cro€ W' 1=Ctolv2(rvs +i-)+\'l i
IV' 2=1Yl \v?-7!ly"*Ct.1t'r2

v,= (r,+,y)v*+o' I y,2+of
o:const.>0

0' '2ao+261, S-(o-io+ t )0- w'l=Ol\Yl(\Yl+1,)+
(2aolo)w3:+orv,?

lv'2= - Totrv' *oc, o :2 t 12

o+i cr

1o(o + 2) rr, rr.
o+l

v,=vo-v*'-6,6+0 0''=2(ao+crr0+c(20j) \Y' 1=C[1 W1\\ 2-2CtofV2-S
Iv' a=2ct,.1\': Wr-c(r tvr?

Ut=UUx*U"z 0'?=2(cro+crr 0) \tr' 1 =O1 lY1 \\1-2Crow2:

w'r=3g.1v.1
U1=Uo*fgY' 0'=cto w'l=2cr.o$'l\Y2

w'1=2c!,^11'.2

ut=‐uぃ、
‐u愁―u、

~十
u~ 0' z=2(ao+qr 

0 + '/:Q: ) w' t =-2o,,t',-rctolt'': +11', ?

w' 1=-2w1-2ctr'$ 22*111', 11,'

U11=-U-*U*'-lg- 0''=2(ao+crrO - '/r0' ) 1V' t =1r, 
2*O, a"r'*2aoaa'

11",=f 11', 11^-11,r*2Cr, rr'.

The main result

In this section, we present the result of applying the mGm ro a particular
class of equations which includes the equations studied in the previous sections.

Let us consider the class of nonlinear evolution equations of the form
P(t;d/dt)u:4u+Q(t;d/ax)u+b"(t),((x,t)eRxR) ... .. ... .. . (23)
ivhere

A u : cr(uo)' + y u us\ +6 u*2 + g u2,
d ,T,6, e e Raregivenreal constants, bethe second orderoperatorA:C2(R)->C
(R) rvith quadratic nonlinearities. And P(.) and Q(.) are linear polynomihl operators
with arbitrary coemcients of {ai(t)}, {bt(t)}, respectively,
i.e.,

\I
P(t,d/dt)=l cri(6/&)(i)

i=0

i4J

|

|
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K

Q(t;a/&)= [ a,1draf1ot
j=o

Lemma (1):
If 0'2 : Z(co + cr 0 + cz 02 ) then

grzi:(2czl''e" for;:1,2,... ..........(24)

Proof: (By induction).

Theorem (1): The statement u(x, t) = w,(t) + w2(t) 0(x) , w2(t)+0 reduces the class

of equations (23) to the follor.ving system of ordinary differential equations for w1(t)
and w2(t):

… .(25)

if 0'2 : 2(co+ s, 0 * cz 02 ), where cz satisfies the equation:

4ac22+21y+E)c2+6:6... ..............(26)
and co, cr &ro arbitrary constants.

Proof: Let u(x, t) =wr(t) +w2(t) 0(x)
and using lemma (1), implies that the operators A P and Q will have the following
forms:
A(u): o T2 e"2 + y (wr + w2 0)(w2 0")* 6 wz2 0'2+e (w,2 +-

}wtwze+ w2202)
: o w22(q + 2 czo)' +y (*, + rv2 0) (c, + 2c2 0) w2 +

26rv22(co*c1 0+c202;+s(w12+2wiw2e+wr202) ....(27)
and

M

P(u): I (q w1(i)+61e wz(i)), wr(o): w, ,
i=0

w2(o):*, ........(28)

t45
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and

Q①=力

'020型

D~W2i b00
j‐ O                     j=1

K

刊2Σ ,(2c2ソ・0¨

j=0                                                                                          =

K

刊20‖Σ hOC2ソ・……………………。9
j=0                                                                               .

Substituting(25),(26)and(27)into(23)gives
M

Σ  (aW´
)+・ OW´う =α w22(Q+2c20)2+γ  w2(Wl+W20)(Cl+2c20汁 2δ

i‐ 0

W22(c()+C10+C202)十 ε(w12+2wlw2 0+

詢20っ +巧 (q+2c20)Σ 場(2c2ツ・■bo(t)……………(30)
j=1

Comparing coettcients ofOn in(30)for n=0,l yieldsthe system ofODEs(25)for
Wl(t)and w2(1)For n=2 we have

4 α c22 w22+2 γ c2 w22+2c2δ W22+ε w22=0,
which gives(26)

Exanlple: The nonlinear heat conductivity equation with a logarithmic_type   ・

nonlinearity for u(x,t)                                 ・
ut=us+(α +β ln(u)― γ

2cn O)ア
)u…………………(31)         .

Can be transformed to the equation with quadratic nonlinearities

Vt=V、十V2x+α ttβ v_γ
2v2  

…… … …… ……… …………………………(32)                '
by means of the substhutbn u=eV Wecan appけ theOrem ① to equatbn(32),h
orderto obtain an exact solution,it gives

012(x)=2(c。+c10+(γ2/2)0)        
…   … ………… ……   … (33)

and■1,w2Sat｀取the system

瓶:亀嚇鳶靴f出
+β… }…。。

where co and cl are arbitrary constants Consequently

。(X,t)=exp(Wl(t)+W2(t)0(X))¨ …̈………………………………(35)

where O(x)iS any Solution of(33)and wl(1),W2(t)SatiS,(31)

Note: By applying the iterations ofthe NSM,1ヾ ucctin 1996 derived the solution Of

(32),where wl,w2SatiS″ the syStem                            ・
Wil=α ttβ Wl‐γ

2w2

W2｀ =(β +/‐ 2/wl)w2,                       、
clearly this system is a special case of(34)
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ABSTRACT

Due to the wide distribution ol Brtrcella aborlrrs in the cows piacenta, effect
of the chemical carbohydrate component of the placenta on bacterial growth was
studied. Data shown that the average amounts ofglycogen, glucose and erythritol
were 5.24+1.lmg/l00rn1, 380.2+5.7m9100m1, 37.26*1.lpg,,ml respectively. It was
lound that erlthritol was the most growth stimulater for Bnrcella wiren the isolates
heavily grown in the concentration 20-40pg/ml en,thritol. Unfortunatly
concentration ol 80-l00pg/mJ decrease the bacterial erorwh Glucose on the other
hand followed erythritol in cocentration l-3mg/ml in its eftect on bacterial growth
but de,crease in concentration 5mgidl. The growth decreased by +- lOmg/ml of
glycogen.
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ABSTRACT

The study is include isolation and identification of the fungi which are

associated with tomato seeds in to two fields (Shamiya and Summer) rn Al-Qadissiya

province. The percentage of the infected seeds and seedlings were determined by

taking the samples from two fields. The results are shown that the percentages of
infection in Shamiya fields were higher than in Summer fields. The following fungi

were isolated from tomato seeds and seedling and field soil: Fusarium solani,

Alternaria altennta, Aspergtllus niger, Penicillium sp. Mizoous stolonifer,

Mizoctonia solani, Helminrhosporium sah'ium and Pythium sp. F. solani and R.

solani wer prevailed the other fungi which were responsible of tomato disease. Two

fungicides, Benlate and Baltan, were used to protect the tomato seeds against fungal

infection. Treatments of tomato seeds lvith the trvo fungicides separately gave

signficant reduction in the percentage of seed infection by the fungi, consequently

both fungicides raised significantly the percentage ofseed germination.
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ABSTRACT

This study was conducted in the fields and laboratories of the college of
Agriculture-University of Baghdad from 1995 to i996 to evaluate the efficacy of
biological control fungi Paecilomyces lilacinus, Aspergillus niger, Trichoderma
harzianttm and Acremonium butyri against the fungus F. solani ard th root-knot
nematode M. jm'anica. The results showed a highly antagonistic effect by the fungi
P. lilacinus, A. niger and T. harzianurl against F. solani, while.4. butyri revealed
less arttagonism than the above fungi on culture media. Significant effects were
obtained when the biologicalcontrolfungil harziarutnt,P. lilaciru:sandA.bufy-ri
were :lsed against Fusarium -meloidogyne diseas complex under the greenhouse
conditions. The use ol P. lilacinrrs alone or in combination with the fungicide
Benomyl was more effective on F. Solani and root-knot nemato de M. javanica
infection than the other treatments. Similar results rvere obtained under the field
conditions. It was found that the addition of A. but.vri,, T. harzianttm and P.
lilacinus had significant positive effects on the disease complex, the larvae number
rvas reduced 25, 190 and 1800 larvae/Zl} gm soil, respectively compared with
5293.8 larvae/25} gm soil when the nematode was used alone and 124063
larvaelZl} gm soil when F. solani and menatode were used as a disease complex. In
general, biological control agents had signficant positive effect on the plant grofih
yield and longevity of harvest period of the crop.
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ί, 、11`kt、
メ 墨 め“

|一
ぃ ヽメ |こ しヽ■ ｀L.VI辞ふ

´ P.″″εブ7'2′Sノ 五 カα″gノα7,7′″7

`t洲
|: 、lLヽ11 ふj口|こヒ →ヵ 尋墜 ,「

V`▼｀̀
r、

,■ 、■、ヽ Y・ L脚 |メ.ド」 1亀 lυメ|■J井

.(■
ハ ▼ヽ r“ 、、、、、■1)υ

」コ |ヽ
`・

熱
、■ メ 1出Jび ム

´ ヽ_郷|ふ
´

亀 ミ`
・ ・‐]

こン → 」|←→ J°Jこ → ン ー 」IJメ )げ Lも い 1`亀J園|こしじ■ ,Jこ び 銘 IJ

出≦」 (〔 Jり■ )oLメ |さじ
♂

6obj』Ь滲 lυJ 61υ夕 |ユ Jこデ |ル ぬLjひ X出 ヴメ 」 |

工」・(▼ J」 )ヽヽり|■t」 メ」|●jJJL」 ヴメ |しがコIJユJ■暉|ジ ヴカ |●jメ IJ ・ヽ^

ど、
``ヽ

(μ ぃ、cμ国 |``ヽj´ ●ゝ |」IJⅢ 許 ヴJL出 五 カα″ブa772′″ J国1社し こ メ

″・押 1亀L」 (%▼Y,Y)ふ メ 1ど ,国1∪週 なメ」 1亀日 1、■ %。 t,。 LJ工 6さ与j

.ヽ ょ」.%v,八 し、リエ よJヽ ]ひ
`。
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・げ― げ。L`げ LJ.Y・

■1 り。1,く ,1 、̀刈IJ… メヽ|●メ|」 じり |`lυ
`ヽ

Lメ」f出メ|`ヽ…](Edson)Fitz

。
(ヽ
lAO)J当 社

`ヽ
―亀 lυり1毬 ―

メ → L

ウ ′カル″ ン ユ 出 も 封 1亀J出|.壌Lと _ェ |り ぃ 」 |‐ J■」
ヽ̂― ´ い `Ⅲメ・Y｀

1・こlυメ1出__コ111ヽ ^・ メ 井 コ】 I Ⅲ Ⅲl」 っt興|.多 q″
“

ブル ″ 2α″2′

“
(Edson)Fitz

。(■ ′ヽ人
)ヽ

.,一鴨:VスメしJリメ1」

げメ リ ■ pLil o“ ´ メ 、」メ 1亀J口|.ごL.LJ'い ヨ 1半 dttJ工 ぃ ´ い `Ⅲメ・YY

け」 人]却 |メ,11占Pごヒ」・びヽLJI【
´
“n´ げりLコ|こし` |・ユ声ど`ヽ 1こメ1許

。
(ヽ
RAl)01-。 V:｀ JJb71醜メ 3V J■ ―

げ
出 に

'ヽ
出 脚

:・

一

　

　

．

　

　

・

　

　

．



/・
`・ `rワ "J`r,り ■J 与 ニ コ ′″ ‐

23. Venkatasubbaiaiu P. and Safeeulla, K.M. Aspergillus niger for biclogical control
of Mizoctonia solani on coffee seedlings. Tropical pest lvlanagement, 30: 401-
406. (1984).

24.Harmann, G.E., Hages, C.K., Lorito, M. Broadway, R.lv{., Dipietro, A.,
Peterbauer, C. and Tronsmo, A. Chitinolytic enzymes of Trichoderma harzianum.
Purification of chitobiosidase and endochitinase. Phytopathology, 83: 302-306
(r993)

25.Lorito, M., Harman, G.E., Hayes, C.K., Broadway, R.W., Tronsmo, A., Wo,
O.S.L., and Dipietro, A, Chitinolytic enzymes produced by Trichoderma
harzianum. antifungal activity of purified endochitinase and chitobiosidase.
Phyopathology, 83: 302-307 (1993).

26.Khan, N.W. and Esfahani, M.N. Efficacy of Paecilomyces lilacinus for
controlling Meloidogtne jdvanica on tomato in greenhouse in India. Pak. J.

Nematol. 8: 95- 100.

27.Ibrahim, I.K A., Rezki, M.A., El-Seedy, Ivl.A. and Ibrahim A.A.lvI. Control of
Meloidogtne incognita on corn, tomato and oka rvith Paecilonryces lilacinus
and the nematicide aldicarb. Nematol. lvledit. 15: 265-268 (1987).

28.Cabanillas, E. and Barker, K.R. Impact of Paecilonryces lilacinus inoculum level
and application time on control of Meloidogtne incognita on tomato. Joumal of
Nematology, 21: 115-120 (1989).

29.Zalo, M.l . and Maqbool, M.A. Combined effrcacy olPaste uria penetrans and
other biological agents on the control of root kont nematode on oka. Pak. J.

Nematol 9 49-51. ( 1991).
30.Ibrahim, A.A.VI Effet of cadusafos, Paecilomyces lilacirrrs and \emout (R ) on

repreoduction and damage potential ol N[eloidogtte javorica. Pak. J. Nematol.
12. t4l-147.

;.-nL.), l-.ilSJl Jl €. . ;.- ..6 J ;l !s' ;l r,E :! .j r.--L- ;:.-" )_,sr e:r.ir jji.r .rlc.r\. 
=,rr 

1- J rJl 'r.)

.(\ 1Al) \,\\-\ v,\: \ :L \6+Jt elr-)tl ,{-,!lJ..ll i\-ll .,:!,fl JJ:-rir. &lF
32.Hewlett, T.E., Dickson, D.W., Michell, D.J. and Kannwisler-Vlichell, M.E.

Evaiuation of Paecilomyces lilacinus and Nemout (R ) on reproduction and
damage potential of lvlelordogtne javanica. Pak. J. Nematol. l2: l.{1-147(1988).

33.Shahzad, S. and Ghaffar, A. Use ofPaecilomyces lilacinus in the control ofroot
rot and root knot disease complex ofokra and mungbean. Pak. J. )iematol. 7: 47-
s3 (1e8e).

34.Datnoff, L.E., Nemec, S. and Pochronezy, K. Biological controi of Fusarium
crorvn and root rot of tomato. Phytopathologi, 83: 1046-1047 (1993).

35.Hader, Y., Chet, i. and Henis, Y. Biological control of Mizoctonia solani
damping offwith wheat bran culture of Trichoderma harzianunr. Phltopathology
69:64-68 (1979).

36.Wells, H.D., Bell, D.K. and Jaworski, C.A. Efficacy of Trichodemta harziantnr
as a biocontrol for Scleroliunt rolfsii. Phytopathology, 62: 442-41e, (1972).

`ヽ



uj Fusarium soloni ibillj Meloidog'ne iuvanica JJ4l Jfu ot+r U *-A ri..Jl iir.ryl LjLt
a&b.t f 4te $Ls Otii!

,,s +;r)Jl c!;Lill -r_rr: =-pil ei; *:-i!i- .tul ,.itti^ .cl-! O**- qj-U 6$jlJ.ul.rv

.(l141) rl,r:*1..-;.elJjl i,ls, --\$."+L :JLJ .JJ+JI rrlyl .F+ L3tL

38.Cubreath,A.K., Rodriguez-Kabana, R. and Morgan-Jones. Chitin and

Paecilomyces lilacintts for control of Melloidogtne arenaria. Nematotropica, 6:

1s3-166 (1e86).
39.Jatala, P., Salas, R., Kaltenbach, R. and Bocange, I.M. Multiple application and

long-term effect on Paecilontyces lilacinus in controlling Meloidogyne incognita
under field condition. J. Nematol. 13. 445 (1981).

40.Shahzad, S. and Ghaffar, A. Use of Paecilontyces lilacinzs in the control of root
rot and root knot disease complex of okra and mungbean. 5th Int. Congress of
plant pathology (20-27 August, Kyoto, Japan) (Abst.) (1988).

41.Dube, B. and Smart,G.C. Jr. Biological control of Meloidogneincognitaby
Paecilomyces lilaciruts and Pasteuria penetrns. J. Nematol 19:222-227 (1987).

42.latala, P., Kaltenbach, R. and Bocangel, M. Biological control of Melidogne
incognita arita and Globodera pallida on potatoes. J. Nematol. II: 303 (Abst.)
(1 e7e).

43.Stephan, 2.A., Ivlichbass, A.II, Al-Vtaamoury, I.K. and Anton, B.G. Control of
root-knot nematode |u[eloidoglne javanica with nematocides, solar sterilization
and the fungus PaecilontT,ces lilacinus on cucumber and eggplant. Zanco 6'. 69-

76 (1e88).



/・・・`rワ
」J`,, ,に・1 与

“
コ ′″ ■

.filt *lf (Azadirachta indica A. Juss) 6.iJl qll_13Y .jlJl ,-,als:.,,-.rll el.,;riU

Culerpipiens L. g,eJ+J 4+J,Jll JIJLYI ,A G r.9.!l 6.;isll

・・

`い
い い ― と一 ●・ ヴJl脚 一 υ■

―
しい ,却 Ⅲ 6い

・"´
・

卸 `o工
れい

=υ

い 、` か,却 Ⅲ おい ゛
"静

“

ABSTRACT

The efFlcacy ofIGR applaud and neem leaves aqueous extract againstlaⅣ ae

of 2nd and 4th instars of mosquito C′ ′ノar′″′′″S L was investigated under
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001, 0 1 and l ppm and aqueous extract at concentratiosn ofO, 10, loO and 1000

ppm The results sho、 ve that Applaud、 vas emective against 2nd and 4th ltta instars

ILgher cOncentration gavc 100% mortality in all exposure peHodsi cOntinuous

exposure and exposure for 24 or 48h Thelo、 ver concentration was less ettective on

the same instar but the cumulative mOrtality was high Aqueo,s ettract had

pronounced ettcts On l小′ae at hlgher conccntration in all exposure perlods The
lower cOncentration 、vas the leastin c3tct compa五 ng with the higher one and、 vith
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Nuclear Structure of Pt(A=180-198) Even-Even Isotopes Using
IBM-1

KEALID S. IBRAEEIM. L1IAN T. AL.ALAWY A-IID
EUDA T. SULEMAN
Department of Phvsics, College of Science, AI-Mustrrnsiril.a University

ABSTRACT

The sign of the mixing ratio of the radiation either to be*ve (i.e. emitted
radiation) or-ve (i.e. absorbed radiation). This sign depends on the sign ofreduced
matrix elements for E2 & Ml. The present rvork has carried out using IBM-I to
calculate the 6(E2,&Il), A(E2llvI1) and multipolarity of 7{ransitions for ft(A=I80-
198) even-even isotopes. The limits of these isotopes are classified into the
following, P(A:180-186) have SU(3)-0(6) Iimit, P(A=188-194) have O(6)-SU(3)
Iimit, ft(A-194) has also 0(6) limit as',vell as P(A-196) & pr(A-198) has 0(6)-
SU(3)-U(5) limit. Our resuhs are compared rvith the available exper:mental results,
where they show good agreement in the most of them.
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メlL`ll d、 ύ つ`脚|こい】 4タニi亀井』|」ぃL戸 6。しJ』ЬJメloメ リ Lit‖

0′ヽ



/FMIsrα″si″ :“ I Sci 1/al′ ゴ,No(υ,2θθθ

o‐ 副 LN Eγ(MeV)■国lJヒ Ⅵ 却ム,■メ」|ロミ‖■墨 竃工 )り (Y)J釧 |

・墨 じヽ出1型,‐メ1許 γ),(γ
-9,(β‐g)

」 」 ` 1タ
ヨ 1亀共 」 |り調 d瑚 ≦ δc2/1W11)ロ ミ‖

…

襲 Ⅲ
さメ (ア )′

K JJ

(r,r) DK-JI ec* ,',:- .pt(A-l80-198) Jitlr (rrlF,",llr,) ,,.1 1 +pL-.r(iLtJ{su dEijyr

」 メロ1亀押 |ン謁 ‐ ヽjど J。メ ロ 1`‐ JL沸 L←,(β-3),(γ-3)ごYu瑠|・ゝ

(」 |ヽ こ三 刈 |。■ (Y)J銘lu(Y)珈 」 |ど 滲■ 1ゝ り仰 |´ID♂■脚 ひ鋼 lメメ

邸 1ヽメ」 も 国 |も脚 |´L6・Lぅ ど ´ Lヽヽ1■ ロミに・=J‐ ,`け■ )ご Lゞヽ

・‐ 1´ |リ ハ バ |

at」
"」

メ 1祖口 |ンロ 」 |≦ 川 |… 襲 _´ (`)脚1日

」

"r」

R体 → 80■ 9め ,図 五 0→
～
脚 |ぐ f卜

m卜
1)鰤 |“ ス押 」 |

| ふ
戸 Jい 」|ひ 上£ L,(β―g)ム」 コ1釧 ヒ 洲 。光 1電題 |(4A)が」IJL´ ¨ヽ ・五‖̂‐‖

よ 」 |'一|`ヽ ■J■ 饉 二・…」 :L^‖ 鋼 ,二劇 も ヨ 1亀井 」 |ン L´ ぬち ど
J事 ロミ‖

」 -6。 ■ う
ヽ ‐ ´ 園ミJ`‐ J‐ ,け り ,(γ-3)瑠 L】 い 1ゝ C崖 1ご■夕 (4B,C)

・ 工出■じ二ヽ…■・ ^mご LゞDu■タョ1亀共』 |

申
…

メ ■1'

卸

調 11



,\uclear Struaure of h(A=l80-198) Eyen-Evcn Isotopes Using IBM-1
κ SIら′α78′力

",こ
″α′

し`い
1'11‖鎖"_υ,FT・・

‐・叩ルMり J・‐ψ"{1)珈 ,・Ч爆咄 JΨ」丘 1″ギ

u

「,'F■F
‖tv■

コ」11,l

…:11:露
ilい●

詰:争l

堂上劇

1椰1

Dr:r., I r!tI!

-'-l--.----
-..i--- l--i- -.tt mr? | -e; 3y1
-----.t.--.-.-
…lJ■_|■品 ;

---. . I ...It.-.
I I t'r.r,i

rt.tttd J ?r,,-

-rrorrl | -rr 4rr,

‐4,「,%!.l,,“

.ourr | .rtrrrr
■ボ
「

,乱計

F:|)∵ヽ

o.t l, r

l.0ir I

0.6t i:

t, t r:J

一ｍ
一̈

山一̈
一

0,:`4

¨̈」̈輸』
6,'r,'l e 6u,

^1'■
1=`:1lrrJャ “

°・"''■
′マ■ン′〃た0■ "J:r2′ ″J.・

´



t rte I -,r--.1

|‖#
`,i)`■ :

|コ 1=1

,ぉ 1・ ョ

:・fJ'11

‐
F011、

1`::11

_:1_

「
:`|●・

:ヨ

ん 間

"tIEid$,,r.-,iroXd ttt U -t.rrC n|r!lr.,tl.Fk

"T(2)`… 雨 |″■0ダい _議ご為高:r_…
trf::11.1 51r lrr.t rur iir.ii o [,[ijffiffi.4'r1.rr.
fff l t). :* r*.{ ( It{/i:t )3f !* ril ffa ( trvll) 9 rrr. Lrf?

l: ・ヽ

:::,r:

`i手
ア

'い
3■ :

・・,r,I

`,嗜

● :` |`“ 0

5`:11

`,0,`:

〕
`の

o

9f:ン ●

l`H Cr

qt, !t

Ci`り ヽ

Ь!ζ

`■

‐

F``,ワ

t'■ lC

・セ■ 7で

,10・ .′ |

.:こ
‐‐

``

`●

3',IH

l」 ●[」

Ci躊 百

“

`|・

n)`雨
::11,:3

1書

::‖::

董|「翼
課朦
::■I仁 1■ょ
.rst o | ,'r,.1

rlrgu | .t..rz

````l‐

一
“
一

〓“
ｏ
一
・”

“

　

一　
一

―署澪:・
―

:(JOマ 1・

a'.t ir--

,iqu

``}``

|●暑:

θθθζ`夜りROV`rr 704 7,Sr″ 4S″υβり竹′/

|″・ 1'`l・

I.{ls I tr,t

h:! E

摯̈
¨̈

矩:1'.1レ
.01

3rli] I .rl .r]
:工%,1 l.Nru I .r$.9

i(31:> I irrr

sr】●′l・

|ぅ :=3:

冊 珊---t-._-_-._-_-
nryrc I rttrlr aritl,r.,,



Nuclear Sfiuctwe of Pt(A=l80-198) Even-Even Isotopes Using IBIvI-t
【 1曳 fbrα力′ル

",こ
″α′

i+Lrt Jr, n(Evlrr) u.s-r ur *rr r(cz/trr) Hs 5u ,( 6 t Jn
JLr & ft-lrv J+r LH 襲

… ■ 讐雀 リ
セ
ギ ∵

‐ J<暉 MO"岬 〈5,」ハ

,i■1‐

τl'li「

oMr I .trr.tt

t認FIⅢ
n67't I r,rut
二,」_|¬

'11

ij:! 6 lrcll! ,E trr-rt^F yr{:l.F-

W
:j l_,1

1′ ,い｀
ツ

」¨̈一・
:(1｀ 1・ 11

1`:..,‐
|にイ110 :嗜Ⅲ

コ:■■・ ,'1,:●
"3:,,

ロ "1●
D,|

)ll'tllJ

:|;:当 :

_1れ .

[2

■虹曇
』一̈一州̈一”

~j,:メ
,~

Jl``|

コ
`"η

`0,メ

,

lilti
幕

量投ニ
。1‐う1タ

ゴ:詈
J_

_」ユ

6' 
ro. I tci, '

u
_2,I`=″

Ⅲ

`, |'I,

二 コヽ yP_

?i-?r'
_;- 一ｍ一̈咄叫̈十一̈一̈一”一̈一一一̈

.上ユ1基 i

|百1「

・

七:謂TI

蘇霜:雰J

平
年
肝

_1メ 1'`|

6i-{1' |・|,t, ,t'1,,“

難
璽J

韓|

冊
購: :ゝ :" |:肯景ト ■■:T

ユLlll,

彗1'S.Fl

■堕
`嘲

」lrL●

1','S 二墾」2

1'4,lJ

一

一

:ヽ1,,
_J:｀

:` 」 ”

■

・

l1111'

オ
,:

1116う 5‐

__|:_

一あ
り
ヽ

一̈
ｍ・̈

'`1.2f10

,1,…

.:t 1 tdt
l:r. r?sl
,,ら ,1`

115'i::う
°



′■漁
"α

″sirtt J Sci レ0ム ′r,/va。 (″,2θθθ

r{& rrJ, 4E / l) !r:r Er -jJ (rJ 
'0 

!o,r(.*,,Lr

H>`
1●・ 1●

|

―・卜‖



Nuclear Structure of Pt(A=l80-198) Even-Even Isotopes Using IBM-I
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ヽヽもヽ＾゙）いくヾ『ヾヽヽいヽヽ¨、いい、、「っこＳく、

:lti
藤
嘩
l瀾

:捧罰
:

i「
|

||

||
::I
。

"1 
‐



ノv“craαr srr“attrgグ Pr“ =28θ‐29砂 EVα′‐Eッ″ rsa化″`s uSingIBy_1
κ s rbrαЙ

`腸
,α αι

r<*ut tur d(Fuitt) {ai t]u \!j t(l?tt l) &.r s,(J o ),r,..
/ll5 u l,l.tt'l f,,trg

rprr1l.r1iqyl;

|』 11● I・ 嗅`
'｀

'r.{'<!

'll.r

{ ltt

い　　　　　　一一̈一

十
１

lrt.0r,

…″

「

咄崚一曖一計・一工̈”

ri{i Irfitl

¨

一

，

一
６

・

剰■

ザ11周〈↓|‐
―

詈爾lili
l`l∴

」'〕

|

|、 .::.1

“
”
ｒ
・‘

¨
一
仲Ｉ

ヽヽ



″LM■ダα″s″′α I Sci レ♭ι ff,Rs、 僣り,2θθθ

I rlr'ru;1 A{E!/,\tt) rJrr-rret\dr(Erilt) r$Fr,(lt) ,rJ\

--_ 
ilO g+tllra r fr.tx rSru.ddLu:rr._

1翼
=

■
“
い●″

.ar9r4 ばヽ晰i=1 一
μ

“

口い JI lillE{lpl

:ifiiii

i鞠 |
”仰

20・。■・

ぼ
い
”
犠
叫
ω
‐‘，，
砒
一

「 11:::二

1■ 1`“ :ヽ

_三
=

・ 1ヽ :、

`●‐
'■ `ι

■・し0
曖

'ユ
:!)

一ｍ一ｍ一“

「
罫
絆
十
「
引
刊

豊幸
r嗅

1ギ
0、
・

_コ
:・

~お ・ ~

Ｌ
Ｌ
Ｌ
‐「

■
．
―

「
「
司
「

~ら
●

朦
躍
」“一剰

一̈け̈̈
¨̈̈
」̈̈
¨̈中・‐‥‘［一・工Шｒ一一コ̈̈
一̈̈一一̈̈̈
¨

ヒ

1器力::力

‐

一̈抑］“赫コす”一

ヽ
‐
■・

■・4r

り
=メ

`:

: 16′

11■
「

:1需 :‐

」2,

,1,11

1■ 1:'

,,0,' 211,!

I努羊 鋼

難‖
_IF,

_り __

J:・
`腱 =

噴

』亜

―

|

エ

t・Иl

,■π

酬
“̈̈
一̈曖̈
¨̈̈

ｒ」河
“

”一の一Ш．　”
・‐，
一■
　
ス．
¨
」

“

・“

　

“
　
　

”
壼FI
`"1・ "′

・:   |

口t,1'1'

ヽV



/v.craar s″ ″
"″

グPr“ =fθθ‐19砂 FVθルル
“

おαη
“

駄ingBM‐1

こ s rb′αルaれ αα′

l-rgdJt :r-rij a(uz1;r r) :*J..g-Jl ,uilr .i.- -:r 6(Ur/rrr r) J.E !! .,. .J ,( l3) &rr
・0(`>SU(3)‐ U(5)じ争 喚』 鼻 国 l出ら1'い 198・ふnt u“ ‖型 げ り 事 喝

iWI
titiギ 1‖ 1ヽ「

`:〕

、ソ〕'■鶏手 |」 1ヽ 卜Il,!tll

鰈'年
'11■

:

■(IⅢ :

f野
2ィ

11 可 ∬画蒋 憂師
| ・・|:|:|::|:|:LI¨

0_4つ′2 ¨ E2

0.3F77.1 25.8717 8`l.3333
E24`10/.
1ヽ[+イじゆ〕

22‐ 0:二 _
Olil生

07716 ′ ″ 融

0.50′ 3

05773
´

"
E■

量 i

8o S149 :66.SS]0 E2
0.4フ jt

・ 59_:6■0 :497773 E21く !夕む。11

2,‐2. 05051 _1049616 _■489667 EE`ヽ :%
1ヽ1 lrL:o、

23・‐21 0.8725 lS.9498 ‐21.8,2' [2卜 l.110

♪1:」 g10〕

ι三2丑
1 2ア リ7

― "υ lツ 76 70.り■18 [21ヽ ]11へ 【:

0460) -14.7218 ・38.31∞

・ 3101757
_1963■ 62

L2■2.7%
卜〔:+(F〔り_

=2

4=° _2. 0.6707 173.8760
¬ ゴ J l●331 170J955 E2or'-? l●ア■3

05972

: 3]32

1.`S lo

″

1r'-2:'

:.1 '41

-3&-T6r--4 r'

―:0.56132

‐0.4:53

‐21.!1,J2

“

〕̀ 1110リ

!12: l.sll

」」二〇19
lヽt「

`:ウ
も

_11■ +(1::〕 )

げ

∝．噺
一

F2

2,マ .21 0.7u・18 ‐1●:.25,S ‐lS9、 1000

‐35“ 67

″

,.7722
‐:〕 .2i52
113_0319

63.9891〕

l`:3.1702

・33.712S

112,く :.〕

`
.ヽ11+(F塑_
L2`く イじる

」L」L蜃 ,)
[12

112卜 111ヽ 11

ri2

:12,1,1ヽ 1:

25'‐ 2:・

■・f5:=

_」 ,こ:LL
rい し11■

二L■ 1・ _

丑

1 5203

11ノ 16

・ 1087354

♂

り
一

「

一∞

“
一“

¨２７

０

１
一
〇

一

53275
-lS.22,1
‐25 5C・ 80

0,,1:IF 2153.:`:

,J2221
‐33.390'

077,3
1 :つ oヽ 「

ユ
51・ ・11'

L--f r O S620 000011101 0.●005・ :0・
3 卜l:|`=[tt

「
21(::11〕

'lr'-1 ,'

-.1-,t'5.' --t .

|`123り ・S05527 ‐̀:25,iF,
11210111

ユ1:「 ,1ヽ リ !り

^仏
)75 ●1 25uJ :

淵 詈
=刊・ lく ヽ ,1ノ イlり

: 11
t rt1 5rl 711D7じ

t・ ::【 t,′ :ヽ:

68・ -6:' 0_76?: ‐ll.0033 ‐17_2919 E2,5.376

6I- "1 r'
6r'-6t'

1.6812

]・ 〕̀136

と126223

・3.1038

‐151,192

88059

E2
■2● 3%
卜lt卜 (1≦2_

E2
:12●.616

、111(EO)

64・

`:・

`●

'■ lT

20657

1.2=1,

2.1410

‐10_37:0

2:_41133

■ふ りl贅 o

・60127

210t69

_■ ■″ll Y Ч,

L llilτ

1.25,7
0.:3JS

2●2.ウ

`■

2 l'2.,576

=2111'1lbハ :1

「
,13.9,ち

ユ野 tり_

33'_8:' 0.7`11 ′16:7】 7.236S



ン♭ム」ムNo.め,2θθθИ卜M嗅ダα″s″滋 I Sci

（
り

）

顧

「

（
　

ヽ

　

）‥
バ

ヽ

３

「
コ

司
ハ

″
含
ミ
こ

「
コ
壽
ヨ

押
一驚
弓

コ
ヽ

言

【‐
員

土

〓

理̈
　‐‐‐̈
ｍ̈榔師側］

′，た
Ｊ

丁
―
”
田

●
　
　
●

■
■ヽ

Ｌ

、
「

（雷
静
麟
可
噸

―
―
ｌ
ｌ
ｌ
Ｌ

？
｝ギ
“

読すミー

rt

ヽ1

＝
驚
欄
脚

【
―
和
お
目
１
，
１
‥
′

i l: : ~『
~丁

`劇

7ノ tlJIJ41海胃 品 だ 躍7爵 動 酬 ビ
|

i言 13尋 1ゴ
|・

蹴

'19ご
″爾 コIな川 藩留ごご畑 I“71



Nuclear Structure of h(A=l80-198) Even-Even Isotopes Using IBL'I-l
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Nucrear structure of h(A=190'1gg) Even'Even Isotopes Using IBM-I 
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ABSTRACT

Theoretical study is performed about the dependence ofBarkas effect on the
energy and how it changes especially at low energies. We found that Barkas is
independent of the energy at very low velocities (V<V"). Effect ofBarkas term on
the stopping power cross-section is studied by the comparison between the stopping
power cross-section ofproton (Sp) and Anti proton (Sp'). Theoretical prediction of
stopping power of heavy charged particles (protons, alpha particles & heary ions
(lithium and carbon ions)). Incident on solid and gaseous targets (Hz, He, Nz, Oz,

Ne, Ar, Kr and Xe) are satisfied. We suggested a semi-emperical formula lor
calculating the stopping power olhea,,y charged particles at low energies. Effect of
effective charge Z*1 is taken in the calcularions. Good agreement is lound between
present theoretical results and the experimental measurements.

靱 1

“喝・じ押
"り

‐‐|こキ メリ|メヒJキ 1し,～メ●亀1じ全,ぃ 1`ヽ、]も い´
」ご

`≦
(VくV。)ヽoLメ |こメ |`ヽ 」●コエ1許 、こ、ドヽ lo■,t島 |メ|も」」1`L、し

`り

ま`
― メ1・ユ出1勢 亀υ日|♪ムいこり 13υ」‐ メ1´口|ル メリ|メヒLIっう

よ上ム_寧」1亀 ―́_ヨ|■1^… nヽdご‖3υ

“
■1・ヽ́ ,Sp。メリンご3｀しSpしメリメ|■嘔|

■っ
～
Jこ  ■ |“ lJ・ 4轟」 l(C‐ )。メリ国 10夕IJ(L「)rメJl」3,1`嘔|こぃ `J3メリメ |

島   ヽ` ■L工Ⅵ ち
、 1中 1・ 1ヽ`こ,■ 二ヽ た ヽ̂ こ |じ調 ´ ■,(Xe,SⅢを,Nc,N2He,H2)dL

り 1ヽメ■ Ettect市 e charge(Zlホ )亀国 |`｀ Jメ し工 lJ tム |」|ご」島 |ヽ ト ニ1、まn亀メ饉劇1

。ぃ い|ひ
・

」 11^‐hJコぃ 1亀りし ヽ脚 |い日 、争 JL tt J3“」1戸,中 1・ 〕`
ご

亀ュニ́』 |

ヽ  ``^‖ 噸』 IJこ ぃ
(｀ )J」

|も、 」 ヽメ」 1麹」 lJヽ 一 ご (‐
dE/dx)こ獣 ‖ つ 工 J

■ ナ

“
ゞ

」 |ヴ●Ц I Lり |■|メ ■し,メ I JItコ」 1亀」‐ ヨ |二ぃ 1夕 五●1:^‖ 珈週 |ご

V0



も醸J“中
“
リウコダ亀″♂五″_ル|“

与多‐ o`41/w/“ ,ノ

「

=」|ご轟』|り 1、・ヽ 1」oし にヽ 10ch.Obethe r≦ 」。L"メ|』Ь■lυ」LL」 、■ Ll二 'Ⅲ
Ⅲ̂

辱」|― 」喝 電。し」電ヽ‐‐11=,、 ハ1■ΔL」|.工 cLこ 1・ いヽ V2VZ10J。醸|こ》‐■協` |`υ」

Barkasメリい G■ビ
`3BOrn cOrrectiく

)n(L。)0り,cずい‐い 6、さ。C」 ｀`` ・点ま
`メ

≦

.Bloch Correction(L2)こ 」|… J COrrection(Ll)

辞 4乱」|●LJツ |_■ 軍 1出 lυ」J“国 1甲1■■・NI JI。理 LlメリL。‐バ J

.z13″ |ゝ … L'`よ国|`ユ 」ユ

エ びも(V≦VZ/3)をメ|=`に ´相 |“Ⅲ Jカ メ央メヒ」■リメ |ひJ

…

エ リメ
ー
ン

・
メリ‐メヒJひ メこリメ」IJメ|よ |■ 社り|こメ|工 J"JI

・内がtメ 1

(1)Lindhard♂ _」 (V≦VZ♂3)1 llal」
|こク」|ヽ la se■ュが` |に■

=ゝ
16υ工甲1・ lヽJ

ヴ
」 |■螂 Density inction C〔)a」 1地|`」副 」^1ハ 1等Jメ尉 |■出yl`υ≦ 電」_ι Lil

JJ―メlム|い d」 Zl ψυ」lo」1ごL二 謝 Cl←)01も Jヽ・ )´ JJ」ljし も1許 aら ハヽJ

♂
I Bom Expansion Oυォ 』丼 ぃ ´

日|」lr｀ミ1点 Jげ υJメ |い ●Lメ リLメ L JI

´ C2←)Jげ 」 響 ヴ
l Z12ど 中 協

`EⅥ
6メ J｀ り`Zl」ン ヽ̂1‐1♂I C20‐ 峰L

.z13ど 中 喚 樹 メリ|メL″
`υ
い

よ一事 ひ
…

6ン上」
・

』ЬJ(Linear Theow)尋」 |も脚 1許 λ■ よ⌒ 』

■11ヽ)ゞ16メ `"ン コ 1口 |い 。
.」J11■ メ 」■J(Feynman Dhgram Methods)

:(。
)亀対 1 4at_』→

f=NZ2∫
Tdσ =lヽZ21ち

lσ
す

Tm

γ =

″

哺
司

ｍ
　
　
　
一

つ
一
　
　

１
＾

一一　　　́
′′，，，，，，，‘，・‐，，ヽ、、、

… (1)

01‐

ぉ
`ェ

リ脚 凸lυ」loェ :N

許 国 ´ メ1押1出 :dσ

中出が|ジ 尋
“

1なしま l」■:Tm

…(2)

… (3)

邸 I Ⅲ lt〃 お 0」 `。J刈1毬 お 鰤)J‐
社 →カ ニ」 y.也

メ |ドヨ |い
げ
Jぼ メ ご

L工
・

LJメ馴 Jl島｀1´ メ 1凄轟 |:σ [

0■1_澤ツ|

Vヽ

・ヽ
　
　
　
　
´
　
　
　
　

・，



∴器=朧i腔ば'=f

轟前苛
。dOsinO(1‐cOSO)

8.365 x 10"n=-=-;-
x

Jこ ―→ 。し‐ メ Iで
■

日|… ひ り '早導 15bl,Ol ιJ。日 1ひ ■■
yl`υ」 J…ヽ

ち

地。日 →渉 」 IJ。(V,0)`Jヒ 冽 ‐ メ |ひ口 1初ヽ (1)二
」J劃

・
●ン σt

中9=轟
歯

(̈7)

fυ
J'」l.=パ び■ :a

:OL→刈 1電 Jュ』→渉
“
,Fern Waveたngth♂メ ■ン 」井 ユ渇 :λf

鳩=」L                   (̈8)
mVF

許 ‐ ぶ 亀L´ V■。L“
"」

t,,, ,(l) r.r,Jl 
"t 

rJ.-.Jl

1

o(v, = .| (l-cos0)o(0,v)2;rsin0d0
0

x=1/2(1‐coSO)+(ハイ2a)2

dx=sin O d0

げギ予[n事―+]
(λ″2a)2=vyst=x2

し・・れ ″′ル ‐

(4)

6J卿 ‐ 脚 詳 Jぬ。」‐

…00
…6り

ⅢЧ,●メリ■リメ鋼|ミ国|」
=n`・

…、

… (6)

1｀ スメ |｀

… (10a)

… (10b)

:J● よ_3(9)■」出ユIJ(10b),(100c内勇

．
　

・
ヽ

ヽ
　

　

　

ｔ
　
　
　

一

π

ｒ

ｌ

●

０

π，

一
〓Ｌ０

(11)

(lla)

しに ‐

」J、』く人),(ヽ )■」」|スJ≦ ちoし1び」|ひ Vf rメ tン ス■許 J″」,

vF=h3/m3(3π
2n)                  …(12)

J― (｀ )`た」。日 1夕 社 l」 こ脚 ■も り ld■y6メ 許 J,」IJ釧1伊

:ご」がJコ。日 |.歯
(ヽ

Y)4。日 |レ Vf■ ″

“

メ



― `“
‐J“倒

・
コグ軋J♂贔″.ル|“

与多→J`“もノaμ
“

セノ
ーdE/dx=4/3π  Z12cl(x)(V/V。)eη a。

2    _(13)

心に ■

鮎 =h2/襲
2                

… (13a)

(BOrn oっ
"dJ銀

い ご□|」IF｀ミ1…tJりヵメ |ひ ヒヽメリヽ メヒJI J―l´

■。し 11ひ逼
♂

IⅥ t禦 出LJメ劇 げ
L国 1等■ メ 1渉劇 ■ Ш ■ メ |・ Expandon)

…=:(雫
)2[喜ィ警m・

(判)…
的

s2=t+4x2+4x2

t=sin20/2

(r)Cr)t-t* b r S

i-r$ i crr o'tr CtixYl 
'+JJl C.ti^il ,jlc &.r (t) il:ul ,.t' (\ i) :Jrt* .,:ir,!+

:r_itiL)l

dE/dx=4/3π  Z12c(x)(V/V。 )e2/a。
2

(15)

7 Vf■ ″ ぬ 脚 1■ 出ムJ Sc■Jpl二 り 16リェ 中国 壌 ゝ

…

許 Jナ」

許 出≦ (13a)■週 |´ 亀Ⅲ ″」(｀
Y)■0日1伊

Sc=297644Z12z2X6c(x)(V/・ 7。

)3

….(14a)

…。(14b)

(16)

0に■

01J

C(X)=Cl(X)十 C2(X)

Cl(X)=1/2[in l十x2/x2_1/1+で句

ev.cm'/atomxl0-15 olr:,9 S" 4jjJJiSNl ,-ilijYl 6;r! el ,',1-

°)ψJL C(x)亀国 |ルL41a● |【
レ
1'｀

_。 (16a)

.̈(16b)

q⇒=等卜切ギ井」ギ]抑
C(x): C1(x) +bC2(x)

むll― Jc二 ||もL

… (16d)

亀≦遭|コ 1^_‖ ♂1渉レヽ響 点ヽ・1■Lムメ メb」 ‐
dtt」 Jヽ |ヽ  1ヽメ

`Jzlc多
二瑠 Cl(X)苺 ol(16b)亀 o日lδた ぃ L誂

´
国|」 |ひ J Zl許 ヽ̂1‐1コ l c2(X)Ⅲ ′は 1(16c)■3日 I LIJ(BOrn Expall● On)。υタ

ひ コ z12と_叫 _趨
(｀

｀
)亀。日 |ひ ■ 1島Yl`υ工 J」 Zl渉

"^1‐
1い|いJの メ d=■ い

_  ひ 一 び 尋 IJ Zl JIザリ コ びレ6υ■ メ

`J Llメ
υlメ ヒ びレ

`υ
い C2(X)メ

“

olメ」 |

・亀Lり|こク」|｀ lrニュ国lcL、 ^1‐ ,yヽ|(16c)4oし出|

V′ヽ



r,―
`rり

υ」γ̀''コ う。・=― ツ′ル ‐

二 ,(5b)“」 」コ |) ｀ぃ Sh●口|`U」|ご ご,メNIゞ‐メ 1辞醸 |ロー ´

C(X)二
`国

|ルし コ|●
´ b,X JI♂ IJ腱 |`´… ヽ 工」 (ヽ

1)島。日 |か、 ぃ 地 り |■日』 |

Ⅲ Jこ ■ 井 許 伊 ^1-Least square method eSM)`メ」 |もいメ |ヽ井 い ミヽ1-

も 日|■盤 」|♂
=」 →SeMOn Raphson Method)こ円 1っ

霞̂ nd_▲ _り |工Ⅵハ Snげ,メ|。■メ|ひ轟1玉・́ り…`1'ゝ ♪ム

:い
)■日1亀D―loム ぃが 1‐メ|

Sn‐ 14337× 10‐
4A/E(Mev/amu)(ZlZ2/A2)2A2L  

…(17)

:t,‖ 瑯 ヽみ ,もヽヽ 1・。,」■L。|`'¨ヽ

L=1/21n[1+(2a/b)2]                    …(17a)

ev cm2/atOm x10・
5も 、ヽ夕(｀

V)■。し」I J Sn。1`・ Ⅲ`

Collsion diameter cJ^1‖ メ≦cl‐ b

`じ

」1)」1,壼 `t^tJ■ a

・(1)り
ヽ̂』 」|こ分り出 メ|ユ‐ ル Jン」 ,

びヒロlJ Cコ1l Ⅲヽヽ

(300‐ JJ週 |`」 N2い エロ|,HecJJI J早 oメ九が ‐ ′ ｀ル ロ 1早1ヽ
´

,製♂1勢 L。´|●囲 1脚 1♪ムし “い しⅢ ‐
`(｀ )が■|‐ン・` 2500 keV)

01にく (｀ )`Rleter,0)Ziegler工‐ ン 亀出 11工・1脚,preSent workぃ か _ヽ1
PCDV ψメJ´ 工 l｀ (ゝ1ど b,xこ 〕ぃEIご 1メ|ょ二 1こ‐ 夕 (｀ )」

'事
|

■崚」|´
“

´ ご ,メ」■ヒ寧 |ち

“
。い1■J一 Jt｀ミ・・̂ lb,x´ み嵐 )`Jりヽ

い 」脚 1,

Tarqet X b PCDV%
He i o.sssss 209132 404936

N2      1044987 80967 ±1 1914

_`4 bJz:=(_1)中」|・」1lЬ SP Anti proton。メリ,ごじもこ職」もリエ■_´

C(X)==Cl(X)‐ bC2(X)

:デ ld暉』■げ出い|`・ いヽ(16a)'国」I JlJ日」1ン」|

…(18)

ψ,L Sp。メリン■渕 ご■Ⅵ 3メ oL』」

Sp=297644Z14x6(ci(x)‐ bC2(X))(V/V。 )3

げ

ｔ

ヽ

　

ｔ

Vl

_(19)



ヽ
々
夕
一
　

（，

― “
ι学型,Jリ ウコグちJ♂贔″_ル|“

与多崎 `41/wl aメ=,ノ

(γ )小二 」|・ Spめ J,♂ Xd寧 |`υ工 甲Lギ
(｀

1)■。し
げ ヽ 日 |もメ |。■ J

(300-6L翼 国|し  ヽ^ヽ
(si)oこ幾L」 |げJ SPOン コJ,s≦斑J SP oメD♪ ■峰

y16リエ
。
島,

■ 串 |♂ |メ|び出 1伊 Lゝ)→」
(｀ )`Moner J111人 ●1ご日 |ど 亀υLも井

～
押 IJ 2500)keV

oSi♂ 0メJ,♂ Ⅵ」0メリメ I JIヽ」 いb JX JI～脚 |がlc■夕 (V)JJ却 |・ 嘔

´ POメリッ ご
iVI」 POメ

"」
■喚

yl=メ Δ喚 14さL´ な ミ`1ヽ …lbJx戸 醸 り(Y)J」ヽ

(300… 2500)keVひ 想」|`」 Si。メい |

X b

P→S 042321 -0.589x 1 03

p_)s 0.40092 -0.1062

6Ш』|`」 Ne Oメ IJ Ar Oメ リ |´二 ´ (L「)r'国|■LJヽ 日島ヽ 18υ≦甲L´

。(65…500)keV

イリニ d1lLミ ‖JL″ 酔 ヽヽ
・ ・ス1碑j口1滲螂 bJX」 |』IJ腱lむЬ夕 (r)JJコ 1

♂ 1尋」 |ご□ |が
ど Present Workも 脚 |ご日 |い L亀υt園|こユ ,(▼ )が」IJ oPCDV

。‐ メ|ど轟|コJい
r)Andersen

●メ 11」 oメリ 1´二 ひ e,卸|●L樹 ■圏 |ちリエ `喚
1電。日 BJXが 出 P(▼ )JJ■

Tarqet lx lb PCDV%
Ne lo.:r:sl lo.14eo ±04989
Ar 032152        1 08184 ±00796

`｀

 ^｀
崚 J =‖ He rJ即 |ジ H2醸 卜JメJI´

“
ひ

国1」→‐ |■ Lヽ 16リエ リ1_´

け 手 ← 一 もメ 」|ご口 1崚 亀つ口 ld牌
げ

二J(`)が 」 |´
‐ タ メ 区 (50-450keV)`U」 |

」ヽ 一
ど bJx出 )しまメ́出

び
a,(1)Jり■ 1・ い〔

をたger`い
、 eterぷ ひ 亀 園 |も国 |ご日 |

He,H2♂早 (PCDV)げメ |｀ Lth

He,H2♂い
´ ul`喚‐|■ L゛劇

`じ

工 at_14さし出 bJxが こ牌 (1)」j■

Tarqet X b PCDV 96
H2 0.48871 -0.003 ±04478
He 043427 0.0767 ±05388

′ヽ・



r・ …`/り
」JJ`''4LJJ 与 議 Jβル ‐

Ne Oナコ 11 1.JI■ 1ヽ Aり1♂ 国|●嘔 ギ |■ 出V16メ 甲
l―

´
墨 1重 L」 メ

“
■

´ Present Work～」脚 |ご国 lぃ L亀υ口 1崚
♂|(o)fK‐ 1´

‐ チ メ K XeO勇 りIJ

(。 )Jリニ→」|。 (50-450)keV detLll`」 f贔メ |き出 |げり
(｀ セ たJer J111^・‖

ご国 lド

。(PCDヽЭヴメ 1lLth J」Lぼ 亀 ミヽ1'^‖ ム|、 ^]■|“】 bJx JI』 IJ轟lc■タ

●勇 りIJ●」メ |´工
´

国1■L‐ |こ Ly1 6υ工 oヽ143日 bJx戸 己騨 (。 )JJヽ
'Iarget

X b PCDV%
:Ne 0_34805 00927 ±0.1715

:Xe 029830 19889 ±10955

夢 」|び oニメ L≦ 0メロ1,ハ ロ lJヒυ´ 0メリ国 1●Jゝ J■V16υ≦ Ψlヽ
´

1」が IJ

L`』 甲1、 .ヽ 1(｀
。
kauhda ll^・ ‖

♂
|,Present workヽ月 1♂1標 亀υL](■・タ リ

J(1)

,メも 尋 」 |が1標 Lひ 1メl J′ KJひ Lへ)口IJ(1358‐ 4320)keV■8」|`」
げ贔 メ |

・ぁ 撃 |こヽ リ ニ■」→L,基 りヽ,→

り_li Lミ lJ_.ど oメ IJ奥 口 |´導 X Jb JI』|よ」icL夕 (1)JJコ 1

(PCDV)

♂ Lも F」 COメ リ国 1●JしLニム郵 |■L夕｀ こ Ly16じ 5=嘔 14。し出 bjX´ こ麗 (1)JJヽ

Kqpton, Nlyiar

IPCDV%
lvlvar -20793

](apton 0.20113 -2.2120 ±07428

白い1111・ “り|

が,4」」V<VZ123ヒメ |=`Liヽ 二.コ」IJ.バ ■`|カ メジ|メtJ』二、
「 …6υェ』ぃ ,Si SP OメJ,Jc五lylっ≦ olい」 o■ J・ キ` え隻」メ|こ口週 1ごcJ五 1ル 点ヽ・ ^メ

■ t `、ヽゞ16リエ 甲 lⅢ ヽ 1ヽ「 1二」 」J。 ((｀
1)J(｀ ■)出｀ゞ3日 I Jlこ 分 メ|)Sp oメJ,等ユゝ ■嘔 |ゝ

11.^■ 1ェ |」O壕■ ル
tヽa oメ

リ国 |●夕IJ国|●1^…、lJ・
メ 夢|・し,VJ oメ リッ 型 Joメリメ

ｔ
ｔ
　
ｔ

・■争 滲Ш IこKJ尋 ヨ |ご回 |ど 早 6υLり ヽjし 」

020229
=12872



与多‐ o`“/w/aメ」 ゥダ

|…

…

Lra.:rlt &14.+Jt Lit4l tJnJ qiJrJl C"hilJJ J{JL e+tai

1′ ●

,00

ど6.0

おヽ

Eo、 o

こ 4_0

2.0

ｍ

“

卸

卸

ｍ

■

１
ヽ

」
省

ｏ
レ
・
パ
）

の

/・
/

♂

E (keV)

鴫 oNメ 1● IIc rJギ|ごハ 許 轟い 岬
`り

1:」工 (1)絆

180-― ――――

0

E (■eV)

i4  
°`°

電
日
ヽ
。日
つ
．卜
〕】二

め

■
ヽ

，
　

・
　

・

E (■ eV)

Si鵡 撃 ld議 許 脚 □ JJ夕 げ Jヽ山■ メ ご峰Ⅵ り 絆)出
(300‐ 2500kじ V)●Lu山

`」

=蠍
l暉I

Ilroton & Ar:ljprol.on iu Si

[■●0



r…・イリ」J/`',判 り
。
「

″Jり
辞 ‐

ｔ
日
か
ョ
●
．ｔ
こ

“

Li ion 】n Ar

Neo舅ユJ ArこJbり l、ハ出 げじ 凛L』 L「 f」い】JJJ靡 ご彎い :リエ{3)J出

(`5_500kcη 山 び」

:C.●

′
ご14°

●

(:“ ロ

リ 100

,  3.0

.{lpha-PartitIe ur H1

ギ
ィ

ギ
す

i

亀

ヽ

．

，2   :
I"・ :

節

節

枷

Ⅷ

国

鰤
E (ヽ cV) e lL・

“
v)

０

０

０

・
０

一

■

２

６

↑
〓
●
】
り
ヽ

“
〓
・０
．́

，
・
「
，
う

一
）

′

.1lF″

/
:lxqi:zL.tkr( t 9?e )rfin x'ilr.{ r aCo)

;".lttt rorx
o oo 

o

E (keV〕 E tLャ V)

凛 μ  IIBャい ゝI12いJメロ び■ ル

“

Щ 出 中 J」印 1`メ (4)μ

(50‐450kc吟 躙
`」

′ヽ▼

@ st.rr@l !3-(0t

-- 
prrrl t6a



― “
り‐Jγ

“
ウらコグtJ♂ユ〃vル|“

t*t+l tblljl dSzt,,i t.71,i

瑯
珈
“
枷
鍋
御
』
］
］
］

【
Ｏ
ｏ
一
ョ
ヽ

”日

）
」
ｏ
一
“
１
０
こ

∽

…
hぶ :   |

/′
Л
/″

」0.器摯矮静鵡獅喘|。

/ .工´́´

ル
′́ “́

,‐・́・
「

'‐

・́

.́″
/コ

/

E (keV)                                   | (k,v)

Xoこ直 メしNcaJ J二
`ル

‐ 回 Ш ●L響ふ 当 り16」』(5)出
(50‐450kcV)〔J越面ごロ

:0.00「

0.●●
「

・ 400:

E (■eV) E(■・ V)

OJtu1lJ *Lrl ,l$_ru& liLJ Crr+;ts,l &t,J LJ_Ayl ;J.il (6) .Jl-

| (k,V)

電 。・∞

[3_。 a

t`"
菫

∽ ,.00

・
~r■

b｀ら、.Lヽ _ヽ｀:
輌

詢
こ ミ も



ア…・`/り
」JJ`''製

REFERENCES

与 議 J′ル ■

1.ICRU. Recommendation of ICRU, Natl. Bur. Handbook, washington g5 (1964).
2.Bethe, H.A., Zur Theory Ded. Durchgangs Schneller Korpus-Kulalarstrahlen. Z.

Physic 76:293 (1932).
3.Bloch, F. Zur Bremsung Rasch Bewegter Teilchem Beim Durchang Durch

Materia. Ann. Phys. Leipzing L6'.28 (1933).
4.Lindhard, J. and winther, A. Stopping power of electron gas and equipartion

rules. Mat. Fys. Medd. Dan Vid. Selsk. 34, No. 4 (1964).
5.Lindhard, J. and Sorensen, A.H. Relativistic theory of stopping -br heavy ions.

Phy Rev. As3.2443-24s6 (1996).
6.Bonderup, E. Penetration of Charged Particles Through Matter. (2nd edition)

Lecture Notes (1978).
7. Sorenson, A.H. Barkas effect at low veiocities. Nucl. Inst. and Meth. B48: l0-13

(1eeo)
8. Sorenson, A.H. P. the atom collision theorist's favorite low-energy projectiie.

Nucl. Phys . Y57, No. 10. 1729 (1994).
9. Oraha. Barkas corection for the stopping cross-section of charged particles.

M.Sc. Thesis, University of Al-Mustansiriya (1999).
l0.Ziegler, J.F. Hydrogen stopping powers and ranges in all elemental matter.

Apply Phy Letter 3l'.544 (1977).
ll.Rieter, G., Kniest, N. Pfafi E. and Clausnitzer, G. proton and Helium stopping

cros:s section in H2,He,N2,o2,Ne,Ar,Kr, Xe,cFIr and Coz. Nucl. Instr. and Meth.
844 39e--+1i (1990)

l2.Moller, S.P. Experimental investigations of stopping power and straggling for
very low and verv high energy particsl of positive and negative charse (1999).

l3.Andersen, H.H. Besenbacher, F. and Kundsen H. Stcpping power and straggling
of (65-500)keV Lithium ion's in H2,He, COz,N:,Oz,Ne,Ar,Kr and Xe. Nucl. Inst.
and Meht. 149.121-127 (1978).

14.Ziegler, J.F. Helium stopping power and ranses in all elements (Pergamon press,

New York) (1978).
i5.Bauhala, E. and Raisanen, J. Stopping powers and energy loss ,rf (3-22) Mevt'c ions in Havar, Nickel, Kapton ana uyia, phy. Rev. B37.9219-9253 (iggg).

き

ヽ

こ

（

イ

′ヽ0



/。・・イツJコ
`′
′中

■1メ1とメ|´ ″噛 IJ=J

■
`L`“

`・
・‐ 。‐ ´●●・ 国́ メL中L

■脚 もJな国
`´

‐ 。

もエコ Lい ,却

“

`oし脚 静・・

/''19/'/r´ 」́夢 1''11/ /ヽ`´′●メリ

ABSTRACT

Radioactive equivalents of Uranium and Thurium chines remove to the
plants by Soil and fertilizers. Due to that fact the radioactive equivalent accumulate
in tobacco leaves in a way that the evaporation or adsorption may affect on the
fraction of cigarettes so smoke and its reach to the lungs. It has been found that the
radioactive of Iraqi tobacco depend on the sort of soil. The greatest radioactivity
rvas found in Duhuk province tobacco, while the lowest in fubil (Shaklawa) and
Baghdad (Za'faraniya) tobacco. The ratio ofradium iRa226) to Uranium (U238) of
Iraqi -tobacco varied from (63-88%), while the ratio of Radium 1Ra:2{) ro Thurium
(Th"') in Thurium chain is varied lrom (83-889/o) in all samples *'e have studied.
The asserts the fact that the chain ofUranium and Thurium are balanced mostly all
the time, and difference in values are cased by the valuable assessment that could be
high in low concentration, besides, the source of these chains is the natural
radioactivity in the soil oflraq.
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ABSTRACT 
1

The aim of this research is to study the spectral solar radiation. The
SPECTRAL2 model was used to compute the spectral values for direct normal,
diffirse, and total solar radiation incident on horizontal surfaces fcr Baghdad city
under cloudless sky conditions. These values were compared with the measured
values. The comparisons showed the computed and measured values were in a good
agreement for the integrated and broadband values of solar radiation. These results
suggested that SPECTRAL2 model needs minor modifications so that it can be used
for any wavelength band within the solar spectrum. The effect of meteorological
factors on spectral solar radiation has been investigated. The results showed that
relative humidity and visibility affect the direct normal and diffi:se components
while reflectivity affects only the diffuse component. The results also showed that
the horizontal visibility is the dominant affecting factor.
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