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(Zhu et al., 2004 ) and ( Barramundi lates calcarifer)
(Tian and Qin, 2003 ) .

Re-feeding after deprivation has been reported to improve
the feeding efficiency and induce growth in various fish
species (Hayward et al., 1997;Ruedaet al .,1998 ;Wu et al
.,2002;Tian and Qin, 2003;Zhu et al .,2004;Johansen and
Oveturf, 2006 ). The (T/C ratio) was lower in both starvation
and re-feeding groups, and the (T/C ratio) after 2 days ofre-
feeding was much lower than that of the starvation groups.
Our studies showed that the activity of trypsin (T) in f,ish
subjected to a short starvation period was lower than thatof
fish feed normally, whereas chymotrypsin (C) activity
increased the (T/C ratio) decreased with starvation time
,indicating the possibility that the growth of tilapia is
inhibited by starvation ( Chi-Ru et a1.,2008 ).Increasing the
pre-slaughter starvation period 10 to 25 days gave no
significant reduction in any of the digestive enzyme activities
measured ( Asbjorn , 2004 ) in both starved and re-feeding
was much lower than that of the starved groups . However,
the contributions of an extending period of re-feeding to the
recovering and activation of growth rate in common carp are
interesting and need to be investigated in the future.

The activity of trypsin in fish subjected to short
starvation period was decreased but chymotrypsin activity
increased. The (T/C ratio) decreased with starvation time,
revealing the potential for inhibited growth of carp.
Furthermore, re- feeding after starvation increased the
activities of trypsin and chymotrypsin, and decreased the
(T/C ratio) compared to those before and after re-feeding.
These results reveal that 2 days of re-feeding after starvation
is insufficient to lead to the recovery and activation of growth
in carp.
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rates (Sunde et a1.,2001). According to the relationships of
growth and the (T/C ratio),the growth of carp was inhibited
with short fasting periods based on a reduction in the TiC
ratio. However no growth inhibition was found in this work-
more work is required to investigative the effects of
starvation on the growth of carP.

Methods for increasing growth have been explored for
years in many studies. One of these methods, food starvation
and re-feeding result in increasing various extents of growth
(Johansen and Overturf,2006). The activity of trypsin and

chymotrypsin increased after re- feeding table (3). The results

indicated that re- feeding caused a rise in the protolithic
activity in carp with short starvation period. In previous

studies exposing gible carp (Carassius auratus gibelio ) to a
single period of food deprivation and re- feeding , the

deprived fish exhibit similar growth rates to control fish
during the re- feeding period (Qian et a1.,2000 ; Xie et

a1.,2001). Long- term fasting in Atlantic cod ( G.morhua ) led

to a fall in metabolic enzyme activities in the pyloric caecum

and intestine , as well as trypsin , which are all largely
restored upon re-feeding (Belanger et a1.,2002). In the

channel catfish (Lctalurus punctatus), overcompensation has

been reported for deprivation periods of 1,2 and 3 days
(Chatakondi and yant, 2001). Overcompensation of various
parameters upon re-
feeding is noted in rainbow trout ( Salmo gairdneri)
(Weatherley and Gill , 1981). Atlantic salmon
(Krogdahl and Bakke -Mckellep, 2005) and Atlantic cod
(Belanger et al.' 2002), and has been proposed as a

mechanism for compensatory growth. The gross growth
efficiency of deprived fish is marginally higher than normally
fed Chinese long snout catfish ( Leiocassis longrostris )

lY 
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to provide more amino acids for vital body function
( Navarro and Gutierrez, 1995 ).

Previous studies have revealed that starved fish for
period of 1-2 days have little effect on body mass or length
(Faster and Moon,l991; Bleanger et al., 2OO2). Intestinal
tissue protein degrade more intensely than other tissuo '

protein in well- nourished fish during the early phase of
starvation (Houlihan et a1.,1988 ; Krogdahl and Bakker-
Mckellep,2005). In rainbow trout ( O myksis ) feeding a
meal after a 6 day fasting period , fractional rates of protein
synthesis in the intestine are higher than that 3 h after feeding
, and these were brought about by an increase in protein _.
synthesis per unit of R N A (Mckillan and Houlihan,lggg ;'
Krogdhl and Bakke- Mckkellep,20O5 ). Our study found that
the stomach and intestine weight to body weight percentages
increased after short term starvation. It is possible that a
greater decrease in body weight occurred than for the GI
tract.

Trypsin
Cleaves protein on the carboxyl side of the basic amino

acid, Lysine and arginine show higher digestibility than
other amino acids ( Espe et al .1993). previously,
relationships between the food conversion efficiency [and / or
specific Growth ratel, and trypsin specific activity (Lemieux
et al., 1999; Sunede et a1., 2001) are observed in different fish
species. Trypsin is a sensitive key protease under condition
favoring growth( Rungruangsak - Torrissen et a1.,2006).

By contrast to the decrease trypsin activity ratio, the
activity of chymotrypsin increased with starvation time
(4 and 6 days) table (3). The (T/C ratio) seems to be more
sensitive and representative than trypsin - specific activity
for comparing between fish with potentially different grouth
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Enzvme CONTRO
L

2 day
starvation

4 dav starvalion 6 day
starvation

starved Re-fcd Starved Re-fed Starved Re-fed

Trypsin (
T) (U/m
protien )

0.19 0.36
D

0.46 0.34
D

0.34
b

0.36
D

0.43
b

Chymotryp
sin(C(U/m
g protien)

0.80 0.'79 1. t6
B

0.83
C

t.2
b

t.29
B

2.04
a

T/C * 0.48
a

0.45
a

0.39
ab

0.40
Bc

0.28
b

0.2'7
Cd

o.21
D

. *The T/C ratio value was calculated as the ratio of trypsin to
chymotrypsin ,a,b,c,d Different superscript letter indicate a

signilicant difference between values on a given raw (p<0.05) .

Discussion:
Recent studies have demonstrated that variable food intake

and re-feeding to increase in tissue mass, protein content ,and
enzyme activities synchronous with the response to fasting ,is
possibly due to a combination of increase cellular
proliferation { }J.arpaz ,2005},higher rates of protein
synthesis, and lower level of protein degradation (Houlihan et

al., 1988 ; Iftogdahl and Bakkellep,2O0s )
The weight of starvation carp showed no significant

changes. The relative stomach weights of starved groups
were significantly higher than those of the control group ,

furthermore the relative intestinal weight of the starved group
after 6 days of starvation and the relative intestinal weight
recovering after 4 days of starvation table (1). It has been

recently reported that fasting caused extensively rapid
decrease in tissue mass, protein, and enzyme capacities of
Atlantic (Kroghahl and Bakke-Mckellep, 2005 ).However,
intestinal wasting lows down during long - term starvation
particularly white muscle , apparently level up at such a time

c
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Enzyme assay:
Trypsin:

There are signihcant difference ( PS0.05) of between
treatments in intestine trypsin activity increase after 2 days
starvation , and decrease

with re- feeding after 4 and 6 days starvation compared
with control group , table (3).
Chymotrypsin:-

The intestinal chymotrypsin activity showed no significant
differences after 2and 4 days of starvation compared to the
control group, but the intestinal chymotrypsin activity
significantly increased after 6 days of starvation. This result
in a significantly reduced activiry ratio of trypsin to
chymotrypsin ( T/C ratio ) , with increase time from 4 and
6 days of starvation table ( 3 ). Re- feeding caused the
intestinal chymotrypsin activity to increase afler 2, 4 and 6
days of starvation, and levels were higher than those of the
control group. The intestinal chymotrypsin activity was
higher in the re - fed group after 6 days of starvation than
those of the other groups. In addition, the intestinal (T/C
ratio) with re- feeding after 4 and 6 days were lower than
those ofthe control group. The decreasing tendency
was greater with re-feeding after 6 days of starvation in
contrast. The (T/C ratio) of the re- fed group did not
significantly differ from the fasting group. The results of re-
feeding were compared with the control, there was significant
decrease in both re-feeding after 4and 6 days of starvation
groups table (3).
Table 3: Actives of trypsin, chymotrypsin, and the ratio of
trypsin to chymotrypsin (T/C) carp fish after various period
of starvation and re-feedings after various period of
starvation.

!Yc
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A,b,c ,different superscript letter indicate a significant
difference between values on a given row (p<o.o5 ) .

Factors Control 2days
starvation

4 days
starvation

6 days
starvation

Starved Re
teed

starved Re-t-eed starved Re-feed

Stomach
weigh(g)

0.20
c

0.23b
c

0.2lbc 0.25
l1

0.22b
C

0.20
c

0.25
ab

Intestinal
weight (g)

0.36
C

0.37
C

0.36
c

0.36
c

0.40
Bc

0.45ab 0.47
a

Relative
stomach
Weisht (g/ kg
body weigho

4.9
C

5.8
B

5.28
c

6.36
a

5.57
bc

5. l6
bc

6.15
ab

Relative
intestine
Weight(g/k
g body weight
)

8.89
Bc

9.34
Bc

9.06
c

9.11
bc

10. t4
ab

I | .62
a

12.14
a

Results:
During the experimental period, no fish died in any

group. The relative stomach weight of starvation group for
2 ard 4 days were significantly higher than that of control
group. Additionally, 2 days of re - feeding after 6 days of
starvation resulted in an increase in the relative stomach
weight (table 2).The relative intestinal weight of the
starved group after 6 days of fasting was significantly higher
than that of the control group. Moreover, 2 days of re-
feeding after 4 days and 6 days of starvation resulted in a
relative recovery of intestinal weight (Table 2).
Table 2. Alterations in stomach weight, and intestine weight
after various periods of starvation and re- feeding after
various period of starvation.

I
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collectin the com lete intestine from llsh

Sample washing by cooling water then freezing for 24 h

Di

Trypsin activity determined

ofe e extract

Supernatant

Chymotrypsin activity
determined

v

TT

Remove excess pieces, then homogenized with buffer (potassium
phosphate, 0.2 M, p H 6.7, containing 6% Nacl), filtrare the mixture
with iece of fabric .

Centrifuge at 10.000 g for 30 min under 4C.

Precipitate
not used

CRUD EXTRACT ENZYME

tYr
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The intestine, ground using blender, and then homogenized
in flask using magnetic stirrer in ice path (4C' for 6 h), by
adding 19 intestine to 4 ml of buffer (potassium phosphate,
KH2PO4 + K2HPO4 of 0.2 M, pH 6.7, containing 6Yo
Nacl).Then filtrate the mixture with a piece of fabric to
remove the excess pieces (unhomogenized). The filtrate
centrifuged at 12.000 g / 30 mint at 4C'(cooling centrifuge)
to have the supernatant to be stored in freezing (Schwert et
al., 1955).
Enzyme assay:
The protease(trypsin and chymotrypsin), were assayed by
specihc method as that of (Schwert et al., 1955).
Trypsin:
Trypsin substrate was 1.04 mM TAME {P- toluenesulfonyl -
L- arginine methyl Este) in 0.01 M Cacl2.H2O / 0.2M. Tris-
HCLbufferpH8.l.The
temperature 25 C" and the optical density was followed at
247 nm for 20 second.
Chymotrypsin:

Chymotrypsin substrate was 1 m M BAEE{N- Benzyole -
L- arginine ethyl ester into methanol 2:3 (V: V). The reaction
was perfomed into 0.1 M Cacl2.H2OlO.Im Tris / HCL buffer
p H 7 .2, at 25C" and followed for 40 second at 256 nm .

Statistical analysis :
The statistical Analysis system - SAS Program (2012) was
used to analyse data to the effect of days in study
parameters. Duncan (1955) multiple ranges to significant
compare is on between means

rIY
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the change in trypsin and chymotrypsin before and after re-
feeding.
Material and Method:-
Common carp ( Cprinus carpio L ) Average weight 4O+45 g
were obtained from a local commercial farm ( Medial east )
transported to laboratory of Al-Mammon University
College . The fish were adapted to fresh water for 15 days
( tap water ) .

At the start of the experiment, fish were starved for 3
days to empty the gut. Then fish were randomly divided into
(aquarium 30 x30 x 30 cm , 6 fish / aquarium, 6 treatments).
Containing the normal feed group, groups subjected to 2, 4
and 6 days of starvation. The formulation of the experimental
diet is shown in table (l).

Table I . Formulation of the experimental diet
Ingredients (g / kg diet)
Soybean meal

.25
Fish meal
Starch
Maize oil
Vitamin (mix)
Salt
Rice particle

350 Crude protein

200
200
40
20
5

185

Diethyl ether extract
Crud fiber

Ash

240

550.6
40.5
40.2

The fish was then killed by ice anesthetic, and the
intestines and stomach were collected for 2 days re-feeding
after fasting, (fish was given free access to food for 48 h).
After weighing, one fish was randomly caught from every
aquarium of the various treatments, and intestine were
removed, immediately frozen and stored at - 4C" .
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A high protease activity (including trypsin) indicates
protein catabolism, lipase activity is indicative of lipid use;
amylase activity suggests carbohydrate (starch and glycogen)
catabolism {Johnston, 20041 . Some studies indicate that
starvation significantly decreases the activities (Garcia -
Carreno,2002). These experiments employed different
starvation periods, suggesting that digestive enzyme activities
of crustaceans during starvation vary depending on the time
of food deprivation. Recent data have demonstrated that
starvation or a

shortage of food may lead to increase in enzyme activities in
different sections of the Intestine (Harpaz et a1.,2005;
Krogdahl and Bakke, 2005). However, led to a drop in
digestive enzyme activity levels in the pyloric caecum and
intestine, as well as trypsin activity in pyloric caecum
homogenates which are all mostly restored up on re-feeding
(Belanger et a1.,2002 ).A previous study showed that the
activity of digestive protease is not significantly - reduced
with increasing starvation period in Atlantic cod subjected to
extended starvation for up to 25 days (Gildberg,2004).
However, alterations of digestive enzyme in tilapia
( O mossambicus ) particularly during different periods of a
single phase of food deprivation and re-feeding are very
interesting. The protease activities of test shrimps exposed to
different periods of food deprivation were significantly
( p<0.05 ) lower than those of shrimps under starvation
control at the end of food deprivation of them showed a
tendency to rapidly increase during re-feeding
(Fenneropenaeus chinensis) , (Peidong et al ., 2010 ).

This work investigated the effect of various of starvation
periods and re-feeding after various periods starvation on
digestive enzyme activities in common carp and compared

tl.
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Introduction:
The digestion of food to obtain nutrients for groMh

maintenance, motion, and reproduction is one of the most
important functions in organism physiology. Analysis of
digestive enzyme activity is an easy and reliable
methodology for investigation of the nutritional requirements
and feeding ecology of marine invertebrates (Fernandez et
al .,2001 ). Decapod digestive enzymes are synthesized and
secreted by specialized cell of the midget gland or
hepatopancreas {Tsai et al., 1986}.

Digestive enzymes have been studied in various fish
species (Soengas et a1.,1996 ; Jonsson et al ., 1997 ;Hidalgo
et al ., 1999; Lo and Weng.,2006). Studies of proteolytic
enzyme in fish have provided Knowledge for improving
protein utilization and established the importance of trypsin
as a key enzyme for food utilization and growth has role in
the processes of protein digestion (Rungruangsak - Torrissen
et al .,2006 ). Trypsin activity has been reported to be related
to the growth rate of fish larvae fed High -qualiry diets, such
as in goldfish (Carassius aurats) (Abiayad and Kestemont ,

1994).
Trypsin is a key protease which activates other

pancreatic including chymotrypsin in mammals and fish
(Sunde et al.., 2001). Trypsin specific activity and the
protease ratio of trypsin to chymotrypsin (T/C ratio) increase
as growth is promoted. Moreover, increase of chymotrypsin
leads to a reduction in the growth rate, whereas fish with
lower growth have a higher specific activity of chymotrypsin
resulting in a lower (T/C ratio)(Rungruangsak - Torrissen et
al.,20O6).
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Effect of Starvation and Re- feeding on of
Trypsin and Chymotrypsin Activities in
Common Carp ( Cyprinus carpio L . )

Ali Hussein Hasan AL - Krawy
AL- Mammon University College

Abstract:
The aim of this study is to evaluate the effect of starvation and re-
feeding on alteration of protease (trypsin and chymotrypsin) in
common carp (Cyprinus carpio). Regulation of gastrointestinal
protease becomes particularly important, when fish starved. In
this work fish were distributed to control group and various
treatments including starvation time {2, 4 and 6 days} of re-
feeding after various starvation times to test whether food
deprivation causes changes in protease activities in the
gastrointestinal tract. The relative intestinal weight of the starved
group after 6 days of starvation was signilicantly higher than that
of control group. Besides, re - feeding resulted in the relative
stomach weight increase after 4 and 6 days of starvation. The
activity of trypsin (T) in fish subjected to a short starvation period
2 days was higher than that in fish fed normally and starvation
period 4 and 6 days, whereas chymotrypsin (C) activity increased
with increasing starvation period . The (T/C) ratio decreased with
starvation time, which inversely effected growth, such that the
possitrility that the growth of carp is inhibited by starvation
These data suggest that long term starvation dampens trypsin
activities and the(S T/C ratio) in relation to the growth of carp,
and that re-feeding consequently stimulates the activities of
intestinal proteolytic enzyme in carp and this subject would need
more study .

Keywords: Enzyme,Digestive,Trypsin,Chymotrypsin,Carp,
starvation.
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Staphylococcus aureus, Escherichia coli, Proteus vulgaris,
Klebsiella pneumoniae, Pseudomonas aeruginosa and Serratia
marcescens (27, 28); also the antimicrobial activity of leaf
extraction of Citrus aurantifolia by Chloroform, ethanol,
acetone, petroleum ether and hydro alcohol inhibited the
growth of Staphylococcus aureus, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas spp,, Aspergillus niger, Aspergillus
fumigates, Mucor spp and Pencillium (29) . But the potency of
Citrus aurantifolia fruit and the oil obtained from steam
distillation of the fruit was investigated by Ibukun Aibinu and
his colleagues in 2007 against many clinical isolates including
Anaerobic facultative bacteria Staphylococcus aureus,,
Salmonella paratyphi, Shigella flexnerii, Streptococcus
faecalis, Citrobacter spp, Serratia spp, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Escherichia coli; Fungi such as
Aspergilus niger and Candida albicans; and Anaerobes which
includes Bacteroides spp, Porphyromonas spp, and
Clostridium spp (30).
There are many solvents used to extract the bioactive chemical
compounds fiom plant parts like chloroform, ethanol, acetone,
petroleum ether, hydroalcohol and water; but the extraction by
water was used in this study because it has many advantages
like being available, chapter, rapid and safe; whereas the dis-
advantages were summarized that bioactive compounds were
not extracted totally with high purification or may be attributed
to rigidify of seed structures than other soft parts of C.
aurantifolia. Based on our results, it can be concluded that
seeds of C. aurantifolia possess significant antibacterial
activify recommending that their consumption could be useful
in the prevention of diseases caused by different infectious
microorganisms such as altemative for many synthetic
antibiotics (31).Future researches are needed for the isolation
and identification of active principles present in the extracts
which could possibly be exploited for pharmaceutical use.
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that play a major role in preventing chronic diseases,
specifically flavonoids and limonoids which give bittemess in
taste for acidity of Citrus being after kept for long time (20,
2l). Citrus limonoids appear in large amounts in citrus juices
and citrus tissues as water-soluble limonoid glucosides or in
seeds as water-insoluble limonoid aglycones (22,23). Results
of HPLC analysis and using GC-MS reported by Jaiprakash in
2009 revealed that limonin was the major compound in lime
seeds, followed by Isolimonexic acid and L-limonexic acid,
and there are other compounds like D-limonene, D-
dihydrocarvone, verbena, p-linalool, o- terpinol, trans-o-
bergamotene (24) All these chemical compounds being
present in seeds or seed coats; probably function in the
protection ofseeds from microbial degradation until conditions
are favorable for germination (25, 26). The protection role of
chemical compounds in seeds was employed in this study to
investigate their role in inhibition growth of different
pathogenic bacteria in vitro that may threat human life; The
variety of bacterial inhibition may attribute to many reasons
such as reaction the bioactive compounds in seed extract with
different compounds found in bacterial cell wall structure ; this
reaction may form new compound having bactericidal or
bacteriostatic effect; also the bioactive compound may invade
into bacteria and attack the important active molecules in
cytoplasm such as DNA, ribosomes and others. The available
reports that deal with employed seeds of C. aurantifolia in
medicine field were rare and not documented, but there are
many literatures that clearly point to the importance of root,
leaf, flower and fruit of C. aurantifolia as drug; Jaiprakash and
his co-workers observed ability of the leaf extract and leaf
essential oil of Citrus aurantifolia to inhibit the growth of
Staphylococcus aureus and use it to overcome dysentery,
constipation, diphtheria, acne, dizziness, cough, and
inflammation of the nose (lI); whereas Joji Reddy reported
the antibacterial activities for leaf extract of Citrus aurantifolia
was investigated against diff-erent pathogens such as Bacillus
cereus, Enterobacter faecalis, Salmonella paratyphi,
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Table l: Zones of inhibition (mm) of organisms to crud watery
extract of seeds of C. ourantdolia .

. Bacteria spp Inhibition zone ( mm)

l0.,/" 20"/. 10"h

Crarn positive

Staphylococcus oureus 20 2l 23

s taphyloc occus ep iderm id is 21 22

Enterococcus faecalis t3 l4 t7

Gram negaitive I

Proteus vulgaris l5 I8 21

K I e bs ie I I o p neumo n iae, 2t 2l

Discussion:
The clinical isolates in this study were diagnosed by
biochemical tests and API 20. These bacteria will cause
various diseases for human like Staphylococcus aureus
(pneumonia, impetigo, cellulitis, scalded skin syndrome,
mastitis, chorioamnionitis and
neonatal sepsis), Staphylococcus epidermidis (endocarditis,
nosocomial, biofilms to grow on catheters, acne) Klebsiella
pneumoniae (pneumonia, thrombophlebitis, urinary tract
infection, cholecystitis, diarrhea,, upper respiratory tract
infection, osteomyelitis, meningitis), Proteus vulgaris (urinary
tract infections), and Enterococcus faecalis car causes
endocarditis and bacteremia, urinary tract infections
meningitis, and other infections in humans (17, l8 , 19). Citrus
health promoting properties have always been associated with
their content of vitamin C and several bioactive compounds
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mm in diameter were punched in the culture media with sterile
cork borer. The various concentrations of watery extract for
seeds of Citrus aurantifolia were transported 100 pl by
micropipette into each well to fullness (16). The plates were
kept in room temperature for t h before incubating at 37oC for
24 h. Zones of inhibition around the wells, measured in
millimeters, were used as positive bioactivity.

Results:
The results have shown that seeds waaery extract of C.
aurantifolia has inhibitory action when increased in
concentration gradually against these bacteria; the inhibition
zones 19, 20 and 18 mm in diameter for Staphylococcus
epidermidis , Staphylococcus aureus and Klebsiella
pneumoniae at 1oo/o, while for Enterococcus faecalis and
Proteus vulgaris were shown 13 and 15 mm respectively ; but
at 20o/o the results have shown the same inhibition zone for
Staphylococcus epidermidis, Staphylococcus aureus and
Klebsiella pneumoniae about 2l mm , while Enterococcus
faecalis and Proteus vulgaris have shown 14 and 18 mm in
their diameter of inhibition zone around wells. In contrast the
sensitivity for Staphylococcus aureus, staphylococcus
epidermidis, Klebsiella pneumoniae, and Enterococcus faecalis
were recorded as inhibition zones 23,22,21 and 18 mm
respectively, behavior of Proteus vulgaris showed higher
sensitivity than other isolates reaching to 24 mm after
treatment with 40% concentration of seeds watery extract of C.
aurantifolia. (Figure I & table 1).

Figure l:The agar diffusion method fo; the antimicrobial activity to crud walery
extract ofseeds of C. qursntilolia against pathogenic bacteria (a).t uureus, (b)- S.
epidermidis, (c) K. pneumoniae, (d) P. vulgatis, (e) E.laecalis
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Maintenance of strains:
Bacterial strains were maintained on deep Nutrieat agar slant
(Oxoid) for 5-6 weeks with periodic subculture and nutrient
broth (Oxoid) with 35 %o glycerol at -20'C (14).

Standardization of inoculum:
Test organisms were sub-cultured onto fresh plates of nutrient
agar (Oxoid) at 37"C for 24 h. Colonies from these plates were
suspended in Maeller-Hinton broth (Oxoid) to a turbidity
matching 0.5 mc McFarland standard (108 cfu/ml) for
bacteria; all plates were incubated at 37"C for 24 h (15).

Antimicrobial activity Assay:
The agar diffusion method is used for the antimicrobial
evaluations. Suspension of the bacteria I X 108 cfi./ml was
made in sterile normal saline. Each labelled medium plate was
uniformly seeded with a test organism by sterile swab rolled in
the suspension and streaked on the plate surface. Wells of 5

Bacterial strains and culture conditions:
The tested bacteria used in this study were three gram-positive
(Staphylococus aureus, Staphylococcus epidermidis and
Enterococcus faecalis) and two isolates belonging to gram
negative (Klebsiella pneumoniae and Proteus vulgaris) were
obtained from pathogenic bacteria laboratory in the
Department of Biology, College of Science, University of
Baghdad ,and were collected previously from different
hospitals in Baghdad city. These isolates were cultured on
brain heart infusion broth at 37"C for 24 h (Oxoid), the pure
colonies were selected and streaked on blood agar plates
(blood agar base -Oxoid- supplemented with 5% of human
blood). These isolates were identified by biochemical tests
(13). APIE- 20 test (bio- Merieux) was employed for the
confi rmation of identifi cation.
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ovate,2.5-9 cm (l-3.5 in) long, resembling orange leaves (the
scientiflc name aurantiifolia refers to this resemblance to the
leaves of the orange, C. aurantium); the flowers are 2.5 cm (l
in) diameter, are yellowish white with a light purple tinge on
the margins. Flowers and fruit appear throughout the year,, but
are most abundant from May to September in the Northem
Hemisphere (12). The growing resistance of microorganisms
to conventional antimicrobial agents is becoming a source of
concern to clinical microbiologists all over the world. This
study aimes to investigate the potency of seed of C.

auranti/blia against different pathogenic bacteria and may be
used in traditional medicine as antimicrobial agent.

Material and methods
Lime fruits:
Lime (C aurantifolia') fruits used in this study were brought
tiom local markets in Baghdad and the seeds were collected to
use in next steps.
Preparation of Seed powder:
The seeds of C. attrantifolia were washed by distilled water
and dryied rapidly by air current at room temperature, then
miller by mortar until get fine powder and kept without sieving
in clean flask.
Preparation ofaqaeous extract for seeds:
Watery extraction of seeds were prepared at 10,2A and, 40 Yo

by mixing the required quantity of seeds powder with distilled
water and kept for 2 hours at room temperature and then
heated slowly at boiling degree 100 "C for at least t hour. The
solution was cooled at room temperature for 2 hours and then
centrifuged at 5.000 rpm; the supernatant was collected and
used as crud extract and kept until testing their susceptibility
against bacteria.
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Introduction:
Usage of plants in medicines for a wide variety of human
ailments has deep roots in man's history (1, 2), Infectious
diseases account for high proportion of health problems in the
developing countries (3). As the World Health Organization
(WHO) report, 80o% of the world population presently uses
herbal medicine for some aspect of primary health care (4) .

Approximately 20Yo of the plants found ia the world have been
subjected to pharmacological or biological tests, and many
new antibiotics introduced in the market are obtained tiom
natural or semi-synthetic resources (5, 6) . Many researches
and practical experiences have shown that using medicinal
plants is better than chemical and semi synthetic drugs because
of their fewer side effects, relative low cost and effectiveness
besides having synergistic effect; Medical plants are used in
the Jreatment of di fferent disorders such as malaria, diarrhoea,
burns, gonorrhoea, stomach disorders and other infectious
diseases(7,8).
One of such plants is Citrus aurantifolia (Lime fruit), it is very
much employed in herbal medicine and their bioactive
activities for cold fevers, sore throats, sinr.:sitis and bronchitis,
as well as helping asthma, suppress stomachache and it has
been found to be an excellent cough relieving (9). It can be
helpful for rheumatism arthritis, obesity and cellulite and has
an astringent and toning action to clear oily skin and acne,
helps with herpes, cuts and insect bites (10). Lime is also used
to overcome dysentery, constipation, dizziness body odor,
increased appetite, tonsils and nose inflammation, prevent hair
loss, dandruff, too fat, and to induce apoptosis in human
pancreatic cells was studied (11). C. aurantifolia is known as
West Indian lime, bartender's lime, Omani lime, Mexican
lime, dayap and bilolo; it belongs to Rutaceae family, it is a
shrubby tree, to 5 m (16 ft), with many thoms; the leaves are
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Antimicrobial Activity for Crude Watery Extract
of Seeds of Citrus aurantifolia (Lime fruit) against

Gram Positive and Negative Bacteria In Vitro

Assist. Prof Bahaa A.L. Al-Rubai I ; Lec. Hind Hussein Obaid l*;
Assist. Prof Tahrrer Hadi Saleh2

I Department of Biolo$r, College of Science,University of Baghdad, Baghdad -
Iraq
2 Departm€nt ofBiology, College ofScience University of Al-Mustansiyria ,
Baghdad - Iraq

Abstract:
The effect of crude watery extract for seeds of Citrus aurantifolia
(Lime fruit) was tested against different clinical isolates including
Staphylococus aureus, Staphylococcus epidermidis, Enterococcus
faecalis, Klebsiella pneumoniae and Proteus vulgaris. The inhibitory
effect for watery extract was carried out by agar well diffusion
method and represented as inhibition zones around wells and
measured \ryith millimeter unite; the large zones are linked with
concentration 10, 20, 40 7o of seed extract, the antimicrobial activity
of crude seeds extract may be attributed to bioactive compound
present in it. The results obtained shown that tle cr:rde seeds watery
extract of C. aurantifolia fruit can be considered as good source of
antimicrobial compounds and can be used as alternative therapy for
many infectious diseases and can be incorporated into different drug
formulations.
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6. Conclusion

In our work, the access control system is implemented
based on the facial recognition. The face recognition algorithm
is built using the Matlab program and interfacing with webcam
using special command that read image from the camera and
the result is sent to Arduino microcontroller that drives a gate.

Wavelet transform was used as feature extraction to get the
best information as shown in the result,
Wavelet maximizes the distance for people outside the
database while minimizes the distance for people in the
database .It can be concluded that the format 160x120 with
wavelet transform is the best format for
recognition, Arduino controller is very simple to interfacing
and can be used as educational tool to help the researcher and
student to test their algorithms and proposed methods, also it is
possible to use Matlab in real time interfacing with hardware
devices.
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Table 2 Distance between input image and data base

Table 3 Normalize distance between input image and
data base

Image

Eigenface Wavelet transform
Image
format

l60x 120

Image
fbrmat

320x240

Image
format

l60x 120

Image
fbrmat

320x240
1 0.72192 xl08 2.9423 xl}E 3.269 xl08 0.306 xl08
2 0.72132 xl08 2.9425 xlOE 3.26 xl08 0.304 xl08
-) 0.72199 xl08 2.9391 x10E 3.353 xl08 0.544 x108

3.6588 x 108 14.961 xl08 I 6.276 x 108

5
o.91027s

xl08
3.65235

xl08 14.928 xl08 16.327 xl08

6 1.06149x108 4.25 l9 x 108 15.09 xl08 18.806 xl08

Image

Eigenface Wavelet transform

Image format
160x120

Irrage
format

32Ox24O

Image fbrmat
l60x 120

I 0.9381 0.9527 0.7192
2 0.9527 0.7171
3 0.9382 0.9516 0.7377 0.0616
4 1.18485 1.1847 3.29t5 1.8442
5 1 .1827 5 1,.1826 3.2843 1.850r
6 1.31925 1.3767 3.3 199 2.131

1.\

0.034'7

I

4
0.91 1805

xl08

Image
format

32Ox240

0.9373 0.034,1
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Iigure 6 Traing Images

Table I Ave e of distance between data base and test ima CS

(

Eigenface Wavelet transformMethod

160x I 20
Image
format

l60x 12() 320x240

4.55 xl08 8.83 xl08Average
distance

0.77
xl08

3.09 x108

Figure 7 Test Images
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format l60xl20) is 7.70x107 while it equal to (with image
format320x240) is 4.55x108 as shown in table 1.

To test the proposed method, different image is input to
the system (image 1 to image 3 belong to the data base while
image 4 to 6 do not belong to the database) using webcam and
find the distance between it and database, table 2 shows some
ofthis distance using different methods and different values of
image format, the value is normalized by dividing the result
distance on average distance as shown in table 3.

From table 3 it is found that image format 320x240 with
wavelet is better to represent the image since it gives high
distance ifthe person does not belong to the database.
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D) Output command : the output command is sent to the
Arduino using the command interface, such a. digitalWrite
(pin, value) put the value in port number pin [7]. In fig. 5 the
motor support three wire ground, power and signal. The power
line has color red and must be connected to pin Vcc pin of the
Arduino. The ground wire , usually brown, must be linked to
the GND pin of the Arduino. The signal line usually orange, it
connects to pin 9 in our work. This set as output port in Matlab
command.

Servo

Figure 5 Arduino microcontroller pins connection
5. Experimental Result

After buildiag a database (fig. 6 shows some of these
images), several images of person in the data base with
different posture are input to the system and determine the
distance, it is found in PCA the average distance (with image
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A) Acquisition System
Read image from webcam to matlab with videoinput

command.The type of webcam used in this work is havit-usb-
hvs-n635 as shown in Figure l. With matlab, it can read the
image from webcam using special command such videoinput
( winvideo ,ID,format) ,where , Winvideo is video object that
connects image source with matlab ,ID is a number that
represents the device ,Format represents the size of image .At
first some images are taken to build data base using matlab
command to obtain matrix such as X1,X2,...,XN ,the size of
the image is I row col]
B) Data Base :in this stage the data base is built using the

following step:
1) Apply wavelet transform to each image

,W1,W2,...,MN with different levels then take the
low pass information

2) Convert the matrix to vector Vl,V2,...,VN length
row*col

3) Constrain a matrix A -[Vl V2 ... VN]
4) Perform the principle component analysis on matrix

A to get PCA matrix that have dimension [N N]. At
this stage the data base is constricted.

C) Distance Measure: read some images which belong to data
base and apply the same producer in stage B then find the
distance with PCA matrix .This distance consider as reference

,if the distance is of input face exceeds this value the input face
is considereded out ofdata base.



.l . t 1 jr J,JIJ 6.rlJl lJl a-t.Sli JJr.ill i.Js aL-

"Test"
Led li

- 

Ianafog pint

Figure 2 Arduino microcontroller

The major benefits of using Arduino in educational
setting are : Easy Setup ,Running on Windows, Linux, and
Mac , Low cost devices - to build or buy start using the
program ,Low-cost-free - the low cost of maintenance
,Students can consider it a model that can be quickly
programmed ,It can be programmed with different languages
such C matlab [8].

The Arduino Uno rype is used in our work, the system
unit ATmega the Council on the basis of 328 it has l4-pin
Digital Input Output (6 can be used PWM outputs and inputs
analog), 6, 16 Mhz crystal oscillator, USB connection, the
power socket, ICSP head, the reset button. It has all the
necessary traib to support the control unit. Simply connect it
to your computer using a USB cable or with AC to DC or the
battery [9].

4. Proposed System
The proposed system contains the following stages

(shown in fig.3) with hardware component :Web Cam
(Acquisition system) ,PC (Building data base and send the
output command ) ,Arduino microcontroller ,Servo Motor
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Figure I Wavelet Transform Decomposition
4. Arduino Microcontroller

Arduino is an open source of the browser electronics of
hardware and software components. The basic objective of the
design Arduino platform is to suit the needs of artists and
designers of the amateurs, any person interested in creating an
interactive environment. The Arduino can receive inputs from
the sensors and it can therefore be the use of indicators and the
hinge assemblies, sensors and other components [7].
It can be programmed by different ways .Such IDE software
can also be programmed by matlab using special function, it
has analog and digital input output pins
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small, we say the images are similar and we can decide the
most similar image in the database [4].
3. Discrete Wavelet Transform

Wavelet transform is multi resolution that provides a
subband of frequency for input image through different filters.
It is better for it in the analysis of the signals. Wavelet Two
dimensional transform converts the image from the spatial
domain to frequency domain. The picture is divided on the
horizontal and vertical represents the first ordered the wavelet
transform, the image of the separation with four parts of those
Low-Low, Low-High, High-Low, and High-High [5]. The
two-dimensional signals, such as pictures quad tree structure ,

is shown in Figure I . At each levels of implementation are
inseparable from a tree quad consists of two phases of
filtering. The first phase of the filtering of the subsidiary
samples picture grades generates a pair of traffic horizontal
low rise of photos of the Sub-Commission. The second phase
of the Currency filtering without taking samples of the pillars
of the filtering of the reference to produce row pictures of the
four subprograms under the symbol 80. . . , B3.. Similar to the
1D the B0 image obtained in previous stage, it becomes a new
entrance to the next level of currency [6].
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The principal component analysis is one of the most
popular ways to reduce the dimension in the face recognition.
In the PCA, it is represented as a linear object a combination
ofeigenvectors likely also called Eigenfaces. It is obtained this
eigen-vector of covariance Matrix image training group also
called on the function of the basis. Eigen faces has a number
that will be equal access for number of images in the training
group. Faces Eigen takes advaatage of the similarity befween
the pixels between images in the data set through the
covariance matrix of their own. This Vector produces a new
face area where the images an actress. To fix the required
notation, let's offer the following symbols.
Let's set the image (IMl, IM2... IMN) that consists of

training images each with ! Jl.
1) Converts all the pictures in a column dimensions I*J

Vector.
v: [rMl, rM2... rMN] (1)

2) calculated covariance of group training matrix image
Using the equation

c - *XL1(r Mi - AV)rUMr - AV) (2)

Where AZ is the average of all the vector images in
training image.

3) Find the eigenvectors of covariance matrix EV
4) Project EY on IM to get eigenface.

The recognition of the unknown face image or test normalized
subtracting means the transmission of all photos in
training. After the Feature (weight vector) to test found on a
picture, the next step in the reclassification. Next step is to
classifu it. For the classification task we could simply use
Euclidean distance classifier r: 1,2,...,N. lf the distance is
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1. Introduction
At present, it has become automatic identification in the

popular access control using biometrics data instead of using
passwords or pattern cards. Some of the biometrics data must
be collected using special devices such as palm print scanner
fingerprint scanner, and, the target objects to touch it wi& the
required hardware in the data collection phase. The advantage
of this system is that facial recognition does touch with any
device. It was detected face automatically using the face
detection technology and is finished to recognize the entire
tace without touching with any device. Face detection is the
first step of facial recognition system [].

Several work applied to face recognition system, [2]
used a combination of PCA to data redundancy, with Wavelet
Transform used to decompose the input image. Our work
tryies to implement the complete face recognition system
based matlab and arduino in real time using webcam as source
of image .At first the data base is built by taking different
images from webcam then applying the recognition algorithm
and give the output a command to arduino.

2. Eigenfaces
Full Eigenface calculated using the PCA technique

include data preparation, put the medium, and the calculation
of covariance matrix, and find Eigenvalues and eigenvectors
for covariance matrix and choose the main components. Faces
of training and sample test are taken from the webcam.
Images are allowed to be training a group G1, G2... GM.
Average picture must have been AV calculated and subtracted
from each facial image to get AVG. At end the eigenvectors
and eigenvalues of the covariance matrix are calculated l3].
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Real Time Face Recognition Based on
Matlab and Arduino Microcontroller

Lecturer Dr. Abbas Hssien Miry
AL- Mustansiriyah University, Electrical Engineerilg Department

Abstract
Receltly the access control problem hav drawn more

attention in our livei . Biometric is one of these techniques specially
face recognition, which is considered a better method. In this paper
the real time face recognition system is implemented using hardware
devices webcam as input device and arduino microcontroller as
output device. While the Matlab is used as a programming tool in
software part, it provide wide area and flexible of algorithm.
Wavelet transform is used as feature extraction
with principal component analysis which provides data
redundancy. The system is tested with real images taken through
webcam and a good result is ob:ained. The proposed system can be
used in our lives.
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6. User Interface
The User Interface communicates to the sen'er via Ethernet
and displays the result in a web browser. It shou's the data
from every sensor via Web page in HTTP Response. Arduino
works as a Web-Server to generate HTTP page which is
displayed by the web browser as shown in figure14.
in this research a prototype of Addressable Fire Alarm based
WiLD is shown in figure 15.

7. Conclusion
ln this research a prototype of a Smart Fire Alarm based Wi-Fi
over Long Distance (WiLD) has been Designed and
Implemented based microcontroller and Xbee as sever,
detecting the occurrence of fire in diff'erent locations using fire
detecting system. The flre indicator indicates the location of
fire and produces alarm in the f-rre location and the center of
fire fighting based WiLD signal is transmitted from fire
location to the center oftire fighting.

snurr l|tt \ldu! b-.-!, \\lvl or€ l.otrq ttrrr,n.. rsll.It,
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5. Cerrtral Server
The central server is located in the fire fighting center ,where
the local servers send the status of each area under monitoring
continuously with specific algorithm. The central server is
operated as coordinator. It collects sensor readings from the

sensors back to the user. The function of the collector is
divided into two parts: Web-Server and Xbee Interface' These

two functions are implemented on the Arduino board. The
hardware of the coordinator consists of an Arduino USB
Board. Xbee Shield, Alarm indicator and Ethemet Shield, as

shown in Figure 12. The Web-Server function uses the
<Ethernet.h> library, while the Xbee Interface uses the
<Xbee.h> library. The flowchart of the coordinator is shown
in Figure 13.
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The control panel used for controlling and monitoring zones
state in the system asre shown in figure 7.

Figure7: Fire alarm control panel

The fire detectors have been used to indicate the status of the
system where they send signals to the microcontroller
(PIC16F877A). The microcontroller (PIC16F877A) output
indicates on a simple LED diode for each zone and two
switches; one lor reseting the system and the other for porver
control as shown in figure 8 and the algorithm of the flre
alarm system is shown in figure 9. The rnicrocontroller
(PIC16F877A) is interfaced rvith local server (xbee) via
USART serial port Each local sever operates as end device.
The device waits for data reading request (i.e., polling) from
the Coordinator and then responses with the value from the
sensors. as shown in tigure 10, and the algorithm of local
server is shown in figure I 1.
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server indicates alarm and provide the location of the fire to
the center of fire fighting.

4. Fire Alarm Control Unit
Each location has a fire alarm control unit which was detect

the fire and send a status signal of the location to the server via

WiFi. In this research both heat and smoke detectors have been

used and divided in to eight zones for fire detection as shown

in figure 5, and the smoke sensor is shown in hgure 6.

Figure5:Eight Zones Fire alarm system

Figure 6: Smoke sensor
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typically powered with reliable sources because they
must be dependable. Thus, a data-aggregation node
would be a good choice fbr the router radio mode.
End device: An end device is a node that sends or
receives information to the router nodes and the
coordinator. It has an advantage in that less processing is
going on, so power consumption is lower. End devices
support a sleep mode to reduce power requirements still
further. Most of the sensor nodes will be configured as
end devices[0], as shown in figure 4.
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Figure 4: ZigBee network topologies

3.SYSTEM ARCHITECTURE
The requirement fbr this research is to design and create a
functional smoke detector. After detecting smoke or a high
temperature (potential fire), the detector sets on the appropriate
alarm sound. The control unit also transmits a control signal to
the local server in the network so that this server sends a status
massage to the central server continuously where the central
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Figure 3. XBee address printed on the back of the module

ZigBee networks are based on a predefined network stack

where each layer in the stack is responsible for a specilic
transtbrmation of the data messages. Also like other networks,
ZigBee networks support message routing, ad hoc network
creation, and self-healing mesh topologies. Thus, the radio
address and the PAN address are needed to support these

features. Support for mesh topologies is made possible with
the addition to the different roles that each node (radio) can

perform in the network. The following list describes each role

in more detail, starting from the most complex.
r Coordinator: A single coordinator is needed for each

network. This node is responsible for administering
addresses and forming and managing the network. All
other nodes search for the coordinator and exchange

handshake information at startup.
o Router: A node that is configured as a router is designed

to pass on (route) information to other radios. Routers

enable the healing of rnesh networks by joining nefworks
and exchanging messages from other nodes. Routers are

oo13A200
409029A2

,/
a
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3.4 XBee
An XBee is a self-contained, modular, cost-effective
component that uses radio frequency (RI) to exchange data
between XBee modules. XBee modules transmit on 2.4 GHz
or long-range 900 MHz and have their own network protocols.
The XBee module itself is very sma1l about the size of a large
postage stamp making it easy to incorporate in small projects
like sensor nodes. The modules are also low power and can
use a special sleep mode to further reduce power consumption.
Although the XBee isn't a microcontroller, it does have a
limited amount olprocessing power that you can use to control
the module. One of these t'eatures, the sleep mode, can help
extend battery life for battery-powered (or solar-powered)
sensor nodes. You can also instruct the XBee module to
monitor its data pins and transmit the data read to another
XBee module. XBee modules can link a sensor node to a data-
aggregator node. While the XBee can be used to read sensor
data, its limited processing power may mean it is not suitable
for all sensor nodes. For example, sensors that require
algorithms to interpret or extrapolate meaningful data may not
be suited for using an XBee alone. you may need to use a
microcontroller or computer to perform the additional
calculations [9].
The XBee modules are branded with a specific serial number
or address located on the bottom of the module. This is a bit
inconvenient given that you normally cannot see the back of
the module when it is mounted. However, you can find the
address using either the Digi conhguration applicatioa or a
simple serial terminal application. ligure 3 shows the
underside of an XBee module. Notice the numbers printed
under the model number.
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fire detector devices, they also are the slowest in fire detecting.
A heat detector is best situated for fire detection in a small
confined space where rapidly building high-output fires are

expected, in areas where ambient conditions would not allow
the use of other fire detectioa devices, or when speed of
detection is not a prime consideration. Heat detectors are
generally located on or near the ceiling and respond to the
convected thermal energy ofa fire. They respond either when
the detecting element reaches a predetermined fixed
temperature or to a specified rate of temperature change. In
general, heat detectors are designed to operate when heat
causes a prescribed change in a physical or electrical property
of a material or gas, as shown in {rgtxe 2.

Figure2: Temperature sensors

3.3 Control Unit [8]
The control unit contains the microcontroller which is the heart
of the system. It receives inputs from the receiver, temperature
sensor, smoke sensor, and low battery sensor, as well as

outputting the appropriate signals and bits to the tone generator
and transmitter.

nli\{ '.lt
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and to transmit more accurate information to fire-fighter and
remote monitor[5].

3.Fire Detection and Alarm System Basics
The fire alarm system consists of:

L Fire detectors (with can be smoke detector,, heat, or
Infra-Red detectors), 2. control unit ,, 3. alarm system

3.1 Smoke Sensor
The smoke sensor provides a mean to detect smoke and to
serve as an early fire waming. The basis of the smoke sensor is
a T-shaped chamber figure I with an infiared LED that emits a

beam of light across the horizontal portion of the chamber.
When smoke enters the chamber, however, the smoke particles
scatter the light and some amount of light hits the sensor .[6]

A- LIFI EourE

B - Irfr Eafiaor

oo

o

Figurel: Smoke sensor

3.2 Temperature Sensor[7]
Heat detectors are the oldest type of automatic fire detection
device. They began development of automatic sprinklers in the
1860s and have continued to the present with proliferation of
various types of devices. Heat detectors that only initiate an
alarm and have no extinguishing function are still in use.
Although they have the lowest false alarm rate of all automatic

,-,

i
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device is missing or if the wrong type of device is installed.
Conversely, the conventional system will show a trouble
condition and the zone where the trouble occurred. Also, when
a device reaches the alarm level, the conventional system will
give the area of alarm, the addressable system will tell what
device is in alarm and where that device is located. Smoke
detection has become a fundamental component of the active
fire protection strategy of most modern buildings, particularly
residential occupancies.

2. Background and Related Work
Forest fires are one of the main causes of environmental
degradation nowadays. The current surveillance systems for
forest fires lack in supporting real-time monitoring of every
point of the region at all time and early detection of the fire
threats[3]. In rooms of Sharda University, Greater Noida, India
the design and deployment of wireless sensor network is used

for campus monitoring. With the help of Passive Infrared
(PIR) sensor, temperature sensor, and humidity sensor, an

efTective utilization of energy resources has been

implemented. The security of campus against intruders moving
in laboratories, class rooms, staffrooms or washrooms etc.

after working hours and fire alarm are also provided by this
system[4]. Indonesia has been suffered from forest fires. The
recent fires in logger-over forest, peat land, and plantation
should be classified into one of human-made disasters. In
recent years, fires in Indonesia occurred mainly in peat land
area and become one of international serious issues due to
haze and CO2 emission. One strategy to detect and monitor
peat-forest fires in Central Kalimantan, Indonesia is to use a
Wireless Sensor Networks (WSNs), which contains miniature
sensor nodes to collect environmental data such as

temperature, relative humidity, light and barometric pressure.
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1. Introduction

Addressable fire alarm systems assign each initiating device a
discrete and unique identification (address). In addition to the
address, the panel will usually have the ability to have a tag to
further identifu the address (i.e. Address 1, Front Lobby, back
door, hallway, etc). Some addressable systems consider each
point as a separate zone. Addressable devices are similar to
conventional devices in that they are either in alarm or in a
normal condition.
Addressable systems utilize a Signaling Line Circuit (SLC) to
communicate with detectors, modules and auxiliary devices to
complete the system. These types of systems have more
versatility and features compared to the conventional systems.
Modules and additional circuit boards allow the addressable
systems to expand and perform more remote relay functions,
dry contact monitoring, remote power control, releasing
service and conventional zone monitoring. .Il][2]
The addressable systems also allow for mapping of inputs to
outputs. This allows the end-user to control the panel in such a
way that specific smoke detectors can control certain output
functions.
Addressable fire systems have a number of advantages over
conventional systems. The wiring for each zone must refurn to
the panel on conventional systems, whereas the addressable
systems use a single pair of wires and connect to all of the
initiating devices and control modules on the addressable
system. In addition, when a trouble occurs with the
addressable system, the information from the panel will help
the installer determine where the problem has occurred, if a
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Design and Implementation of a Smart Fire
Alarm System Based of Wi-Fi over Long

Distance (WiLD)

Lecturer. Ahmed Ali Radhi
Al-Mamon University College

Abstract
This research is developed for the users to sense the occurrence of
fire in different locations such as factories, houses,....etc, using fire
detecting system. The fire detector indicates the location of fire and
produces alarm in the fire location and the center of fire fighting
based WiLD. The signal transmitted from fire location to the center
of fire fighting, where a fire sensor connected to the microcontroller
that was interfaced to the local server which will transmit the status
of the location continuously to the central sever in the center of {ire
fighting.

Keyvords: Xbee, Fire alarm syslem, Microcontroller, WiLD
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Since anemometer was available to measure the flow velocity,
the applied fan voltage Vri,, (V) is used for quantification of
the flow velocity. For all measurement in this chapter, the fan
voltage is set to V6un : 10 V.

5. Conclusions
The purpose of an OTG is to add calibrated optical turbulence
to the'*'ave-front incident on the telescope, and here a certain
number of properties and scaling laws must be considered
because these define the OTG specifications. Because the
atmosphere follows Kolmogorov statistics, this behavior has to
be reproduced by the OTG which ensures realistic simulation
and comparability with model predictions.
Wave-front correction is an important issue when dealing with
coherent communication. Based on measurements of the bit
error rate with a coherent receiver in downlink experiments
from TerraSAR-X, it can be shown that, without a deformable
mirror but tip-tilt correction, for a working coherent system the
ratio belween aperture size and Fried parameter may be up to
D/ro - 2, provided that scintillation and incident mean power
lie in tolerable magnitudes.



Y' I 1 .je r^iJl; 6.r1Jl r:rJl i-H ! ,.r FiJl Lts il-

and other matter dealing with atmospheric propagation in the
visible and infrared. However, due to the high cost, the wave-
front sensor is supposed to be switchable, which means a
mechanical interface is desired where the sensor can easily be
docked on. Furthermore, the optical design of testbed is
desired to be achromatic at the wavelengths 635 nm, 1064 nm,
and 1550 nm. The latter two are important communication
wavelengths that must be examined in the lab, the first one is
for illustration, tests, and alignment purposes.
4. Measurement arrangement
A calibration of the OTG is important to use for
communication and adaptive optics systems tests without
having to do turbulence measurements each time. Since the
temperature difference Ta;6 determines the strength of
turbulence, a calibration curve of temperature difference over
dimmer scale of the power dimmer scale (DS) is recorded and
illustrated in figure 4. The dependency of T6i6from DS is quite
linear.

1ZO

3, oo
a
I
-Q 80

E:60a
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B: o5 0.6 0.7 oa 0.9

Figure 4: Dependency of temperature difference from dimmer scale
for the hot-air OTG at I/r,, : 10 V.

1
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Concept of AO Testbed
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Figure 3: Flow design of the adaptive optics testbed. The blue
el€ments denote the main optical path. The first four ones comprise
the source, the last seven ones the receiver. The orange elements are

to characterize and calibrate the artificial turbulence. The green
ones contain elements for system tests and measurements behind the

wave-front correction.

The testbed itself shall be fixed in place. That means it is
supposed to be an enduring development to supply a
laboratory testbed to the scientist who might need to test not
only techniques of adaptive optics and wave-front sensing but
also communication modulation formats, tracking algorithms
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Table 2: Comparison of influence of AoA fluctuation on the spot
movement in the image plane for same focus lenses. Because the
significant ratios D/ro and Dlf.r are the same, the resulting spot

movement due to AoA fluctuations is the same last line

Aperture D
Vl/avelength )"

Focal length f offocus lens
Effe ctiv e fo c a I I engt h f"x

Fried parameter rn
Ratio D/re

D/f.n
Standard deviation of angle-

of-arrival a,1o,1

Standard deviation of spot
movement x

20 mm
1064 nm
35 mm
70 mnt
2.5 mm

8
0.29

225 prad

40 cm
1064 nm
35 mm
L4m
5cm

8
0.29

11.3 prad

15.8 pm 15.8 pm

3.2 Concept of the testbed
The concept of the testbed is illustrated in Figure 3. In the
main path of the sketch (bright blue), the source is a fiber-
coupled laser modulated with the communication signal. The
variable optical attenuator creates intensity fades directly
behind the source. The source collimator with the source fiber
located in its focus produces a collimated beam that propagates
through the OTG and tilt generator. In that way, the wave-
front ofthe beam is distorted dependent on the strength ofthe
turbulence in the OTG and the angle-of-arrival is modulated
respectively. The receiver telescope collects the power and the
exit pupil, formed by the collimator element, is imaged on the
tilt correcting element.

TerraSAR
Down-IinkTestbedParameters



l'\1rlr).iJl e 3-iJt ::Jl i.-LJl . r Ft ll 4-rIS 4-lr.

The statement of this law is that as long as this ratio is
constant, the influence of spatial wave-front distortion is equal.
In the case of a down-link from TerraSAR-X, the satellite has
an orbit height of around 5 l0 km, the communications
wavelength is 1064 nm (Nd:YAG) and the aperrure of the
applied Cassegrain type telescope D - 0.40 m. For this kind of
scenario the Fried parameter for an overpass between 5" and
45o elevation amounts around I cm to 12 cm as measured in
the experiment KIODO [14] with a wavelength of 847 nm,
though. Because of rj- L6l5, the values for l064nm are
higher by a factor of 1.3. Eventually, for the design guidelines
of the testbed an 16 of 5 cm is chosen. Using this value results
in D/r0:8 for the down-link scenario. Thus, by using a
testbed telescope aperture o1', for instance, 20 mm an rn of
around 2.5 mm produced by the OTG is desired.
The applicability of this scaling law combined with the fact
that both optical systems must have equal numerical apertures
is proven by examining the spot movement in the image plane
of a focus lens behind the AO system of a communication
system and the testbed system.
The one axis spot movement .rsp", (m) fbr a small angle-of-
arrival aaoa and focus length fis given by
xspo, = d,roa .-/ 16
The parameters of both scenarios are listed in table 2. Because
the significant ratios D/rn and D/f"x in both scenarios are the
same, whereas .f"t (m) denotes the effective focal length of the
optical system, the resulting spot movemenl due to AoA
fluctuations is the same too. If the focus lens represented a
single element in the lenslet aray of a Shack-Hartmann sensor
the measured spot pattern would show the same statistics and
so also the measured wave-front would. This is confirmed in
the last line of the table.
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3. Concept and design of the testbed
3.t Theory and applicability ofan optical turbulence generator
There are some important specifications that have to be obeyed
to perform realistic simulations that affect the design of the

optical turbulence generators (OTG) as well as the testbed'
The first requirement is the reproduction of the receiver
telescope's output beam which includes reproducing its
numerical aperture and exit pupil. This is important to ensure a

correct reproduction of the wave-front sensing characteristics

ll3l.
The numerical aperture N,r,,; cdn be calculated with

Nn^ = ,sin(d) = r.ir[-",r"[-4ll 14I \z r))
where; 0 (") is the acceptance angle of the lens, or respectively
the considered optical system.
For the design of the testbed it is easier and more illustrative to
keep in mind the ratio D/f than Ny.a. Eventually, only
telescopes of the same N,q and pupil size can be compared.
For OTGs using turbulent-fluid boxes, Kolmogorov behavior
is naturally occurring. For other solutions, care must be taken
to ensure a basis in Kolmogorov statistics for the manufacture
of the elements producing the wave-front distortion. Note that
the effect of the outer and inner scales of turbulence does not
fundamentally ohange the predictions of Kolmogorov-based
AO models. Including their effect is simply a sophistication of
the theory [12,13].
The testbed developed in the framework of this work should
fulfill specifications that are applicable for simulating LEO
satellite down-links, as they are possible from TerraSAR-X or
OICETS. A very important scaling law in this context is [13]
D
- = const
ro

l5

r-,_,
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It is recommended that in practical system design at least four
times this frequency is used for the servo bandwidth. For the
Z-tilt this frequency is almost equal.
For the DM, also the Greenwood frequency can be used as a
basis for the temporal specifications. By using equation I 1 and
2 the necessary servo bandwidth of the DM control system
dependent on the envisaged Strehl ratio and given Greenwood
frequency and can be written as

. .for'w - Gtn(sJ)r' 13

For instance and again aiming at a Strehl ratio of 0.65 and the
satellite down-link at 5o elevation (
Figure 2), a servo bandwidth of/"* : 580 Hz would be needed.
If the "four times rule" is applied like in the case of the TM,
the deformable mirror should come up with a speed of over
2.3 kHz.

=
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Figure2: Greenwood frequency over elevation angle of satellite
overpass for night and daytime conditio:ts of turtrulence at a

wavelength of 1064 nm and the turbulence profile of Modified
Hufnagel-Valley profi le.
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and the required actuator spacing is
.\/

, =r(lnsr*/ \" 8. "\ /_K)

The required stroke of each actuator is determined by finding
the maximum amount of atmospheric wave-front eror across
the aperture. It is assumed that global tilt is corrected by a

dedicated TM. The residual wave-front €Iror owp due to
atmospheric turbulence after tip-tilt cotrection across the
aperture D is given owp : 0.366 (D/r)s'u. The peak to peak
aberration across the aperture is about 5 times the standard
deviation. If the DM moves I unit, the wave phase changes by
2 units. Thus the stroke Sp1,a (rad) of the DM is calculated with
Sr", = 2.5 .oru,, 9

2.3.2 Temporal requirements
The bandwidth and acceleration of the TM can be derived
from the Greenwood frequency which is given as;

l/5

-fc = 2'31' 'l-6/5 t ci1z1.v1z1''' az 10

The residual wave-front variance due to temporal evolution of
the atmosphere associated with a fixed control bandwidth /syy
ofan applied AO-system can be represented by the expression

, t t ,/ \t''
oi"^, -1"7f,* ) 11

The Greenwood frequency depends on effbctive velocity of the
inhomogeneous media, which moves transversal to the beam.
A TM should move to its commanded position aad settle down
with in its specified accuracy in less than half the time constant
of the control system [2]. The temporal specification for a TM
can be derived by using the fundamental tracking frequency of
G-tiltic given in 4121. It is calculated with
f,,, =0.337.D''/u . )-'secQ/t). !c:&).v'dh 12

r1t
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2.3 Requirements of the adaptive optics system

The design of adaptive optics needs some primary
requirements that can work together to improve the
performance of optical systems by reducing the effbct of
wavefront distortions.

2.3. I Spatial requirements
With knowledge of the expected wave-front aberrations the
specifications of an adaptive optics system can be developed.
The maximum atmospheric tilt Mitt that the mirror should be
able to remove is about 2.5 times the tip-tilt standard deviation
I2l,
Mu,, =x2'5o,,t,, 5

where o,;x is the standard deviation of wave-front tilt.
Because of the telescope transversal magnification ffi and
with a factor of 0.5 and due to motion of the tip-tilt mirror
results in twice the angular tilt motion of the beam, the total
stroke 5111 of the tilt mirror should be at least [2];
s,.= /2M,,,(%,-)- %M,,,,M, 6

Here D1y denotes the diameter of the Tip-tilt mirror (TM)
covered by the light beam diameter. The aperture ratio DlDya
equals the transversal magnihcation of the beam, though, only
valid if the diameter of the beam equals the diameter of the
TM.
Applying a DM, the resulting Strehl ratio Ssp is related to its
actuator spacing r, (m) of the deformable mirror, 16 and the
constant r which depends upon the type of deformable mirror.
For most continuous faceplate DMs, r:0.35 can be used. The
Strehl ratio is then written as [2]/ \./ \
s,^ =.*pl -"1',/)" I I

| \/'n/ )
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Figure l: Strehl ratio and wave-front variance over Dlrn for different
numbers of corrected Zernike modes. The run of N : 3 corresponds

to the correction ofpiston, tip and tilt, N = 6 adds removal of defocus
and astigmatism.

This value now may work as a reference for feasible coherent
communication perfornance and so, it may be used with
equation 4 to determine the number of modes needed to be

compensated for a specific D/rs. For instance, in case of the
considered design scenario TerraSAR-X, the ratio is D/ro:3
and thus, 36 modes have to be corrected.
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Table l: Zernike-Kolmogorov residual €rrorS 6pp2 for the first ten
modes depcndent on Fried /, and aperturc size , Irql,

oivr. 1.0299.{D/ro)5l
owr.o = 0.0648. (D / r)s/3.:-

o'*r.. = 0.582' (D I r)t'' oi,r., = 0.0587 ( D / ro)s'3

oir .. = 0 .1 34 ' (D / r)''' o"r., =0.0525'(DIr): l

dir.o = 0.1 1l'(D/ r)s/3 oi.r.g = 0.0463 ( D I ru)'''

6i0, = 0.0880'( D l,i)''' owr,.ro = 0.0401 '\D/ 1)'''

Substituting equation 3 into 2 and writing down with respect to
Zemike mode numbering index (7 ) results in

., [-,,r8*r (o'')'''
'-ltzeu 1;1

-2i.13

4

which can be used to determine the number of Zernike modes
(as long as7> 10) to be corrected for an aspired Strehl ratio
and scenario specifrc D/rs.
By using the tip-tilt corrected standard deviation ajTp (rad) of
atmospheric turbulence across the apefture D [10] and
equation 2, this results in a necessary Strehl ratio of
ssR:0.65.
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for the case of an incident wave with Gaussian distribution as

it is the case by coupling from SMF to SMF through an

arbitrary optical system [8].
The Strehl ratio Ssa can be calculated with the Marechal
approximation [9]

sr* = e*p(*oiur). 2

Where,
oeTp is the tilt corrected standard deviatioa of wave-front

(rad).

This metric can also be used to evaluate the overall system
performance when focusing on a diode or fiber face. The loss

due to mode mismatch is neglected here. The relation between
Strehl ratio and wave-front aberration is inverse which means

that low aberrations give high Strehl ratios. Noll [10] is
presented a connection between the number of corrected
Zernike modes and the residual wave-front error where the
formulas for correction of the first ten modes are listed in
Table l. For higher modes (7 > 10) the expression

o'wr, =0.2944' j 6''(D/r)t't 3

may be used where 7 is the Zemike mode index. These

relations are evaluated and plotted in Figure I over the ratio
D/ro. Of course, the more modes are corrected the more the

Strehl ratio increases and the more the residual wave-front
variance decreases.

r1.
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2.2 Wave-front correction of the communication signal
The wave-front correction of the incident wave, the
communication signal carrier, is desired because receiver
systems collect power by using small photo diodes or single
mode fibers (SMF). Thus, the best possible focusing
performance is aspired to collect as much power as possible.
Furthermore, coherent detection systems have high demands
on wave-front coherence for free-space superposition of the
incoming beam with a local oscillator [5, 6]. Since state-of-
the-art optical receivers usually apply SMF technology, the
fiber coupling efficiency 4. is ofmajor concern. It is defined as
171

/n\ /t ',\
,.=8=(11,,., o:,,,,*l). r

where
<P; is the average power coupled into the fiber and,
<P; the average power in the receiver aperture plane.
l;(r) is the incident optical field and
l*(r) is the mode prohle of the fiber in the receiver aperture

plane, normalized to the power of unity respectively and
r is the coordinate vector.
So, the maximum coupling efficiency becomes unity if both
fields have the same shape. Since the mode shape of a SMF
and the one of a plane wave, as it is the case on a LEO down-
link, are not identical, the fiber coupling efticiency is below
unity. In that special it amounts S2 % t7). This value is the
maximum fiber coupling efficiency without any wave-front
aberrations for an incident plane wave.
Since there is no analytical expression known that relates the
wave-fiont standard deviation to the fiber coupling efficiency,
the metric of the Strehl ratio is used as an alternative. This is
closely related to the fiber coupling efficiency and even equal
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many kinds of wireless communication scenarios. Future
applications may include networks of HAPS (high altitude
platforms, hovering in the stratosphere), UAVs (unmanned
aerial vehicles) and airplanes, whereas all this aeronautical
objects can be optically connected amongst each other and/or
additional satellites [2]. By now, there happen to be several
optical communication terminals in orbit, either mounted on a
CEO satellite, like ARTEMIS, or LEO satellites, like SPOT4,
OICETS, NFIRE and TerraSAR-X [2].

2. Adaptive Optics in FSO Communications
Adaptive optics (AO) is a technique used to correct dynamic
aberrations in an optical system. One of the applications of
this technique is for line of sight free-space optical
communication; also, applications include terrestrial and
ground-to-satellite communication I inks.

2.1 Principle of adaptive optics (AO) systems
Accompanying the testbed development, research of how a
usual AO system is working was necessary, and what
influence it may have on communication perfofinance. The
task of the AO system is to correct the deformations of the
incoming wave-front. There are several different approaches
of how this goal can be achieved but in general, all follow the
same way [3].
The entrance pupil of the optical system working to create an
image on deformable mirror (DM) that, in the ideal case,
forms an inversion of the aberrated wave-front. Behind the
DM, the beam is guided to a wave-front sensor (WFS) that
measures its shape.
Based on this measurement, a control system outputs the
steering signals for the DM, which flattens the wave-front.
This wave-front, in tum, is measured by the WFS again. That
way, the AO control loop is closed [4].
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1. Introduction
The increasing need for high communication bandwidths all
over the world pushes research and development to search new
communication techniques and schemes that are most suitable
for the particular areas of applications.
Similar to transmission with optical fibers, free space optics
can offer high data rates but also the same flexibility as that of
wireless microwave systems. The short wavelengths allow a
more compact design of components and lower power
consumption than microwave systems do, which is very
important for aeronautical ard space systems [].
Furthermore, it is resistant of spying due to the very small
convergence angle to the beam. All this presents free space
optical communications to be an attractive alternative for
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Abstract
Optical free space communications, often simply called free space
optics (FSO), happened to be explored and further developed for the
last four decades especially to fulfill the needs of aeronautical and
space applications.
FSO is all about the transmission of modulated electro-magnetic
waves in the visible and infrared spectrum through the atmosphere.
Because the propagation path changes in space and time that leads to
its random behavior must be of major concern ofongoing research.

Atmospheric effects such as rain, clouds and temperature
fluctuations inlluence light propagation and may degrade the quality
of transmitted signals severely.

The emphasis of this work lies on the development and test of the
turbulence gen€rator, the overall concept of the testbed. The testbed
makes it possible to reproduce test sce.arios with realistic ratios of
aperture size over Fried parameter,

Key words: Satellite and optical comnrunication modeling, Adaptive
optics in free space optical communications.
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direct detection technique required fewer numbers of filters in the
decoder. Therefore, the over-all system complexity was reduced. ln
addition, the system has been simulated using opti-sysem software and
the simulation process results show the optical system performance with
two and four subcarrier frequencies affected by the attenuation and
dispersion of fiber length. In contrast, using MD code as a signature
series for SCM/SAC-OCDMA system shows a promising solution to
suppression the Multi Access Interference (MAI) as compared to the one
using other SAC- codes and to carry a large number of multiplexed
subcarrier and code words. In addition, this simple design can supply a
large number of users compared with other codes like MQC or RD code
with no overlapping chips between users.
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four wave mixing dispersion (i.e., 18 ps/nm km), and self phase
modulation were specified and activated according to the typical
industrial values for simulating the real environment as near as possible.
In receivers, the generated noise was set to be random and totally
uncorrelated. For each photo-detector, the thermal noise coefficient and
current value were set to I .8x 10-23 W lFlz and 5 nA, respectively. The
system performance was characterized by referring to the BER or
probability of bit error.
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Fig.8 illustrates the variation of BER with respect to fiber length for

hybrid SCM SAC-OCDMA

Figure 8 shows the fiber distance effbct on the system performance with
two and four subcarrier frequencies. It is clearly observed from the figure
that the BER decreases as the fiber distance increases due to the
attenuation and dispersion of fiber length. Furthermore, in the case of
increasing the subcarrier channels the system performance is expected to
be decreased as the fiber length increased. In confiast the BER <10-e has
been achieved for 45 km with four subcarrier channel at 4.81 GHz.

5. Conclusions

In this paper, a SCM/SAC-OCDMA system was numerically analyzed,
using MD code as a signature sequence code. The performance of the
system was improved significantly because the total loss was reduced as
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Fig.7 illustrates the variation of BER with respect to the number of

carrier and subcarrier at P..: -l0dBm.

4.2 Simulation analysis

The hybrid system was simulated using Opti-system ve:. 9. The
simulation design was implemented based on MD code for rwo and four
subcarrier channels respectively. In addition, the data rate was carried olt
at 155 M bit/s for each sub-carrier channel and the subcarrier frequencies
were set to >2 (Niquest frequency) times the bit rate. In contrast, each
optical channel has spectral width of 0.8 nm. The simulation was carried
out employing the ITU-T G.652 standard single-mode optical fiber
(SMF). The attenuation (o) (i.e., 0.25 dB/km), non linear effects such as

Figure 7 illustrates the variation of BER with respect to the number of
carrier and subcarrier under different noise conditions when P"': -10
dBm, W: 4 and the number of active users is 5 while the number of
carriers is 7. We can easily recognize from Fig.7, the main factor limi:er
in the system performance is the thermal noise. We also observe that the
effect of the shot noise is smaller compared with thermal noise at power
source of P.. : - 10 dBm.
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better even the number ol code words and number of the carriers are
greater than that used in the system of hybrid KS code. So, it is achieved
due to the several properties of MD code. However, the hybrid MD code
system is improving the performance of the systems using hybrid
SCM/SAC-OCDMA.
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Figure 6 depicts the performance of the hybrid system using direct
detection technique for various numbers of carrier and subcarrier. On the
other hand, the number of weight ofthe MD codes is designed aI fixed W: 4, while the number of users is 5 for observing the effect number of
carrier and subcarrier on the hybrid system capability. It is clearly to
observe that the variation of BER with the increase the number ol carrier
and subcarrier is resulting to the effect of two-tone third order and third-
tone third order inter-modulation distortion. On the other hand, the
subcarrier number with an acceptable BER (Maximum l0-e) is l8 with
the minimum carrier. It can be noted that, although the BER can be
reduced to tie value (l0r:; when the number of cirier is 6, which is
practically worthless; it does not contradict the objective of this work in
comparing with the perlbrmance of the hybrid system when a number ol
carriers is more than 6.

0 30

\

Fig 6 : BER against the number of subcarrier for hybrid system at P{= -

l0dBm employing MD code.
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Fig 4 : BER against number of active users for various codes at

employing the SAC-OCDMA technique.
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Fig 5 : BER against number of subcarrier for the hybrid system at P"r : -

l0 dBm employing MD and KS codes.

The variation of the BER against the number of subcarrier is shown in
Figure 5 for MD and KS codes employing the SCMiSAC-OCDMA
technique. It is shown that the performance of the MD code is better than
the KS code even though the weight value ol KS code is greater than the
MD code weight. In addition, the performance of the MD code stills

/

I

I

1 ,



\l . \ 1 ._1j .1,.i'Jl3 ,.-JJl r:Jl i,-lJl JJ ill 4+ls ils-

Table I Typical parameter used in the numerical analysis calculation.

Svmhol Parameter Value
rl Photo-detector quantum efticiency 0.6
P Broadband effective power -10 dBm

B Electrical bandwidth 3ll MHz
)o Operating wavelength 1550 rrm

R6 Data bit rate 622 M bit/s

T,, Receiver noise temperature 300 K

R Receiver load resistor 1030 ()
e Electron charge l.6r l0-le C
h Planck's constant 6.66x l0-r4 Js

Kh I .38x l0-rr J/K

Number of carrier 3-8

Number of subcarrier 2-26

Figure 4 shows the characteristic of BER versus the number of active
lsers at various codes which are employing the SAC-OCDMA technique
for different values of K (no. of active users). It is proved that the
performance of using MD code is better compared to others even though
the weight of other codes is equal or greater than the MD code weight.
The critical acceptable BER of l0-e was achieved by using MD code with
92 active users compared to 43 active users achieved by MQC code, 39
active users by KS code, 34 active users by EDW code and 27 active
users by MFH code. This is a good considering with the small value of
weight used. This is evident from the fact that MD code has zero cross-
correlation properties with a diagonal matrix design, while other codes
have a variable cross-correlation between zero and I also very long code
length. However, a few specific code parameters were chosen depending
on the published results for these practical codes [6-9] .The calculaled
BER fo: KS code was ll' :4, EDW code l4 = 3, MD code W :4, MrFH
code Il':12 and ll': 14 for MQC code.

Boltzmann's constant
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And the themal noise is given as I I 5]

t, = ![[.8. (2 r)'" Rt.

where [,Kr,X ,and B are Absolute receiver noise lemperatu.e, the

Bolazmann Constant, Receiver load resistor, and Noise-equivalent
electrical bandwidth of ihe receiver, respectively. The intermediation

distortion is given as bellow [3, l4]
Dr,t,, D.,,

32 64
(22)

where D,,,,, is the three-tone third order inter-mediation at, f , + f * - f,,
and D"., defines as the two-tone third order inter-modulation al2f, - f *,
Lastly from Eq.(19), Eq. (20) ,Eq. (21) and Eq.(22) we car compute the
average SNR ott:re SCM-SAC-OCDMA system lbr the MD code as:

Il*, = P,2";Y2.3

{23)

BER=n=i"*[,F) (24)

4. Results and Discussions

4.1 Analytical evaluation

The performance of MD code has been compared mathematically with
the recent codes, such as KS code, MFH code, EDW code, and MQC
code. The BER and SNR can be evaluated by using Eq. (27) and Eq.
(28), respectively. The parameters used il our numerical calculation are
reported in Table l

sNR= ---4 -
I io + I'u + li,o

with Caussian approximalion, the BER can be exp:essed as !8]:
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To compute the integral ofG(v), firstly, let us consider an example of the

PSD (denoted byG'(v)of the received superimposed signal), which is

showr ir Sig. 3, where l(i) is the amp:itude of the signal of the ith

^AvsDectrat slot wlth wldth ol -.N
The total incident power at the input of the photo-detector of Fig.2 is
given by:
, ,rh ]( \ I f pWf
[o1,1au = ll?Ia^(i)Ic^(r)c,(i)rec4it ldv=l*la (r6)
d dl^v-x:'A' I LNI

the photocurrent l can be lould as:

I -,t1fGpfiv =ypir,.-(t)m,.ncos(w"t) (17)
d N;

where, !1 is the responsivity of the photo-detectors given by

il = ?' 110I.
hv'

Here, ry ir,h" quurtrn efficiency, ft is Planck's constan:, and y" is the

original broad-band central frequency of the optical pulse. In the RF
demodulalor, the signal cohereatly mixed with a local oscillator by
2 cos(w,t) [ l ]. Therefore, Eq. (20) will be expressed as:

vl,P W !\
1 =::::t-1u,.*(t)m,,x cos(w,r)pcos(w,r)] (18)

l\ 
":t

while, the double frequercy component will be filtered out by using LPF,
as a result the modulator output is:

NPWI -zu,.r0)m".r. ( 19)

When the probability of sending bit 1 for each user is 0.5 ai ary aime, the
noise power of shot noise will be written as ll5]:

ri, = z"ml' fu(,)drl = 
2eBe P,,t4/ 

.

L;II/'(20)

\-t.v
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d*Q) =lu,.r(t)m,.K cos(w,t) (13)

u,.KQ) is the normalized digital signal at the n-th subcarrier channel of

the r(-th codeword, w, is the angular subcarrier frequency, and m,.. is
the modulation index of the n-th subcarrier of the K+h users. N" is the

number of the subcarrier channel on each code word and assume an
identical modulation index for all subcarrier channels as [3, 13, l4]:
.I
0 3 m,.x 3-,

1v.

Tt.e rect (i) function in Eq. (13) is given by

rect() = vlv - v, - # ( - N + zi * 2))- ufv - v o- $ ( - N + 2i ] = zt$ l
(14)

where a(v) isthe unit step function that is expressed as:

v>0
u(v) = (1s)

0 v<0

a(j)
A(4)

A(2)
A{s)

A(t)

G'(v)

Av

Fig.3 the PSD of the received signal r(v).
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shot noise (r; )ana Inter-Modulation Distortion (1 ) in the photo-

delector. The SNR ol electrical signal is denoted as the average signal

power to noise power SNR=V /dl. Due to the zero cross-correlation

property of MD code, there is no overlapping in spectra of several
difl'erent users. For this reason, the elfect of incoherent intensity noise
has been ignored.
The photo-detector variation is the result of the detection for ideally
unpolarized thermal light that is generated by spontaneous emission, so it
is expressed as:

o' = Iio + tio + li., (lo)

Let C KQ) denote the ith element of the Kth MD code sequences, and
according to the properties of MD code, the direct detection technique
can be written as:

.\^ ..^ . fw, For K=t,
LCKQ)ct(i) = 10. Else. (l:)

The lbllowing assumptions are made by [0, l1]:
. Each light source spectrum is ideally unpolarized and flat over the

bandwidth lvo-Lvl2, vo+Lvl2) where vo is the optical central
fiequency and Ay is the optical source bandwidth expressed in
Herlz.

. Each power spectral component has an identical spectral width.

. At the receiver, each user has equal power.
o From each user, each bit stream is synchronized.

The previous assumptions are important for mathematical straigh!
forwardness. To devoid these assumplions, it is difficult to analyze the
system; for example, if the power of each spectral component is not
identical at the receiver, each user has a different power.
So that, PSD ofthe received optical signals can be expressed as [2]:

D,K.v
,O) - *Lo*l"oQ)rect(i) 02)

where P,, is the effective power of a broadband source at the receiver, r(
is the number of active users , N is the MD code length, and d. is the
modulation data of nth subcarrier channel on the Kth optical codeword,
which can be expressed as[3 ]:

rt6
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3.1 SCM- SAC-OCDMA receiver based on direcJ detection technique

The hybrid SCM-SAC-OCDMA receiver using direct detection
technique for two users is illustrated in Figure 2.Whereby, only one pair
of decoder and detector is required compared with other techniques that
require two branches of inputs to the receiver like those in
complementary subtraction techniques. There is also no subtraction
process involved. This is achievable for a simple reason that the
information is assumed to be adequately recoverable from any of the
chips that don't overlap with any other chips from other code sequences,
since MD code is designed with no overlapping chips. Thus, the detector
will only need to filter through the clean chips (no overlapping chips) to
be detected by the photo diode as a normal intensity modulation with the
direct detection scheme. The effect of MAI has been completely and
successfully suppressed because only the required signal spectra will be
filtered in the optical domain.

Figure. 2 Illustrates the block diagram ofan MD code system at direct
detection technique.

3.2 Analysis of hybrid SCM SAC-OCDMA syste:n
3.2.1 System Performance Analysis
To analyse our system, BER can be calcr:lated by using Gaussian

approximation [3, a]. We considered the effect of thermal noise (frl ) ,

DATA ]

t10.
DECODER I

-
lll+li rf C

i'I RECEI\ER 1

DECO'ER 2
SVF

t+ir,]i ,,+ (,I I

\(ux DE \{IJ
RECEI\ER ]

I 0..

DATA 2

&Jm." l-gt *,**sr,o I !&l ffis" lsJ gHL Lc l iil""*
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compared with other codes like MQC, RD codes. Furthermore, there are
no overlapping chips for different users.

3. Hvbrid SCM- SAC-OCDMA system based on MD code

In this section, we demonstrate a hybrid SCM- SAC-OCDMA based oa
the MD code. Figure I illustrates the schematic diagram of the SCM-
SAC-OCDMA system. As shown in the figure I the electrical data are
modulated with the subcarrier frequencies. Where, all the modulated
subcarriers are combined using an electrical adder. The Optical Extemal
Modulator (OEM) is then used to modulate the combined modulated
subcarrier frequencies with the distinct code sequence. On the other
hand, each codeword of the SAC-OCDMA based on MD code consist of
different wavelengths. An optical combiner used to combine all
modulated code sequerce and send out through optical fiber.
In the receiver side, demultiplexer is used to separate the different
modulated code word. The received code sequence will be filtered out by
using Fiber Bragg Grating (FBG) lilter. In ADDITION, the electrical
splitter, photo detector, and Band Pass Filter (BPF) are used to rejecl the
unwanted signals and split the SCM signals. To retrieve the original
sending data, a local microwave frequency of/i is mixed electrically with
the incoming signal, and filtered by Low Pass Filter (LPF).

=fl

---t

Figure. I The proposed block diagram of a SCM-SAC-OCDMA system using MD
with direcl detection technique.
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when K: 4 and Wr= 3. Therefore, i =1,2,3,4, i,+l=5 andi".= 1,2,r.
The diagonal matrices can be expressed as:

s,., =

4

J

2
,'.:

0

0

T.

I

2

J

4

s

I

2

3

4

s,.: =

000
001

00

(7)

(8)

(e)

The MD code sequence for each diagonal matrix is shown as

0

0

0

0

I

0

0

0

0

I

0

0

0

0

I

1

0

0

0

0

0

0

0

0

I

,T'.2= 010

llt
0l I

0l ,1,=|

oLt100

The total MD code sequence will be:

MtL

r00000011000
010000100100
001001000010
000110000001 l:

Where K:4, N: 12.

So, the codeword for each user according to the above example would
be:

codeword =

userl> 4,4,A,
user2 = 12, lj ,lrc
user3 - L,Xn,1,,
user4 > 14,15,112

The MD code design depicts that changing matrices element in the same
diagonal part will result in a constant property of zero cross correlation,
and it is constructed with zero cross correlation properties, which cancels
the MAI. The MD code presents more flexibility in choosing the Il', K
parameters and with a simple design to supply a large number of users

rtr
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1

2

J

s= (i" +t-i) For jn = even number

For j*. = odd number

I

2

3 , S,y =

(2)

(3)

(1)

(s)

(6)

1

2

-ls

MD=

, si.: J

2

.t.=

KK

,T."=

K

Any elements of the Si.r matrices represent the position of one in 4.,/

matrices with I(xK dimensions. Where in,,, : [S,.,]*," , 4., = [S,., ]*,"
and T,.w = [s,., J",*.

0
T-\,

0

10...0

0 0 ... 1

o t.t

a z.t

4..

0

0 ... 0 I

l'..00

i)

r 0 ... 0

01...0

0 0... I

as,z

a z,z

a^^

a t.tu

dz,x

a-.,

Step 3

So, the total combination of diagonal matrices (3) represents the MD
code as a matrix of porver K ,N.

Mo-14:1.: .:4,, j^,,

4,,,t a o,,. n

From the above basic matrix (5), the rows determine the number of users
(r1]. Notice that the association between code weight (I/), code length
(M) and number of subscribers (K/ can be expressed as: N : K x W. For
example, to generate an MD code family according to the previous steps,

rtl
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The notation which is sometimes used to concisely describe the diagonal
matrices (l n = diag(\,|,....,1). ).is used An orthogonal matrix is a sqtEre

matrix with real entries whose columns
and rows are orthogonal unit vectors. Equivalently, a matrix ,4 is

orthogonal if its transpose equals to its inverse (Ar A= AAr =1,
altematively, Ar = A-t). A square matrix whose transpose
is also its inverse is called an orthogonal matrix; that is, I is orthogonal if
A' A = AA' = 1N, the identity matrix, i.e. Ar -- A | 

.

The cross-correlation theorem states that cretin sets of complementary
sequences have cross-correlation functions that sum to zero by using all
pair wise permutations. Here, all cross-correlation function permutations
are required in order that their sum be identically equal to zero. For
example, if the rows and columns of a (r< x N)matrix are orthogonal and

all the columns except one sum to zero, then the sum of all cross-
correlations between non-identical code words is zero. So ifr,; is an entry
from X and y,7 is an entry from I', then an entry from the product C-XY is

,vgiven by C ,t = Z ,,* y r, . For the code sequences
r( =l

X = (.r,, xr, -rr,......, x, )
and Y = {y,,yr,yr,......,yr), the cross-correlation function can be

/rr'

represented by )," =Zr,y,. When,t = 0, it is considered as the code
i=l

possesses zero cross correlation properties. The MD
code matrix consists of a KxN matrix that functionally depends on the
value ofthe number ofusers (K), and code weighl (lV). For MD code the
choice of weight value is ftee, but should be more than l(l/> l). So, the
following steps explain how the MD code is constructed.
Step I :
Construct a sequence of diagonal matrices using the value of the weight
(W) and number of subscribers (K). According to these values, I and7,"
will be set. Where r( and Llt are positive integer numbers,
(i =1,2,3,4..',i,, = K)are defined by the number of rows in each matrix,

and (.7* = l,z),a,. .. ,lY)w111 represent the number of diagonal matrices-

Step 2
Based on the next equations, the MD sequences will be computed for
each diagonal matrix.

rt.
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supporting large nunrber of users with high data rate compared to other
codes ;(5) no speclra overlapping at different users.
However, KS code [6] is proposed for the hybrid SCM iSAC-OCDMA
system to reduce the system complexity and reduced the MAI.
Nevertheless, KS code this code is suffered from various limitations,
such as, the code construction limited by the code parameter, too long
code length, , and the code could not support high number of
simultaneous users.
In this paper, we proposed a new technique to improve the performance
of SCM/SAC-OCDMA system. The proposed sysrem is evaluated based
on Multi Diagonal (MD) code, in order to mitigate the MAI effects. A
direct detection technique is used to detect RF and the optical signals,
with reducing the complexity, system cost, and improved the overall
system performance. Furthermore, the performance of the hybrid system
is numerically investigate and by using the optical simulator software
"Opti5i*""" taking into accounl the effect of inter modulation distortion
noise. The reminder olthis research is organized as follows. In Section 2,
we review the MD code construction. Section 3 is devoted to the system
simulation model and performance analysis. Finally, conclusions are
given in Section 4.

2. IllD code desien
The MD code is characterised by the following parameters N, lY, and )",..

where N is the code length (number of total chips), I/is the code weight
(chips that have a value of l), and 2"is the in-phase cross correlation.
The Cross-correlation theorem could be defined as follows: In linear
algebra, the identity matrix or unit matrix of size N is the N-by-N square
matrix with ones on the main diagonal and zeros elsewhere. lt is denoted
by 1,y, or by ,l if the size is immaterial or can be trivially determined by
the context.

00

I

0t,,
I

0

0

0Ir, =
l0
0 I

(l)

[roool
lo ' o ol_t I-lo o .. ol'II
lo o .. rl
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l.Introduction
Optical subcarrier multiplexing (SCM) is a promising system to

solve the needs of telecommunication networks. The hybrid system could
provide a necessary bandwidth of the transmission broadband data to
end-users [1]. The hybrid SCM-OCDMA networks employs two efficient
multiplexing techniques; namely the technology of subcarrier
multiplexing (SCM) and SAC-OCDMA networks. However, SCM
systems have advantages such as; the microwave devices are more
mature than optical devices and the lrequency selectivity of microwave
filter are much better than their optical counteryarts. In addition, the low
cost system implementation of SCM has been proposed to transmit multi
channel digital optical signals for local area networks [2].
In contrast, SAC-OCDMA systems recently get consideration due to its
ability to allow many users share the same transmission medium
asynchronously and simultaneously with a high level of transmission
security [3-4]. However, SAC-OCDMA system suffers lrom various
noises such as shot noise, thermal noise, dark current and multiple access
interference (MAI) from other users. Among these noises, MAI is
considered as a dominate source of system degradation performance.
Therefore, the intelligent design oi data code sequence is necessary to
reduce the effect of MAI [5]. To overcome this problem in SAC-
OCDMA systems several codes were proposed such as Random
Diagonal code (RD), Khazani-Syed (KS) code [6], Enhanced Double
Weight (EDW) code [7] Modified Frequency Hopping (MFH) code [8]
and Modified Quadratic Congruence (MQC) code [9]. The former SAC-
OCDMA codes suffered fiom many limitations such as; fhe length of the
code is too long (e.g., EDW and KS codes), the code construction limited
by the code parameter (e.g., MFH and MQC codes), or the cross-
correlation is increased with increasing the weight number (e.g., RD
code). In addition, the codes that have been proposed for SAC-OCDMA
could not accommodate large nurnber of simultaneous use:s and could
not support the system on high data rate. Therefore, to overcome these
problems, we present Multi Diagonal (MD) code. This is designed
depending on combination ol diagonal matrixes. The MD code have
several advantages such as (l) zero cross-correlation code which is
cancelling :he MAI; (2) simple design; (3) flexibility in choosing IIl and
K paramet*s over other codes such as MFH, MQC, and KS codes (4)
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Performance Improvement of Hybrid SCM
SAC-OCDMA Networks using Multi

Diagonal Code

Rashid Ali Fayadh Ali Mahdi Hamadi

Middle Technical Universi:y, College ofElectrical & Elecfonic Engineering
Techniques, Baghdad

Abstract

Hybrid subcarrier Multiplexing (SCM) incorporating spectral
amplitude coding optical code division multiple access (SAC-
OCDMA) technology has been investigated both by simulation and
mathematical model. Hybrid SCM/SAC-OCDMA system is
combined by two schemes in a way that the resulting hybrid system
is robust against the Multi Access Interference (MAI) and much
enhanced channel data rate. In this paper, the performance of
hybrid SCM/SAC-OC)MA system is improved basing on spectral
amplitude coding to suppress such impairments and to impro-ve the
oveiall system performance in the sensitivity at a BER of 10-e. As a
result, the proposed system based on Multi Diagonal (MD) code show
a better performance compared to the conventional code that
employing SAC-OCDMA system. We also evaluate the different
design's parameters under the maximum number of subcarrier (18

subcarriers in each optical channel) multiplexed for iltegrating
OCDMA technology onto the existing fiber-wireless infrastructure at
155 M bit/s data rate for different fiber length. Furthermore, the
BER <10-e has been achieved based on the proposed system for 45
km at 4.81 GHz.

Keywords: Subcarrier Multiplexing (SCM), SAC-OCDMA, MD
code.
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Fig. 14. Image senogram of
( Water-Air) I Table 2

Fig. 16. Image senogram of
( Air-Air) I T able 2

Fig. 18. lmage senogram of
( Water-Water) / Table 2

Fig. 15. Transmission of
( Water-Air I T able 2

Fig. 17. Transmission of
( Air-Air / T able 2

Fig. 19. Transmission of
( Water-Water I T able 2
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D= 1.5 in

Fig. 10. Image senogram of
Test No 3 ( solid phase-glass)

dim=l.5in / Table I

Fig. 12. Image senogram of
( Air-Water) / Table z

4.2 Images of exchange phases (Air-Liquid)

Fig. I l. Transmission of Test
No 3 (solid phase-glass)

dim=l.5 in/ Table l/
Variance=0.1 99 I 73; Standard

deviation=0.446286

Fig. 13. Transmission of
( Air-Water) / Table 2
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4.1 Image of solid phase

D: 0.5 in

Fig.6. lmage senogram ofTest No I
( solid Phase-glass)
dim=0.5 in/ Table I

D:1in

Fig. 8. Image senogram of
Test No 2 ( solid Phase-glass)

dim=lin / Table I

Fig. 7. Transmission of
Test No I (solid Phase-
glass) dim=0.5 in/ Table l/
Variance
=0.195359;Standard
devirlion=0.4419

Fig.9. Transmission of Test No

2 (solid phase-glass) dim=l in/
Table ll ! a riance=0.192971
Standard deviation:0.439
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detectors used in the face of this isotope, with the 661 KeV,
resolution must not exceed l0%o because there are many
important factors related to detector specifications like, crystal
properties, photomultiplier tube properties, non uniform light
collection, light flashes in the crystal, photopeak which
affected on photocathode of photo amplifier tubes and
photomultiplier tube.

So we can say that the crystal size is the most important factor

affecting resolution because it also affects photocathode

response, this response increases if phototube area increases in

large crystal. These factors are taken into consideration when

design detectors reduce resolution and increase sensitivity.

Arrangement also gives another best choice, see Figs.

(4 and 5) for detectors 3 and 4. Size of fuel marbles inside

nuclear core also affect, resolution, when use the lower size,

get the best resolution as shown in Figs. (6-l l) for solid phase

test. The transmission ratio against project angle for solid and

otherphases, see Figs. {20 and2l).

Fig.3 Views I, II, III against standard deviation
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deviation indicates the level of noise in the image. If the
standard deviation is high and variance is low, this means that
the image is noisy. When the standard deviation is small and
the error is high, this means that there is a bias in the image.
Figs. (6-l l) show that the marble size is the most important
factors affecting resolution and transmission. Figs. (6 and 1)
show the lower resolution and the higher sensitivity because
the use of lower marbles size (0.5 in), but when marbles sizes
increases (l and 1.5 in)is used in pot tester, we see unadjusted
transmission shapes which leads to no clear image as shown in
Figs (8-11), Standard deviation and variance for solid
image phase,, see Fig. (20). Images of senogram and
transmission for (Air-Water) phases as shown in Figs.
(12 and 13) have the best resolution; also the Images of
(Water-Water) phases have good sonogram and transmission
as shown in Figs ( I 8 and 1 9).
Other phases like (Air-Air) and (Water-Air) show higher
resolution and low sensitivify, so the arrangement of these
phases must be changed to get a better resolution than shown
in Figs. (14-17). The best condition to get high image purity,
we must tbllow the (arrangement l/viewl ), or (arrangement 2/
view 2) or (arrangement 3/ view 2). The best arrangement
between detectors and isotope is (arrangement 3i view 2)
which gives us standard deviation equal to (0.12). As we know
the higher values of standard deviation, means low resolution
with high sensitivity. We can not adjust all detectors on the
choice arrangement, but few detectors can be adjusted which
are influencing the status of photon account as shown in Figs.
(4 and 5).
Size of detector is an important parameter affecting resolution.
If it increases resolution, energy increases, when photon
energy increases, resolution decreases. We use Cs-137 in our
machine, so we must make a comparison between the
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4. Results and Discussion
The schematic representation of the two sources (side view) is
shown in Fig. (l). There are 15 detectors on each side with
360 angular positions. Photos and the top schematic of the

same machine are shown in Fig. (2). We can see that the great

value decomposition is as shown in Fig. (3) in (arrangement

3lview-Z), but the lower decomposition in arrangement is in
(arrangement-4lviews-l,2and 3) which is the best arrangement

to support detectors about X-axis. Arrangement-4/view-2 is

the better than other views for sensitivity. Arrangement-
3iview-2 gives us the higher standard deviation for resolution,
but arrangement- \ /view- 1 for sensitivity gives us reasonable

values.
From experiment , we see that the best resolution is in view I
for detectors 3 and 4 as shown in Figure 4, while the best

sensitivity is as shown in Figure 5 in view I for detectors 3 and

4 also. The schematic representation of fourth generation

reactor in this study represents a circular tube of (30cm)

diameter consisting of marbles of glass with spherical shape

which is represented as a solid phase with diameters of (0.5, l,
and 1.5 in). The gamma ray scanner with a fan beam

arrangement of source and detectors are used. Data collected
from 197 source positions and 2l projections for each source

position.
Approximate photon counts would be received with a 235 mCi
of Cs-137 isotope and 50 mCi of Co-60 isotope for the same

scanner geometry were chosen as the incident photon counts .

The counts data generated for both the energies 661 keV from
Cs-137 and 1332 keV from Co-60. The analysis of the images

is possible when the senogram values in a given part of the

image are analyzed for its standard deviatio:r. Standard
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detectors. Machine of the two source and detectors are fixed
on a circular plate which can be moved to different heights
along the vertical axis. The maximum diameter of the pot
tester which can be tested is equal to (17.9 in).
Multiprocessing to get images for all phases are based on the
transmission shape and value. The standard deviation and
variance for all images are used as an important parameters to
measure the quality of multiphase's images.

Table (l)
Testes to image solid phase

Table (2)
Testes to image liquid and

air phases

Testes Phase
( Black Liquid-

Air)

Atte
truati

otr
Faca
or

(9m

Testcs

TesG2&3

Plrase
( Solid)

Attenuat
ton

Factor
("-'')

Test-2 Black

Spherical glass
(r in) & (2 in)

rY t

Air

Testes are chaaged, like Air-

0
0.08

'Idart-l

l.3l
Sphericai ghs!

Dimx(0.6 in)
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3. Experimental \\'ork

High thermal reactors consists of core as shown in Figs
(land 2), fuel element like marbles of glass with spherical
shape which is hxed and coolant moves through the channels
formed between fuel elements, control rods,and reactor
pressure vessel. In pebble bed reactor, the source of heat
comes from the fuel which moves in the core under gravity
and helium gas as a coolant moves through voids fbrmed
between solid marbles and protect the fuel from heat. Marbles
with spherical shape are mimicking the pebbles which are

flowing under gravity. The marbles of glass is of density
(34.4 glin') flow and circulate permanently. Flow time of
pebbles must be adjusted. As a mimic pot testers is used to
image the multi phases inside the core of high thermal reactor,
a pot tester is manufactured from acrylic material. This pot is
formed from two pipes, the inner tube may be empty (air) or
filled with water and the outer annular pipe fills with air or
water. The attenuation of pot material is lower than any other
material. Pot is placed in the center of the machine as shown in
Figs (l and 2) in the route of gamma ray with a 25" between
(30) detectors and isotopes. These detectors run through 2l
positions and made 189 projections. The source and detector
array moves 197 positions and collect data for each position.
Pot tester cases are shown in Tables (l and 2). Machine used
with rwo isotopes should be responsible for imaging large
diameter pot testers with high spatial. Pot tester must be

exposed to the two array sources to get the scanned status.
Each source must be protected inside lead collimator to give
the shape ofarray passing through the pot tester. All detectors
are protected by lead and put behind the arc of the shield.
Photons generated by these isotopes can be counted by these
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influence of resolution. (M. Moszyriski et al, 2003) sfudy the

effect of different crystals on resolution. Single isotope Cs-137

of 661 keV has been developed by CREL (Kumar S,

Dudukovid MP, 1997). This system has an arrangement angle

of 40'. The expectation maximization was used for imaging
phases. The second system was fabricated by (Kemoun ,et al,
2001) which is lighter and portable. Data processing technique
has been fabricated by (Roy S, et al, 2004). The CREL also

developed a dual isotopes machine to study the status of two
and three phases.

2. Materials and Devices
Machine of dual source was designed to determine the

image of phases in pot testers. This system used two gamma

sources, these sources having different specifications used to
emit gamma ray. On the other side of the circle there are (30)

Sodium iodine detectors which are used for measuring the

trarsmission of the gamrra ray photons across the multiphase of pot

testers. Detectors are used to count the un attenuated photons or even the

scattered photons of the gamma ray that pass through the multiphase pot

tester. Computer and data acquisition system collect the gamma ray

counts data. The fifteea detectors are oriented at 2l angular positions

each with respect to the source, see Fig.1 .

Phantom for ore, two, and
three phases 

28.r

Fig.1 Front schematic representation of sources and phantom
thro1rBhtestinB proeess

Co-60Cs-
137

5 detec(ors
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l. Introduction

Our study is matched with the work of the researchers
shown in Figs. (l and2). Observation of the resolution in the
sodium iodine detectors first done by (John Wiley & Sons,
2000) and, (Iredale, 1961). Excellent resolution done by
(Ohn,et al., 2002). (Dorenbos et al, 2004) verified the
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Measurement of Photon Density Affecting on
Different Tested Phases By Spacing Technique

Dr.Abbas Ali Mahmood Karwi
Assist professor, Mechanical Dep./ Technical Institute/ Babylon

Abstract:

In this study we design a machine equipped with fwo sources
generated gamma rays with different intensity, these sources are
cobalt-60 and cesium-137. A non-invasive measurement technique is
used in this system and applied to the core of an experimental
reactor, this system is linked to a complex and integrated computer.
Camma ray machine consists of thirty sodium iodide detectors
distributed equally on each side of source. The main objective of this
research is to get the best image with the highest sensitivity and the
lowest degree of resolution for Jhe working phases inside the core as

shown in Figures (l and 2), also as shown in Figures of results
(6,7,12,73). Detectors are installed with different angles and distances
in coordination with the radioactive sources location to get the
necessary quantity of photons to give the best results. This research
was conducted at Missouri University of Science and Technology
during the period of full-time sabbatical under supervision of the
head of the department of the Chemical, Biological, and Nuclear
Engineering.
Key Words: Detectors, Gamma sources, Arrangement, Views,
Attenuation, Isotopes.
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one of the strategies used by Kahf in her poetry collection as a mode of
resisting the misrepresentations of Arab-Americans in general, and Arab-
American women specifically. The unleashing of the counter-facts here
are not pleasing or soothing, but they are the "demons" that haunts the
westerners:

the demons she unleashes,
the terrors that come from
within you and within her
And suddenly Scheherazad is nowhere to be found
But the stories she unlocked go on and on-
(So You Think... ll. l9-23)

By telling her own story and writing her own poetry, the speaker
aspires to resist oppressive Arab and American systems and asserts her
own independence.

Conclusion
Arab-Americans suffer from various kinds of misrepresentations that

aim, deliberately or not, at distorting the image of the Arabs in the
American mainstream. What aggravate the situation are the negative
stereotypes of Arabs in the media and in popular culture. Images of
Arabs as backwards, religious fanatics, terrorists, oi1 Sheikhs, and of
Arab women as harem or belly dancer and in the best cases as a helpless
woman oppressed by the patriarchal society and by religion. These
images and stereotypes are more strengthened by the attacks of 9/1 I on
the Pentagon and the World Trade Center in which waves of hate crimes
and Arab profiling were increased and encouraged by certain extremist
organizatioas and TV channels. The aftermath of September l1 attacks
also consolidate the conflation of the notion that Arab-Americans and
Muslim-Americans in general are potential enemies of the United States.
This paved the way for more oppression against them, such as hate
crimes, deportations, spying on them, Arab profiling and so many other
illegal practices without any evidence of criminal activity.

This study has shown how contemporary Arab-American woman
writers have responded to all these challenges with various modes of
either resistance or assimilation. Kahfs poetry is characterized by its
cultural resistance to any Americanization of the Arab identity in the US.
Her collection of poetry E-Mails from Scheherazad (2003) features
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"But. Officer-"
"Lady-1"
(Lateefa, lt. 101-l l1)

The Arab-Americans' wedding seems at odds with the usual wedding
ceremonies of the U.S, and thus the olficer, a symbol of authority,
refuses to identifr it as such. The differences in the cultural and religious
norrns seem to pose obstacles in the face of any attempt at full
assimilation in the host homeland. What is made clear also in these last
lines is the loss of communication between the officer and the iady; she is

not able to explain to him that this is a Muslim wedding and that they do
not need a priest. This piece ol information never finds a way out of the
mouth ol the speaker either because of the officer's interruptions or
because of the difficulty i:r explaining them. One may wonder here

whether the speaker is afraid oa telling the officer that this is a Muslim
wedding, as she seems so hesitant to articulate it. One may also conclude
that the hesitation of the speaker is due to the American stereotypes of
the Muslim Arab-Americans which would pose another obstacle.

In her poem "So You Think You Know Scheherazad," Kahf faces the
Arab Stereotypes, but instead of shying away from them she reflects
them to the dark side ol America and plays with the images representing
them as a means of resisting them:

Scheherazad invents nothing
Scheherazad awakens
The demons under your bed
They were always there
She locks you in with them.
(So you think. .. ll. 5-9)

Scheherezad, according to Kahf, is back with no "bedtime saories /
That wilt please and soothe" but she is going to resume her old task again
and "Save the virgins" of the modem times liom the tyvanny of main
stream America. The speaker of the poem assumes that the west is not
aware ofthe crucial role that Scheherazad plays in healing Shahrayar, the
psychic king. She believes that they misread her role as a woman who
entertains and relieves the king by telling him amusing stories. The title
of the poem "So You Think You Know Scheherazad" has the sense ol
confrontation that Kahf emphasizes in highlighting the west's igaorance
and misreading of Scheherazad. The re-reading, or re-telling, ofhistory is
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roots, the picture of her Arab country gradually fades and recedes from
the scene:

(Daddy, you can talk to me
All you want about Palestine
And I'll be faithful to the end
But I don't know it, never
Smelled its rainwet streets, don't know
Its stoops and backyards and chicken coops
and those neighbours standing beside that old Ford
in the black & white photograph. My Aunt Cauthar,
Daddy, I love her - I think of cougar,
Sleek, black-haired, and courageous-
but I don't know her, or the abundant rivers
of what she really means)
I know New Jersey.
(Lateefa, 11. 40-52)

These words, printed in italics and placed between parentheses,
indicate the private thoughts and feelings of the speaker, who faces the
dilemma, like many second, and third-generation Arab-Americans, that
she has no actual connection to the Arab world since she never lived
there. The only home she really knows is America. However, because of
their racial, ethnic, and at times religious differences, immigrants, like
this speaker, tend to become marginalized in their new homes. As an
Arab-American woman, coming from a different religious and ethnic
background, the speaker recognizes the differences between Arab and
American cultures that seem poles apar!. Nevertheless, the speaker's
identification with the American culture and her mistaken assimilation to
it is faced with the truth of her difference; she is not American. The end
ofthe poem establishes the disillusionment clearly:

"Officer, if you could just wait for the wedding to-"
"What wedding, lady? I see no priest.
Where's the priest?"
"We don'i have- see, we aren't- we're-"
"Lady, you people gotta move your cars or they get
Tickets, see?"
"But Connie's getting-this is a wedding! Just wait one sec

Till the ceremony-"
"Lady, move these cars or I give them tickets.

r\ t
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for visitors and foreign guests.
At school, we pledged allegiance,
?rying not to feel like traitors.
01. 53-57)

The leeling of treason to any side of the hyphen is a kind of an imer
struggle within the Arab Americans as they are tom between two
different worlds in which they are unable "to choose one over lhe other,,.

III. Assimilation as a Mode of Resistance
The question of assimilation becomes even more drastically important

when the immigrants face the rejection and misunderstanding due to the
cullural and religious specifications ofthat specific ethnic group. It is not
only a matter of the immigrants' ability and readiness to assimilate, but it
is the ability of the host homeland to accept these immigrants as pure
Americans. These ethnic people, then, are trapped between an old land
which they never know, and a new one which seems to reject them. This
specific matter is tackled in the next poem "Lateefa". In this poem the
focus falls on the life of Arab-American woman experiences in America
and the cross-cultural tensions she experiences.

The speaker of "Lateefa" starts the poem by an announcement of an
Arab-American Muslim girl marriage ceremony. An occasion which
establishes an atmosphere ofa natural, happy, and satisfactory life, and a
sense of full assimilation in the new homeland. This scene brings up
memories of her childhood seeing her mother in kitchen cooking and
asking her to take care of her brother:

... she's holding a baby
with her left arm and with her right
heaping chicken and Hungarian potato salad
onto a paper plate and at the same time calling
"Lateefa, help your brother with that soda
before he spills it all over himse- Lateefa"
(Lateefa, ll. 9-14, italics original)

The components of this scene she still remembers, but she admits that
she no longer remembers her Arab homeland, or that she does not really
know it, and that the only place she really knows is the United States, and
so the focus shifts to her lile in America. Though still proud of her Arab
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To repeat. lt expressed his concems
About our religion and ethnic origin.
He had a rifle. We went on home.
(11.16-22)

The speaker, then, partly blames her parent's "cruel kindness" for her
plight, because they brought her to the new world and yet expect her to
live as a Syrian without being influenced by the American culture. The
children in "The Passing There", feel in their own hearts what W.E.B.
Dubois invoked: two souls, two thoughts in one dark body. Their parents
with their
...alien expectations,
the cruel kindness of parents who,
coming from the Syrian sixties,
thought they had succeeded
in growing linle hothouse Syrians.
(n.2s-2e)

Indeed, the speaker goes through a dilemma that many second generation
immigrants experience. She and her brother live a double life. At home
the parents, in an attempt to preserve their original culture, try to rear the
children as pure Arabs, feeding them Arabic food, teaching them the
Arabic language, and telling them stories of their Arab culture and
heritage. Yet, outside their homes, the children live as Americans, go to
American schools, befriend American children, and learn American ways
of life. These children's parents do not teach their children how to Iive as

hyphenated Arabs, overlooking the fact that a great part of their
children's identity, unavoidably, is American. They do not realize that
these children spend most of their time at school where they "pledged
allegiance / trying not to feel like traitors."(ll. 56-57) These children who
grow up 1o be Arab Americans live between two worlds, trying "to leap
the gulch between two worlds, each / with its claim," yet it is "impossible
for us to choose one over the other".(ll. 60-62)

The speaker in "The Passing There", and her brother, undergoes
the same identity fragmentation and they are set between inclusion and
exclusion. They are neither Arabs nor Americans, and they are not able
to identiff with either. They are taught by their families to:
Ising] the anthems
of their remembered landscapes on request
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Being a poet, however, Kahf resorts to her imagination to solve all the
political crises in her country of origin. Driven by her nostalgia to
everything and everyone in Syria, she is able to imagine that they will
celebrate her coming back each in its own way, tt I am sure that if I went
back to Syria/ there would be music/ and all the melodrama of a Hindi
movie"(11.29-3 1). Simultaneously, the poet is aware that it is only an
imaginative world she is talking about. But nonetheless she affirms that
"This is my poem and I can do what I want/ with the world in it"(11.73-
74). Kahl then, seems to be rejecting the two locations of belonging that
she has, and chooses instead a third location, though imaginative, to live
in temporarily and release herselffrom the tensions ofdiaspora.

In the next poem "The Passing there", Kahf discusses the concept of
in-betweenness from the point of view of the second generation of
immigrants who do not make the choice of leaving their homeland and
who get trapped in the third space. The speaker of the poem, Mohja, and
her brother, Yaman, at the ages ofnine and ten, cross a field of soybeans.
The experience of crossing the field alludes to the children's immigrant
experience. Even though the field, like the speaker's new homeland, is
"golden" and filled with "golden" opportunities, she asserts that she and
her brother do not belong there:
It wasn't ours. It was golden.
I remember raspberry bushes
Way at the back, and rusted wire,
Once a fence, a defunct now and trampled under
By generation of children who belonged
To this Indiana landscape in the seventies,
Sixties, forties, tens: Matthews and, Deborahs,
Toms and Betsys, Wills and Dots. Here we were,
Yaman and Mohja.
(The Passing There, ll. l-l1)

The description of the experience reveals the difficulty of assimilation on
the part of Arab-American as their new home poses obslacles in the way
of this assimilation as it has concems about their religion, culture,
tradition, and the colour of their skin:
The man who owned the field was no Robert Frost
Although he spoke colloquial. "Git
Offmy property," he shouted," Or I'll-"
The rest of what he said I do not care
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When they arrive in the new country,
Voyagers carry it on their shoulders,
The dusting of the sky they left behind
The woman on the bus in the downy sweater,
I could smell it in her clothes
It was voyager's dust from China
It lay in the foreign stitching ofher placket
It said: We will meet again in Beijing,
ln Guangzhou. We will meet again.
(Voyager Dust, ll. l-9)

Although the speaker never speaks to the Chinese woman, she could still
"smell it in her clothes" that she carries the dream burden of return and
the hope of meeting anywhere in China, being it in Beijing, Cuangzhou
is not important as far as they meet again. The image of this Chinese
woman stimulates Kahf to think about her mother when she first came to
the States. She also carries "voyager's dust in her scarves" and also
dreams of "meet[ing] again in Damascus/ in Aleppo/ We will meet
again" (11.23-24).

At stake in E-mails from Scheherazad is a sustained examination
ofthe problem ofbelonging and the way Kahf looks at how both the host
community and the country of origin complicate belonging. In "The
Cherries", an adult speaker who "left Syria many years ago" begins the
poem by seeing the world from a child's perspective. She insists, "Syria is
saving some cherries/ in a bowl for me/ at the back of the
refrigerator"(ll.) because she is "sure of'the fact that "Syria remembers"
her. However, the poet is aware of the political situation that leads her to
seek shelter in other lands. She depicts Syria as:
.. .a poor woman with a cruel master
Who wouldn't let her care for me
As a child deserves to be cared for
He wouldn't let her feed me cherries
And dress me in Aleppan wool
He wouldn't let her pin little gold trinkets on me
To protect me from the evil eye
So she had to send her child far away.
(Cherries, ll. 83-90)
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the most effective device in describing the 'third' space in which the 'self
and the 'other' meet:

Their names and their languages are wildly different
And they believe improbable, vile things about each other
But see the turn of wrist when a woman from here
Or a woman from there kneads dough
Although the bread will be twisted
Into different shapes for baking,
The hands move with a similar knowledge
See how a farmer takes up a handful of dirt
This one wears overalls and Jhat one wears a sirwal,
But the open hand with the dirt in its creases
Makes a map both can read.
(Kahf2003: ll. 35-45)

All these different peoples share similarities in the essence of their
different cultures and traditions; the'dough', then, is the same, but they
shape it differently. However, all these similarities and differences need a
kind of articulation, what Stuart Hall calls 'the diasporic arliculation',
and the poet wonders about the possible medium of articulation that may
bring them all together emphasizing the similarities and subsiding the
differences "but who will coax them close enough to know this?,'(I.46)
the answer to her question lies in the poet herselfand she is aware ofthat
fact "Darling, it is poetry/Darling I am a poel It is my fate"(ll. 47-49).

The concept of in-betweenness is presented in the "Voyager Dust".
This poem functions as a brief introduction to the whole collection as the
"I' speaker, probably Kahf herself, the mother, and the third space are
introduced. The poem's title suggests the dream of retum of a traveler and
the burden ofdiaspora he carries on his shoulders. The poem starts with a
general statement about the immigrant's experience and then focuses on
her own experience as the daughter of an Arab immigrant woman. First
the "speaker in 'Voyager Dust' says that immigrants, whether Chinese
like the Chinese woman she sees on the bus or Arab like her mother,
never fully distance themselves from their homes although they are no
longer physically there"22. The difference in the immigrants' identities
emphasizes the sameness of the diasporic experience; all immigrants
seem to be shattered between two worlds, the one they left, but still carry
within themselves, and the one they emigrated to, although they have not
found their way in it yet:
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Whole populations of seed sowers and herb knowers
Some from Damascus, some from Fayetteville, they meet
In my head like the walls of the Red Sea crashing together
I roll dizzily toward them
Like the bowling ball of a very bad bowler.
(Kahf2003: ll. 23-30)

Through paralleling the people and landscapes of these places that
either pick'khibbeze' or'poke', wear 'overalls' or a'sirwal, and knead the
same bread though shaping it differently, she describes 'the joint' that is
her diasporic experience which both links and separates.

The title of the poem, in a sense, carries the metaphorical weight of
the poem as it is based on the pun between the first part of the name of
the city, and the poet's fate to carry the burden of finding a common
ground for all these people. The poet, however, seems to accept her fate
from the very beginning of the poem and she leamed to say "Fay'tteville
as in fate" and she approaches her new location in "the American way"
and" the immigrant way". She seems to be adjusting to both cultures
without any explicitly internal conflict, though she carries the roots ofher
Arab descent with her as she admits that she misses "Abifawq el-
Shaggara" and some other cultural things. This kind of nostalgia to the
past cultural history is made easier when she hears one of the Wal-Mart
clerks saying "Shukran" and she believes again "that's fate".

Her new location then is bound with different people from all races,
and she can recognize their difference "around the rims ofpeoples' eyes":

There is Spain and France left in the names ofthings
There is Wild West and Old South here
Sometimes the music of the Ozarks
Spills down the mountainside
And it is green and brown, and I think I hear it.
(Kahf2003:11. 18-21)

The conception of people of different races and colours dashing
through the mind and memories of the poet and the similarities aad
differences she could recognize among them testifies to the concept of
the poet as a 'joint' in whom two or more cultures meet and hence
formulating a new space that belongs to all these cultures and at the same
time does not belong to either. This sense of peaceful contradiction that
the poet feels within herself leads to the use of paradoxical metaphors as
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or when they do not feel well. Even though the younger Skaffis fifty-five
years old, married, with a daughter of his own house, deep inside he still
leels like a child who needs his mother's warmth to alleviate the pain of
exile that eats him up.

However, in the last stanza, he calls his mother "O mae" (mother in
Portuguese). Although part of him longs hungrily for his mother and the
Arab home that he still remembers, he cannot deny the changes that he
has undergone after having spent forty-one years in a new world, with a
wife who speaks no Arabic, where he lives a completely different life.
The connection to his home now is not the woolen bundle that he has
"wasted smaller" but, rather, his daughter who has inherited her
grandmother's Arab features; "hair" and "eyes", and who knows how to
cook Syrian food, both of which remind him of his mother and his
childhood home. He comforts his mother by telling her that:

There's a twelve-year-old Brazilian girl
With your hair and eyes, who,
Though she's never seen
You or your kitchen fire, makes
Syrian meat pies proper
Baked golden and sealed
With your same thumbpress,
Precise as an Ottoman coin.
(Word from the Younger Skafl 11. 3 7-44)

The concept of the third space is clearly manifested in "Fayetteville as

in Fate". Here in this poem the poet herself is the third space in whom
different kinds of people and different races and cultures meet. The first
space, that ofthe poet's origin al homeland, and the second space, that of
her immigrant's one, find their own locations within the poet's mind and
soul; sometimes they look so different but a deeper thought would set
them so similar.

Kahf shows such kind of attitude towards cultural translation in her
poems as she weaves English and Arabic words in a hybrid format in
poems like "Fayetteville as in Fate". In this poem she contemplates what
unites and divides people in Damascus and people in Fayetteville, a small
town in Arkansas:

I hear that people pick "poke" here
And my fumily memory slirs with people
Who picked the wild herbs, the khibbeze, olother mountains
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You wrapped in a woolen bundle
Were every.thing I and my brother
Had from home. They had to last
A lifetime. I was fourteen
The night we left, and
It was dinnertime.
(Word from the Younger Skaff, ll. r-r 1)

Yet, before satisrying his hunger for his moiher's food and his thirst
for his home's warmth, he had to leave and "disappear" from the "one
piece of ea(h I knew." The sense of taken-for-granted family cohesion
now dissipates. The word "disappear" adds to the suddenness and
quickness of his departure for which he has not prepared. He manages to
take from his home only the money his father gave him and the woolen
bundle with his mother's mincemeat pies. Since he brought only these
things from home, the younger Skaff knew that they "had to last/ a
lifetime."

The sense of loss the speaker of the poem is undergoing underlines the
ongoing confusion of spatial location or social belonging that
foreshadows his future life as an immigrant living in, and suffering Ilom,
an in-betweenness that would (re)shape his identiry. The speaker
describes powerfully the agonizing feelings he goes through as a w'ar
refugee. He explains that, even though he hardly contacted his mother, he
never forgot about her or about his home. He has always hungered for the
sustenance ol his home and his mother. After forty-one years in Brazil,
his hunger for his home:

... still lurches
Inside me, like the sea voyage
From Beirut to Brazil.
Sometimes I think
I could eat the house out,
Hearth, oven, gate, and all.
(1.17-22)

He addresses his mother using the endearing Arabic word " Yumma" to
show his deep love for her and for his motherland, emphasizing that he
has not cut offhis relationship to them despite the distance that separates
him from them. Indeed, children :use " Yumma" not only when they want
cuddling, but also when they call their mothers to save them fiom danger

r.1
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II. The Growth ofthe Third Space
Mohja Kahfs poems engage this "in-between" space Bhabha describes

through rhetorical strategies such as first-person narration, ethical
appeals, and signifling. T"he third space is an in-between space in which
people of two or more cultures live. They have created this space on the
bases of what they have kept from the old world and what they have
gained from the new one. That is; they reject certain cultural principles
from their homeland, basically the ones that do not suit their new world
and they have taken from the new one what suits them most. However,
this is a relative process, for the choice is not random and in most cases it
is not theirs to make, rather it is the result of many cultural factors in the
new environment they live in. The mother speaker in Kahfs poem is
aware of that and this is why she blames herself for displacing them. She
knows that "They [are] far awayl For passage back" and she knows that
one day the" Word stop[s]" and she would no longer be able to hear from
them. The tone of the poem also suggests this ending. It starts sad and
slow with general presentation of the circumstances that lorced the
mother to send off her sons far away to "survive" and then culminates
when she realizes that the "Word stopped" and that they have grown old
and got married and will never come back again.

In the second poem, the same story is narrated from the point of view
of the son, the one who immigrated. The poem is entitled "Word from the
Younger Skaff' and it emphasizes the attachment of the first immigrants
to their homeland. Abdulrazek believes that the poem is " elaborating on
the themes of the exile-home relationship, introducing a more positive
and constructive view ofhome rather than a nostalgic one"20. This poem
carefully describes the painful experience of a war refugee or an exile
living in the border zones, neither completely in his new or old homeland
and feeling at home in neither. Lavie and Swedenburg claim that
"Borders are zones of loss, alienation, pain, death.. .. Living in the border
is frequently to experience the leeling of being trapped in an impossible
in-between"2r. The speaker asserts that circumstances forced him to leave
his home "at dinnertime," a time when the whole family usually gathers
and shares their stories:

I was still hungry
When I left home, mother,
To disappear from the one piece
Of earth I knew. The Ottoman liras
Father gave us and the mincemeat pies
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their new world have wasted the bundle aad the liras; the only things they
have brought from their motherland. In a sense, they have lost all kinds
of homeland roots attaching them to their family as symbolized by the
mother. The poem, from another perspective, is more concemed with the
people who stayed home, not those who have immigrated. In other
words, the immigrants'story is told Aom the point of view of the mother,
the one who stayed home and the intemal conflict that she suffers from.
The poem, it seems, is a kind of juslification for immigration; as the
mother is giving reasons for, what she believes her own decision, of
sending them abroad. In a way she is convincing herselfthat what she did
is the right thing for her sons, and to assure this she repeats the word
"survive" about seven times in the poem, and in one of them she
"swear[s]/ to keep them with us" for " they [are] only boys/ Fourteen and
fifteen is too young to suffer war/ And maybe die"(ll. 33-35).

The mother speaker then wonders about the very essence of survival
"but what is it to survive/ Like grafts cut off a tree/ a child without a
bundle"(ll. 36-37). These sons, the mother thinks, have been displaced
liom their own homeland and they have been implanted into a totally
different one without the means to survive there. This is clearly shown in
the poem when she says " had no more wares/ Nor skills to make a
Iiving". But the question is not merely about certain skills to make a
living as it is about surviving in a totally different space other than their
own homeland and the attachment, whether cultural, familial, to the
homeland which they seem to have lost gradually by being away. Thus
the mother's burden is the homeland's burden which fails to provide its
people with security and protection they need to survive. This loss of
security and protection is manifested in the absence of the father figure
liom the familial scene, and it is again a consequence of the war " The
end of war/ brought cholera that took their father"(ll. 24-25), this
metaphorical representation of the father figure as a representative of the
cultural security is one of the markers of eastem familial life. The
absence ofthe father figure, then, denotes an absence in the continuity of
the cultural and familial attachments of the immigrants to their homeland,
it also connotes that even if they return, they would not find the security
they need as the father is absent. Hence, these immigrants lose contacts
to both cultures, the original and the new. Here one may refer to Homi
Bhabha's concept of the third space as discussed in his book, The
Location of Culture.

r.t
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survival and a way of living; for the main role of Scheherazad here is to
narrate stories of Arab-American women, if for no aim at all, but to bear
witness to the oppressions practiced on them by main stream America.
This "bearing witness" is in fact one ofthe strategies used by Kahf in her
poetry as a technique of resistance in exposing the stories of these
women and the difficulties they encounter in their everyday life.

Kahf, in a way or another, is documenting the story of the first
immigrants, who were obliged to escape the oppressions of the Ottoman
Empire at that time which used to conscript the young boys and send
them to fatal wars. The poem starts then from the very beginning; people
make a kind of information network telling of the movements of the
Turks and their search for the yolng boys in the different areas in the
Arab world. By the time the "Word came", the mother starts wrapping a

"bundle" for her sons and the father supporting them with some "liras" to
escape conscription into the unknown. The bundle ofwool and the liras
in the poem are not to be taken literally as the poet repeats them all over
the poem. Of course any deserter would need a bundle of wool to keep
him warm and some money to survive, but even surviving is ambiguous
here. Is it only living, or keeping up w,ith the family, or by maintaining
the way of life of their original culture, or all of these together? Hence,
the bundle is a materialistic entity, but charged with culture, tradition,
familial closeness and solidarity, and all the abstract things that a man
needs for his "survival". This is why the mother reminds them before
leaving:

...,"Survive"
I whispered in their ears the night they 1eft, "Survive
And come back to us." We wanted life for our boys
So desperately we didn't think :o ask how far away
The ship was bound. "Come home to share the bundle
Of mother, father, kin, house, bread, and wool,"
(The SkaffMother Tells the Story, ll. 12-17)

The poem, then, if not the whole book, is about survival, or means of
survival in life and in a totally different way of life and culture. Is
surviving the Turks' conscription the main concem of the mother as well
as the sons?Or is it finding the way of life in the new world in which they
settle? and the kind of tools or equipment they have for such kind of
survival for the mother believes that " Their lives' small bundle/ must
have wasted smaller." And they have "Sold off the liras". The sons in



I . \ 1 .-,13 ..l,Jly 6'LJl ::Jl i.r-tJr J ,.LJr 4Js i\-

migratory subjects, but works to unsettle dominant structures through
act; ol reinierpretation and resistance"r4. Taking on the role ofpoet-seer,
Kahf seeks to forge new forms of inclusion out of the vestiges of war-
torn and intolerant cultures. ln her poem "Fayetteville as in Fate" she
poses the question of "who will coax" two hostile cultures " close
enough" toward reconciliation and communication (p.7), she suggests "
that it is up to language-workers to close the distances between us. In a
sense, this might be the purpose for Kahfs revival ol the figure of
Scheherazad, whose skill is to "use dialogue to disarm"l5. In The
Thousand and one Nights, Scheherazad is a hero because she "commands
words, not armies, to Lansform her situation and liberate the kingdom"r6.
In E-mails, Kahf expands Scheherazad's project to a larger scale by
positing that the "fate" of the poet is to be an agent of redemption for a

global community sick with prejudice and violence.
Lisa Suheir Majaj sees that E-mails fiom Scheherazad conjures up an

image of Scheherazad, "bent over a computer keyboard, veil flung
behind, maaicured nails clacking as she types missives to American
readers, is quintessential Kahf'|7. And notices that " Kahf makes clear
Arab and Muslim women are part and parcel of the contemporary
landscape, living American lives in the heart of the U.S. amid the motley
miscellany ol the land"r8. lndeed, Schehrazad, in Majaj's view, is an

exemplar not only of oriental women but "of storytellers everywhere"le.
She is in Majaj's words "Kahf herself' taking on different speakers each
represent a fragment of :he life of an Arab-American women.

At the very beginning of Kahfs Emails from Scheherazad the story of
the flrst wave of Arab-American immigration begins. The first poem is
entitled "The Skaff Mother Tells the Story". The narrator of the poem is
a mother as a symbol of the Arab tradition and culture and also to give a
kind of simplicity to the story as she is not so well-educated and speaks
more passionately about her sons. In doing so, the story is told in a

manner analogous to the stream of consciousness in fiction in which the
ideas flow unconsciously through the mind ofthe speaker. This technique
adds a kind of credibility to the story and charges it emotionally as the
reader may sympathize with the mother narrator. The technique of telling
stories is also one of the main "surviving" techniques used by the Native
Americans to keep their traditions and culture specifics to the way of life
that these lndians find suitable for them. The effectiveness of the
technique, however, is not in writing these stories, but in narrating them
orally from generation to generation. So narrating becomes a kind of
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so much as an American poet or just as a poet"l I. As a result of such a
standpoint, E-mails from Scheherazad reflects a wide range of critical
discussions that are certainly informed by Kahfs interest in how Muslims
function in the U.S. mainstream, but the issues she works with reflect the
multiple varied concems that shape the diasporic experience of Arab
immigrants in America.

E-Mails from Scheherazad oflers the most articulated example of the
challenges facing Arab-American women and the resistance they
practice. It is composed mostly of short poems, each with its respective
speaker. The poems are narratives of women, assuming the role of
Scheherazad in taking the lead of telling their stories touching upon
sensitive issues facing these women in contemporary America. These
stories, however, are not to be told without the help of the Scheherazad
character and the sense of sacrifice that is usually attached to her il
saving her peers from the psychic king."The vizier's daughter,
Scheherazad, volunteers to marry the despotic king, Shahrayar, and to
save the kingdom's women liom the cycle of his violence,'12.

Following the example of Scheherazad, the speakers of the poems
analyzed, here use their art to correct Americas' biased view of Arab
women. In doing so, they assume that Shahrayar is the main stream
American communify which forms certain stereotypes of Arab-American
in general and Arab women in particular, distorting their image as
backward, oppressed, harem, belly dancers, and so on. These women
play the role of Scheherazad in her courage to face the tyrannical king
who oppressed them. "Depicted as feminists, these Arab-American
Scheherazads not only seek to alter the liozen American misconceptions
of the Arab woman as the exotic sex object or the oppressed victim. They
also critique the view that a woman's expressions of desires and the
pursuit of her interests contradict the interests of man and challenge the
patriarchic eastem society"l3. The different speakers in E-Mails from
Seheherazad also focus on the challenges that an Arab woman confronts
in her decision to |eave her original homeland, her hyphenated identity,
the bias and discrimination she encounters and continues to encounter in
her adopted homeland, and her attempts to build a new 1irture. These
speakers also announce their slrategies of resistance, which include their
introduction of a new and more encompassing concept of difference,
their notion of hybridity, and more crucially, their own poetry.

E-mails from Scheherazad is a" text that admits the reality and
potency of multiple intersecting exclusionary forces in the lives of
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focuses on the position of Afiican Americans, his concept of double-
consciousness can be applied to the Arab-American and other minority
groups in the United States. Nathalie Handal's critical works, for
example, invoke this double-consciousness on the part of Arab-
American's experiences, particularly as they are manifested in creative
works. Such writers suffer from what might be described as a "split
vision of identity"5 in which he is tom between two different sides of his
identity; the Oriental and the Occidental, each of which is trying to find a
form of expression in his writing. Arab-American feminists also have
found it impossible to disengage themselves "from the larger context ofa
hegemonic U.S. discourse that interprets all things related to Arabs as
oppressive or'backwards"'6.

Bhabha's discussion of national minorities and globa'l mi$ants
coincides with Du Bois'argument about the "quasi-colonized" and also
the double-consciousness with which they negotiate their positions in the
west7. The quasi colonized move between cultures and, in that space
betrveen cultural boundaries, articulate -hybrid identities that belong
wholly neither to one culture nor the other6.

This urgent task is complicated by a history of Arab-American erasure
and assimilation in the United States that relates to what Bhabha defines
as "mimicry" in the colonized subject. In the context of colonialism,
"mimicry is the desire for a reformed, recognizable Other, as a subject of
diff,erence that is almost the same, but not quite. Which is to say, thal the
discourse of mimicry is constructed around an ambivalence; in order to
be effective, mimicry must continually produce its slippage, its excess, its
difference "o. Mimicry. as engaged in the Arab-American literary works,
conlionts the stereotypes, such as 'all Arabs are Muslims, all Muslims
are terrorists', that are applied generally to Arab-Americans and ignoring
the American side of their identities.

I.The Revival of Scheherazade
Setting off her mission as a representative of Arab and Muslim-

American women in the U.S., Mohja Kahfs first book of poetry, E-mails
from Schehrazad (2003),"is intensely focused on how Arab women work
to make America a home without losins those markers of identitv that
they hold sacred, or at least important;'10. But Muslim identity in the
diaspora is not the only subject that Kahf explores in order to imagine a

more hospitable place for first and second generation immigrants. In fact,
Kahf has herself insisted, "l don't want to be identified as a Muslim poet

t.\1,.1efiJ! e
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lntroduction
Arab-Americans in general and Arab-American w.omen in

particular have continuously resisted any type of marginalization and the
formation of negative stereoq,?es. Thus, Arab-American literature is
situated in a broader context altogether, as just one part of the cultural
work that minority communities use as a mode of resistance.lArab-
American writers have established their own space within mainstream
American community generally defined as white and to a certain exlent
hegemonic in its systematic formation of stereotypes as binary tools to
divide community to "Us" and "Them". This space, referred to by Homi
Bhabha as the "Third Space", has enabled Arab-Americans to create their
own narratives and rewrite their own history by which they have
challenged the hegemonic image of them in Western discourses and have
struggled to reinvent themselves in the American consciousness.

Articulating both sides of their heritage, Arab and American,
becomes difficult when "Arabness" carries such negative connotations as
harem girl, religious fanatic, terrorist, in mainstream American discourse,
particularly after such traumatic events as September I l, 2001. Barbara
Nimri Aziz asserts that " Arab-Americans have been 'colonized' to an
extent: 'encouraged to forget [their] beautiful difference, [they] imbibe so
many of the biases and distortions [of Arabs] around [them]"2. Aziz's
comment relates to W.E.B. Du Bois' concept of the "quasi-colonial" state
of American minority groups (i.e., those who are not white). According
to Du Bois, the problems of minorities in westem locales, specifically
large cities tike New York, are similar to the discriminatory treatment of
colonized peoples elsewhere in the world3.

In addition to these obstacles ofrecognition and self-identification, the
pressure some Arab-Americans feel to assimilate into mainstream
American culture and to ignore or cover up their "Arabness" has created
a tension between these two aspects of their identities. Du Bois' concept
of a double-consciousness speaks to this tension:" this sense of always
looking at oneself through the eyes of others... one ever feels his two-
ness,-an American, a Negro; two souls, two thoughts, two unreconciled
strivings; two warring ideals in one dark body"a. Though Du Bois
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Testimonies of Resistance and Assimilation:
A Postcolonial Study in Mohja Kahfs E-mails

from Scheherazad

Haydar Jabr Kobano PhD
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Abstract
This study examines resistance and assimilation as
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postcolonial modes in Arab-American women's poetry after the 911 I '
i001. H"re the intention is to clarify the modes of resistanee and

assimilation as two imPortant aspects in Mohja Kahfs volume of
poetry, E-Mails from Scheherazad (2003); and the forces that
iormulate and shape these modes, and the extent to which these

modes reflect the complexities and difficulties that Arab-Americans
face in their daily life in America. Kahfs poetry functions as a
testimony that resists and challenges the stereotypes of Arabs and

Muslims as terrorist, ignorant, fundamentalist, naive and others, and

the woman as an oppressed, belly-dancer hareml so submissive,

passive, and subordinate to the dominant role of man; by engaging

Bhabha's concept of the Third Space.

Key Words: resistance, testimony, marginalization and third space
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1. This translation is late in that it came after the first two
translations. This entails that these translators benefited

from identifuing the shortcomings of the other translations.

Moreover, they seem to have also benefited from the

developments of translation theory, especially in finding
new strategies of translation. This explains their

introduction of couplet which the study has shown to be a

suitable method in the euphemisms it is used for.

2. their religious, cultural, and linguistic backgrounds

(Muslims with Arabic as mother tongue) seem to have

helped them in understanding the intended meaning of the

euphemisms at hand, and consequently in choosing the

proper translation method, thus avoiding the

inconveniences in this respect.

Finally, the study has shown that at times all translators

failed to grasp the intended meaning of the euphemism at

hand, as with l-di:'u when they resorted to the less

probable interpretation of not to share wives the same bed

during menstruation. They, moreover, failed to deal with
the meaning nuances of E;-8, thus rendering it in a way

that declined to capture all pragmatic aspects of this

euphemism.



!.r\rlt)4 le I .::Jl i-t+ll O.+"ilt err i":*

4. Conclusion
The present study has revealed that there are twelve

euphemistic expressions in Surat Al-Baqarah, used in nine

verses. one euphemism gu> is used in other verses with the

same meaning, and the same translational slrategy is used for

rendering it into English; so it was discussed only once,

namely at its flrst occulTence. It has also been shown that

euphemisms constitute a thomy area in that the proper

understanding of such expressions require a careful analysis

through consulting reliable exegeses. In fact, Arab Muslims

and in spite of their cultural and linguistic backgrounds which

help them in a better understanding of such expressions have

come to understand them through consulting exegeses, let

alone non-Arab Muslims who are the main target of translating

the Glorious Qur'an.
As for translation, it has been concluded that no one method is

always suitable for rendering them into English. In sum, three

methods have been used; paraphrase, literal translation, and

couplet. Pickthall used paraphrase and literal translation

equally, six times each. Arberry vsed literal translation

method in seven instances, and paraphrase in five. Hilali &
Khan used literal translation two limes, paraphra.se six times,

and couplet four times. The total shows that paraphrase in the

commonest method among the three translations. The study

has also shown that literal trqnslation is the least reliable

method in the majority of instances. This leads us to conclude

that Hilali & Khan's translation is the most adequate one, since

they opted least for literal translation. This can attributed to the

following reasons:

rlt
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And forget not kindness among yourselves. Allah is Seer of what ye
do.

Arberrv
There is no fault in you, if you divorce women while as yet you have
not touched them nor appointed any marriage-portion for them; yet
make pror,ision for them, the affluent man according to his means,
and according to his means the needy man, honourably -- an
obligation on the good-doers.

Hilali & Khan
There is no sin on you, if you divorce women while yet you have not
touched (had sexual relation wiJh) them, nor appointed unto them
their luhr (bridal money given by the husband to his wife at the
time of marriage). But bestow on them ( a suitable gift), the rich
according to his means, and the poor according to his means, a gift of
reasonable amount is a duty on the doers of good.

This euphemism refers to the consummation of marriage
through indicating the necessary beginning for such

consummation (synecdoche). The first two translations opted
for literal translation which does not guarantee communicating
the intended meaning of the expression. To get rid of such

obscurities, the third translation preferred couplet whereby the

SL image is preserved, and at the same time conveying the

exact meaning intended here.

SL Euphemism SL Texts Nfethod of
Translation

;J^t-,t l.touched
2.touched

3.touched (had sexual

relation)

l.literal
2.literal

3.couplet
I
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SL Euphemism TL Texts l\Iethod of
Translation

l.released
2.released

3.release

This euphemism is used to avoid the socially-embarrassing,
and unpleasant associations of the, theme of divorce. Although
it is acceptable in Islamic regulations, Muslims are advised to
make it the last resort as it causes much harm to the familial
unity, and consequently to that of the community at large. The
word g::r."3 , moreover, carries the nuances of rest for both
sides, husband and wife, from an unpleasant situation. The
three translations opt for paraphrase strategy for rendering this
euphemism, which seems to be the most suitable one.
However, the three translations seem to decline in choosing
the appropriate equivalent needed here. The word release is
usually used in the field of law to indicate freeing a prisoner,
and this undermines the woman's status in the marital
relationship. Moreover, the word release attaches the trait of
freedom, and consequently rest, to women only, whereas it is
meant here to be attached to both parties, men and women.
Accordingly, separate would be a better choice as it satisfies
the meaning nuances mentioned.

3.2.9 Ayah (236)
ti .. t t ,t-, ',

34, ojrr 6r.}c' e ?-t*t et| Jo

Pickthall
If ye divorce them before ye have touched them and ye have
appointed unto them a portion, then (pay the) half of that which ye
appointed, unless they (the women) agree to forgo it, or he agreeth to
forgo it in whose hand is the marriage tie. To forgo is nearer to piety.

t:.,* \i .l y; I r, ,r-!r iiln, ;1 iJ.3r gurrJ

o,-;lj, .u rL ;r;jt, 6r.,6jri ijr

l.paraphrase
2.paraphrase
3.paraphrase
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Pickthall
Divorce must be pronounced twice and then (a woman) must be
retained in honour or released in kindness. And it is not lawful for
you that ye take from women aught of that which ye have given
them; except (in the case) when both fear that they may not be able
to keep within the limits (imposed by) Allah. And if ye fear that they
may not be able to keep the limits of Allah, in that case it is no sin for
either of them if the woman ransom herself. These are the limits
(imposed by) Allah. Transgress them not. For whoso transgresseth
Allah's limits: such are wrong-doers.

Arberrv
Divorce must be pronounced twice and then (a woman) must be
retained in honor or released in kindness. And it is not lawful for
you that ye take from women aught of that which ye have given
themi except (in the case) when both fear that they may not be
able to keep within the limits (imposed by) Allah. And if ye fear
that they may not be able to keep the limits of Allah' in that case it
is no sin for either of them if the woman ransom herself. These are
the limits (imposed by) Allah. Transgress them not. For whoso
transgresseth Allah's limits: such are wrongdoers.

Hilali & Khan
The divorce is twice, after that, either you retain her on reasonable
terms or release her with kindness. And it is not lawful for you (men)
to take back (from your wives) any of your Maftr (bridal money
given by the husband to his wife at the time of marriage) which you
have given them, except when both parties fear that they would be

unable to keep the limits ordained by Allah (e.g. to deal with each
other on a fair basis). Then if you fear that they would not be able to
keep the limits ordained by Allah, then there is no sin on either of
them if she gives back (tbe Mahr or a part of it) for her,4/-
Khul'(divorce). These are the limits ordained by Allah' so do not
transgress them. And whoever transgresses the limits ordained by
Allah, then such are the Zalimun (wrong-doers, etc.).
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Arberrv
Your women are a tillage for you; so go!!!.9--U$o-.y.qgllil!4ge as you

wish, and forward for your souls; and fear God, and kncw that you

shall meet Him. Give thou good tidings to the believers.
Hilali & Khan
Your wives are a tilth for you, so gotoYour tilth (have sexual

relations with vour wives in anv man ner as lons as it is in the vLltt na

and +ot in the anusln when or how you will, and send (good deeds, or
ask Allah to bestow upon you pious offspring) before you for your
ownselves. And fear Allah, and kno\,v that you are to meet Him (in
the Hereafter), and give good tidings to the believers (O
Muhammad ).

SL Euphemism TL Texts Method of
Translation

'bJ'8,fr 1.go to your tilth as ye will
2.come unto your tillage

3.go to your tilth (have

sexual relations with your
wives in any manner as

long as it is in the vagina
and not in the anus)

l.literal
2.literal

3.couplet

This euphemism is one of the most eloquent expressions in the

Glorious Qur'an, as it says much, as explained by Hilali &
Khan. in one short expression.
Pickthall and Arberry go to literal translation which is not a

very suitable strategy for rendering this expression, for it tells
much implicit information understood by Muslims through a

long time of acquaintance and heavy reliance on interpretation.
Realizing the shortcoming of literal translation, Hilali & Khan
go to couplet which briefly explains the intended meaning of
the expression.

3.2.8 Ayah (229)
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These three euphemistic expressions have the same referent,
namely sexual intercourse. Concerning 6pti it seems that the

three translators went for the weaker explanation of not
sharing women the same bed. Ibn Katheer (1996) gives a
lengthy discussion conceming this expression indicating that
Muslims f-rrst understood the expression in its literal meaning,
an interpretation that degrades the status of women and their
humanity which is against the Islamic teaching. However, and
after citing many trustworthy exegeses he comes to the
conclusion that it indicates an order not to have sex with
women during menstruation, an indication which is not
reflected in the three translations mentioned above. In other
words, the three translations have erroneously rendered this
euphemistic expression. The second expression ,,ijiti also

indicates an order to stop having sexual intercourse and it is
repeated with exactly the same meaning because of the
significance of the matter under discussion. Pickthall and
Hilali & Khan rightly opt for paraphrase strategy to give the
exact intended meaning. Arberry, however, goes for literal
translation which seems to supplement his misinterpretation of
the first euphemism. As for the third euphemism sel which is

an apparent permission for men to have sexual intercourse
with their wives, the three translators opt for paraphrase as a
strategy for rendering it, a choice which seems to be very
suitable.

3.2.7 Ayah (223)

*';j;, ]:"ij I jt'8 t ;iit l lit g7'gii:. t r:,n I ,ii, #L; e':u
Pickthall
Your women are a tilth for you (to cultivate) so go to vour dlth as ve
will, and send (good deeds) before you for your souls, and fear Allah,
and know that ye will (one day) meet Him. Give glad tidings to
believers, (O Muhammad).
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them till they are cleansed, And when they have purified themselves,
then eo in unto them as Allah hath enjoined upon you. Truly Allah
loveth those who turn unto Him, and loveth those who have a care
for cleanness.
Arberrv
They will question thee concerning the monthly course. Sa-v: rtt is
hrrrt; so oa art from women during the monthly course. and do not
apDroach them till they are clean. When they havc cleansed
themselves, then come unto them as God has commanded you.'
Truly, God loves those who repent, and He loves those who cleanse
themseh,es.
Hilali & Khan
They ask you concerning menstruation. Say: that is an Adha (a
harmful thing for a husband to have a sexual intercourse with his
wife while she is having her menses), therefore keep au,av from
women during menses and go not unto them till they have purified
(from menses and have taken a bath). And when they have purified
themselves, then qo in unto them as Allah has ordained for you (go in
unto them in any manner as long as it is in their vagina). Truly,
Allah loves those who turn unto Him in repentance and loves those
who purify themselves (by taking a bath and cleaning and washing
thoroughly Jheir private parts, bodies, for their prayers, etc.).

TL Terts Nlethod of Translation

,j*\) l. let women alone
2.go apart from
women

3.keep away from
women

l.literal
2.literal
S.literal

j^rFJ l.go not in unto them
2.do not approach
them
3.go not unto them

l.paraph rase

2.literal
3.paraph rase

j+ir l.go in unto thcm
2.come unto them
3.go in unto them

t.paraphrase
2.paraphrase
3.paraphrase

SL Euphemisms
I

I

I

I

i

I
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This euphemism is mentioned twice due to its significance in
the Ayah under discussion, once as an order to do and a second

time as an order of not to do. In the analysis, too' it is

mentioned twice as it needs some discussion due to the

translators' differing interpretations. It indicates sexual

intercourse through the part-to-whole relationship as any

intercourse presupposes an introduction, be it made through
words or gestures hinting at the process intended. The three

translations rendered this euphemism through paraphrase, thus

sacrificing the SL linguistic form for the sake of
communicating the intended meaning (dysphemism).

However, Arberry chooses a less direct expression through

choosing the word /ie whose secondary meaning, not the

primary, captures the intended meaning in this context.

As for the second occurrence e:-el l, it seems to have been

understood by Pickthall as an order not to initiate anything

related to sex, thus he chooses to use the word toacle which

mostly indicates the act of touching. Arberry and Hilali &
Khan, on the other hand, seem to have interpreted it in the

same sense they did with the first occurrence. Ibn Katheer
(1996) isolates a long discussion for these two words, and after

citing many trustworthy interpreters, come to side with
Arberry and Hillai & Khan. Accordingly, the last two

translations show a more accurate rendition of this euphemistic

expression. However, paraphrase here has proved to be the

most suitable translation strategy.

3.2.6 Ayah (222)
3fr,ti t*- * $ittit sit ,1',t;it vi*,i sii-i'i ;a+;:t q uiui

.i}{At ',i, at }t '-',J- it 'o1 u' tVi A v t; i'6

Pickthall
Th"y question thee (O Muhammad) concerning menstruation' Say:

let women alone at such times andIt is an illness, so go not in unto
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Fast unto the night, and do not lie with them while -You cleave to the

mosques. Those are God's bounds; keep *'ell within them. So (]od
makes clear His signs to men; haply they will be godfearing.
Hilali & Khan

It is made lawful for you to have sexual relations with your wives on

the night of As-Saun (the fasts). They are Libtts li.e. body cover' or
screen, or Sa*cz, (i.e. you enjoy the pleasure of living with her - as in
Verse 7:189) Tafsir At-Taburil, for you and you are the same for
them. Allah knorvs that you used to deceive yourselves, so He turned
to you (accepted your repentance) and forgave you' So now E9
sexual relations with them and seek that which Allah has ordained
for you (offspring), and eat and drink until the white thread (light) of
dawn appears to you distinct from the black thread (darkness of
night), then complete your Soum (fast) till the nightfall. And-dp-4.!
have sexual relations with them (your wives) while you are
in I'tikaf (i.e. confining oneself in a mosque for prayers and
invocations leaving the worldly activities) in the mosques. These are
the limits (set) by Allah, so approach. them not. Thus does Allah
make clear His Ayot (proofs, evidences, lessons, signs, revelations'
verses, laws, legal and illegal things, Allah's set limits, orders' etc.) to
mankind that they may become ,4/- Mutlaqun (the pious - see V'2:2).

SL Euphemisms TL Texts Method of
Translation

l.hold intercourse
2)ie
3.have sexual

relations

l.paraphrase
2.paraphrase
3.paraphrase

:p;;('l l.touch them not
2.do not lie
3,Do not have

sexual relations

l.paraphrase
2.paraphrase
3.paraphrase

\ 1
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This expression is used to indicate deviation from the right
path, as explained by Ibn ManzDr ( 1990, Vol.2 : 430). The
word 6ui is then used to refer to d! isin). The three translators
opt for paraphrase as a method for rendering it ,'... a procedure
where ST meaning is explained in the TL" (see Newmark,
1988b:91). However, Pickthall and Hilali and Khan give a
better rendition through using "sin" which carries a religious
overtone rather than "fault", resorted to by Arberry, which is
used for general purposes. This expression is repeated in many
ayahs in this surah, and is translated the same. Therefore, it is
analyzed only once to avoid repetition.

3.2.s Ayah (187)
'3i1 r lit;u "ik'€.s d:t'S.i r;i ;s- Ci, € ;*. V Ec, jt lij.yt 7,br q .A',Vt

J+J', 33 .* i- ii;rriy, "$t Ut 15 ,iirgr,,r ,-*', J)rj ..k t*1.n31, ;ti
f c;j' ; arryo';1, ,y:S$.tiJ;irr j1 pulrr i,/qt-! *uir o, :3t\r y;i;lr o,,;a1\t

1t av a*yi) .art'r& J,tAsq ifit fi_u.A af.;it;i *ri.Jt.ci:
Pickthall
It is made lawful for you to go in unto your wives on the night of the

fast, They are raiment for you and ye are raiment for them. Allah is
Aware that ye were deceiving yourselves in this respect and He hath
turned in mercy toward you and relieved you. So hold intercourse
with them and seek that which Atlah hath ordained for you, and eat
and drink until the white thread becometh distinct to you from the
black thread of the dawn. Then strictly observe the fast tilt nightfall
and touch them not, but be at your devotions in the mosques. These
are the limits imposed by Allah, so approach them not. Thus Allah
expoundeth His revelation to mankind that they may ward off (evil).
Arberrv
Permitted to you, upon the night of the Fast, is to go in to your wives;
-- they are a vestment for you, and you are a vestment for them. God
knows that you have been betraying yourselves, and has turned to
you and pardoned you. So now lie with them, and seek what God has
prescribed for you. And eat and drink, untit the white thread shows
clearly to you from the black thread at the dawn; then complete the
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suitable strategy as it captures the SL linguistic trait without

causing damage to the intended meaning. In other words, the

Erlglish touch and the Arabic f.i.".j perform the same function
in their languages respectively as far as this text is concerned.

SL Euphemism TL Texts Method of
Translation

te 1. sin

2.fault
3.sin

I.paraphrase
2.paraphrase
3.paraphrase

YAt

3.2.4 Ayah (158)
'1,! t> t1. ., tqr -l'rl ti .lD ruzX l!.r ,i l;,ir ,.- i*, ^ir' ;u*;, i_1'f', ul"l' L1. :.. , - .. ,E , ,. \i. v . 

.|&fuiirr
Pickthall
Lo! (the mountains) As-Safa and Al-Marwah are among the
indications of Allah. It is therefore !!g_r!!q for him who is on
pilgrimage to the House (of God) or visiteth it, to go around them (as

the pagan custom is). And he who doeth good of his own accord, (for
him) lo! Allah is Responsive, Aware.
Arberrv
Safa and Marwa are among the waymarks of God; so whosoever
makes the Pilgrimage to the House, or the Visitation, it is no fault in
him to circumambulate them; and whoso volunteers good, God is
AII-grateful, All-knowing.
Hilali & Khan
Verily! As-Safa and Al-Marwah (two mountains in Makkah) are of
the Symbols of Allah. So it is not a sin on him who
perform Hajj or'Umrah (pilgrimage) of the House (the Ka'bah at
Makkah) to perform the going (Tawaf) between them (As-Safa and
Al-Marwah). And whoever does good voluntarily, then verily, Allah
is All-Recogniser, All-Knower.
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3.2.3 Ayah (80)

u u 1e o j ra 7i |tp ut .*i *'* {, + i;;S 
"Ji i; tia uul !t j6, e.; g i f i't

..r;Iit t

Pickthall
And they say: The Fire (of punishment) will not touch us save for a

certrin number of days. Say: Have ye reeeived a covenant from
Allah - truly Allah will not break His covenant - or tell ye concerning

Allah that which ye know not ?
Arbern'
And they say, 'The Fire shall not touch us save a number of days.'

Say: 'Have you taken with God a covenant? God will not fail in His

covenant; or say )'ou things against God of which you know nothing?

Hilali & Khan
And they (Jews) say, "The Fire (i.e. Hell-fire on the Day of
Resurrection) shatl not touch us but for a l'ew numbered days." Say

(O Muhammad Peace be upon him to them): "Have you taken a

covenant from Allah, so that Allah will not break His Covenant? Or
is it that you say of Allah what you know not?"

SL Euphemism TL Texts Method of
Translation

L:.-.,- l.touch us

2.touch us

3.touch us

l.literal
2.literal
3.literal

This euphemism is achieved through the application of part-to-

u'hole relationship (rhetorically a synecdoche). In other words,

burning indicates the involvement of body in fire, the

beginning of which is through touching which causes the least

pain. All translators have successfully rendered this

euphemism through literal translation which is the most
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The expression tii is a general term used to describe any
abnormal condition in a body organ or in behavior. It is thus a
hypernym used to cover a wide variety of hyponyms. It is
euphemistic in the sense that the general, rather than the
specific, is used. Rhetorically it is a synecdoche used in whole-
to-part relation. Pickthall and Arberry prefer literal translation
so that TL readers are informed just like SL readers. However,
SL readers are further informed about the exact meaning of the
word through exegesis, as Muslims are constantly advised to
depend on the explanation of Qur'anic Ayahs for a better
understanding, an opportunity not usually available to TL
readers. Proceeding from this stand, Hilali & Khan resort to
couplet method adding the exact meaning intended, namely
doubt (see Ibn Katheer, 1996). The translators also varied in
choosing the equivalent of A, between stckness "more
specific" and disease "more general". One can conclude that
sickness is more suitable as the SL euphemism contextually
hints at something more specific.

SL Euphemism lUethod of
Translation

l a disease

2.a sickness

3.a disease (of doubt and
hypocrisy)

l.literal
2.literal

3.couplet

Hilali & Khan
in their hearts is a disease (of doubt and hypocrisy), and Allah has

inc:eased tleir disease. A painful torment is theirs because they used

to tell lies.

TL Texts
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The Qur'anic euphemistic expression 6i is usually used in its
literal sense in the field of manufacturing in which a product is
sealed either to authenticate the name of the producer or to
prevent adding a similar substance to the quantity already kept
in. It is used here to indicate that disbelievers' hearts and ears
(organs of feeling and hearing) are closed so that the right
(Allah's revelation) cannot find its way to them. It is
euphemistic in the sense that otherwise, more direct words that
can be used in this context (lard-hearted and deaf) would be
more face-threatening. Pickthall and Arberry opt for literal
translation "...the conveyance of denotative meaning of
phrases and sentences in a text from one language to another"
(Farghal and Shunnaq, 1999:13) leaving the reader to infer
what the right is as it is done with Arabic speakers. Hilali &
Khan, on the other hand, use couplet ( a translation method
that combines two procedures to deal with a single problem
"literal translation + explanation") (see Newmark, 1988b:91)
to directly tell the reader what these senses are closed to. All
translation methods have successfully rendered this
euphemism, with Hilali & Khan combining their translation
with an explanatory note, telling the reader directly about the
intended meaning of the text at hand.

3.2.2 Ayah (10)

.t: 1:..15:;- t r:k q. e.i,.?ti i4 t tal rtt "l''r,j,".; e. * e
Pickthall
In their hearts is a disease, and Allah increaseth their disease. A
painful doom is theirs because they tie.
Arberrv
In their hearts is a sickness, and God has increased their sickness,
and there awaits them a painful chastisement for that they have cried
lies.
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3. The translators of these works are of different religious,
linguistic, and cultural backgrounds; aspects of direct impact
on interpretation and translation.
The citation and analysis of translation is made on
chronological consideration. Every Ayah in Surat Al-Baqarah
that contains a euphemism is written in full for the purpose of
contextualization which is of great importance in the process
of analysis. Then the euphemisms targeted are tabulated
together with their translations for easy reference. Every Ayah,
together with its three translations, is given a separate
subsection.

Allah has set a seal on their hearts and on their hearing (i.e. thev are
closed from acce n

covering. Theirs will be a great torment.
Allah's Guidance and on their eyes there is a

SL Fl,uplemism TL Texts Method of
Translation

tg-P *'lJJ'e
'€.L.,,*',

l hath sealed their hearing and
their hearts ...
2. has set a seal on their hearts and
on their hearing....
3. has set a seal on their hearts and
on their hearing (i,e. they are closed
from accepting Allah's Guidance)...

l. literal
2. literal

3, couplet

3.2 Analysis
3.2.1 Ayah (7)

.lv=&b etrt ai,lj;1c9 prtl"ji ,Pj"r&|; *j r*.!t "b 
U\-f,

Pickthall
Allah hath sealed their hearins and their hearts, and on their eves

there is a covering. Theirs will be an awful doom.
Arberry
God has set a seal on their hearts and on their hearing, and on their
eyes is a covering, and there awaits them a mighty chas:isement.
Hilali & Khan
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placing such phenomena within a framework of culture to be
able to produce a natural translation. She, moreover, sees that
the focus of translation of such phenomena should be on what
the original message indicates in its culture.
Al-Hamad and Salman (2013) carried out an analytical study
of 23 Qur'anic euphemisms randomly chosen. According to
them, translating Qur'anic euphemisms poses certain problems
due to linguistic and cultural diversity. They pointed at some
inadequately translated euphemisms and attempted to suggest
some alternative translations based on functional criteria.

3. Euphemisms in Surat Al-Baqarah: Methodology and
Analysis
This section first sets down the methodology to be followed in
the analysis of the euphemistic expressions in Surat A1-
Baqarah, and then it moves to the analysis itself.

3.1 Corpus and Methodology
The theoretical data in this paper is collected from the vast
literature available on the topic. As for the analysis, three
translations have been chosen for the purpose of this study;
theses are: Pickthall's The Meaning of the Glorious Quran
(1930), Arberry's The Koran Interpreted (1955), and Hilali
and Khaa's Translating the Meanings of the Noble Koran
(1417 H, corresponding to 1996). These three translations are
chosen for the following reasons:
1. These translations, for the researcher's knowledge, are
widely consulted.
2. They cover a wide range of time as they are made in
relatively remote times (1930, 1955, and 1996 respectively)
which indicates that new findings in translation theory are

supposedly utilized.
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Qur'anic style which is an essential component of
understanding the Qur'an.
Al-Qadi (2009) carried out a sociolinguistic comparison of
euphemisms in various varieties in English and Modern
Standard Arabic. Although this study is not directly related to

Qur'anic euphemisms, its conclusions give important insights
of euphemisms in English and Arabic in general. The maia
conclusions of this study are:
1. English and Arabic employ three main rhetorical devices to
realize euphemism, namely: metonymy, synecdoche, and
circumlocution. Farghal (1995:2) adds "remodeling" as a

fourth category.
2. There are quantitative as well as qualitative differences
between English and Arabic in as far as euphemisms are

concerned. English euphemisms are quantitatively greater than
Arabic. Qualitatively, Arabic displays a higher degree of
politeness in euphemisms, and this is ascribed to the fact that
English is overt while Arabic is covert.

Abdel Haleem (201l) investigated euphemism in the Qur'an
with focus on marital relation manifested in Surat Al-Baqarah,
Ayas 222-3. His investigation is motivated by the observation
that the way women's status addressed in the Glorious Qur'an
is misinterpreted. He observed that misinterpretation is due to
decontextualizing a euphemistic expression linguistically and
culturally, and failure to regard the Qur'anic sffle properly.
Related to this argument, Dagut (1975:32) sees that the
ranslatability of a SL metaphor, of which euphemism is part,
depends on ( I ) the particular cultural experience and semantic
associations exploited by it, and (2) the extent to which these
can, or cannot, be reproduced non-anomalously into the TL,
depending on the degree of overlap in each particular case.
Bassnett (1991) elaborates on that by maintaining that the
translation of cultural phenomena must take into consideration

I V.\
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2,2Taboo
3uphemism and Taboo are entwined, for were it not for taboo,
euphemisms would not have appeared. Ayers (1988:222) says
that taboo is "...the restriction enforced by psychological
motivation and social customs.". Adeyanju (2008:167) sees
that taboo expressions are avoided "... for the purpose of face
saving of the potential readers, since taboos are believed by
some to violate fundamental human rights".
Wardhaugh (1986:230) taboo in the following way: Taboo is

one way in which a society expresses its disapproval of certai
kinds of behaviour believed to be harmful to its members,
either for supematural reasons or because such behaviour is
held to violate a moral code.

Ullmann (1962:204-209) suggests three categories of taboos.
These are: 1. Taboo of Fear, such as r:-./t dlia to avoid the
direct mentioning of cancer,2. Taboo of Delicacy, such as
iir- Inslsad of the socially embarrassing LJ-s. , 3nfl 3. Taboo
of Propriety, i+Jl a-i}ll to indicate sexual intercourse.

2.3 Review of Related Literature
The topic of euphemism in general has been intensively
investigaled and a large amount of search is available.
However, the study of euphemisms in the Glorious Qur'an
suf'fers paucity. According to the available literature,
investigating euphemism has been made during the last ten
years or so.

Mohammed (2007) detected the erors committed in the
Snglish translations of four Qur'anic euphemisms, tried by
Pickthall and Zaidan. Due to their significance in the Glorious
Qur'an, he calls for an accurate rendition of euphemistic
expressions through preserving the image as well as the
meaning of the euphemism. Accordingly, he concludes that a
translation that sacrifices either aspect does not reflect the

I VY
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of the Glorious Quran. Moreover, he is a famous historian who
consults truslworthy exegeses.
In brief, this paper attempts to answer the following questions:
l. What are the Euphemisms in Surat Al-Baqarah?
2. What strategies are used in translating these euphemisms?
3. To what extent have these translators succeeded in
rendering euphemisms into English?

2.1 Euphemism: Definition and Types
Hudson (2000: 261) defines euphemism as "the extension of

ordinary words and phrases to express unpleasant or
embarrassing ideas. The indirectness of form is felt to diminish
the unpleasantness of the meaning. The words so extended are
called euphemism , and some examples are ... pre-owned , and
pass away".

Allan and Burridge (1991:14) outlines thirteen devices used
to realize euphemism; metaphor, idiom, circumlocution,
acronym and abbreviation, general for specific, hyperbole,
litotes, technical jargon, denial, euphemistic dysphemism,
metonymy, synecdoche, and associative engineering.

Rawson (1998:492) classifies euphemisms into positive and
negative. Positive euphemisms tend to express solidarity with
the addressee or the referent, such as srL ilstead of ,-rly.
Negative euphemisms are used to avoid the loss of face, such
as r3.ls-6 Jir to replace -.rG.

Rawson (Ibid:493) also distinguishes between conscious and
unconscious euphemisms. Conscious euphemisms are those
with readily available, less polite, altematives, such as eU-,+

instead of d,il Unconscious euphemisms are those
conventionally developed that it is very hard to consider as a
euphemism, such as the Qur'anic euphemism Ajlir.

YV''
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use of euphemism, but they are differences in degree rather
than diff-erences in kind". This entails that rendering
euphemisms from one language into another poses serious
problems which translators have to deal with and provide
remedial suggestions.

It is highly noticeable that religious texts in general, and the
Glorious Qur'aa in particular, abound in euphemistic use as

such texts are intended to regulate people's life in different life
walks. Any misinterpretation of such expressions leads to
serious consequences of giving a distorted image of the
intended meaning. The matter becomes even more serious
when it comes to translation, where, in addition to
misinterpretation, conflict between form and meaning obtains.
In this respect, Shaker (2007:142) says " The translator's
options get extremely limited in authoritative texts, e.g.:
religious texts which, generally, maintain an emotive style of
address".

The present paper attempts to carry out an assessment of
three translations of euphemistic expressions in Surat Al-
Baqarah, the longest surah in the Glorious Qur'an which
carries teachings to Muslims in sensitive topics which
necessitate the use of euphemisms. This surah has been chosen
for the purpose of this study because, according to the
available literature, no study has been devoted to specifr its
euphemisms and the way they are dealt with in translation.
Some of this surah's euphemisms are handled in scattered
studies, and rendered by translators other than those chosen in
this study. The translations chosen are those of Pickthall
(1930), Arberry (1955), and Hilali & Khan (1996). This choice
is based on the fact that these are among the most well-known
translations. For the purpose of interpretation, Ibn Katheer
(1996) is adopted, as he is one of the most famous interpreters
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l.Introduction
Euphemisms constitute an iategral part of every language to

talk about aspects which would otherwise be face threatening.
Burchfield (1985:29) maintains that " a language without
euphemisms would be a defective instrument of
communication". However, as every language is set in a

particular culture, it follows that every language forms
euphemisms in a way that does not always coincide with
another language. In this regard, Allan and Burridge (1991:8)
write " Sure, there are cullural differences with respect to the
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Abstract
The present paper attempts to evaluate three translations of
euphemistic expressions in Surat Al-Baqarah in the Glorious Qur'an,
The choice of the three translations is based on the criteria of
popularity, as well as linguistic and religious backgrounds.
Euphemisms in this Surah deal with touchy topics related to marital
relationship, disbelief and deviation from the right path. The study
has found that there are twelve euphemistic expressions in nine
Ayahs.
As for translation, the study has concluded that translators differ in
rendering the euphemisms into English. Three translation strategies
are generally used, paraphrase, literal translation, and couplet, with
paraphrase being the most frequent one. Not all translations have
been equally successful in rendering the euphemistic expressions in
this Surah; rather accuracy of rendition is placed on different levels.
At times all the translations failed to capture the appropriate
interpretation of a euphemism and have therefore came up with
erroneous rendition. In one instance all the translators failed to give
an equivalent that can capture all the meaning nuances of the
Qur'anic euphemism.

Key words: Glorious Qur'an, Surat Al-Baqarah, euphemism,
paraphrase, literal translation, couplet.

Euphemism in Translation: An Assessment of
Three Translations of Euphemistic
Expressions in Surat Al-Baqarah.
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