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A bstract

Gravitational lensing 15 the phenomena of lighe deflection by massive bodies. In this work the
pravilulional leosing phenomena has been emploved W sludy the cosmolopgical applicalion asd caleulale
Hubhle corstant BL which gives an idea abowl the age of the univenss,

There is no penersl mathematical mode] applicabls for variouws lensing svaiemy since there are many
plxaical variables included and there is correlation camplicice Troo Ters Gie idea of ihe study comes 1o tind
a suilable procedure to explain the data in caleulainp dime delay (ALY then degermine Hubble congtan Hy .

‘Thiz slody includes processing the intensity daw ol jmzoes A & B ol quasar micraleosiog for two
lensing systems QUYATHRAL und (223740303 by using MALLAB sofhsne fo fand (A, twe technigques

were applied :-
1- Discrete Fourier Translomu
2. Cross-{orrelation Tunciion

Rraulls bave been obamnsd lor Hobble constant Hy, alier 8 suniable wodet was adapied for quasars
QRSATH5aL and Q223740300 and the value of At vsed to obtain 1, | fron the waluz of (A1) of quasar
095743461 (H, = 6629 km,':iEL:_I,I\-'Ipt_]} havve been Lo and Do (At of Q2237+0205 ( H, = 77 koesed

PMpey

Introduciion

Cne of the imeresting Gacls abool e hislory
of related wark since 1964 when Reldal proaposcd
to estimate I[Tubble constinl 10, from oty
imaged quasars by the measuremants nf the dalays
in the arrive time berwean light rays comine from
the dillerent images [1] .

For many  yesrs  astronomers  have boen
ceacernad wilth the modeling of lens syvslems and
measureiient of the ime delay. Cravitalional
lenses can bhe wsed ta study the cosmalopical
paramelers of the universe. By  exploreing a
particnlar lons swslom o preat detail determineg el
pessible obsorvalional parameters and model lor
both lens and source in detail. This way one cun
determine the amount of dark matter in the lens
and also the value of the FHiubhle constant. Up o
novw, thers is o formal and onigue swody i
rmathematically describes the best medzl of the
lensing galaxy, (e.p modeling the lenging galaxy
in QDF5T+561) Cosmology s luadumontally
congerned wilthl the distribution and dynamics of
the marcrial which makes op he universe as a
whele extending e a bupe distances of aboul
hillions of Fipht years [Z].

There are imany lcchnoigues svailable fer
petting many cosmolopgival parametzrs [or example
(the  cosmic expawsion  scale  Qactor,  fhe
dimenzianless  density  paramcter, the  Hiobhble
constant the deceleration parwneie and perhaps
the cosmalogicnl canstant) rhrcugh smdyinge <he
differant ensmiz phenomenz (ke pravitational

lensing weclusigques Wy our work) aver the entire
nniverse,

The Standard Cosmolozical Model.

e 1o slandand epamelopical wodel, the
universy boegan shoul 13 billion years ago in sparial
cvad called  the Bip bang, and it Lhas  been
expanding zinge, Tha universe underweant a. perind
of cxpansian and cooling intg stars and palaxiecs,
the highly cocrpetic photons formed in the first
instances cooled alse and Blings the universe will
the sea ol the wusrowaie phatans background seen
today, dn this model, the spaca-rime of the universe
is poveraed hy the field equetions of reneral
eeletivily . Where, i ths uuiverse assumed to be
hiesnwgeneous and isotopie, o has to have a Hme
dopondent et spatially unitorm eurvature and the
fisle! cquations dicrare the dynamica. Within this
framevwaork, the metric of the expunding space-timne
i= civen by [1]:

a7 = ot - B {_a'r_ + r"{a'{?‘ —y5int u;.!l:l] 1

1=kt J

where, @& . O &) arg the  spherical
coondinagte co-moving with the universe expansion.
The ume coordinate ¢ i called covmulogionl
proper e and 1t 15 singlod oo as a prefoed dme
coordinate by  the properly of  the  spatial
homogencity.  The guantity Ry is tha time
depondent curvanies radius of the finfte universs
which zcales the spatial part of tha metrie with
dimznsian lenpth, also it s called the coserdic




eapening soale faotar which deseribes the overall
expanzict of the universe as & fugstion ol ity aug,
£ s the speed of liplt wed ® 35 (e 3 space-fime
curvilure indyy,

The mctric u eguation (13 knawn as t
Fricdinan  Robertson - Walker {F-12-W} metric
and  predicts thin. the vaiverse nonsstatic and
showing a peneral expansion with time. Therefare,
obscrvalionally, this expansion induses au apparent
"Dappler shill? in the rediation ol 8 scurces
expanding with the yniverse and can bz cxprezsed
tn lerms of redshift <30 [V ahe lieht emitted from
source al bme roand coecived by oan observer at
tirng ¢, thon the redshilt 2 nf the sausce is given by

Ru) A Al
kit = —
RI:!L} AH f',-{,

whers £ 15 the epoch of emission ul 1l
observed rudiution From a sonres, ¢, is the present
epnch, The emission wavelmpeth is given by 4.
while &, iz the swne wavelenglh & the nbszrver
(the full dervadion iz shown jn appondin A2
According 1o the field equations, the cosmic
expansion zcale lactor ol the universe Bfalsa

]

governed b
RY R (ri» & be” ! _
LN (N - e =t 2
i o J 3 & e 2
£ R ke
2_ — —f - Jl‘l~| i e I—-I
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where & s given to be rime  depaodent
(R, R, i the cosmic expansion scale Thotor ul
tha preso cpoch ¢, K, R is the first and second
derivative with respeat e oo 8 iy b
gravilalivnal constant. o, is the avernge mass
density ol the wnivere and 4 is the kicstoion's
ecosmolagical constant, witich manilfesty ilsell ws a
repulsinn power opposing the aravity of cxpanzion

[4]. 1he ratio 'LR FR) in equation (23 alse wives
the cosmaleaical definiijon e the Huhbiz Jow |
where distance bolween any pair of Tadamental
purlicles cxpanding with the universe given by
Edtlr, snothat their ionlual recessien volosiny is then
proportianz 1o the first derivative of Ra), then
Hubbl's law given by (the Toll derivation is
shown tn zppendix A3 [51:
# {ri
Rir)
The proponticnal constant in eguaticn €31 is
the 5o callsd (Hubdble s comvramdl which imlrodueed
Lirstly by the American astrenomer Didsin Hubble

in bis 192%s paper.
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i neasures  how fast the gpiverse o
expanding per unit distance Therslore, il is piven
by units ¢ ke Mpey Alse its invarse s
proportion:] bo the aee of universe [A].

The sub seript (@} o Lhe cosmolopizal
paramelers bke (75, &, 02, , g0 reproesents them
vilues aft the present cpocl (=000,

In many calculations o ubservational nid physical
cosmmology, Jfois alwo piven Ly the helow
sunplificd lommula;

=106 (knE'AMG?)

This presend estimate of B, lies in the ragge (35«
Fip = 0 And for g, ig i the range o approximately
Uto 18 Wllion yvears {6,.

Cruvitationa] Tenging Theory

One of the consequences of the throry of
tHeneral Kelativiry is tha light ravs are Jdellegted in
cravitalivnal Nelds. Althoueh Lthis prediction was
made in the twenticth contury, speculations Lhal
light rays might be bent by gravitation had hean
proposed mach carlicr. lzsac Mowton sugoastod as
carly i §17T04) that Lhe gravitaliomal field of a
massive abject could possibly hend light rays, just
as it would alter the trajectory of material paricle..
A century later, Loploce independently made the
same  suprestion,  [orthermore the  nstronamer
Johaon Yon Baldner (1804} @m0 the Munich
alservatory found  that o the frameswork  of
Bewtonian mechanies a light ruy passing near (he
limbh of the sun shoold underps an anpular
dedleciion of 0.873", In 1215 Einslein pradictzd
that a light ray passing near the =olar limb should
he delected by an angle given by:

— oA
H = -

<]

where G 12 the gravitational constar, O
is the velocity ol light and M oand ] osre the
mass and readivs of the sun (or any other
cormpact leng) respeenvely [7]

Principle of Lensing
A pravitalional leny iy an oxtracrdinary
astronomical subject that 15 ceally made up of twa
oty cbpouy,
The nevessary parts ol a pravitational leos ars:
[, A luminous objeet called the sautes (51
2. A massiva ohject called (he lens (1.0
When g from e backgroond  source
pass2s by the foreground Tens, i will be delizozd
and sometimas magnifisd - These affscts result in




Juurnal of Al-NMahrain Linlversity

an1 ohject which appears to be a different shaps or

brighier dhan it would crdinarily appeoar,
Fig (17 ilhsteates hat the ahsorver scen an
edd nwnber ol images which appear in the narma?

direclions of lacal wave Gronl, sad thal the Kgal off

these imapes travel for different times, givinge rise
e d Telative ftme — delay between then [R)].
Greavitational  lenses  some in severl
different shapes sod siees depending on whar repes
ol ohjects are involved, their distaoces rom the
chserver and each other, and how close the liglt
from g distanl guassr {zource) is daflecred by closs
passoge 1o a single galaxy {lens). Tn this ease, the
result appears o bz several identical quasars
located very close toguther; thess wsually ocour as
tlomhle, tnple and guadbuple lmages of the samy
gsource. [n asddifion re these mulliply imaged
olyesls; gravilalional Tenses can also appuoar ws ares
and sonelimes even complele rings of light |9].

Figare (1}
Defermalivo of the wave front of a light signal
proJagating Mrem =« peurce to the ebserver

Classification of Lensing

In general, gravirational lensing cun he
classified as [oTlows;
Malliply Imaged Quasars

Multiply imapged guasars were the  fiest
category ol lensed systems 1o be discovered. Ty
now meds than &0 multinly imaged quasar syslems
have been fuund, mosr of them double er
quadruplets,  recently  even  a  siX Unegos
confipuration. was  discovered.  In o 147,
gravitational lensing bacame an  observational

Val 92), Devembuer, 2006, pp. M58
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seignce when s doubls guasar QO93TH560] was
discoversd.

This guasar discovered by the diseovoror
Deumis Walsh, Up—lo—date tables ol muoliply
imaged quasars and clavitalivnal Jens candidales
age provided by the CASTLES® proup [LO.

Microlensing

By anether extrzioe, imnage splilling al 1he
microarcszeond  lewvel Dom e leasing elfeel of
stacs of othat coqipact obicels can not Do pesolved

b currenl Teleseopes yer Thiz s0 = called

micealensing amd can be observed as oa flux

warinion ol dhe backpround objoct begavss the
lensing rmas s alsn mognilies the backoround cbjzer,
Microlonsicg comes in thiee varietios: -

I Star-star lcnaing. or " local " microdensin,
whore stars in the Galactic dick o halo dellect
the light of hackground slars in nesrby guluxias
fLarpe  Napelanic  Clowd (107, Small
W agellanic Cloud {SMCH .

2. The second wariant is star- quasar lensing,
where stars in g distnet(Lensitg) galaxy act as
micralensee on A quagar At cosmeleeical
distances,

3. Belf - lensing, in whicly both the Fenses and the
sourees are part of the TMC,

Ktrong and Wesk Lensing

LTASTT.FS

Fipure (1}
The gruvilutionzl lens xvstem 322371305

Ciravilalional lensing phenomens due o palaxy
clusters can nulurally be splic into twa cateporics,
strong and wuesk. Strong lensing was detected in
1986, when highly elongawed curvad lony fannires
i hivw suridee boghtness were Jound m fwen
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Se o find At for thess cwstemns, two
techniques are nsed -
1. At from IHecrete Fonrier Transform.

Thuewrelically, e lalicn bt wezn
irrepnlatly sampled data s herrer stodied by
dizcrate mathematical tachrigques. In the present
work a metiiod developed by Garido and described
uk Boles ol al (19863 |12] i3 wsed. Let Falu} and
Fatty are the disercte Foorcr tensforms of tha
data for imags A nnd I3 orespectively with nodala
poinls [or ewch | the eross-perindogran will be

i -
Fapfui = FalulF aiu)
* 21

arct the dinverse Fourier tcansform of T p{ud s
the ceasa-covarinnee functinn. The caleolation iy
thus made only on acal data points, This
m2thod has been applicd for QO957+561 and
223703035, Fiz, (3] illvatrates the applizntion
of this method for QO957+361. The peak
ahsermeed at Ar 2 130 davs, Tiz. (4) represents the
same applicaticn for (22370305, and then At
have boon found 2 441 days,
2. At from Crogs-Correlation Funetion,

In this rechnique the lipht eorved abtaimed by
applying, the stardard  cross-correiation en the
reeloecd Tunction ATD=A[D-cA and BLO-B1)-B:
gives the corrclation cosfficicnt cfAth

Figurz (3) shows the obtained light curve
fram this techuique for H08T=26] lensing
gystem. For the whals dava sot, 2 masamuom of 0.57
ia found pr At =350 Jaws. The same tochniqus 15
applicd to Q2237 16303, Vigure (0) shows 1kat at
maximum of 0,52 At =441 days,

Fipure (3)
Ioverse Fyurier iransform of Q05374561
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Figure (4]
[nverse Fowrier Fraoslvrm of Q2237 H0AGE
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Figora (5)
The vroes-carrelalivn [upelivr of QT2F7H05

Figure (f)
The cross-correlaiion luoclion of QUYST+H5A],




Muodeling the Grevilational
9556l and Q223305 ,

In additics 1w a measurement of the thne
delay, 1T 1 also necessary to develap a reliabls
ripdal o calvululs the valee of 1, LI 005T7+50]
haz been studied by 1 mumber of groups over the
ycars. The lenving galaxy in ke gravitationalle
lensed quasar (957 361 huve heen nodeled by
trrogin and Marayan (1996) to estunul: Hubble
LOINLANT AR 2 -

Lens

S |

f
H =22+ 6)1 -k} ks Mpc'...
o b |
Whers k r2fers o the unknown comvorgence
idue o the eluster surrounding Lhe lensing palaxy.
Tiecanse the comvergence (k) I3 aoknown, 5o i1 was
asnumed o be zero (it can have the sinallest value
since 1L cannnt he pegative) , the madeling is used
for ihe two cases
Lo Faor Q0937454 Aty had been fund from
the two techniques w
bo 4310 days. Al T wifl be substitoted in
cuation (4, hen H.=83.37
Kamstw Mlpe
I {he ene-dimemsional velogine disparsion
(F ul the lemsing palaxy was 1dken indo
agcounl (8] thon: -

s .

L

e

{=(8
32 ¥

"

?"I)

"

Where F =288 km.sec” Mpe for QU9ST+IAI,
which  was  abtaioned  [rom CASTIE dat
ohservalions , so that H= 66,29 F.Jn.sec".Mpc"

2. For {2237 03035, aftee Aty =44 days was
found, it will be substiluwed in egoation
{43, then Ha=: 77 Kowses Mpe™.
W he one-dimensienal velocity dispersion €8 ol
the lenzing galaxy in (223740305 was taken to be
azcaunt [¢7=21% Kmsec™" ghlained from castle
data observation and substituted in equation (5)
then H=13 41 Km.sec! Mpe™').

Resnlts and Diseussion

L disvussion al the results aliainad out of
this paper lziad o the lollowinge congbusions
1- Predicting the valee of Hubble's Constant
with gond apraement comparing with other
1z Lhods,

A
kol Mpe..
1.1

14

95

2
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Lhe muwsurement of Ar is delinitive prood of
Aand Boare really Images of 3 single distant
quasyr,

Whan =quation (3 bad been applied for twg
lenising  swslermw . the wvalus o T1, far the

F2574050 agnal 1w 3344 ki Mpesec T but
for OUY5TI561  1L-66.2% kmMpe see™ | this
15 bevause of the welocity dispersion a | The
vilowily dispersion 1ofirs only o the stats in the
lensing  galasy whire as the mravicarional
lensing is done by the total mass |

The lensing galasxy in dhe grwvitationally
lemsed quasar Q09201560 @5 a bright cluster
elhptical resilug in g cluster of palaxics whick
cintribazle: 2o the kesae and hat che clustens of
waluwiss eontain large amonnd (90 o the dark
matter und herwzen aalaxics within a clusler |
while lhe lansing palaxy i Q2ZI740305 iz a
spiral galaxy which cortaing interstellar pas and
dust .

The straisht farward approsch 15 to asswme
thar the wvelocity dispersion of the stars and that
ol the dark matter particles are cqual - TTnwsver,
Turner et al. (1'd43[13] argucd thet in many
circumstances ul” the o of the stars wonkd he
lowscr than that ol e fotal mass by o lactor of
(23 This makes guile an impariant ditterenpe
o the pesulls | Tor instance | Marayan £1991)[14]
detived uo the basi of specilic mode] | assuming
AT pa=536 days and =303 Km.s ' thatr H,-37
Kims”. Mpe© il the dack matler has the same
dizpérsion as the stacs and H=56 s Mpe ' i
the carrcation faztor of (220 is applicd.




Juournal of Al-Mabeain University Vil W2}, December, 2006, pp.S-9% Selenec

=

Tnput data for
(Y2237 S0

- —

Cumpute Af by Founer Computs Aé by Cross
Irares lormilion e e iation funstion

l

Mean value of Al ‘

Calculale 1Mubble Conslant ‘

End

Fig {7y Hlow chatt nf the proccduore




Talle (i)

Phutomerio dara o (Y57 361 4, B

Thr, Nibad A.Karmm

Tahle {2}
Fhotometnic data on Q223710305 43
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