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An approximation of the Riemannian zeta function in
the integrable functions space and

the quadratically integrable functions space

Abstract

In this article, we study an approximation of the Riemannian zeta
function defined in [5] in the two spaces L?(D,,) and L*(D,,), This
approximation is a modification and improvement of the approximation
defined in [1].

The study the space C(D,,) in [5] and we found with numerical results
that the approximation defined in [5] gives better results than the
approximation defined in [1] in the two spaces L?(D,,) and L'(D,,). We
also study the relative error of the spaces L?(D,,) and L*(D,,,) and
C(D,,), and compare the results to find that the approximation in the
space L2(D,,) is the best. We calculated all numerical results and built
algorithms using Wolfram Mathematica 10.0.

Keywords: Riemann zeta function, critical line, rational approximation,
the continuous functions space, the integrable functions space, the
quadratically integrable functions space.
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1
4
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15
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1
6
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1
7
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8
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1
9
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20
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1§ Vioifram Mathematica 80 - Apr1nb ] - o x1I

Fle Edt st Fomat (ol Grphis Evaluation Palettes Window Help I

G-me15;n=5;A ::Table[Abs[CoefficientI.ist[ﬁ(l-t,"'.), :][[;]]], 6,1, mu)];
Bt ] ::i(A[[j +1]] #BernoulliB[3]) / (t+3-1);
=0

O[] i= ) (MI3+ 114 (-1)%9)/ (£+3-1);
=0
Bt ] = FLE]/ (BlED e (2-1);

R = NIntegrate[ (Abs[2[1/2. +x+I] - Zeta[1/2. +x+1]]) 2, {x, - (2/®i) +log[n], (2/Pi) +Llog[n]}]
R/NIntegrate[ (Abs[Zeta[1/2. +x#I]])*2, {x, -(2/Pi) ¢Log[m], (2/Pi) +Log[m]}]
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n =25

n =15

n =10

n=3

n=2

n=1

n=0

0.00227

0.00331

0.00448

0.00812

0.00907

0.01023

0.01168

0.00214

0.00342

0.00460

0.00806

0.00893

0.00997

0.01124

0.00232

0.00356

0.00472

0.00799

0.00878

0.00972

0.01086

0.00242

0.00367

0.00481

0.00791

0.00864

0.0095

0.01051

0.00252

0.00377

0.00488

0.00782

0.00850

0.00928

0.01020

0.00261

0.00385

0.00494

0.00774

0.00836

0.00908

0.00992

0.00269

0.00393

0.00499

0.00765

0.00823

0.00890

0.00964

0.00276

0.004

0.00503

0.00756

0.00811

0.00873

0.00943

S N3z I3En3g 3333 s

0.00283

0.00405

0.00506

0.00748

0.00799

0.00856

0.00921 m

0.00290

0.00410

0.00509

0.00739

0.00787

0.00841]

0.00901

3
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0.00296

0.00415 0.00511 0.00731 0.0077¢ 0.00827 0.00883 m

0.00319

0.00430 0.00515 0.00694 0.00728 0.00766 0.00807 m

0.00336

0.00438 0.00512 0.00662 0.00689 0.00719 0.00751 m

0.00364

0.00439 0.00487 0.00573 0.00587 0.00602 0.00618 m

0.00364

0.00405 0.00429 0.00466 0.00472 0.00478 0.00484 m

[Alaldl) 2y dgpiic J3le aw oY djih 2l ] (2) Jsanll

M ol (i) PL2 0 (5) 5 (2) sl B ol s 5
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" :n=15:n=s:A:=rablel.n.bs[cmficienmst[ﬁ(1--.:~.), t][[;]]], b1, .-:41)];

Bt ] 1=Z{AI[_‘+1]]tBe:noulliB[j]] [(t+3-1);
=0

B2 ]:= E(H[:*lll*[-l)‘rlfli*:-ll-‘

I[t ] := B[E]/ (B[t] ¢ (£-1));

R = Nlntegrate[ (Abs[Z[1/2. +x+1] - Zeta[1/2. +x41]]) 2, {x, -(2/Bi) sLog[n], (2/B4) +Log[a]}]
R/NIntegrate[ (Abs[Zeta[l/2. +x+1]])*2, {x, -(2/Bi) +Log[n], (2/Pi)+Log[n]}]
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il Uadll a8 aed (4) Jsaally «C(Dpy) eliadl) i anail) Uadll o da’ (3) Jsaal)
AN (Dp) slaidll ol Uadll o8 axd (5) Jsasdly (L2(Dy) sladll b

n n n=10 | n=3 | n=2 | n=1|n=0

0.00125 0.00183 0.00246¢ 0.00439 0.00487 0.00547 0.00620

0.00119 0.00188 0.00251| 0.0043( 0.00475 0.00528 0.005972

0.00127 0.00194 0.002547 0.00423 0.00463 0.00511 0.00567

0.00137 0.00199 0.002577 0.0041¢ 0.00453 0.00495 0.00546

0.0013¢ 0.00202 0.00251| 0.00409 0.00443 0.00482 0.00527

0.0014(Q 0.00205 0.002617 0.00402 0.00434 0.00469 0.00510

0.00144 0.00208 0.00263] 0.0039¢ 0.00425 0.00458 0.00495

0.00147 0.00211 0.002647 0.0039( 0.00417% 0.00448 0.00482

0.00151 0.00213 0.00264¢ 0.00385 0.0041(0 0.0043§ 0.0047(Q

SIS I3z 3R I3z 33 nsEnrssns
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0.00153 0.00215 0.002653 0.00379 0.00403 0.00429 0.00459

0.0015¢ 0.00217 0.00265¢ 0.00374 0.0039¢ 0.00421 0.00448§

0.00167 0.00222 0.00264¢ 0.00352 0.00369 0.00387 0.00407

0.00174 0.00225 0.002627 0.00335 0.00349 0.00362 0.0037§

0.0018¢ 0.00223 0.002477 0.00289 0.00295 0.00303 0.00310

QNI NIRIIWUIZNI

0.0018¢ 0.00206¢ 0.002184 0.0023¢ 0.00239 0.00242 0.00245

m
10
0

[Alalal) 2y dgpiic J3le aw oY djah 2l ] (3) Jsanll

A aa) il DA g (3) yal G ) s 5 G
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£ Vioifram Mathematica 80 - [Aprina *] - 0 X
Fie Edt insst Fomat Cel Graphics Fvaluation Palettes Window Help
# Aorinb* - 0 X
= m:lo;n=3;A:=Table@bs\toefticientﬁst“l(1-u-.), tJ[[mJ, {3, 1, n+1}];
Pt ] :=i(h[[jll]]wBernoulliB[f])f(':ﬁ-l);
G[t ] = i(ﬁl[fd]]*(-l)“j) [(E43-1);
I[t ] := B[]/ (B[t]#(t-1));
R = MMaximize|{Abs[2[1/2. +x4+1] -Zeta[1/2. +x+1I]], - (2/Pi) +Log[m] < x < (2/Bi) #Log[m]}, {x}]1[[1]];
R/WMaximize[{Abs[Zeta[1/2. +x+I]], ~(2/Pi) #Log[m] < x< (2/Pi) +Log(m] }, {x}][[1]]
n n n n=3 | n=2| n=1|n=0
=25 =15 =10
0.0000¢ 0.0000(¢ 0.000040 0.00001 0.00001 0.00001¢ 0.00004 m
10
0.0000¢ 0.0000(¢ 0.00004¢ 0.0000¢ 0.00001 0.000011 0.00001 m
11
0.0000(¢ 0.0000¢ 0.0000¢ 0.0000(¢ 0.00001 0.00001] 0.00001 m
12
0.0000(¢ 0.0000¢ 0.0000¢ 0.0000(¢ 0.00001 0.00001] 0.00001 m
13
0.0000( 0.0000(¢ 0.000040 0.0000¢ 0.0000(¢ 0.00001] 0.00001
14
0.0000( 0.0000(¢ 0.000040 0.0000¢ 0.0000(¢ 0.00001] 0.00001

3
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0.0000(

0.0000(¢ 0.0000(¢ 0.0000(¢ 0.00009 0.00001( 0.00001 m

0.0000(

0.0000(¢ 0.0000(¢ 0.00007 0.0000¢ 0.00000( 0.0000] m

0.0000(

0.0000(¢ 0.0000¢ 0.0000(¢ 0.0000¢ 0.000009 0.00001 m

0.0000(

0.0000¢ 0.0000¢ 0.0000(¢ 0.0000¢ 0.000009 0.00001 m

0.0000(¢

0.0000¢ 0.0000¢ 0.0000(¢ 0.0000¢ 0.00000¢4 0.0000¢ m

0.0000(¢

0.0000¢ 0.0000¢ 0.0000¢ 0.0000¢ 0.000001 0.0000¢ m

0.0000(¢

0.0000¢ 0.0000¢ 0.0000(¢ 0.0000¢ 0.00000¢ 0.0000¢ m

0.0000(¢

0.0000¢ 0.0000¢ 0.0000¢ 0.0000¢ 0.000007 0.0000¢ m

0.0000(¢

0.0000(¢ 0.0000¢ 0.0000(¢ 0.0000(¢ 0.000007 0.0000¢ m

[Alaaldll 2 dpptie Jilie qom Y Cupjill] (4)dsaal
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n =25

n =15

n =10

n=3

n=2

n=1

n=0

0.00081

0.00118

0.00160

0.00290

0.00324

0.00366

0.00418

0.00074

0.00119

0.00160

0.00281

0.00311

0.00348

0.00392

0.00079

0.00121

0.00161

0.00272

0.00299

0.00332

0.00370

0.00081

0.00122

0.00160

0.00264

0.00289

0.00317

0.00351

0.00082

0.00124

0.00160

0.00257

0.00279

0.00305

0.00335

0.00084

0.00124

0.00159

0.00250

0.00270

0.00293

0.00320

0.00085

0.00125

0.00159

0.00243

0.00262

0.00283

0.00307

SH3RII|z 33323 ns

0.00087

0.00125

0.00158

0.00237

0.00254

0.00274

0.0029 m

0.00088

0.00125

0.00157

0.00232

0.00248

0.00265

0.00286

3

[a—
o0

0.00089

0.00126

0.00156

0.00226

0.00241

0.00258

0.00274

3
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0.00089

0.00126

0.00155

0.00221

0.00235

0.00250

0.00268

0.00092

0.00124

0.00149

0.00201

0.00211

0.00222

0.00234

0.00094

0.00122

0.00143

0.00185

0.00193

0.00201

0.00210

0.00093

0.00112

0.00124

0.00146

0.0015

0.00153

0.00157

IIS%IISE\}]IISSIIS

0.00083

0.00092

0.00097

0.00106

0.00107

0.00109

0.00110
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Optics of a Small Particle
Mie Scattering

H. AL Mustafa (*)
(*) Department of Physics, Homs University.

Abstract:

This research includes a detailed and brief study of the Mie theory
(theoretically and arithmetically), which is considered the base of
calculating the scattering and absorption coefficients of the spherical
particles, whose radius and refractive index are known. The aim of this
research is giving a clear and self-sufficient description of Mie theory. This
famous theory is suitable for accurately calculating the optical cross
sections (the efficiency) of spherical particle. These calculations are
required for a wide range of optical applications.

The algorithms of the numerical calculations of this theory had been
made by using MATHCAD program in order to get accurately and highly
reliable values of the scattering and absorption coefficients and the
corresponding optical efficiency.

Key Words:

Mie theory, Interaction (radiation-material), Optical applications.,
Scattering and absorption coefficients, Refractive index, Section cross,
Spherical particles, Atmosphere optics.
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_um’ j, (mx)[x), ()]~ p4 j, (x)[moxf, (mx) |
pam” j, (mx)[xh” (x)] =g, () [mag, (mox) |
w4 J, (mX)[ %7, ()| =g, (x)[maxy, (mx) |

# J, (mx)[xh,? (x)]'= gy () [, (mxc) )

n

n

Do bal dpnlly ) Sy Sl rtall Ailly GV Gusll Aled B (1) (S
Sar (S (1 — ) o sy N Jdal L (Eay maimse 5o L) il Jiall D Ualadll
220 3gd Mgy alie) ) die Mie joa 8 Alalall 4l Al ¢ Usl

528l (1983) Huffman 5 Bohren

- 1/3
n_ =x+4x""+2

1.

(@ Cus o = ka AL el aaall day cliad il 13 3 caentind dadll o,

) Lol 8 Aasdll Jsh A compall aallk = 2/2 5 g0 Al Jl Coua

Anilad)) ooty LBe 5 Jamdl) as sl Aptlly SLWSN) A i m = (eq04) Y2/ () M2
Al gl ey J20s o

1 o S IS8 Jlsas 7 dipall n By S ey s 8 Y (2) 3 jn(2) sl
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Jo(z)=sinz/z; j(z)=sinz/z? —cosz/z
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a1, Ok, o=, ()7, ()]

" g, 0L (1 =2h®) (o[, ()]

g o Mg, O (O] = pmh,” (0[5, (x)]
wim? j (mx)[xh (x)]'= 1,7 (x)[mxj, (mx)]'

{1,3-6} Mie s st Cloal)

0; Gyl ahlidl o a Lk Caoai dys S A g g DU 30 ol Q) e i)
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Aialall Gl Qs A cued Al (i = pr) gV hacas (i = b) A
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A AU 385 Qe £ L) aim

4 '“n(n+2) . . = 2n+1 .
Qsm <COSQ> =3 {Z 7Re(anan+1 +bnbn+1) + Zl 17(7’? + l) Re(anbn )}

A AL slane (5S5 Q) (A Ciiil) 56 S o]yl

2

1
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i Cn+D(=D)"(a,=b,)

1 ABlially aladl
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M Mathcad - [miev2 - 2]
m File Edit View Inset Format Tools Symbolics Window Help

DRI SGRAY| I B2@B|vo|™:  MP = |80 0e v
Normal ~ | Arial vin v|BZ U|E==|izE
BAH~= N
My Site v @Go‘
i=+/
mul := 1
X:=1

+
me = 1000 + 600i
1
— 3 i 3
R Rt i nmax(x) := round|x + \4-x° ) + 2
z(x) = me-x nmax(x) = 7

jx(n,x) == js(n,x) n:=1,2.. nmax(Xx)
yx(n,x) := ys(n,x)

hx(n.x) := jx(n,x) + i-yx(n,x)

jz(n,x) := js(n,z(x))

yz(n,x) = ys(n.z(x))

hz(n,x) := jz(n,z(x)) + i-yz(n,z(x))
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dix(n,x) = (x-jx(n-1,%)) - (n-jx(n,x))

diz(n ,x) = (z(x)-jz(n - 1,x)) - (n-jz(n,x))

dhx(n.x) = (x-hx(n—1,x)) — (n-hx(n,x))

dhz(n ,x) = (z(x)-hz(n — 1,x)) — (n-hz(n ,x))

Lidne 4d duilatie 4yg € L Jal e Agpeadl CleliSlly Mie cDlelas a s 1lgl
Julull g n = (1= 7) Jawes ox = 1 paad) Jasg o g = p &) dnbaline 5
:‘éjtd\

(mc’ jz(n,%)-dix(n.x)) - (mul jx(a,%)-diz(n,x))

an(n,x) = —
(mc'-jz(n .X)-dhx(n ,x)_) — (mul-bhx(n,x)-djz(n,x))
+
s (mul-jz(n,x)-djx(n,x)) - (jx(n,x)-djz(n ,x))
; - (mllljZ(ll ,X)‘dhx(n ,X)) = (hx(n ,x)'de(n 71))
clia2) = (mul jx(n.x)-dhx(n .x)) — (mul-bhx(n, x)-djx(n,x))
7 (muljz(n,x)-dbx(n,x)) - (bx(n,x)-djz(n X))
(mul-jx(n,x)-dhx(n,x)) — (mul-hx(n,x)-djx(n,x))
dn(n.x) =

(jz(n ,x)-dhx(n ,x)) — (mul-hx(n ,x)-djz(n . x))
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02926 — 0.4542i
0.0456 + 0.2077i 3
9.4485 % 10~ 4 - 0.0304i
as13x 1074 + 00172
91438 % 10~ 7 — 7.5607i % 10~ *

9 29391 % 10~ % + 539551 < 1074

an(n,1) = | 40178x 10~ — 11412ix 10~ % . ]
_u e bn(n,1) = | 57572x 107 %+ 8.9204i% 10
3.084 % 107 11 — 1.1226i % 10
1 T 73205 % 10710 + 0217 1078
1.7795 x 10~ ¥ = 7.7196i x 10

6.1781 x 10~ 12 + 6.5401i > 10~ 10

—30127ix 107 12 )
3,7046 x 10~ 14 + 3.338i x 107 12

en(n,l) = da(a.1)
n(n,1) =

e 9 9 o @ @ <

o o o 9O 9o Q

e‘.l;:h.ut_l QAJA]\ JB8 e Agunallg (6) YETEQW e;\sl\ & Gy PPN (IPRTY ?:‘3 aylaa ?3
Jlss a3 Lasiioad) duaj i) e Jualis €3 (359) MATHLAB aliyy
Cindl 138 b peadl SISl Mie cDleleal isnall adll Sy ((MATHLAB
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. - Imax(x) . =
Quea = {i:] [(:-- + 1)-[f |amim, =)| J° + { |bain, )| }'Il
x
n=1
Qsea = 20049
. mmax(z)
Qext = {L:) Z [(z-n+ 1)-Re{an(n_x) + ba(n x)}]
*m=1
Qext = 2.0424
Qabs = Qext - Qsea
Qabs = 74388 1077
nmax(x) 5
- [ﬂ[ Y (e 0™ ante - baax)] I
=J n=1
Qp = 36314
1 mmaxx) . I
Q= —1]- ¥ lens 10" anm, 5 - b, ) |
LE n=1 1
Qp = 26214
* nmax(x)
Qacor = [ —2 | E [M:l Re[lan(n,x)-an(n + 1, %)) + (ba(n,x)ba(a = 1, :)E“ [I:[(q B+ l]} Rﬂu[l.:}-h(l.l)':“
, 11-Q|u s n+l nin+1)

Qscos = =0.1875

Qpr = Qext - Qscos

Qpr = 2.2208

Q

- Qsea

Qpsca = L7845
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Ailatia 4 S Aupn Jal e L ALGA) dpeadl e LSl Mie cDlalas o st TG
Gyn = (1=7) dans x = 1 sl Ty o 1y = p1 ) dpahaline e Gilas
(Apaiall LS Ay anal) Japeg tJ3) ahy Jaih uil) Ll Judodl

i=+-1
x=1 mul =1
me =2 - 02i
{ 1)
=7 _ 0% { 1
me=2-02 nmax(x) = round x + '\hd-xsj +2
z({X) = mc-x nmax(x) = 7

jx(n.x) = js(n,x)

¥x(n,x) = ¥s{n.x)

[ 0.0754 — 0.3761i 3

—2.0694 10_3 — 0.0178i

[ —0.0304 - 0.0888i 3

- 62277 x 10 4 — 194661 102

53405 x 107 ° - 4.4832ix 10 ! 6 s
-8.7304 x 10 — 2.0446i x 10

an(n.1)=| —7.7738x 107 - 6.7856ix 10" ° _s g
_ _ bn(n,1)=| -8.402x 10 ° - 2.932ix 10
7495 %1077 - 6.685ix 107 10 _g
1 _10 -5.7437 % 100 — 2.0406i x 10
-5.0918x 10~ - 4.6031ix 10 1 1
| assosn 107 - 233610 1012 | -2.9107x 107 " - L0452 x 10
\ —2. = 10 — 2.336i = 10 J | 14 T
L-L134x 100 7 - 41002ix 100 )
f 0.9842 — 0.026i A

i 0.984156 — 0.02599i 3
0.1494 + 0.0361i 0.341682 + 0.036858i
0.0681 + 0.0 0.149399 + 0.036146i

en(n, 1) = .
0.0313 + 0.0155i dn(n.1) = 0.068104 + 0.025027i
0.031313 + 0.015548i1

0.0144 + 9.1353i x 10_3 _3
3 0.014361 + 9.135318i = 10

0.3417 + 0.0369i

| 6.5308 x 107~ + 5.1802i x 10
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Convergent Vector Fields in spechal RiemanniaSpace ( K-space)

Abstract

In this paper we define:
1)- Riemannian space K-space.
2)- Equidistant Riemannian space.
3)- Central vector Fields in K-space
4)- Convergent vector Fields in K-space

A then We proved that every central vector field, is convergent

vector field in K-space
In final, find structure of convergent vector field in K-space

- Key Words:
Equidistant space, central Field, convergent Field.

[ séuayd) dasia ]

55



($luad K )oalil (g s sluad b d jliial) dgaiall J ghal

[ 1-15,17]s00050 el & dalal) (layy e Liad Ay s
1 : )
Sl dgatiall Jaiall Ay cad adl {0] g5l (o Lyyguats Dlin gaiall Jiall iy

Juel b (F) =0,1 -1 il 63 olayy lelmi b dy)liiall

[ 16,18 ]

S (53 iy e b b Ay laially A al) A gaial) Jsiall Al cia LaSs
[19] Jwel i (F)' =0

“K oalal ey o limd b il Jyaally duiSyall Jgiall dds Candd 1 b il

56



VI agladl Al e daaly Aaa
Aol a3 2026 pls 1 23l 48 alaall

[ suald) ‘.i.\b]

oo Jin s ¢ olimb —K 8 (653S5e eatie Jia gl of ciadll 1aa b
oliie

e Fhal e ) el sl K (8 Cliiall gatiall Jiall b€ ye aags >

AtlyeSl Jsiall ) Al Aaall il bubailly oSl elnlSn (o8 Coadl padig
(laxes ¢ Bl dplal) 35 Auplaliaally

57



($luad K )oalil (g s sluad b d jliial) dgaiall J ghal

P Glosy < lad 08 doy s Ltiol] danacioll Jodall
clag-K

[ s Jaadlg AlBLL) }

Pl Gyl jamy dglay 2y 53
(1) api e
C(RM) Dot 4 20 13) oLt —Kie An gansic(G ) oiall oppmsts layy olind (4
Ay dagpall oleiay @ gl (s
a) F/F“=0
b) F9,+F9,=0
) Fj+Fj;=0 3
d) HE“H:m,meN,m22
(R sl il Gilse Gt ) B =0 F" + R —FT © &
seliad —K J S gl (pe Jisin € ASye T
((2) Gupd e
oS LS 1Y ¢ Ap elail) 6 T Taiaa) Ll (X7) = (X, X" g
) ISl Al 13 a 3ah (F)
O : 0
F.h: (2)
)

M Ay (eaalgll Adghias E il
58



VI agladl Al e daaly Aaa
Aol a3 2026 pls 1 23l 48 alaall

:(3) s
siny E" (535 seaie Jia 48 ang 1)) all) goluiie 2limd V) layy sluzad s
:L}_)..'IJ\
h h
F;,i = p8i 3)

) (o bl (golaia slimd oy Vi ot PO IS 1305 e salia P G

2] Tt lenia im oy E" Ul 0l cp=CONSE S 131y ¢ [1] )
:(1) Aaya

Al Gyl laa) allail) Y Cosial) glimd —K 3 (53850 aie Jia gl ()
oofie e Jin 4 (2)

ISH
paas X3l (3) AL alay) sl 38l
&5 =P8 4)
: il
&5~ =P —p,] (5)
faad o) e ) Tl
—&* RSij =P 8ih _p,iST (6)

¢ Gfiaslall (Bl ydas (6) (B () J Jaad) (Ao Gaballs (i) ddall aball 331G
tand Ag sladll 3 RD play st palsa ) ol
p,TS? _pjs? +p,i8? _p,jS? =0
tofani 8 =0 of Jlsely ( h=i Glayis ) 581 AW 8 i h ol paulisy
Ua.\th"':\.AlS@JA}E
p’r:O:>p]i8;1—p,j8?=0

59



($luad K )oalil (g s sluad b d jliial) dgaiall J ghal

tsSe of Wl six Vaag
s =[] <1
as P =CONSt o st P =0 1058 of S ((1,d) ) Tl pSan e 1a,
costhadl say . lie slind g slimd —K o im
:(1) Ao

iha ) By (s Lt —K) Glayy eliad 8 (o)liie gatie Jis 5l ¢

a!ﬁaFia = a,O: chh (7)
TS Adag (3) Al w«bm@u (XYY
S =8"=F"

Lllas Teaie Slia (7) Tyl oay o2 A elaadll b gatial) Jinl awy 2(3) ciys
[5-4-3]
1AlaaNa

Pl e (7) Tl AU oSay
L.F"=0 (8)

DUl Cipnsy & il ate s B seatll I Gide LD S
L.F"="F" +&5F €L R
(8) A daia iy (7) My (1,€) Y ot
s () pmiall (sbmd —K) (b il (gypniill Jiall lSie alag) (b Lad Jslain
(vaside) ot (fha)
tadll e (1,0) I Tl (7) Al (i<
OE"F* =0,E"F, )

H(9) o sl

60



VI ?JM\M“ e daaly Aaa

Aagd a3 2026 als 1 21l 48 alaal)
i=a,h=b
i=a,h=b+m
i=a+m,h=m

i=a+m,h=b+m

3

.a,b=12,...m &

D e Joass
0, =0 (10)
Om& ™ =08 (11)

il 223 (10) e

pol an (11) e
b+m _ £b+m ' m a+m A gb
g =g (x,...,x )+x 0,&
Jall 33b Gajite s ol & ol (gyputll Jial) iliSye o a3 o Las

M\ BJL:;S\

Y

a)é/a — é/agxl’ ’Xm) ) (12)
b) ézaer — é/aer (Xl,..., Xm)+ Xb+mabé/a

:(2) Adhjyae

. . . h
Cuny L omti Jilaa) aUsi angy e ¢ el K 3 Ut (s Saa & iy

61



($luad K )oalil (g s sluad b d jliial) dgaiall J ghal

AV ey sl E" el Jiall ciliSye 2k

)¢ =5
"= )
Ha 3N

IS5 A (13) 3D Fias ¢ An elial b psee i Lliat leate Sia & o4
(2) (e ) GHas olss 3 (12) i)
(hdas dagad o (s3) V1 SaaY) dysal o e B Sy

X =X(x4..., x™)

(14)

X (X, X™) + Xm0, X

/a+m(

(F") Sl (2) ) dsal e Luila
oS of By ((14) Al dsiadl cheidl Lo Jip XXMM caa

.det‘

0,X" | =0
Jiall S ye 3B Cuny ¢(14) JKI e Gllat disad slay) Lile iy VI
(12) alad) JS30 50 Yy (13) palad) S0 E"eaidl
Slo (X)) Slaay) AUl ANy (i (14) Saay) aladll 4 &7 asadl clSye o
érh (XI) — a(x (X )aaxlh (15)
- / . i P “
bt (X7)(X) i) NS 4 of s g
(X") a3 &M (X)) asidl clie o (12) Dl Zgise 5y50mss

0l Al

62



VI agladl Al e daaly Aaa
Aol a3 2026 pls 1 23l 48 alaall

é/ra — E’a(xd Xrn

- (16)
éda+m — ézra+m (X’l,..., er)+ X¢b+mabxra

0y == (1) 3 dnmsd i, Ol T
;0 3l (15) Al i h = a gy
Era — ib 8b)'z’la (17)

Jsall Tl Ma el (17) Vol s €, =0,1 i ¢ E® =€,8] e,

. Cowafy! my .. .
#0 o of Lya X (x,....,x ) Lgmdl e

X;a — Ya (18)
Xra+m — Xb+mabxa
t0sSs Gy sale ull Jaay) GUall o Jliel (S Alall oda by ldas S
a a
& 26161
t V) Tavadl) S8 (12) clidlall 32k vive
a) é/a = e151a
b) é/a+m :§a+m(xl’m,xm)
1<l 336 (19) 5 (14) ) bl (15) sl
a);"? =eo, X"
b) éz/a+m — elal)»za+m +4'1b+mab)~(a
ssaill e i (20) Bl o6 € =0 Love
ézra+m — 5b+mabia (21)
tJSAD e Sla alay) LSy Allall o3a d

(19)

(20)

63



($luad K )oalil (g s sluad b d jliial) dgaiall J ghal

X2 :ia(xl,...,xm)
thydy @lldy (20-a) « (20-b) Gess
é/raer :5a+m

1+m

Aiall Sye Juat A (18) Tyl Bin sl o0 - det 3, %°

#0 dusy
.(19-a,b) Jsal sk &
€, =1 Laie A Ll sy
s aab Ll ey =1 e (20) A gl

= Glia”n i 5b+m5b§a (22)
il Gl il

Ta

X
Ya+m — _I§a+mdxl

=Xa

JRall ) &N astidl clS e (20) ) Iabid Ji cpagina st st Jisad
Al ) &5.(13-a)

L e liaill G by s ¢ Aaldll lay cleling b dyliia) Zgaial) Joall Ay puasd

REFERENCES

64



VI agladl Al e daaly Aaa
Aol a3 2026 pls 1 23l 48 alaall

1-

2-

3-

4-

5-

Wwnpokos T1. A- W3bpakHble Pabotel no [eomerpuu.-
Kas3aHb:n34-BO Ka3aHCK. YH-Ta, 1966.

Bekelemnwes [O.B. [OudpdepeH umawHa [eomeTpus
NpPOCTpPaHETBC noYTn KomnlekcHon CtpykTypown//
"eomeTpusa.1963. ntotn Hayku.

Mukewn, Ocacakuebloxu 3KBUOMCTaAHTHHX KelepoBbIx
npoctpa Heteax // dokr. AHCCCP.-1986.-291, NO 1. C. 33-
36.

Mukewmn, -, ctapko A O lunepboreck u caca kueBbIX //
ykp. leomeTp. C6. 1989.

Paan Oxamen Kagewm, kypbatoscen . H. N'eomeTpuyeckue
0ObeKkTbl, MHBApUaHTMble OTHOCUTEbLIHO 2-MflaHapHbI
oTobpaxeHus AddurHHO CBA3HbIbIXM PumaHoBbIX
NpOCTpaHCTB , cpykTypon /ogec. YH-T.- OAECCA, 1990.

M. Prvanovic, a note in holomorphically projective
transformations of the Kahler spaces , Tensor New Ser .35
(1981) 99-104.

PETROV,A,Z.: New methods in general relativity theory.
Moscow: Nauka, 495., 1966.

H. C. CuHnkoB  M:l'eogesunyeckne  oTtobpaxeHus
PumaHoBbIXN pocTpaHCcTB . Hayka 1979.

Mikes,J. Geodesic mappings of Semisy metric Rimannian
Spaces (Russian) Odessa. Univ. Moscow, Archives at
VINITI 11. 11.76 No. 3924-76, 16p. (1976).

10-Kurbatova,I,N, On some questions geodesic mappings

almost Hermation Spaces. Odessa 1990-145. Named. Dok
in Ukranuuite, 20.08.91 No. 1217-yk 91.

11-Shiha,M: On the theory of holomorphically projective

65



(;Lu'aé K )uadll glayy sliad gﬁ g et dgatiall Jghal)

mappings parabolically — kahlerian spaces . Diff. Geometry
and its App. Conf. Opava ,157-160 ,1993.

12-Shiha,M.,the holomorphicaly projective mappings of
parabolically-Kahlerrian spaces( Russian) . Moscow 1994.

13-Shiha,M.,Mikes .J. : on holomorphically projective flat
parabolically — Kahlerian spaces, Grant No 201/05/2707
CZEch Science Foundation and Council of Czech
Government MSN No 6198959214 (2005)

14-Mikes,J.;Holomorphically projective mappings and their
generalizations ,J. Math. Sci., New York.89,3 (1998) 1334-
1353

15-Mikes,J.Geodesic mappings of Einstein spaces . Math.
Nothes ,28,922-923 ,1981; translation from Math
Zametki.28,935-938,1980.

16-Paag Kagem [Ixamen, 2-F nnaHapHbl oOTOOpaxeHus
A PUHHO cBA3HbLILIXM PumaHoBbIXn pocTpaHcTs , PHA,
OOECCA, 1992.

17-SHiha,M.:Geodesic and Holomorphically-projective
mappings of parabalically-Kahlerian spaces .(Russian)
PHD . Moscow ,1994.

Ll aalydll

W ceadiinb iz (F) =0 e 55 0l slish (0l plas > 5 Bt o 5 —18
2013 135

Gl dnals a2 .(F)3 =0 S B A, Ok el 3 i) dgamal) Joadl ¢ dmd et 5-19
2013 /035 s

66



VI eJM\Mu e daaly Aaa

Gga i v o] ool O30 2026 sls 1 1) 48 Alaal

JUs ay dlagnoll sLacll s ag oo )1l ¢ 9 dnaviooll il yall ooad calasen
CT SCAN glaiialy d58301 Joadl Jalso

Olisa galgd) 2e iyl psta gy @ dac)

: gedlall

oarss aall ) Adalall e lacYl ey 3 daiad) dejal) Clua duhall 230 8 o
exn ot e Al alals dasasl o e a53ld) Jala shal (43 Aassal) s LncY)

Lo lad) 38laa ) SHIS ige Ayl aladinly(Jealhee il Alsje JS 8 o)l

3 CT Scan 4y elad) il 438l Cilavad) G ( MCNP 30 dlasiuly
Gada « MDCT  Cal &) aawie canssmall adaiall Slead) lanants (05 )l) jall didaie
liag (1 Sec) oaj P& (1mA) el JLl 508 cilS Slady) jsualll NS 5ig 5
b sd)(the time exposure current) ol aail L adUawa) la
seal(E = 120 KeV Yoyl 2281 Aujal cligisill Blls e ol 1 "‘TA) 5aalsy
Aoyl of bl copelal L Aags 128 culS Sleadl b bl sae WiV = 120kV )
Jslah ol el e lad) jppeaill dlee PA Cpiall Lalally Al de ldy)

(100 — 200m Gry) syl hall sise e J @l $1(9.01 X 1077 Gry)
W) coell Joall dabe Pla Lo lbady) disal) dejall dad b oplall of LS

el sl pinl) Jean i Jaall yees oiall Wil 3 A et dejall o bl
ijlie el cul€ 5(9.01 X 1077 Gry)dasd) (e Y bl DA dpeled) deja
aaa 5alyy of WS ¢ Jaall (e Gy S5V B (DA alaly Al deleiY) dejall pe

67



CT aladialy &GN Jaal) Jal jo JOA 45 Uasaal) plae) Gl an A daiaal) cile all ad Glua
SCAN

W ops ool 13as KU e s 8 G Jasd) e ) GBI DA il

: dalide culals

3Slaal-CT Scancuusaa)  akially sail-MONP S — e lady) dgisial) dejal)
e et

Calculating the absorbed dose values in the uterus and some
surrounding organs during the three stages of pregnancy using CT

scan

Abstract :

In this study, the absorbed dose in some internal organs (the uterus and
some surrounding organs) of a pregnant woman was calculated (a
digital phantom was designed with standard dimensions with the size of
the uterus being adjusted at each stage to suit the gestational age)
using the Monte Carlo method (radiation simulation using the MCNP
code). The digital models were subjected to radiographic imaging using
CT Scan technology in the chest area (lungs), specifically the MDCT

multi-detector computed tomography device, within the radiographic
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imaging protocols. The intensity of the applied current was (1mA) during
a time of (1 Sec), which is conventionally called the time exposure
current, given in units of (1 mA/s). The value of the photon energy of
the incoming radiation beam was (E=120 keV), and the voltage was
(V=120 kV). The number of slides in the device was 128 slides. The
results showed that the radiation dose received by the fetus during the
ultrasound scan was safe, not exceeding (9.01 x 1077 Gy), which is
below the danger level (100-200 mGy). Furthermore, the variation in
fetal radiation dose during pregnancy revealed a clear correlation
between the dose received and gestational age. The fetus received the
highest radiation dose during the last trimester, which was higher
compared to the dose received during the first and second trimesters.
Additionally, the increased fetal size during the last trimester caused
partial obstruction of the kidneys, which in turn led to a decrease in the
radiation dose received by the renal region during the final stages of

pregnancy.
Keywords:

Fetal radiation dose — MCNP code — CT scan — Radiation simulation.
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