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Abstract—The solution to the problem of penetration of a low-frequency magnetic field through a semi-
transparent open spherical shell is reduced to solving the system of second-order Fredholm integral equa-
tions. The effect of the opening angle of the open shell and of some geometrical parameters of the screen as
well as electrophysical properties of the spherical shell material on the attenuation of the field in the spherical

shell is analyzed numerically.
DOI: 10.1134/S1063784210090021

INTRODUCTION

The problem of formation of an electromagnetic
environment ensuring ecological safety and normal
operation of various devices is of considerable impor-
tance at present. The electromagnetic environment is
the aggregate of electromagnetic fields in a given
region of space, which may affect the operation of cer-
tain technical devices and biological objects [1, 2]. To
ensure a favorable electromagnetic environment,
screening of electromagnetic fields is used [3—7].

A method for calculating low-frequency magnetic
fields in the case of open perfectly conducting screens
was proposed in [3, 6, 7]. In this case, the field does
not penetrate through the screen walls. In screens with
a low conductivity of the material, the field penetrates
through the walls of the shell. Such processes are sim-
ulated using nonclassical boundary conditions [8].

Here, we will show that the solution of the formu-
lated boundary value problem with nonclassical
boundary conditions on a semitransparent open
spherical shell can be reduced to solving a system of
second-order Fredholm integral equations. In the
computational experiment, the values of the screening
coefficient for a low-frequency magnetic field in the
shell will be obtained.

FORMULATION OF THE PROBLEM

A semitransparent thin-wall open spherical shell I
of thickness A is located in space R® with permittivity
€, and permeability p,. Shell I' is made of a material
with electromagnetic parameters €, |, and y (¢ is the
permittivity, 1 is the permeability, and ¥y is electrical
conductivity). The shell is located on the surface of
sphere I'; of radius a with a circular aperture charac-
terized by opening angle 0, (Fig. 1).

To solve the problem with point O at the center of
sphere I'}, we introduce spherical coordinates {r, 0, ¢}:

x = rcos@sin®, 0<r<oo,
Yy = rsinpsin®, 0<¢<2m,
z = rcosO, 0<06<m.

In this case, idealized shell I" is described as
I'={r=a,0,<0<n,0<0<2mn}.

A primary low-frequency magnetic field with
potential u, and with circular frequency o propagates
in space R3.

We denote by u, the magnetic field potential in the

sphere I'| and by u, = u, + u, the potential outside the
sphere.
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Fig. 1. Axial section of the screen.
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SCREENING OF A LOW-FREQUENCY MAGNETIC FIELD

To take into account edge effects at the edge of
screen I,

Ye = {r=a,0=00,0<09<2n}

we introduce the potential of the sources distributed
over the screen (see [12, p. 170]):

uy = ry b,,(f) P,(cos®), 0<r<a
le — n=0 ¢
B *© )" *!
Uy = Vz b,,(—) P,(cosB), r>a,
n=0 r
where

by = 1(0,+ sind,),
T

b, = (—:L)—(lsinn92+ —-—-1-—sin(n + 1)62),
T \n n+l1

n= 1, 62 = TT— 90.
Potential u* satisfies the following conditions:
k k k k
”1‘1- = uz‘r =V, U1‘r1\r = Uz‘r]\r,

k 1

Ouy W

or

Let us formulate the boundary value problem of

k
_ Ouy

r\r or

, V = const.
A\l

screening for the total magnetic potential u| = u, + ulf

in sphere I, and for the total potential u5 = u, + u}
outside sphere I'; with the special boundary conditions
on the surface of screen I" [8]:

Auy =0 in D, = {0<r<aj, 2
Ui‘r,\r = u I\ % = % , 0<06<80,,
on A\l on r\r
Wa—t) = _apFus+u)|y. ()
on r
O(u; +uy)

= apF(u5—uy) 0,<06<m,

T

on

r
where

F(u) = (n, curl[n, gradu]) = Au_l_@_(};@)

2ors or)’
p= HS, IJ=—2 , 5=2tank—FA,
2
2pa o €Wy oa kr 2

g =e+il, kr = oJe'n, O0<Largkr<m,
®

n is the outward unit normal to surface I',
Fio(r, 0) + u5(r,0)) — 0 at r—= o0,  (4)
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rbeing the radial coordinate of an arbitrary point M in
space R3.

The actual magnetic potentials and magnetic fields
are defined by the formulas

U = Re(ue™™), H, = —gradU,
where i is the imaginary unit andj =1, 2.

The first and second boundary conditions in (3) are
the continuity conditions imposed on the field and
potential in the aperture of spherical shell I', while the
third and fourth conditions in (3) simulate the mag-

netic field penetration through thin-wall spherical
screen I' of thickness A.

Since operator F(u) = (n, curl[n, gradu]) can be
expressed in terms of the tangential derivatives along
surface I', properties (1) lead to the condition

Fup)|p = Fuy)| = 0.

Taking into account the continuity of potential u*
and its derivatives on set I'\I', we can write boundary
conditions (3) in the form
ou,
on

ou,
= 04 )
AT on

”1|r,\r = “2|rl\r’

b
T AT

k k
O(uy + uy—uy—uy)

= —apF(uy +uy)|p,
on

r

o(u, + ug +u, + ulf)
on

For the primary magnetic field, we can take the
field of a circular loop / (p = Ry, z=—h, 0 < ¢ < 2m)
with current /:

= apF(u,— u1)|1_.

r

PM

I o, R
H,(M) = - j[-l’;;-‘fﬁ“-]dzp = —graduy(M),
!

where I, = e, is the unit vector tangential to loop / at
point P € /and Rp,, is the distance between points P
and M.

The potential of this field in the vicinity of the
spherical shell is given by [9]

Uy = Zan(g) P.(cosB), 0<r<r, (6)
n=0
where
~ (_1)n+11R0

n

(%)HP:,(COSGI), a, = g(l—h/"o),
.

2nr,

ro = JH +R), cos®, = h/r,, h>a,

P,(x) are Legendre polynomials and Pl,ﬁ(x) are the
first-order associated Legendre functions [10, 11].
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FULFILLMENT
OF BOUNDARY CONDITIONS

We will seek a solution to the boundary value prob-
lem stated by (2), (4), and (5) in the form

u, e CA(D,), u,eC(D,).

Considering the axisymmetric problem, we write
the solution to the problem in the form of series of the
solutions to the Laplace equations in the spherical sys-
tem of coordinates so that condition (4) is satisfied at
infinity:

u, = Zx,,(r) P, (cos0), r<a,
n=0

a
_ * a n+1
U, = Zyn(;) P, (cosB), r>a,
n=0
where x,, y, are unknown coefficients to be deter-

mined from the boundary conditions.

Substituting the expressions for the magnetic
potentials into conditions (5), we obtain the following
systems of paired summatory equations in the Leg-
endre polynomials:

> (6= y)Pi(cosB) = 3 a,P,(cosB), 0<0<0;
n=0

n=0

z {n[1+(n+ 1)plx,+(n+ 1)1 +np)y,}P,(cosB)
n=0 (7)

= 3 [n(1=(n+1)p)a, - (2n+1)Vb,]P,(cos0),

n=0
0,<0<m;
Z[nx,,+(n+ 1)y,]P,(cos) = Zna,,P,,(cose),
n=20 n=0
0<0<0,;

0

D {n[1=(n+1)qlx, + (n+ 1)(ng—1)y,} P,(cos0)
n=0 (8)

= i {n[-1-(n+1)qla,+ Vb,}P,(cosB),

n=0
0,<06<m.

To solve paired equations (7), (8), we introduce

new unknown coefficients qul) , T;z) , which are con-
nected with coefficients x,, y, by the relations

TBI) = Yo+ Vby, ng) = —Xp,
7,0 = {n[1 +(n+ Dplx, + (n+ 1)(1 +np)y,
—n[l=(n+1)pla,+Qn+1)Vb,}/2n+ 1,

)]
nx1,

EROFEENKO et al.

7,7 = {n[1—(n+1)qlx, + (n+1)(ng- 1)y,
+n[l+(n+1)qla,—Vb,}/2n+1, n=1.

Substituting representations (9) into paired equa-
tions (7), (8), we obtain

> G TP (cost) = 3 (4T + B + v,
n=0 n=0
x P,(cosB), 0<0<86,, (10)
i(2n+1)T<l)P(cose) =0, 0,<0<m
n n - s 0 = by
n=0
where
" =-1, A" =1, B" =a, M"=_s,
G = _2”A—+1, AV = _[2n+ 1+ 2n(n + 1)p]G.",
B
_ (—n(n + D@n+ )(p+g) —n’[2+2n+ 1)pg] | 1)a
A, "
ml) _ 2n(Z+ l)pbn,
A, =nn+D)[R2un+1)(g-p)+2n(n+1)pg-2],
nx1,

> GITP,(cosB) = 3 (4T, + B + VM)
n=0

0<06<0,,

n=1

x P,(cos0), (11

P S > @n+ TP P,(cosB) = 0,
n=0

0,<0<m.
Here,
V=0 4AY=-1, B =0,

G = @n+Dn(n+ Dp
n An ’
AP = —n(n+ 1)[2-(2n+ 1)q]G,",

ME)D = bOa

M, = n(nA—H)[(Zn +1)’g-p-2(2n+ D]b,,

n
n

B

={_n2<n + D[2n+ D@ +g) =22+ 1D’pq] , n}a
A )

n>1.
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Coefficients G,(,/) and Ag) (j =1, 2) can be written
in the form

G = ¥ 4+ B? 440,
" B ity
AD = gD L)
2n+1
O _ g = g® g, B2 = g, v = 1,
q
We=-2 k=0, =2 a2
q p
S I
q p2 q
=124
P p

W=0n?, m =0 at n— .

TRANSFORMATION
OF PAIRED EQUATIONS

Let us transform the systems of paired summatory
equations (10), (11) to a system of second-kind Fred-
holm integral equations. For this purpose, we intro-
duce new functions @,(f) and @,(¢) connected with

coefficients Tf,l) and ]f,z) by the following relations:
90
T = J.(pl(t)cos(n+0.5)tdt, n =

0
0y

T = I@z(t)cos(n+0.5)tdt, n=12.. (13)

0

0,1,2,...,

0y

7{02) =C+ J.(pz(t)coszdt,
2
0

where C is a constant.
Formulas (13) lead to the boundedness condition
0,
< .ﬂ(pj(t)\dt <C, = const, j=1,2.
0

Solving system (9) for x,, y, and estimating coeffi-
cients a, and b,, we obtain the inequalities

.l < Cy/n,
which give u, € C3(D)), u, € C3(D,).

We integrate the right-hand side of the expression
for Tf,l) by parts,

79

Ix,| < Cy/n, n>1, C, = const,
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70 2
" 2n+1

{(pl(eo)sin(n +0.5)0,

e0
- jcp;(r) sin(n + o.sym}
0

and substitute the resultant representation into the
second equation in (10):

20,(8) z sin(n + 0.5)0,P,(cos0)

n=0

0, .
-2 I(p'l(t){z sin(n + O.S)tP,,(cosO)}dt = 0.
0

n=0
Since 1 <0,< 0 in Eq. (14), in accordance with the

(14)

expansion [12, 13]

Z sin(n + 0.5)tP,(cos0)
n=0
_{O, 0<t<O<m,
(2(0059—0031))71/2, 0<0<t<m,

the sums of the series are zero. Thus, the second equa-
tion in (10) holds identically.

Having performed analogous transformations for
coefficients Tff) and substituting them into the second
equation of system (11), we obtain the condition

e(]
J.((pl(t)+(p2(t))cos§dt = 0.
0

We substitute expressions (13) for Tf,l) and Tff)

into the first equations in (10), (11) taking into

account representations (12) for coefficients G,(f)
and Af,j) (=1, 2) of the form

G =a”-G), AV =k"-a) (16)
and the Meler—Dirichlet integral representation for
Legendre polynomials P,(cos) [12, 13]:

(15)

cos((n + O.S)x)dx.
~/2(cosx — cosB)

As a result, these equations assume the form
e0

6
J{a“np,(x)_k“np(z)(x)— (0K, (x, e

0

0

P,(cosB) = z I
T

0

9y

+ I 0,(1) K, (x, 1)dr
0

dx
}A/2(cosx —cos0)
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= C+ 3 (B +VM)P,(cosb), 0<0<8,,
n=0

a7)

0 %
j{a@&pz(x) K0, (0)~ [oa(1) K, 0
0 0

0y

dx
NK,(x, 1)dt
+(;[(P1() o) }A/2(cosx—cose)

=y (BY + VMP)P,(cosB), 0<0<8,,
n=0
where

o0

Ki(x,1) = %Z LY cos(n +0.5)rcos(n +0.5)x,

n=0

~(1
G\,

;. (18)

~(2
A, (2)

Lfll) = G” )

LEIZ) — , Lff) —

~(2
LY = 4.

It is well known that function ®(x) satisfying the
Abel integral equation

0
[ =2 - f6), 0<0<0,
: ~/2(cosx — cos0)
is defined by the formula [12]
D(x) = 24 [ AOsin0d0 5. g, (19)

ndxo ~2(cosB — cosx)’

Considering relations (17) and the Abel integral
equation, we obtain, in accordance with formula (19),
the system of integral equations

&) 9y

Jo 10K nydr + Joa(0)Kia(x. 1)t
0 0

= f1(x) + Vg1 (x) + Cfy(x),

9y 9

0100+ [@u(D Ky (x, D)t + [3(1) Krn(ox, 1)t

0<x<0,,

= fr(x) + Vgy(x), 0<x<0,,

where

K (x, 1) = -Ki(x,1), Kj(x, 1) = Ky(x,1),

1 1
Ky (x, 1) = _sz)Két(xa D, Ky(x 1) = sz)Ks(xa 1);

fil) = 2

cosg, fix) = T%ZBE,I)cos(n+0.5)x,

n=0

EROFEENKO et al.

£(x) = 1-’2 B cos(n +0.5)x;
nn:(]

g(x) = 2Z:Mf,l)cos(n +0.5)x,
T =0

g(x) =2 Zmz)cos(n +0.5)x.
Tcn:O

In this transformation, we have taken into account
the fact that the following relation holds [11, 12]:
24 P,(6)sin6ad
ndx0 J2(cosO — cosx)
Formulas (12) and (16) lead to the following repre-
sentation for coefficients é,(f) and A,(,]) ,n=1,2:

(1)

= cos(n+0.5)x.

~(2) ~(1)

Go =1, Go =0, Ay = -1,
A =1-2,
V4
~(1) ) 2 )
G” = —Yn » n = = —In >
Y q(2n+1) Y
;121) - 4 _mil)’ ;122) - -~ 4 _miz)’
q(2n+1) p’2n+1)
n=12...

Using formulas (18) for representation Ki(x, 1), we
obtain

2 ()
K (x 1) = 2 C.(x, 1),
ll(x ) RZYn n(x )
n=0
_ 2 2 - (1)
K12(x’ t) - __K(x, t)__zmn Cn(x’ t);
g e

Ko 1) = =Ko 1) =2 3 mC, 1),

n=0
Ky(x, t :—-B-—Kx,t +2 e X, 1),
a1 = 5K+ TG )

where
C,(x,1) = cos(n+1/2)tcos(n+1/2)x,

K(x,7)=1n cot()—c—;{—t) +In cot(l—)-c—i-ﬁ)

_ v G

- 2n+1°
n=0
Solution @,, ¢, to system (20) can be written in
operator form

TECHNICAL PHYSICS Vol. 55
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L( (Plj =(f1+Vg1+Cf0j. Q1)
) L+ Ve,

Let us consider the following systems of equations:
Vg 03 0

L (_Pl — glj'
(_[)2 &

0
Ll @
0

0%}
(22)

As a result, we find that ¢, = (p? + Cof + V(_p] and
©,= @, + Co¥ + V@ are the solution to system (21).

It should be noted that condition (4) for potential

u, + ug holds if y, + Vb, = 0 or, in accordance with
relations (9),

8y

7' = j(pl(z)cosédt - 0. (23)
0

To satisfy condition (15), we require that the fol-
lowing condition holds:

9

J.(p2(t) cosédt = 0. (24)
0

Assuming that solutions to system of equations (22)
exist, we obtain from relations (23) and (24) the fol-
lowing system of algebraic equations for determining
constants Cand V:

9, 0 0,
t - 1 t
CJ-(PT(f)COSEdf+ VJ.(Pl(l‘)COSEdt = —J.(p?(t)cosédt,
0 0 0
0 0 0, (25)
t - 1 t
CI(PEk(f) COSEdt+ VI(pz(t) cosidt = - j(p?(t) cosia’t.
0 0 0

Having determined C and V from Egs. (25), we cal-
culate the total magnetic potential in shell I" by the
formula

ui = zXn(g) P”(Cose)a Xn = xn+ Vbi’l (26)
n=0

Taking into account relations (13), we find from
Egs. (9) that coefficients x, are connected with the
solution to system (21) by the formula
2010
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60
X, = WI)A(M{(M_ 1) J'(pl(;)cos(n +0.5)tdt
" 0
8y

= (1 +np) j(pz(t) cos(n + 0.5);4 Lnnt li(Zn +1)

n
0

x(p+q)a,— (nALl)Dnzq +n(p+q)-2n]Vb,.

n

COMPUTATIONAL EXPERIMENT

The variation of the magnetic field strength at an
arbitrary point M, of domain D, over period 7= 2rn/m
is described by the formula

H (M, 1) = —i i Re(Xnexp(—2m‘?))(c.’)"1

n=1
x (nP,(cosB)e, + P,(cos0)e,),

where 0 < 7 < 1, t = t/T'being the dimensionless time.

If point M, lies on the z axis, we have |z <a, 0 =0
(cosO=1,P,(1)=0)or0=n(cos0=—1, P(—1)=
(—1)"), we have

- (HPM,, 1), if 0<z<a, 0 =0
H,(M,, t):{ o _
H, (M, ¢), if -a<z<0, 0 =m,
where
~1

H”(M,, 1) = —lZnRe(Xnexp(—2ni;))(Z) e,
a a

n=1

H7(My, 1) = -1 3 (<1)"nRe(X, exp(-2mi1))
a

n=1

Coefficients of screening (attenuation) of the field
at point M,, lying on the z axis in domain D, can be cal-
culated by the formula

+ - HPM,, 1
K9, 7) = HUMy 0]

— (27)
‘HO(MO: t )

where

— * _ n-1
H,(M,, t) = —éZanncosQnt)(g) P,(cosB)e,,
n=1
0<r<a.

We solved integral equations (22) numerically using
the collocation method. We divide segment [0, 0,] into

N partial segments [98, 9(1)], [6(1), 6(2)], o [Gév_l, Gév]
oflength A =0,/N, 66 =ih,i=0,1, ..., N. We seek the
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Shielding coefficient
0.8+

0.6
0.4

0.2 ,.,..,,.,_..,_.,_.,,...,

0 04 0.8
Variable r/a

Fig. 2. Dependence of screening coefficients K(+)(M0, 0)
on r/a for an open semitransparent spherical screen
(curves 1—23) for opening angles 0y = n/4 (1, 4), n/2 (2, 5),
and 21/3 (3, 6). Curves 4—6 correspond to a perfectly con-
ducting shell.

approximate solution, say, of the first system in (22) in
the form of the linear combination

01N = Y C,(0, @) = > Dy, (1),

n=1

where v, (7) are the basis functions.

n=1

For the basis functions, we choose the system of
Haar functions [14], while the points of collocation
are chosen as points x,, = (0; gt 0y )/2 correspond-

ing to the middles of the partial segments. This gives
the system of linear algebraic equations for coeffi-
cients C,, D,;

N

> [Collum + DuAun] = [

n=1

N (28)
S [Colum + DuAi] = o,

n=1

where f,, = f(x,),

m=1,...,N,

o
8,m + IK,,(xm, ndt, i=1, j=2

" n-1
A’/ 8y

nm —

0
J- K (x,, t)dt, for remaining indices.
0

In addition, to obtain a reliable solution to the sys-
tem of algebraic equations (28), we must verify the
conditionality of the system. The matrix correspond-
ing to the system is assumed to be well-conditioned if

EROFEENKO et al.

Shielding coefficient
0.8+

0.6

0.4

0.2

~ -
| 1 |

|
0 0.4 0.8
Variable r/a

Fig. 3. Dependence of screening coefficients K(+)(MO, 1)

on r/a for opening angle 6 = n/2. The values of t = T
are 0.1 (7), 0.3 (2), 0.4 (3), and 0.5 (4).

the conditionality number of the matrix is greater than
or equal to unity [15].

We performed a computational experiment in
which the conditionality number of the system of lin-
ear algebraic equationsin L, L, [16] did not exceed 80
for the parameters of the problem considered here. In
our calculations, the infinite sums appearing in the
representation of integral equations (22) was calcu-
lated with an error of 107> with a step # = 0.05.

In these calculations, we obtained the values of
screening coefficient KV(M,, 0) for some opening
angles 0, for open semitransparent spherical shell "
and for the following parameters:

a=1m; Ry=05m; hA=13m; A= 0.0l m

o = 2000m Hz; ¢ = ¢, = 8.85% 107" F/m;
v = 10° Sm/m;
Ly = 47 x 10~ Hn/m.

The solid curves in Fig. 2 show coefficients
KH(M,, 0), 0 < r/a < 1, for opening angles 0, = n/4
(1), /2 (2), and 2w/3 (3). Dotted curves correspond
to K(M,, 0) for perfectly conducting shell " for the
same values of the opening angle: 6, = 1t/4 (4), n/2 (5),
and 21t/3 (6).

Figure 3 shows coefficients K(M,, ;), O<r/fa<l,

po= 100p,;

for opening angle 6, = /2 and for various values of t.

CONCLUSIONS

We have proposed the method for solving the prob-
lem of screening of a low-frequency magnetic field by
an open semitransparent spherical screen. It follows

TECHNICAL PHYSICS Vol. 55

No.9 2010



SCREENING OF A LOW-FREQUENCY MAGNETIC FIELD 1247

8. S. M. Apollonskii and V. T. Erofeenko, Equivalent
Boundary Conditions of Electrodynamics (Bezopasnost’,
St. Petersburg, 1999) [in Russian].

from the computational experiment that the semi-
transparent open spherical shell has poorer screening
properties as compared to a perfectly conducting shell.

Volny Elektron. Sist. 7 (9), 40 (2002).

. V. T. Erofeenko and G. Ch. Shushkevich, Zh. Tekh.
Fiz. 73 (3), 10 (2003) [Tech. Phys. 48, 284 (2003)].

TECHNICAL PHYSICS Wol. 55  No.9 2010

9. V.T. Erofeenko and I. S. Kozlovskaya, Bases of Mathe-
matical Modelling (Belorussk. Gos. Univ., Minsk, 2002)
REFERENCES in [Russian].
10. M. Abramovitz and I. A. Stegun, Handbook of Mathe-
. A. N. Pavlov, Effect of Electromagnetic Radiation on matical Functions (Dover, New York, 1971; Nauka,
Vital Functions (Gelios ARV, Moscow, 2002) [in Rus- Moscow, 1979).
sian]. 11. N. N. Lebedev, Special Functions and Their Applications
. S. M. Apollonskii, External FElectromagnetic Fields of (GITTL, Moscow—Leningrad, 1953; Prentice-Hall,
Electrical Equipment and Means of Their Attenuation Englewood Cliffs, 1965).
(Bezopasnost’, St. Petersburg, 2001) [in Russian]. 12. Ya. S. Uflyand, Pair-Equation Method in Mathematical
. S. M. Apollonskii, V. T. Erofeenko, and G. Ch. Shush- Physics (Nauka, Moscow, 1977) [in Russian].
kevich, Shielding of Electromagnetic Fields by System of ~ 13. G. Ch. Shushkevich, Calculation of Electrostatic Fields
Passive and Active Shields: Proc. St. Petersburg IEEE by Pair- and Triple- Equation Methods Using the Addi-
Chapters (St. Petersb. Electrotekh. Univ., LETI, tion Theorems (Grodnensk. Gos. Univ., Grodno, 1999)
St. Petersburg, 2003), pp. 68—72. [in Russian].
i . 14. V. 1. Dmitriev and E. V. Zakharov, Integral Equations in
S polembitand . 1 B Sctmmagieic ™ Byindon ol roions of Erapnanics (MU,
Minsk, 1988) [in Russian]. oscow, 1987) [in Russian].
15. D. Kahaner, C. Moler, and S. Nash, Numerical Meth-
- A. Canova, G. Gruosso, and M. Repetto, Int. J. Com- ods and Software (Prentice—Hall, Englewood Cliffs,
put. Math. Electrical Electron. Eng. 1, 173 (2004). 1989; Mir, Moscow, 1998).
. V. T. Erofeenko and G. Ch. Shushkevich, Elektromagn.  16. V. M. Berzhbitskii, Fundamentals of Numerical Methods

(Vysshaya Shkola, Moscow, 2002) [in Russian].

Translated by N. Wadhwa




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


