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ABSTRACT

'A parabolic-hyperbolic free boundary problem has been studied. After the study, we transform the problem for

moving domain into an equivalent one which defined on a fixed domain. The existence and uniqueness of a local
solution of the transformed problem by applying Banach fixed point theorem is derived.
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1.INTRODUCTION

In this article, we study a parabolic-hyperbolic free boundary
problem™ is studied. For this, Fick's law is assumed, i.e., (k,K,(C)P +
(k,Ko(€)Q)C.Hence, Csatisfies the following equation:

‘;—f = D,AC — (ks Kp(€))P + kKo (€)Q)C in QD) (LD

C(x.t) = € on (1), C(x.0) = Co(x) in (), (1.2)

where (t) representsthedomainattimet,
D' is positive constant. k, and k, are two positive constants, C is a
positive constant.

Fick's law is also assumed (i, G,(W)P + 14,6, (W)Q)W is the drug
consumptionrate i, u, aretwo positive constants.

Hence, W satisfies % = D, AW — (1, Gy (W)P + 41, G, (W) Q)W in Q(1). in
(1), (1.3)
W(x,t) =W on aQ(t), W(x,0) = W,y(x) in Q(0), (1.4)

Where D, is to be a positive constant, (W) 1sa positive constant.
we denotevisthe velocity fieldsv. assumebyDarcy's law, we have
v=-Vo in Q). t>0, (1.5)

where cisthe pressure
P+Q+D=NinQ(t),t>0, (1.6)

where Nisatotal number of cells per unit volume.
The mass conservation law for PQ,Din

??T +div(PP) = [K(C) — Ko(C) — K4(C)|P+QKp(€)-t,G,(W)P in Q(t).t > 0
(1.7)
’;—f +div(Qv) = Ko(C)P = [Kp(C) + Kp(C)]Q—t,6,(W)Q inQ(1).t > 0
(1.8)
2—? + div(Dv) = K4(C)P + Kp(C)Q — KD + t,G,(W)P + t,G,(W)Q
Q).t >0 1.9)

where t,andt,are the positive constants.
We take the boundary conditions for o to be

0=0kon oQ)(t),t>0 (1.10)
2 = ¥, on 3Q(t),t > 0 (1.11)

andtheinitial data

P(x,0) = Py(x),Q(x,0) = Qo(x), D(x,0) = Dy(x)

for x € Q(0)

where Q(0) is given, O is the surface tension, k is the mean curvature
of the tumor surface % is the derivatives in the direction n of the
outward normal, and Vn is the velocity of the free boundary 0Q(t) in
thedirectionn.

Equation (1.10) is based on the assumption that the pressure ¢ on
the surface of the tumor is proportional to the surface tension and

(1.11)isa standard kinetic condition.

In this article, we consider spherically symmetric solution for the
system™(1.1)-(1.12).

Itis clear that, under the condition of spherical symmetry, for given 7 X
andR(t),o we easily solved from (1.5)and (1.10).

Itis obvious thatfrom (1.7)-(1.9), we get the following equation for 7 X
By applying the L, theory of parabolic equations, the characteristic
theory of hyperbolic equations and the Banach fixed point theorem,
we prove that there exists a unique local solution of (1.1) — (1.12). I

we make an addition to (1.7) - (1.9), then we get the following
equationfory .

%4— div(P7) + :7?+ div(QP) + % +div(D7v) =

PKp(C) — K4(C)P + Kp(€)Q — 6,6, (WP + Ko(O)P — Kp(C)Q — Kp(€)Q —

G (W)Q + K4(C) + Kp(C)Q — Kp(D) + .6, (W)P + £,6,(W)Q

%(P+Q+D) +div(P +Q + D)i = PKy(C) — Ke(D)

2 (N) + V5 (N) = PKy (C) — Kz(D)
(0 + div(?) )N = PKy(C) — Kx(D)
N(div(7)) = PKp(C) — Kz(D)

(div()) = (PK5(C) — Kz (D) (1.13)

for x € Q(t),t>0 .

Conversely,from (1.13)and (1.7)-(1.9) we have
Z(P+0Q+D)+div(P + Q + D)7 =~ (PKy(C) — Kz(D)) X

(N=(P+Q+D)) for x € Q(t), 0 .

(1.14)

By uniqueness, we deduce that (1.6) is equivalent to (1.13) and we
use (1.13)instead of (1.6).
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In this article the model™(1.1) - (1.12) is a three-dimensional model.
Consider the well-posedness of this problem™ under the case where
theinitial data and the solution are spherically symmetric. Hence, C,
W, P, Q and D are spherically symmetric in the space variable, let r =
|x], we denote

C=C(rt),W=W(rt),P=Prt),Q0=Q(t),D=D(t)

for0 <r <R(t),t =0,and
C = Cy(r), Wy = Wo(r), By = Py(¥), Qy = Qu(r), Dy = Dy(¥) for 0 £ v < Ry = R(0)
Wealso assume that thereis a scalar function”® V = V(r, t) such that ¥
=(r0x.

since o is spherically symmetric in the space variable, as mentioned
before, we eliminate the pressure and derive the model (1.1)-(1.12)
as:

ac a ac
Z=p 5o (rz—) F(C,P,Q)C for0 <r<R(t).t >0,

15)
z—i(r.t):OHTTZU,C(r.t):C_'atr:R(t)fort>0.
C(r,0) =C,(r) for0 <r <R, .16)
a a a
=D (rz—“’) G(W,P,Q)W for 0 < r < R(t).t > 0..17)

Z—T(r,t)=Oatr=0,W(r,t)=Watr=R(t)fort>0_ 1.18
(1.19)
W(r,0) =Wy(r)for0<r <R, (1.20)

a
Zv I = g, (CW.P.Q.DIP + 1,(C. W, P,Q.0)Q + 915 (C. W, P,Q, D)D

for0 £ r < R(1) £ >0 (1.21)
SV 5 = 5,0 (C.W.P.QDIP + g5(C, W, P, Q. D)Q + 0,(C, W, P, 0. D)D

for0 < r <R(t).t>0 (1.22)

an a,
SRV = g5,(C,W,P,Q.DIP + g52(C, W, P, Q, DI + 33(C, W, P, Q, D)D

for0<r<R(t).t>0 (1.23)
L2 (:2v) = h(C, W, P,Q.D) for 0 < r S R(D) .0 >0, (1.24)
V(0,6) =0 fort > 0. (1.25)
EO=y®R®.0)  for>0. (1.26)
P(r,0)=Py(r), Q(r, 0)=Qy(r), D(r,0)=Dy(r) for 0 < r < Ry, (127)

R(0) = R, is prescribed,

where
F(C,P,Q)=k,Kp(C)P + k; Ko (€)Q.

G(W,P,Q)=1, G, (W)P + 1,6, (W) Q.
91:(C.W,P,0,0) = [Ky(€) = Ko(€) = Ka(€) = 1,y (W)] = £ [Kp ()P = KD,

9:2(C.W,P,Q,D) = Kp(C) .

g13(CW,P,Q,D)=0,
g (C,W,P,Q,D) = Ko(C) .

922(C,W,P,Q,D) = —[Kp(C) + Kp(C) + £,G,(W)] _% [Kz(C)P — KpD].
9:3(C.W,P,Q,D)=0
g31(C,W,P,Q,D) = K4(C) + 1,6, (W) .

32(C,W,P,Q,D) = Kp(C) + t,6,(W) ,
953(C,W,P,Q.D) = —Ky =~ [Ks(C)P — K¢D].

h(C,W,P,Q,D) = % [K5(C)P = KzD] 2.1

SECTION-2 REFORMULATION OF THE PROBLEM

Totransformthevaryingdomain {(x, t): |x| —r < R(t),t > 0} into
a fixed domain, assume (R,C,W,P,Q,D) is a solution of (1.15)-(1.27)
and R(t)>0 (t=0), and make the change of variables,

T t_ds
p=

F'U.r D 5@ R(0), c¢(p,7) = C(r,0) .w(p,T) = W(r,t),

5 n(r) =

plp,7) =P 0), qlp,t) = Q(r,t), d(p,7) = D(r,0).

u(p, ) = R(v(r,t),
then the free boundary problem (1.15) (1.27)istransformedintothe
initial-boundary value problem[2] on the fixed domain

{(1,0):0<p<1,120}

a a a 2
,3_:=D1$a_(p2 ;)+u(l,r)pa—;— i fle.p.q)c fro<p<1, t>0,

(2.2)

(0 1) =0,¢(1,7)=¢ for>0,
(2.3)

c(p,0)=co(p) for0<p <1,
(2.4)

aw 18 [ aw aw
;:DzFE(p2$)+u(l,r)p;—yfg(w,p,q)w for0<p<1,7>0,
)

Z—:’ (0,7) = 0,w(1,7)=w forz >0,

w(p, 0)=wy(p) for0 <p <1,

st v— 7’ [g11(c.w, p.q, d)p + g12(c. W, p.q,d)q + g1s(c, W, p. g, d)d]
(2.8)

for 0Sp=<17>0,

Zy ”:_Z = 7 lgz1 (e, w,p.q, d)p + gaz (¢, w, p, @, d)q + gaz (e, w, p. q.d)d]
(2.9)
for 0<p<1.71>0,

(2.10)

o 11951 (., p, 0, dp + gsz (e w, . q,d)q + Gas (e, w, p, q, d)d]

Vg, =
for 0<p<1.71>0,

v(p,7) = ulp,7) — pu(l,7)
(2.11)

for 0<p<1.7>0,
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S5 = P (@h(e,w.p.q.d) for 0SpS1T>0, (2.12)
u(0,7) =0 fort > 0, (2.13)
9n _ 1 fort >0 (2.14)

5. = n(t)u(l.7) ort > .

p(p.0) = po(p).q(p,0) = qo(p). d(p,0) = do(p), for 0= p <1,

(2.15)
70) = n,.
fle,p.q) =F(c.p.q). g(w,p.q) = G(w,p,q),
c=C,w=W,c(p) = C(pRy), co(p) = Wy(pRy),
Po(p) = Po(pRy), qo(p) = Qu(pRy), do(p) = Do(pRy).
1y = Ro. (2.16)

Conversely, if (n,cw,p,q,d,u) is a solution of (2.2)-(2.16) such that
1(1)>0fort=0, then by making the change of variables

r=n(1), t= J'ﬂr 7 (s)ds, R(t) = n(t), C(r,t) =c(p, 1),
Wi(r,t) =w(p,1),

P(r,t) =p(p,1),Q00rt) = q(p, 1),

D(r,0) = d(p,), v(r,0) =222

Lemma2.1:

Under the change of variables (2.1) or its inverse (2.17), the free
boundary problem (1.15) - (1.27) is equivalent to initial-boundary
value problem (2.2) - (2.16).

Remark2.2:
From(2.12),

u(p,7) = %fu‘) h(c(s, 1), w(s,1),p(5,1),q(s,7),d(s,7)s?ds) is obtained.
Thenusing (2.14)-(2.18),

a;:f) =1 (1) fﬂl h(c(s,7),w(s,7),p(s,7),q(s,7),d(s, 7)s%ds) .

We cannot expect the solution of (2.2) - (2.16) exists forall 0, but

since we make the change of variables,

t=f; P(s)dsandt = fut Rf—é] one we can prove the solution of(2.2)-
(2.16) exists actually forall t>0.

SECTION-3EXISTENCE OF ALOCAL SOLUTION

From the assumptions (A1)-(A4) in sec.1 and transformation (2.1) in
sce.2

we verify the following conditions hold:

(B1)f,gand hare C' - smooth functions;

(B2)gij (i,j=1,2,3) are C'- smooth functions;

(B3) p_0,q_0andd_0are C'-smooth functions;
(B4) c.(|x)) ,w, (|x|) € Dp(B,) for some p>5.

om ., .. ... .__ fixedpointtheorem.Let,

My = (o, Go, do) ll =
P(x,0) = Py(x). Q(x,0) = Qy(x), D(x,0) = Dy(x)

% _ _y, on dQ(t), ¢ > ofistence and uniqueness of solution” to
A ,

_|p| < 2M,,
w<w,

for x € Q(0)
lq] = 2My, 1d| = 2My, L.}

By = max{|h(c,w,p,q,d)|:0<c < 0<w<w,

Ipl < 2M, |q] < 2M, |d]| < 2M,}.

Now given T>0,we introduce a metric space (XT,d) as

Xr ={(n(0), clp, 1), w(p. 1), p(p. 1)q(p, 7).
d(p.1))0<p<1,0<7<T):(nc,wp.qd)
satisfying the following conditions (C1)-(C4)

(€1 ne 1], n(O) =n,and 1/, n, <n(x) < 2n,(0 <7 <T):

(€2) ceC([01] %[0, T]).c(p.0) = cop)e(Lr) =cand 0 < c(p,T) <€
for0<p<10<T<T;

(€3) w e C([0,1] x [0.T]), w(p, 0) = wy(p). w(L,.7) =wand 0 <w(p,7) W
for0<p<10<1<T;

(€4) plp,7).q(p,7),d(p,7) € C([01] x [0,T])

(P, 0) = po(p). q(p. 0) = qo(p),
d(p,0) = dy(p) and [p(p, 1) € 2M,,1a(p, )| < 2M,, |d(p, T)| < 2M,

for 0<p<10<7<T.
Themetricdin XT isdefined by
d((My, ¢ Wi, P1 A dy ) (N, €2 W2, P2, 05, d3))

= Ay =l # lle = el +
llwy = wall. +[lp, _Pg”:,_ +
lla, = ‘1:”:I +ld; = doll e
Itis easy tosee (X;,d) isacomplete metric space.
Givenany (n,c,w,p,q,d) € X,, set

u(p, 1) = ”2’# Jph(c(s, 0),w(s,1),p(s,7),q(s,7),d(s,7))s? ds
o

v(p,7) =ulp, 1) — pu(1,1).
#(p,7) = (D) (c(s,7),p(s,7),9(5, 7).

@(p, 1) =n*(Dg(w(s,0),p(s,1),4(5, 7).

gzﬁ(r)u(l.r) for0<t<T, 3.1)

7(0) =, (3.2)

& Db, a a 2 -
afi*p—;d—p(pzi)+u(l.r)pa—;—¢(p,r)c for0<p<10<t1<T,

£(0,0=0,&1,1)=¢for0<T<T. G3

a . —_ 1
2(P+0Q + D) +div(P + Q + D)7 == (PKs(C) — Kz (D)) X

(N=(P+Q+D)) for x € Q(t), 0 .
(2.2)

% _D, 8 B 3% -
a—v:=p—§$( 23—:)+u(1,r)p£7w(p,"[)w for0 <p<10<7<T,

%(O,T) =0,#W(1,7)=Wfor0<t<T,
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W(p,0) =wy(p)for0<p =<1,
S_E + vg_E = T]z[gll(fl W! Nr ~, &)ﬁ + 912(6; wrﬁl é! d“)& +
g15(6,,5,4,d)d +]

foro<p<10<t<T,

aq aq [ AT o o o G\
5t V5 = WG W56, + 9226, W,5,4,d)g
+.923(5, w,p,q, &)J +]

for 0<sp<10<7<T,

PRl Lirye 112[.931(5.17‘7.}5, fwl',&)iﬁ + Q32(5; w, D, 5.3)(?

+ 933(5, W, P, 6,3)3 +]

forO<p<1,0<T<T

#(p,0) = po(p). G(p,0) = qo(p). d(p,0) = dy(p). for 0 < p < 1.
Wedefineamapping F:(n,c,w,p,q,d) — (ﬁ é,w,p,q, &).

Next to prove thatF is a contraction mapping from X to Xy provided
Tis sufficiently small.

STEP1:
F maps X;intoitself.Itis obvious that (4.1)-(4.2) has a unique solution

i€ c'0,T] and
911(C,W,P,Q,D) = [Kz(C) — Ko(C) — K4(C) — t,6,(W)] —% [K5(C)P — KD,
12(C.W,P,Q,D) = K, (C) .

(for 0<p<1l.7>0, 3.13)
Fromthe fact that [[h(c(p. ). w(p. ). p(p. 7 atp. 0 d(p D), < By,

§n0 <n(@)=2n,and llu(L, 1)l < ngng .then

n,exp {?Bnnf{i'} < T(T) = nyexp {:— Bnnﬁ'f']‘or 0<T<T.

Soif Tissufficiently small such thatexp {;8,m27} < 2

%r\o sH<n, that implies m satisfies the condition (C1). Next we
consider (3.3)-(3.5)and (3.6)-(3.8).

Since ¢, (|x]), w, (|x]) EDp(B,) forsome p > 5.3.3)-(3.5)and (3.6)-(3.8)
hasa &(lx|,7) € W;*(Qr) unique solution and w(lxl,7) € W' (@)
respectively. According to the embedding theorem w;*(¢,) = ¢*3(@,)
where 1 = 2 —% ‘hen €(|x|, 1), W(|x|,7) €

€([0,1] x [0,1]). By applying the maximum principle 0 < & < ¢ and

0 =W < W. Furthermore, by (3.4), the embedding, ' (¢;) - ¢*** o).

With 4 =1 —% then

;—; L SAM, H%HL < A(T)-From aboverresults,
we know Csatisfies the condition (C2) and w' satisfies the condition
(C3).Finally we consider (4.9)-(4.12).Since v(p, 7). é(p.7). W(p,7)

are continuously differentiable, then from Lemma 3.3 we obtain that
if we take T small enough, (3.9)-(3.12) has a unique classical solution

satisfying (3,4, d) € ' ([0,1] x [0,1])

5] < 2M,, || < 2M,, |d| < 2Myp. for 0 € p< 1.0 <7< T.3.15)

Furthermore, if Tis smallenough, "(Z—Ej—:%)" < 2M,for
i

0<p<1.0£7<T where

satisfy the condition (C4).

My = |po.qo. dol|,. ereimpliesp,q,andd

Now fora sufficiently smallT, F:—X,—X; iswell defined.

To obtain the desired result we need to prove F:—X,—X; is a
contraction mappingifTis further small enough.

STEP2:
Let (n,cwipiq.d;) € Xp(i = L2)set
HO)
u(p, 1) = %f; h(q{s, ), wi(s, 1), p;(5,7), q; (5, 7), d; (5, r))szds.

vilp, 1) = ui(p, 1) — pu;(1,7),

d=d ((nl,cl,wl,pl.ql,dl).(nz,Cz,Wz.Pz-t?z»dz))-

From [|r(ci(p, 7). wi(p. 7). pi(p. 7). qi (0, 7). di(p, D). < Boand
%no < n,(7) < 2n,.easily calculate |u,(p, 7) — uy(p, 7)| < A(T)d.
(3.17)

Thenby (3.13) ||, -, "f < max|, (r) = 7, (7)| < TA(T)d.(3.18)

0ST<T
Next,let &, = & — & and w, = W, — W, ,wehave

% _Dyd (508 % 4(p0)c
5 =35, (07520, p 5; = B0 DEAF(p.T)

for 0<p<1,0<7t<T, (3.19)
%(0, N=0¢17)=0fr 0Z7<T, (3.20)
E(p,0)=0for0<p <1,

a;—f' = %%(.oz 2—”2‘)+ul(p. T)p % — ¢(p, D)W.+F(p, 1)
foro<p<1,0<7<T, (3.22)
Zon=0m1n=0fr0<7t<T, (3.24)

where

B(p,7) = 1} (Of (2 (5,7). 21 (5. 7). 4 (5. 7).
@(p, 1) =} (Dg(wi (s, 7). 215,70 (5. 7)),

F(p.1) = [z (1,7) — (1, r)]pi—f + M2 F(cpe.q:) = N (@f (cpa)]é.

G(p.7) = [uy(1,7) — uz(l.f)]pz—i2 + [2@g(wepsa.) — (@ o(wipay)|..

dé,

Asforc, we know 5

- SAT) and 06 (p,T)<C. b
maximum principle note thatfis continuously differentiable and

N;» Pi-di arebounded,sowe candeducethat

IFll= < ATy — up|l;= + "n:f(fzpz,fb) - rlif(fl‘p“h)HLx < A(T)d
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16, = &l = llé = S TlFIl < TA(T)d.
Similarly forw’, we obtain

[1Gll= < Ay = usll= + A(T)d < A(T)d.
Againwe obtain
1#; = @, |l = I#.1l,= < TIGl= < TA(T)d

Finally, lettingp *=p -p,,q *=q -q,, d *=d -d,, thenresultis

aq. aq. ~ ~ 3
a_ci_ +v % = 21 (p, )P, + A22(p, DG, + Ay3(p, T)d.+F,(p, T)

for0<p<1.0<7<T.

ad. ad, ~ ~ 5
% +v, % = As1(p. DD, + A32(p. 1. + A33(p, DA A5 (p, T)

for0<p<1.0<t<T,
5.(0.0) = 0,3.(p,0) = 0,d.(p,0) = 0, for O<p<1 (3.32)
where A:j = "Ii(T)gij(vapﬁpﬁp &1) (1J=1.2.3),
Filp.1) = (v —vd‘l—%?ﬂ( LTZICR R LY ) 3
P ~ o~ o~ o~ .
_nggii(cz‘WZ'PZ“?Z'dz) !
and fl_ = ﬁz,le = {,, "1 — (3!'2. From (3.15)-(3.16) we know that

15l < 2My  NGill= < 2M, . ||di| . < 2M, . (i=1.2).

=

(22 20 2y
ap'ap’ ap

<2M, . (i1.2).
-

and since gij (i,j=1,2,3) are continuously differentiable , we deduce
that
3
NF = < Allvs = vally + AT Y 020120, 51, 0,2
j':l
- ﬂ;gﬁj(fpwbﬁmf?z'dMZ)”Lx
< A(T)d, =123 Itiseasytosee_ij(i,j=1,2,3) are bounded by a

constant independent of the choice of (ni,c_i,p_i,q_i,d_i) so from
(3.33)we have

"ﬁl =P, G — ﬁ?_,al - f;?_,”L—,_ = Hﬁ‘ﬁ?.-ﬂ?. - = TA(T)d- (3.34)

By (3.16),(3.26).(3.28) and (3.34)
d(#,, &, Wy, By, §1 dy ), (7,0 G2 Wa, B2, G2 d,) S TA(T) < 1,
then Fisacontraction mapping fromX; into X..

According to Banach fixed point theorem, if T is small enough then F
hasauniquefixed point(n, ¢, w, p. q, d)for 0 <t < T. Bythe

definition of the mapping F (, ¢, w, p, g, d) is the unique solution of

the problem (2.2) - (2.16) forfor 0<t<T

THEOREMA4.1:

Under the assumptions (A1) — (A4) and initial condition (1.30), the
free boundary problem (1.15)-(1.27) has a unique solution
(RCW,PQD)forall

In addition, for any T>0, R(t) €C' [0,T,CWEW,” (Q,) and PQD&EC'
Q"
Furthermore, the following estimates hold:

R(t) > 0for>0,

0<Crt)=C,0<W(rt) =Wfor0=r = R(t),t=0,
Plr,t) =20,Q(r,t) =0,D(r,t) =0for0 <+ < R(t),t= 0,
P(r,t) + Q(r,t) + D(r,t) =Nfor0 <r = R(t),t=0

there existsT>0dependingonlyon

o Qe (i) 190 (D ) 0.0 o . | (25,9640,
such thatthe problem (2.2)-(2.16) has a unique solutionfor0<t<T.

ACKNOWLEDGEMENT:
The author acknowledges the financial support rendered to the
project by UGC-SERO Folio No:-MRP 5004/14.

REFERENCES:

. S.Cuiand X.Wei, Acta. Math. Appl. Sinica, English Series., Vol.21,N0.4(2005), 597-614.

H.M.Byrne and M.A.J.Chaplian, Math, Biosci., 135 (1996),151-181.

S.Cui, SIAM J.Math Anal.,40(2008), No.4, 1692-1724.

S.Cui; J.Diff.equa., 246 (2009), 1845-1882.

S.Cuiand J.Esher, Arch.Rat, Mech. Anal., 191(2009), 173-193.

S.Cuiand A. Friedman, Trans, Amer. Math. Soc., 355 (2003).3537-3590.

Robert C. Mc Owen Northeastern University, Il Edition, Pearson Education.

A.Friedman and B.Hu; J. Diff. Equa., 227 (2006), 598-639.

9. H.Greenspan; Stud. Appl. Math, 51(1972),317-340.

10. J.PWardandJ.R.King;J.Math Appl. Med Biol. 14(1):(1997).39-69.

11.  A.Pazy, Springer-Verlag, New York, Berlin Heidelberg Tokyo.

12.  M.D.Raisinghania,S.Chand and Company Ltd.

13.  William E.Boyce and Richord C. Diprima, John Wiley and Sons, Inc.

14. JamesR.Munkres, Il Edition Prentice Hall of India private limited, New Delhi, 2005.

15.  S.G.DEO, V.Lakshmikantham, V. Raghavendra Il edition, Tata McGraw-Hill publishing
company Limited - New Delhi.

PNV WN =

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 497



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

