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ABSTRACT

This article addresses, effects of a magneto-fluid through a Darcy flow model with oscillatory wavy walled
whose inner surface is ciliated. The equations that governing the flow are modeled without using any ap-
proximations. Adomian Decomposition Method (ADM) is used to evaluate the solution of our system of
nonlinear partial differential equations. Stream function, velocity and pressure gradient components are
obtained by using the vorticity formula. The effects for our arbitrary physical parameters on flow char-
acteristics are analyzed by plotting diagrams and discussed in details. With the help of stream lines the
trapping mechanism has also been discussed. The major outcomes for the ciliated channel walls are: The
axial velocity is higher without a ciliated walls than that for a ciliated walls and an opposite behaviour is
shown near the ciliated channel walls. The pressure gradients in both directions are higher for a ciliated
channel walls. More numbers of the trapped bolus in the absent of the eccentricity of the cilia elliptic
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1. Introduction

Oscillatory wavy walled (Peristalsis) play an important phe-
nomena in the transport of biofluids and involved in many bio-
mechanical systems. Also, pumping phenomena with peristalsis
is used for pumping corrosive materials so as to prevent direct
contact of the fluid with the pump’s internal surfaces. Moreover,
by using the principle of peristalsis, some bio-mechanical instru-
ments, as heart-lung machine have been simulated. Numbers of
analytical [1-12], numerical and experimental [13-17] studies of
peristaltic flows for different fluids have been discussed.

The effect of magnetic field and Darcy medium on the peri-
staltic mechanisms are important in connection with specific prob-
lems of the movements of the conductive physiological fluids, see
[18-25].

Cilia, hair resembles animated appendages, presented in the
respiratory, digestive and reproductive system of males and fe-
males and the nervous system in all categories of the animal
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kingdom. Cilia motion plays an important role in physiological
processes such as locomotion, feeding, circulation, breathing, and
reproduction. The cilia beatings, being well coordinated, gener-
ate a metachronal wave. The envelope of cilia tips, forming the
metachronal wave, acts as an extensible wall with a tendency of
forward motion always in the same direction. Some various studies
about a cilia transport have been achieved by references [26-36].

No attempt has been made yet to study and solve this model by
using the ADM method without any wavy walls approximations.
Therefore in this paper, we will present the influence of the mag-
netic field and Darcy medium on peristaltic flow due to the cilia
motion. The governing non-linear partial differential equations of
this model have been solved with the ADM method. This method
has already been used for the solutions of several other problems
[43-46]. The impact of all the physical parameters is discussed and
plotted. The paper is organized as follows. Section 2 includes the
explanation of ADM briefly. The physical modeling statement with
geometry of our problem is presented in Section 3. The Adomian
Decomposition Method for solving our system equations is given in
Section 4. In Section 5, we discussed in details the results we have
obtained and the effects for our arbitrary physical parameters on
the flow characteristics. Major findings of our model are included
in the last section.
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Fig. 1. Geometry of the problem.

2. The adomian decomposition method(ADM)

To explain this method [37-42] , we consider the following dif-
ferential equation

Lu + Ru + Nu = g(x), (1)

with prescribed conditions. In the above equation u(x) is unknown
scalar function, L is the highest-order derivative which is assumed
to be easily invertible, R is a linear differential operator of order
less than L, Nu represents the nonlinear terms, and g is an inho-
mogeneous term. Applying the inverse operator L~! to both sides
of Eq. (1), and using the given conditions we have

u() = f(x) — L' (Ru) — L' (Nu), (2)

in which the function f{x) represents the terms arising from the in-
tegration of g(x) and then using prescribed intial or boundary con-

ditions. For examble, if L = %, then L~! is a three-fold integration,
and

2
f(x) =u(0) +xu'(0) + %u”’(o) +L71g

The linear term u(x) in terms of an infinite sum of components
um is decomposed through the following equation

u®) =Y tn(x). (3)
m=0

The nonlinear operator Nu can be decomposed into a infinite
series of polynomials as

Nu = iAm (x). (4)

m=0

The components of u(x) can be determined recursively. An(x)
are the Adomian polynomials of ug, uq, uy- -+, Uy and satify

1 dm > .
Am:ﬁm N Z)\‘ui , m=0,1,2-- (5)
i=0 =0
From Egs. (2)-(4) we have
S un@®) = f) =L (RY tm | =L (R An | (6)
m=0 m=0 m=0
The above equation easily gives
Up = f(x)’ (7)
U1 =L " Rup) — L' (Am). m > 0.

All components are determinable since Ay depends only on ug,
A; depends on ug, uq, etc. Moreover, since the series is commonly
rapidly convergent, the m-term partial sum ¢, = Z?lﬁ] u; could be
the practical solution.
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Fig. 2. Comparison between present method(« # 0, R. # 0) and result obtained by
Mekheimer [10]. (a) ¢ =0.1,Q =0.5; (b) ¢ =03,Q=1.

Table 1
Comparison of longitude velocity distribution for present work when o = 0.01, R, =
0.01 and work obtained by Mekheimer [10] for fixed values of ¢ = 0.1, ¢ = 0.5.

y u(x,y) Present work  u(x,y) Mekheimer [10] with
long wavelength

approximation

-11 -1 -1 0

lerror|

-09  -0.278794 —0.278738 —0.0000566376
-0.7 0.298227 0.298272 —0.0000445125
-0.5 0.731027 0.731029 —1.91459%10-¢
-03 1.01958 1.01953 0.0000424383
-0.1 1.16386 1.16379 0.0000694011
0 1.18189 118182 0.0000729958

Regarding the convergence of the decomposition method and
the detailed description of the Adomian decomposition and the
modified decomposition algorithms, we refer the readers to the
studies [43-46].

3. Statement of physical model

Let’s take in our consideration an incompressible MHD flow
with a Darcy flow model in symmetric channel. Flow occurs due to
the metachronal wave which is produced due to collective beating
of the cilia with constant speed c along the walls of the channel
whose inner surface is ciliated (Fig. 1). The plates of the channel
are assumed to be electrically insulated. We assume that a uniform
magnetic field strength B¢ is applied in the transverse direction
to the direction of the flow and the induced magnetic field is as-
sumed to be negligible. The geometry of the envelope of cilia tips
and the flow of fluid are represented in two coordinate systems;
one, fixed in the space, is (X, Y) and another is (x/, y’) moving to
the right with a speed c relative to the fixed one. The two coordi-
nate systems are connected with the relation.

V=, (8)

where (U, V) and (v, v') are components of velocity in the fixed
and moving systems respectively.

The channel walls surface (in fixed systems) are given by
(Fig. 1):

HX. 1) =ﬂ:[h+ecos[27n(X—ct)]], 9)

X =x +ct, Y=y, U=1u+c,

or (in moving systems) written as:
n (x) =i[h+ecos [2%)(’]] (10)

where, t is time, A is wavelength, € is the wave amplitude, h is
mean distance of the wall from the central axis and c is wave ve-
locity of the metachronal wave. Following Sleigh [26], the cilia tips
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Fig. 3. Longitude velocity distribution for different values of physical parameters.
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Fig. 4. Vertical velocity distribution for different values of physical parameters.
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Fig. 5. Variation of pressure gradient (g—f) for different values of physical parameters.
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Fig. 7. Streamlines for different values of o and other parameters are (¢ =0.2, R, =0.1, M=1, 0 =0.1, $ =0.1, Q = 0.1).

are assumed to move in elliptic paths so that the horizontal posi-
tion of a cilia tip is given as :

F(X,t) = Xo + fe sin[zTn(X—ct)], (11)

where, X is a reference position of the cilia and g is a measure of
the eccentricity of the elliptic path.
Using the following nondimensional variables:

X y _u/ B A _I/f/
R U—?, v=—1, w—a,

ch
Q h2? 77/

w', ==, =—7, =

Q ch b m ckp n
where, the amplitude ratio “¢”, the wave number “«”, Hartmann
number “M”, the porosity parameter “c” and the Reynolds number
“Re”, are defined by

€ _h _ Joo _ pch K
¢_E’ CY—X, M= ﬁﬁoh, Re—T, O._ﬁ' (13)

The equations of motion [1,22,25] for a moving system in the di-
mensionless form become:

du Jdv

xtay =0 (14)

2 2
Rea[ua—u+va—u] = —@+ [aza ! +ﬂ]

ax oy ax x2 " 9y2
-M?(u+1) - %(u+1), (15)
ov v ap %v v | o
3 il e P 2 27 Vvl =
Recx [u X +v8yi| 3y +a |:oz 2 + 3y p v. (16)

Also, the configuration of the peristaltic wall can be represented
by:

n(x) =1+ ¢ cos[2mx], (17)
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(c) B=0.15 (d) B =0.20

Fig. 8. Streamlines for different values of B and other parameters are (¢ =04, $ =0.2, R, =0.1, M=1, 0 =0.1, Q = 0.1).

The boundary conditions can be expressed as: and the no-slip condition or the symmetry condition on the planes
y=0 and y = n(x) can be expressed as follows:
Jau
v=0, — =0, =0 aty=0, 2
ay v Y Y =0, %—‘é’zo, aa—w—o aty =0,
u=-1-2mw¢afcos[2nx], v=2ma¢psin[2wx], ay X
Y =Q aty=n). (18) v =Q, 8_13/: =—1-2n¢uap cos[2mX],
The stream function v and vorticity @ are defined by: % = 2m¢asin[2wx] aty=n(x). (21)
oy Yy L0V du
U=z, V=T O=Yg gy (19) " 4. ADM solution
By eliminating the pressure, the governing equations and boundary For the solution of Eq. (20) with the boundary conditions (21),
conditions in terms of ¢ will takes the form we use ADM , we write Eq. (20) in operator form
3 3
3y W\ ([ By Py v =1 (Reee| (2L ( 2V 20V
— =Rett| | = || 75> +to" == 4 ay 0X0y2 ax3
oyt ay dxdy? ax3
3 3
) (e (‘”)(”3’ “55) )
ax )\ oy dx2dy 9 dy 9x20y
4 2
| ot 3W+2 2 34‘/’ _I_Mzazw (|: +2 Zaazgpzjl-i-Mz%—l/zj
x4 x20y? 3y2 Y Y

2 2 41 321// 3’y
(G eett) o )
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(c) M =15

(d) M = 2.0

Fig. 9. Streamlines for different values of M and other parameters are (¢ = 0.4, ¢ =0.2, R. =0.1, 0 =0.1, B =0.1, Q = 0.1).

y
Since L () = / (x)dy .

0

4—times

So, now we can decompose ¥ as:
V=Y VYn (23)
n=0

Substituting ¥ into Eq. (22), and using the boundary Egs. (21), we

obtain:
Yo = y<'7(2"7)’(4);)3q) —y3(n2(;§(:)q>,
e () 25 3
() (T i)
202Yn

_ 0*Yn %Y
-1 4 n 2 n
L <|:a x4 +2a 0x20y2 +M 0y?

1 321/11171 2 82I,Z’n—l
+E( 0y2 TR ’

since @y = Con(%) + Y010 (%) + Y220 (%) + Y3c30(X), (24)

where ¢ n.C1 n,C2, 0, C3,n are the integration constants which are
evaluated from the given conditions.
Then the solution of the stream function written as:

V=> Yn="v%0+V1+ - =AXY+AKX)Yy

n=0
+A3 (Y +AsX)yT +As(x)y° + -+, (25)
where Aq(x), Ay(x), A3(x), A4(x) and As(x) are written in detail in
appendix. From Egs. (19) and (25) we get the approximate form
for the velocity.
By Substituting from Eq. (19) in Eqs. (15), (16) we get the pres-
sure gradient terms in dimensionless form as.

op R oy 0%y oY 0%y
ax = a2 ) T\ ay axay
dw 1\ [0y
_W_(M2+E)<W+l)’
B] Y 92y Ay 3%y do o2
@=Re“3[<ww)‘(Waxayﬂ*“zW*?W (26)

From these equation and by substituting of ¢ and w we can get
the value of the pressure gradients.

=

=]
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(c)e=03

(d) o =04

Fig. 10. Streamlines for different values of o and other parameters are (¢ =04, ¢ =0.2, R, =0.1, M=1, f=0.01, Q = 0.1).

5. Numerical results and discussion

We divide this section into three subsections. In the first sub-
section, the effects of various parameters on the velocity charac-
teristics are investigated. Pressure gradient characteristics are dis-
cussed in the second subsection. Finally the trapping phenomenon
is illustrated in the last subsection.

5.1. Velocity characteristics

This subsection describes the influences of various emerging
parameters of our analysis on the fluid velocity components u and
v. The behavior of the longitude velocity (u) for values of «, 8, M,
o, ¢, Re and Q is illustrated in Fig. 3, which shows that the behav-
ior of longitude velocity near the wavy walls and at the center is
not similar in view of all parameters. The longitude velocity field
increases due to the increase in M, 8 near the channel walls while
it decreases at the center of the channel. However, a reversed trend
appears for the effect of the others parameters «, o, ¢, R. and Q.
So, the axial velocity is smaller for a magneto-fluid and cilia walls,

while it is higher for a porous medium. Also, as expected u is an
increasing function with «, ¢, R, and Q

As a special case, we compare our results(in the absence of
magnetic field, permeability and B = 0)with ADM method with
those obtained by Mekheimer [10] in the case of no magnetic field
and couple stresses. Such a comparison is illustrated in Table 1 and
Fig. 2, where we notice that the two solutions are coincide across
the channel region.

The behavior of the vertical velocity v for several values of «, 8,
M, o, ¢, R, and Q is elucidates in Fig. 4, and as expected the verti-
cal velocity vanishes at the channel center and behaves as a sinu-
soidal wave across the channel region. Also, we observe from this
Figure that The vertical velocity value decreases with the porosity
parameter o. However, this value increases with the increase of ¢,
Re, M, B and Q.

5.2. Pumping characteristics

Fig. 5a illustrate that the axial pressure gradient % has a pe-
riodic nature and it has a decreasing effect on the wider region
of the channel where, it over the ranges of —0.5 <x < -0.2, 0.2 <
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(c)p=04

(d) p=05

Fig. 11. Streamlines for different values of ¢ and other parameters are (¢ =0.4, 0 =0.1, R. =0.1, M=1, 8 =0.01, Q = 0.1).

x < 0.5 approximately. Generally, the pressure gradient attains its
maximum value at the narrow region of the channel from where
it decreases rapidly as we go to the wider parts. Also, Fig. 5a elu-
cidates that % is strongly effected by the cilia walls which has an

increasing effect on it. On the other hand, % has an increasing
effect with o, ¢ and a decreasing effect with o, M, R, and Q.

In Fig. 6 the distribution of the vertical pressure gradient g—ﬁ
is slightly antisymmetric about the midsection and vanishes at the
center line y = 0. in all figures. Also, 3—5 takes negative and positive
values in both regions of the half channel and behaves as a sinu-
soidal wave across the channel with large values of the Reynolds
number Re and wave number « . Finally the effect of the problem
parameter are illustrated in these figures, where the %5 amplitude
increases as «, f3, Re, M, Q, ¢ increases, and decreases as the poros-
ity parameter o increases.

5.3. Streamlines and fluid trapping
The formation of an internally circulating bolus of the fluid by

closed streamline is called trapping and this trapped bolus pulled
ahead along with the peristaltic wave. Figs. 7 and 10 illustrate the

streamline graphs for different values of the wave number « and
o respectively. It is observed that the size and number of trapped
bolus increases by increasing o and o. Figs. 8 and 9 show the ef-
fects of the Hartmann number B8 and M on the stream function,
it is clear that the size and number of trapped bolus decreases by
increasing the eccentricity of the cilia 8 and M. Fig. 11 illustrates
the effects of ¢ with a given fixed set of the other parameters.
By increasing the amplitude ratio ¢ the bolus size increases and
more bolus are created. To see the effects of Reynolds number Re,
Fig. 12 is plotted. It is observed that for small values of R, the bolus
appears in the center region and moves towards left and increases
in it's size and number as the Reynolds number R, increases.

6. Concluding remarks

This section is concerned with the major findings from the dis-
cussion of the influence of a magneto-fluid through a Darcy flow
model with oscillatory wavy walled whose inner surface is cili-
ated. The problem solution is based on the Adomian Decomposi-
tion Method without any used approximations. The main points of
the performed analysis are summarized as follows:
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(c) R, = 10

(d) Re = 20

Fig. 12. Streamlines for different values of R, and other parameters are (¢ =04, ¢ =0.2, 0 =0.1, M=1, f=0.01, Q = 0.1).

1. The Adomian Decomposition Method is able to solve the prob-
lems of peristaltic transport without any approximation on the
magnitudes of the wave number «, amplitude ratio ¢ and
Reynolds number Re.

2. The longitude velocity field is higher in the absent of the ec-
centricity of the cilia elliptic path g at the center of the chan-
nel while opposite behaviour is shown near the ciliated channel
walls.

3. The velocity field increases due to the increase in M near the
ciliated channel walls while it decreases at the center of the
channel.

4. The magnitude of the pressure gradient in both directions %g ,
%5 are higher for a ciliated walls than that without a ciliated

channel walls .
5. More of trapped bolus numbers in the absent of the eccentric-
ity of the cilia elliptic path B.
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Appendix

Ai(x) =

Ay (x) =

Az(x) =

Ag(x) =

[ 730001 -3100% @(-20G (o (x) @' () 3QRe + 12800 () + 224) + 200Re) + 120/ () (0 (o)

x0 (G(x) — 1)?1' (x)? = 2R.0 (G(x) — 1)? = 2aQn’ (%)) — 200 (G(x) — 1)’ (x) Ban’ (x) (QR. + 64an’ (X)) + 112)
+a?Qon® (%) (23QR. + 960 (x)) + 72aQo 1’ (x)?) + 56(M*Qo + Q) + (%) (G(X) (@ (4R.0' G (x) (5%’ (x)?
+12) + o (=) (5QR® (%) — 40’ (x) (Ren” (x) — 48an® (x)) + 144an” (x)?) + 48an’ (x)?) + 168(M?0 + 1))
—a(a (0 (336G" (x) — a(5QRn (x) + 60Qn™® (x) + 144an” (x)?)) + oo’ (x) (51QRG” (x) + 2Ren” (x) — 192
xan® (x)) + 487/ (x)? (6020 G (x) + 1) + 60Qn" (x)) + oG (x) (a* (37" (x) (17QR. + 192’ (X)) + 20R.n’ (x)*)
+48R.)) — 203Rea G(x)%1' ()" (x) — 168(M?0 + 1)) + a®>n(x)* (=232 QR.0 G (x) + 96’0 G" (x)1" (x) — 28
xR0 G (%)% (%) + 4G (x) (oo (16aen® (x) — 5Re (G(x) — 1)n" (x)) — 81/ (%)) + 4o n’ (x) (162G (x) — R,
x(G(x) = 1)G"(x)) — 20R.0 G(x)’1n® (x) + 4aR.0 G(X)n® (x) + 16025 (G(x) — 1)@ (x) — 16G(x)n” (x) — 2
xRean® (x) + 161" (x)) + o1 (%) (o (200 G? (x) + 3R (G(x) — 1)GP (x)) + G" (%) (=3aR.0 G (x) — 20))
+30n(x)(3e?Qn” (x) (an’ (%) (29QRe + 16an’ (x)) — 112) — 2(G(x) — 1) (n’ (x) (an’ (x) (e’ (x) BQR. + 1607’ (%))
+336) + 44QR.) + 560)) + 24Qo (an’ (x) (dan’ (x) (an’ (x) (9an’(x) — 2QRe) +42) + 15QR,) + 420)]

[5040;”()()3} [3n(x)* (=200 G (x) By’ (x) (an’ (x) (QRe + 18an’ (X)) +42) + 33QRe) + 16a (' (x) (* (—Ry)o

x(G(x) = 1)1’ (%)* = 3R.0 (G(x) — 1)* = 3aQn/ (x)) + o (G(x) — 1)n" (x) (an’(x) (QRe — 27an’ (x)) — 21) + 9
xQon" (x)?) + 84(M*Qo + Q) + a*Qon® (x) (41QR. + 192 (x))) + 1 (x)* (a® (0 (504G (x) + 2 (7QR.n® (x)
—990Qn™® (x) — 162an” (x)?)) + ao 1’ (X) (75QR.G” (x) + 11R.n" (x) — 216an® (x)) + 541’ (x)? (6> G" (x) + 1)
+99Q7" (x)) + G(x) (—2a (0 (ReG' (x) (10021 (%)% + 27) + a?n" (x) (11Ren’ (x) — 81an” (x))) + 27an’ (x)?) — 252 (M?
xo +1) +aon® (x)(216an’ (x) — 7QRe)) + o G (x) (? (30" (x) (25QR. + 216an’ (x)) + 20Ren’ (x)?) + 54R,)
+11aRea G(X)% 0 (X)n" (x) + 252(M?0 + 1)) + o n(x)* (410eQR.0 G (x) — 108020 G (x)n” (x) + 34aRe.0 G (x)?
x1 (%) + 4G (x) (o (5R(G(x) — 1)n” (x) — 18an™® (%)) + 90’ (x)) — 2001’ (x) (36aG® (X) — R (G(x) — 1)G" (%))
+aR.0G(x)?n® (%) — 20R.0G(x)n® (x) — 18?5 (G(x) — 1)n™ (x) + 18G(x)n” (x) + aR.on® (x) — 187" (x))
+0?1(%)° (o (=33aG@ (x) — 8R(G(x) — 1)G®) (x)) + G” (X) (BaReo G (%) + 33)) + 301 (x) (=2(G(x) — 1) (-«
xn' (%) (4an’ (x) (an’ (x) (4501’ (x) — 2QR.) + 126) + 81QR.) — 420) — 92Qn" (x) (an’ (x) (19QR. + 48an’ (%))
—56)) + 6Qo (—an’(x)(an’ (x) (an’ (x)(36an’ (x) — 65QR.) + 1008) + 99QR,) — 420)]

[Mj} [=3a02QR.0G® (x)n(x)* = 3n(x)?> Qo (—xQn’ (X)? (R0 G (X) +2) — 2QR.0G' (x) — 201’ (x) (8c

%G (%) + Re(G(x) — 1)?) + a0 (G(x) — 1)1 (x) BaQRen' (x) — 8) + 60°Qon” ()?) + 4(M*Qo + Q) + &*Qan® (x)
% (3QR. + 161’ (x))) + 30 (%) (—a? (0 G” (%) (@QRe1' (x) + 8) + Q1" (x) (xR0 G (%) + 2) + @QR.on® (%)) + G(x)
x (4M%0 + a®QR.o0n® (x) + 4) — 4(M?*0 + 1) + 2a*Qon™ (%)) + a?n(x)° (o 2aG™ (x) + R (G(x) — 1)G® (%))
+G"(X) (@(=Re)o G’ (x) = 2)) + 9o n(x) (2(G(x) — 1)’ (x) (an’ (x) (@QRen’ (x) — 8) — 2QRe) + aQn” (x) (an’ (x)

x (5QRe +24an’ (x)) — 8)) — 36aQon’ (x) (an’ (x)(an’ (x) (QRe + 4an’ (x)) — 8) — QR.)]

[1680;,7 )7 } [ (3n(x)?(—42Qn’ (x)? (@R.0 G (x) + 1) — 2QR.0 G () + 4’0’ (x)* (8 G (x) + Re(G(x) — 1)?)

+4o?o (G(x) — D' (x)n” (%) (5QR. + 1201’ (x)) — 4Re0 (G(x) — 1)1’ (x) + &*Qon® (x) (3QR. + 16a7’ (x)) + 120
xQo " (x)?) = 3n(x)* (e (o n' (x) (QRG" (x) + (G(x) — 1) BRe(G(x) — D" (x) + 8an™® (x))) — 20 (x)? (-6’0
xG"(x) + G(x) — 1) + 2Q0 (3R (G(x) — )P (x) + an™® (x)) + 6?0 (G(x) — 1)1 (x)* — Qn" (X)) + 0 G (x) (2R,
xG(X) + o?n” (x) (QRe + 2401’ (x)) + 2Re)) + an(®)*BaQR.0G® (%) + 12020 G” (x)n" (x) — 60R.0 G (X)) (X)
—4G () (0’ (x) = 22?0 n® (%)) + 2a0 1’ (%) (4GP (X) + R (G(x) = 1)G" (X)) + @R0 G(x)*n® (x) — 2aR.0 G(X)
xn® ) + 2020 (G(x) — )™ (x) = 261" (%) + aReon® (X) + 21" (%)) + an(x)® (o (—aG? (x) — 2Re (G(X)
~1)G® (%)) + G (x) 2QaR.0 G (x) + 1)) + 300 (x)n’ (%) (=10(G(x) — 1) (2e*n' (X)*(QRe + 201’ (X)) — QRe) — 30t
xQn" (x)(7QR. +40an’(x))) + 18Qan’ (x) (e®n’ (x)* (3QR. + 20 (X)) — QR.))]
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R.

80~ |~

][Ot3(377(X)2(—ZQG’(X)H’(X)2 +14Q(G(x) — D' (N (x) + 4G — 1)1’ (0 + Q0 (x))

—n()* (' ®)(BQG" () + 14(G(0) — 1’1" (1)) + G () (4(G(0) — D' (0 +3Qn" (1) +5Q(G(x) — 1 (%))
+7(0*(QGCY () +4(G(X) = DG ()N (X) +4(Gx) = DG ()" (x) — 46" ()1 (X) +2(Gx) - 1)*n® (%))
+17(0°(G ()G" (%) - (G(x) = DG (1) +3Qnx)N' () (-14(G(x) — D1’ (0 = 9Qn" (%)) +24Q°n (x)*)]
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