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Abstract Morphogenetic process is an interesting but very hard bio-chemical
problem. In this paper, we consider a bio-chemical model in temporal morphogen-
esis which is a generalization of the model studied by Gierer—Meinhardt. By using
the theory of ordinary differential equations, it is shown that the model undergoes
a Hopf bifurcation if the parameters in the model satisfy the following relationship:
A =2/(p, +x*)— 1.1t is also proved that the close orbit created by the Hopf bifurca-
tion is stable. The conditions that guarantee the system has three closely nested limit
cycles are also obtained in the paper.

Keywords Hopf bifurcation - Temporal morphogenesis - Bio-chemical reaction -
Limit cycles

1 Introduction

It is known that morphogenetic process is one of the most interesting problems in mod-
ern bi-chemistry. Much work has been devoted to this topic for the past decades [1-6],
among which the first bio-chemical model of temporal organization in morphogenetic
process was proposed by Gierer—Meinhardt [1]. If a is the activator concentration, and
h, the inhibitor concentration, the model takes the form:
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da n a?

— = cp— — Jua,

ar PPO 'Oh 28 0
dh / 2 h

— =c'pa” — vh,

dr P

where ppg is the source concentration for the activator and p the one for the inhib-
itor; ;o and v the degradation coefficients of a and h, respectively. The parameters
¢ and ¢’ are connected with the activator and inhibitor production. The system can be
understood in this way: two molecules of activator are necessary to activate and one
to inhibit the source.

System (1) was studied numerically in [1,7] and analytically in [2]. The possible
existence of state self-sustained oscillations of the model was investigated [1], and
then proved in [2] by using the Hopf bifurcation. However, conditions for the unique-
ness of limit cycle of (1) have never been reported. Recently, Huang, et al. modified
system (1) as follows [4,5]:

da . n a?

5 = PPotcp —ua ,
o i )
d—tzp(cla—}—cza)—vh.

It is easy to see that term ¢’a? in the second equation of (1) is replaced by ¢ja + c2a®

in system (2). This is because that, in the complicated morphogenetic bio-chemical
process, the rate of change of the inhibition concentration is also proportional to the
concentration of the activator, not just the square of it.

As is well known, the concept of limit cycles in a differential equation model
is related to the periodic oscillation between the concentrations of the activator and
inhibitor of the temporal organization in morphogenetic processes. Thus, any results
regarding the limit cycles of the mathematical model are useful in understanding and
analyzing the morphogenetic processes. In this paper, by using qualitative analysis, a
Hopf bifurcation at A = 2/(p, + x*) — 1 is proved, and we also investigate stability
property of the close orbits created by the bifurcation.

After the paper of May [8], the existence of one and only one limit cycle in a
bi-chemical system became a primary problem in bio-mathematics. As a bichemist, a
family of three closely nested limit cycles (the outer ones stable, the one in the middle
unstable) is equally important. This is because a three closely nested limit cycles is
better in describing bi-chemical reality. Our last theorem in the paper is for the con-
ditions that guarantee the system has at least three closely nested limit cycles. Our
results cover the main theorems in [1-3,7] as special cases c; = 0, ¢cp = ¢’.

2 The model

: . __ vc _ ve? _ Y : — Poc2
Performing the transform: a = eyt h = 2V dr = ﬁdt, and letting p; = S

0 = % A= ﬁ system (2) becomes
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dx 5

d_1:=p('01y+x )—xy

dy 2 2 @
i =p)»(,02xy+x y) —Ay©.

The above change of time variables: df = (y/u)dt is similar to the one in Poincaré
transformation (dt = dr/z", where z is also a state variable). It follows that system
(3) is topologically equivalent to system (2) if y # 0, and any qualitative result for
system (3) is also valid for system (2).

Due to the bi-chemical background, we just need to study system (3) in QT =
{(x,y)|x >0,y > 0}. In the following discussion, we still use ¢ instead of 7 as our
time variable.

A simple calculation tells that (3) has only one positive equilibrium point A (x*, y*)
in Q1, where

o Ltem—p +/(1+ pp1 — p2)> + 4pp1 2
N 2

Y = ppax* + px*2,

which is the nonzero solution of the system:

p(my +x2) —xy =0
4)
,0(,02x+x2) —-y=0.

In order to discuss the Hopf bifurcation and the stability of the close orbits due to
the bifurcation, we need to recall the following results for the existence and uniqueness
of limit cycles in system (3) (see [5]):

Lemma 1 All the solutions of system (3) are bounded in QT fort > 0.
Lemma 2 For A > 1, there is no limit cycle in Q7.

Lemma 3 The necessary and sufficient condition for there is one and only one limit
cycle in system (3) in Q1 is A < 2/(p, +x*) — 1.
Denote

R=2/(p,+x") =1, u=r—R=1-2/(p, +x")+ 1. &)

Lemmad4 (i) if po +x* > 2, orifpp +x* < 2and A > 2/(p, + x*) — 1, then
A(x*, y*) is a stable node or focus of system (3);
(ii) ifx <2/(p, +x*) — 1, then A(x*, y*) is an unstable node or focus. We assume
02+ x* < 2/(1 + A) in the following discussion.

Theorem 1 If u = 0, or A = 2/(p, + x*) — 1, then the equilibrium A(x*, y*) of
system (3) is a first order central focus, and it is stable if 1 < p» + x* < 2, and
unstable if py + x* < 1.
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Proof By the transformation: x = u + x*, y = v + y*, system (3) is now

du
5 = @ox" = yut (ppr = xv + pu — uvk,
dv * EE k
3 = (Pe2AyT o+ 20AxTy U — Ay
+ (ppak + 202x ™) uv + pry*u® — 20> + pruv.
For the simplicity, denote m = (ppaAy™ + 2pAx*y*), n = —Ay™, then we have

m=—pt(p2 +2x*), q+n®=p*ax**(py+2x%).

Now we make another transformation:

)\' *
U= 4 X — va Y, v=X, dr=./qds,
pAY*(p2 + 2x*) PAY*(p2 + 2x*)
that is
X =v,
pAY*(p2 +2x*)  Ay*
=———u+ —v.
Va va

Rewrite dt as dt, system (3) is now equivalent to

dx
T —Y + A1 X2+ AY? + A3XY + AsX° + AsX2Y + AgXY?,
(6)
dy
i X + B1X? + BoY? + B3XY + BaX> + BsX?Y + BgXY?,
where
on? pny/q 2pn? 1
Al = - 2 ) A2 = - 2 A3 = - 2 + — ’
m-\/q m y
2
PAN 2pni PA/q
Ag=—5—, As=—5—, Ag= {
m=./q m m
4 2 2 2
pnt — pn‘m —m°n pn 0
By = 7 » Bho=———,
m=q m m
1 (2pn3 n 2pn +m
By = — '02 + — - T ,
Va\ m= oy m
3 2
pPAN 2pnA PHA
By=—-———, Bs=——75—, Be=—-——"75.
me./q m m
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Using the following formal series:

F(X.Y)=X>+Y>+ > F(X.Y), )
i=3

where F; (X, Y) is the ith homogenous polynomial of X and Y whose coefficients will
be determined late. Let the 3rd order homogenous polynomials in % ©) be zero, we
solve the system of equations:

IF
2A1X3 +24,XY2 4+ 2A5X2Y — Ya—;

IF
+ Xa—; +2B,X2Y +2B,Y? +2B3XY? =0,

d0F3 dF3 3 3 2 2
— YB_X + XB_Y = —-2A1X" —2BY’ — (2QA> +2B3) XY~ — (2A3 + 2B)X“Y.

It follows that

2
F3(X,Y) = —2A; XY + 2B, XY? — §(2A3 + Az + By)Y?

2
+ §(A3 + B; +2By)X°.

Substitute F3(X, Y) into (6), and then let the 4th order homogenous polynomials in

%—f ®) be zero, and solve the equation
oF. oF.
- B—Xf‘ + Xa—Y4 = —2AX* — (2A5+2B)X3Y — (2A¢ +2B5)X2Y? — 2BsX Y3
— (Bi1X“+ByY +BlXY)a—Y—(A1X + AyY +A3XY)8_X
=01 X + 0 XY + 03X2Y? + 04 XY? + w5Y*,
where,

w; = —2(A4+ A1A3 +2A1By),

wy) = —2A5 — 2By —4B1By +2A B3 +4A, — ZA% —2A3B1 —4A3 B>,

w3 =4A1B1+2B1B3 —2A¢ —2Bs —4ByBy —2A2A3 —4A2By +4A1 A3,
w4 =4A1Bs +2A,B3 + 2B — 2B — 4B +4A 1Ay — 2A3B,,

ws =4A1By + 2By Bs.

Use the polar coordinates: X = r cos#, Y = rsin#, then
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dFy(cosb, sind)

0 = Hy(cos B, sin0)

= wj cos* 6 + wo cos> 0 sin@ + w3 cos2 6 sin 0 + w4 cos O sin 6.

Let C4 be defined as —% fozﬂ Hy(cos 6, sin @), then

1
Cy = — §(3w1 + 3ws + w3)

1
=— @(—3144«/_ — Ae/q — Bs\Jq — A1A3 + ByB3 +2A B + B B3
—AyA3 —2A7Bp)
1
——(—p)»nzmq — 4p2n3q — pnzmq + p)»mzq + 2,02nmq
4m2qﬂ
+ pmzq — ,omn4 - pkn4m — 2,02}15 + /o)\nzm2 + 2p2n3m + 3,0r12m2
+ anm® 4+ nm® — 2p2nq2)
=- : 4020 + g) + 02 (0% + @) + pin(oz + 25" (1% + )
4nq/q(p2 + 2x*)
—2pn(n2 + q) + pnlps + 2x*)(n% + @) + 201 (p2 + 2x%)
— pan (2 + 267 = pn (o2 + 26 20325 (02 + 26 |
_ph2a (o + 2x%)
2hy*q./q

(o2 +x*—1).

It is easy to see that pp +x* — 1 # 0, otherwise y* = px*(py + x*) = px*, which
implies that x* = 0. Therefore, C4 # 0, and the equilibrium A(x*, y*) is a first-order
central focus. If 1 < py +x™ < 2, then C4 < 0 and A(x*, y*) is stable; it is unstable
if pp + x* < 1. The proof of Theorem 1 is complete. O

Before we go to next theorem, we introduce the following Lemma [9].

Lemma 5 Consider the system

dx

dy
— =X s Vo ) — =Y s Vs ) 8
ar G,y 1) m” (x, y, 1) (®)

where, (x,y) € U C R?, the parameter p € J C R, X and Y are analytic functions
of x,y, n. If for uw = 0, (0, 0) is a stable (or unstable) central focus of system (8), and
if for w > 0, it is a unstable (or stable) focus, then for sufficiently small u > 0, there
exists at least one stable (or unstable) limit cycle around (0, 0); furthermore, when
w — 0, the limit cycle approaches to (0, 0). If the above condition u > 0 is changed
tou <0 (0 < |u| << 1), the conclusion is also true.

For system (3), choose w in (5) as a bifurcation parameter.
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Theorem 2 System (3) undergoes a Hopf bifurcation at u = 0, or at A = 2/(p, +
x*) — 1. The periodic solution created by the bifurcation is stable if 1 < p +x* < 2
and unstable if py + x* < 1.

Proof Inthe case of 1 < pp +x™ < 2, by Theorem 1, at u = 0, A(x*, y*) is a stable
first order central focus. By Lemma 4(ii), for u < 0, A(x™*, y*) is unstable focus, then
Lemma 5 implies that for 0 < || << 1, there exists a stable limit cycle surrounding
the equilibrium point A. For the case when p; + x* < 1, Theorem 1 implies that at
w =0, A(x*, y*) is a unstable first order central focus, and Lemma 4(i) indicates, for
w > 0, A(x*, y*) is stable focus, then Lemma 5 implies that for 0 < u << 1, there
exists an unstable limit cycle surrounding A. Theorem 2 is proved.

For the multiple limit cycles, we denote (x, y,) as the coordinates of P and recall
the annular region C D E F HC in [5], where C is the point defined as C (pp1, ,02,01 P2+
p3p12), and D = D (1 + pp1, yc) theintersection of the lines y = yc andx = 1+ ppy.
It follows that D is on the right of the line x = x™* because

s lteoi—pm + /(1 + pp1 — p2)> + 4pp1p2

<1 .
5 =1+ p01

Consider the auxiliary system:

dx 2
E =px- =Y,
9
O yox - ).
dt

For y < px2, the trajectory of system (9) passing through point D is the curve DE:
y = coe™*, where, co = yce *1FPPD Since this curve goes to +00 exponen-
tially as x increases, and the isocline y = px2/(x — pp1) has a linear asymptote
y = px + 2p%p1, then the curve DE must intersect with y = px2/(x — pp1), say,
at point E(xg, yg). Assume the line x = xg intersects with y = ,ox2 + ppax at
F (xr, yr), and the line y = yr with x = pp; at H. It is proved that the region
bounded by the boundaries of CDEF HC is a Poincaré-Bendixson annular region
and all limit cycles around the equilibrium A (x*, y*) are inside the region [5].
Consider the following auxiliary system

dx_ F
E_x( i(x)—y)

b _ o 2y _a 10.i
E—y( p(p2x +x7) — Ay), (10.0)
x(0)>0, y0)>0, i=1,2.

The functions F;(x) = px2/(x — pp1), and F> will be determined later.
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Suppose (xe, ye) is the equilibrium point of (10.7). In other words,

1
Xe =73 (1 + pp1 — 2+ (1 + pp1 — p2)? +4pp1pz),

Fi(x.) = Fa(x.).

Ye

Let Py = (x0, y0), with pp1 < x¢ < x.,0 < yp < y., be a point on the parabola y =
px2 + pp2x, I'; be the orbit of system (10.7) starting at Py. Suppose that A;, Q;, B; are
the first points (in time spent) of intersecting with the curves: y = px% 4 ppax, x > xe,
Y = Ye, pp1 < X < Xe,and y = px? + ppax,x < x., respectively. Let J be the
intersection of y = y, and y = px2/(x — pp1) with pp1 < x; < 2pp1 < Xe. O

Then, we have the following Lemma 6.

Lemma 6 Suppose

Fi(x) < F2(x)  for x € [pp1, xe],
Fi(x) = F2(x)  for x € [xe,XxE], (11)

with strict inequality for some x € [0, x.] and [x., xg], respectively. Then

(i) ya; > YAy, (D) yB, < yB,, (iii) xp, < XQ,,
(iv) yp; < Fi(xg,) for pp1 <x <X, i =1,2.

Proof Let the vector V; be defined as
Vi = (¥(Fi0 = 0.3 (0A(p2x +2H) =23),0) . i=1.2.  (12)
Consider the cross product of Vl and Vz,

Vi x Vo = (0,0, 2xy(ppax + px® = N(F () = F(x))) (13)
Since (11),
Axy(po2x + px? — y)(Fi(x) — F2(x)) > 0, for pp1 < x < x.

Hence, the flow of (10.1) is always directed outside with respect to the one of
(10.2). Therefore, (i)—(iii) hold. Suppose I'; intersects with the isocline y — F;(x) =
0 (pp1 <x < x,) at§;. Then, since

d
d—i}<0 for,op1<x<xe,y>,0x2+p,02x,

d
d—);<0 for pp1 <x < x., Fi(x)—y <0, i=1,2,

@ Springer
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dx .

EZO fOFE(X)—yZO, l=1,2,

dx .
d_t>0 for pp1 <x < x., Fi(x)—y >0, i=1,2,

we have
X5, < XQ; and VB =Yoo, = Fl‘()CQ,.), i=1,2.

Thus (iv) is also valid and the proof of Lemma 6 is completed.
Now following the argument of the existence of limit cycles in [10, 11], there exists
6 > 0 such that

Yo — yB,(yo) <0 forall yo € (0, 6).

Here B; is the intersection of the orbit I'j (x,, yo) and the parabola y = px2 + ppax,
pp1 < x < x.. It follows that yg, (yo), the y coordinate of By, is a continuous function

of yp.
—pp2+y/ P23 +4py0 .
— 22—y | with

Fix §, any orbit starting at the point (xg, yo) = %

yo € (§/2,y.) will be remained in the region: {(x,y)|y >0, pp2 <x < xg}.

Moreover, by the boundedness of solutions with the initial vales x(0) = xo =
—pp2+/ p203+4
W, ¥(0) = yo € (8/2, ye) (see [10,11]), we can assume, if a limit
cycle of system (3) exists, it must be inside a circle. Suppose it is inside the circle
(x—x)?+ =) =r5, ro€© ) (14)
Define F>(x) as
_ ) Fx) po1 <x =Zxy,
f2() = [ye x; <X <Xg. (15)

Clearly, F>(x) is continuous and satisfies Lipschitz’s condition.
Consider the system (10.7) and the orbit: I'; (xg, yp) starting at (xo, yo), i = 1, 2.
We are in a position to prove the theorem of the existence of multiple limit cycles. O

Theorem 3 [n addition to (11), if system (3) satisfies
1) p2+x* <2/(1+2),

(ii) there exists y € (0, y, — ro) such that y > F(xg,(y)),

where Q2(= S, in such defined F») is the intersection of I'2(x., ¥) and the line seg-
ment'y = Y, pp1 < X < X, then system (3) has at least three nested limit cycles
around (x¢, Ye).
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Proof Define the function p(yp) as

P (o) = yo — yB; (o), (16)

where B is the intersection of I'{(xo, yo) and the parabola y = px? + ppox, for
pPP1 < X < X,. Since (x,, y.) is unstable, if yo < y. and yy is sufficiently close to .,

p(¥0) > 0. (a7)

By Lemma 3, system (3) has at least one limit cycle around (x., y.). Thus, we can
find a y; € (y. — ro, ye) such that

p(y1) = 0. (18)
The stability of the above limit cycle implies that there exists §; > 0 such that
p(yo) <0 for yo € (y1 =61, y1). (19)
Now, by Lemma 6 and (i),

yg, () < Fi (x5,(9))

<y.
Thus
p(¥) > 0. (20)
A
. y=px’ +ppyx
' F
H y=px’ (x—pp)
'E
1
{
1
Ve i
i
i
C i
Lo : .
o oo, X, Xp X, "

Fig. 1 The flow of (10.1) is always directed outside with respect to the flow of (10.2)
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Since p(yp) is continuous with respect to yg, there exist

y2€ (y,y1) and y3 €(0,y),

such that

p(2) = p(y3) =p(1) =0.

Clearly each orbit starting at ((—ppg + ,/,02,0% + 4py,~) /(2p), y[) ,i=1,2,31s
a limit cycle of system (3). We thus complete the proof of Theorem 3. (Fig. 1). O

References

A. Gierer, H. Meinhardt, A theory of biological pattern formation. Kybernetik 12, 30-39 (1972)

M.I. Granero-Porati, A. Porati, Temporal organization in a morphogenetic field. J. Math. Biol. 20,
153-157 (1984)

C. Berding, H. Haken, Pattern formation in morphogenesis. J. Math. Biol. 14, 133-151 (1981)

X. Huang, A Mathematical Model in Morphogenetic Processes, Lectures on Mathematical Biol-
ogy (Universida Simon Bolivar, Caracas, 2001)

X. Huang, Y. Wang, H. Su, Limit cycles in morphogenesis. Nonlinear Anal. Real World Appl. 8,
1341-1348 (2007)

X. Huang, L. Zhu, Limit cycles in a general Kolmogorov model. Nonlinear Anal. Theory Methods
Appl. 60(8), 1393-1414 (2005)

G.M. Mon, H. Zhou, An approximate solution and its applications of differential equations with small
parameter. J. Yangzhou Univ. 2(3), 7-9 (1999) (in Chinese)

R. May, Limit cycles in predator-prey communities. Science 177, 900-902 (1972)

X. Huang, L. Zhu, A three-dimensional chemostat with quadratic yields. J. Math. Chem. 38(3), 399—
412 (2005)

X. Huang, S.J. Merrill, Conditions for uniqueness of limit cycles in general predator-prey system. Math.
Biosci. 96, 47-60 (1989)

. X. Huang, Stability of a general predator-prey model. J. Franklin Inst. 327(5), 751-769 (1990)

@ Springer



	Hopf bifurcation and multiple limit cyclesin bio-chemical reaction of the morphogenesis process
	Abstract
	1 Introduction
	2 The model


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


