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Abstract. In this article, two algebraic techniques are employed to analyze the double-chain
model of deoxyribonucleic acid, a crucial component in the realm of biology. The solutions ob-
tained by these methods include the trigonometric function solution, hyperbolic function solution
and rational solution. These methodologies demonstrate significant effectiveness in obtaining ex-
act solutions for many nonlinear differential equations.
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1. INTRODUCTION

Deoxyribonucleic Acid (DNA), is a genetic material that contains all the evolu-
tionary and functional information of living organisms that they need for their repro-
duction and life. Friedrich Miescher first discovered DNA in the 1800s. But it took a
long time for scientists to discover its structure and realize its importance in biology.
Structurally, DNA consists of two strands that are parallel and anti-parallel to each
other, each filled with numerous nucleotides. These two strands are held together
by hydrogen bonds between the bases of each nucleotide pair, keeping them side by
side. The physical structure of the two DNA strands as a double helical ladder was
first discovered using X-rays in 1953 by James Watson and Francis Crick and was ac-
cepted and expanded by scientific communities. This structure allows it to carry bio-
logical information. During the last several decades, the structure of DNA has been
extensively studied by many scientists. DNA has a complex structure and has many
longitudinal, transverse and torsional motions. For this reason, a mathematical model
with all its characteristics has not yet been presented. However, to study the structure
of DNA, we must provide suitable nonlinear mathematical models. Some scientists
have attempted to present some models to describe it, such as the property of the
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open state in long polynucleotide double helices and possibility of soliton excitations
[5], soliton excitations in DNA double helices [22], a coupled base-rotator model for
structure and dynamics of DNA [7], two-dimensional discrete model: denaturation
and longitudinal wave propagation for DNA dynamics [14], nonlinear dynamics in
a new double-chain model of DNA [3], solitary wave solutions for longitudinal and
transverse movements of DNA [2, 17], explicit solutions of double-chain DNA dy-
namical system [12], simulation of the coupled DNA nonlinear dynamical equation
bell-shaped [16] and so on.
In this paper, we investigate the double-chain DNA system [18]:

Qu = cfQu = MQ+NQ +mQ° + QT
Iy — C%Fxx = 7\,21—‘ + ’Yz.Q.Z +y2Q2F+ Bzr3 -+ ¢p,

where
X1 X2 —2u —2u 24/ 2uly
ci . e oM pch( 0): A2 o’ Y1 =27, YT
—2uly 4uly V2u
M=t = B1 =P ol = o (h—1lo)

Here Q and I' indicate the difference in the longitudinal and transverse displacements
of the top and bottom strands. This model with two long strands, homogeneous and
elastic, demonstrates two polynucleotide chains of the DNA molecule. where ; and
X2 are the Young’s modulus and the tension density of each strand, p and ¢ denote the
mass density and the area of transverse cross-section. Also, u, [y and / are the stiffness
of the elastic membrane, the height of the membrane in the equilibrium positive and
the distance between the two strands, respectively. Exact solutions of nonlinear par-
tial differential equations (NLPDEs) play a critical role in better realizing qualitative
features and physical interpretations of many occurrences. Many complicated events
can be described by these solutions. For this purpose some techniques have been
suggested, such as Kudryashov method [11], tan(¢(&)/2)-expansion method [10],
exp(—@(&))-expansion method [19], first integral method [8], sine-Gordon method
[21], Legendre wavelets [6], %—expansion method [9], and so on. Many scientists
have been applied some methods to study the double-chain DNA system. For ex-
amples, Riccati parameterized factorization method [2], %-expansion method [12],
¢®-model expansion approach [18], improved generalized Riccati equation mapping
method [13], Lie transformation method [20], exp(—@(&))-expansion method [1],
¢*-expansion method [4] and so on. Our purpose in this article is to obtain exact
solutions to the double-chain DNA system using two algebraic methods.

The remaining parts of this article are constructed as follows. In section 2, we de-
scribe the first algebraic method and its application to the double-chain DNA system.
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The application of g—;—expansion method for the double-chain DNA system is presen-
ted in section 2.2. Graphical representations of some solutions is shown in section 4.
In the last section, the conclusion is given.

2. THE FIRST ALGEBRAIC METHOD
2.1. Description of the first method to look exact solutions of NLPDEs

In this section, we consider the following NLPDE

R(0,0.,0s, Oxx, Oxr, 0s1,...) =0, (2.1)

where ¢ = ¢(x,#) is an unknown function in two variables x and ¢. Substituting the
travelling wave transformation

& = xx + o, (2.2)
into (2.1), it can be reduced to the following ODE
R(®,d' " @ ..)=0. 2.3)

Here ®) = ‘22‘,1,). The solution of Eq. (2.3) can be written:
1,4,0
q)(&) _ ZEO J (a)’
Lj20BO()
where the positive constants 1; and My can be calculated by considering the ho-
mogeneous balance between the highest order derivatives and the highest nonlinear

terms of ®(&) in equation (2.3), and A; (0 < j <m;), B; (0 < j <m3) are constants
to be found later and Ay, , By, # 0. Here ® = O(&) satisfies the following ODE

®'(&) =p+0*(E) (2.5)

where p is a constant and which has the following special solutions [15].

2.4)

Case 1: When p <0,

®,(§) = —v—ptanh(v/=pg), (2.6)
®,(€) = —v/—=pcoth(v—p&), 2.7
@3(8) = —/—ptanh(2y/—p&) +iy/— psech(2y/—p&), (2.8)
04(8) = —v/=pcoth(2y/=p&) +v/=pesch(2v/=pg), (2.9)

05(8) =1 <¢—7ranh<\/j”a> ¥ \/—T)coth(*/jpi)> )
Case 2: When p >0,
0(&) = /ptan(y/pf), (2.11)

07(§) = —v/peot(yv/pg), (2.12)
®3(8) = —v/ptan(2y/p§) +/p sec(2y/pf), (2.13)
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Oo(E) = —/Feot(2y/FE) & /P escl2y/FE), .14
O1o( xi) = % <\/13tan(\/2ﬁ§) - ﬁcot(?&)) . (2.15)

Case 3: When p=0,
911({5):—&_’1_6[ (2.16)

Where d is a constant.

The exact solutions for NLPDEs can be obtained by following these steps:

First, We substitute in (2.3) the (2.4) with Eq. (2.5). After making this substitution,
we obtain a polynomial that involves @(&). We then collect the terms with the same
powers of ®(&) and set all the coefficients of the resulting polynomial to zero. This
operation yields a set of algebraic equations in terms of A; (j =0,1,2,....,m1),B; (j =
0,1,2,...,m2), X and ®. Solving this system, it gives solutions of equation(2.3).

2.2. Application
Consider the double-chain DNA system
Qi — Q= MQ+1 QT + 1 Q3 + B QI2, (2.17)
Ly — A0 = ME4+71Q% + 1 Q2T+ Bl + ¢o. (2.18)

By using the transformation
I'=aQ+0b, (2.19)

where a and b are constants, Egs. (2.17)-(2.18) can be converted into the following
form

Qi — c1Qu = Q@ (11 + P1a*) + Q% (2B1ab +11a) + Q (M + by +Bib?),  (2.20)

b
Q — Qe = Q@ (1 + Poa®) + Q7 <3[32ab + % + ”Z) +Q (A +3Bob?)

+ =+ -+ —, (2.21)
Egs. (2.20) and (2.21) are similar for

h
b=—, %1 =2 2.22
\/E X1 X2 ( )
Now Egs. (2.20) and (2.21) can be reduced to a single equation as
Qi —clQu=KQ+LQ*+MQ (2.23)

where
m(4a® —2) I 6v/2am

K== 2

S
|
7 N
|
H
+
H
N———
|
|5
—1

X1
=" 224
[
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For obtaining exact solutions of (2.23), We take the travelling wave transformation
Qx,t) =¥(&), &=xx+or, (2.25)

where x and ® are constants that should be determined later. Substituting (2.25) into
Eq. (2.23), we have

(0 =1 2P — K — LY —M¥ =0, o’ -k #0. (2.26)
By balancing ¥ with 3 in (2.26) along with (2.4), we get the below:
M-—M+2=3M1—M)=m=m+1 (2.27)

Therefore, the exact solution of Eq. (2.26) can be written in the following forms.
Type 1: ny=1andn, =0,
_ Ao t+AI0()

(g =

where @® is the solution of equation (2.5). Substituting Eq. (2.28) along Eq. (2.5)
into Eq. (2.26) and equating all of the same powers @(§) to zero, we obtain a sys-
tem of algebraic equations for Ag,A1, B, p,k and ®. Solving obtained system using
Mathematica, we obtain

(2.28)

1 3K
Ag=Ag, Ay = ———=Ap, Bo = —

7A07
VP L
) 2 212
M = —4p(0* —>c?), K=o p<0. (2.29)
By using (2.28), (2.29) and cases (2.6)-(2.10) respectively, we get
Wy (1) = — (1 —i—tanh(\/;II;(Kx—i-O)t)))L,
1 h(y/— L
W, (x,1) = ~ (I+cot (,/311;(Kx+wt))) ’
Wa(n,r) [1+4tanh(2\/—p(kx+ ot)) Fisech(2\/—p(xx+ot))|L
3L = — )
3K
Wy (r.0) [14coth(2\/—p(kx+ot)) F csch(2y/—p(kx+ot))]L
4\X, 1) = — ’
3K
[1 4 (tanh (52 (kx + o)) + coth (Y2 (kx + o)L
‘PS (x,t) = .
3K
Type2: Mmy=2andm, =1,
Ag+410(8) +4,0°()
YE) = ) 2.30
Substituting Eq. (2.30) along Eq. (2.5) into Eq. (2.26), same as before, we obtain
2V5 1 12K
Setl: Ag=Ap, Al = ———=Ap, Ao =——Ap, Bp=——-A
e 0 0713\/_72})0,2 3po,0 57 20



250 N. KADKHODA, N. S. HAMZEHKOLAEI, Y. KHALILI, AND SH. ESHAGHI
6v/5K 217
By = —————Ag, M = —16p(0* —*c}), K = —
=75 N, 0, M p( c1), oM
By using (2.30), (2.31) and cases (2.6)-(2.10) respectively, we get

1 — [0 — Ltanh(\/=p(kx + or))] tanh (/= p(icx + o))
2K+ S5 tanh(y/=p(icr + o)) ’

W, (1) = 1— [@ 1 coth(y/=p(kx+ @r))] coth(y/=p(ikx + wr))

12K 4+ = coth(y/=p(ix + o))

() = [~ 20 4 L (— tanh(2/=p(icx + 1)) i sech(2y/=p(kx+or)))]
e o+ 6 =(—tanh(2,/=p(kx+ @r)) £ isech(2\/=p(kx+ t)))
X (—tanh(ZF(K;H—OJt))iisech(Zij(m+wz)))

1
152% + %(—tanh(2\/jp(l<x+ ot)) £isech(2y/—p(kx+wt))) ’
A VIO 41— coth(2y/=p(icx + o)) + esch(2y/=p(ix -+ or))]
T lszLKJF\ﬁ( coth(2/=p(kx+ ot)) £ csch(2/—p(kx+ ot)))

x (—coth(2/—p(kx+ or)) & csch(2y/—p(kx+ ot)))
1

B coth(2y/ (e + o) & eseh(2y/plxr + o))

([f+ (tanh(F(Kx—i-O)t))—i-coth(F(Kx—i—cot)))])
lP5(x7t):

UK 4 22 (qanh(Y;” (1cr + 1)) + coth(Y (kx + 1))

X (tanh( \/27(

,p<0. (231

‘P](X,l‘):

W=

ﬂ\

+

Kx + r)) + coth(
1

T + &5 (tanh (Y32 (1cx + 1)) + coth (V52 (kx + @)))

?(Kx—l—ﬁ)l)))

Set2: Ag=A A—OA—IA By = 2A B = 6 A
eSet?2: =Ag, A1 =0, Ay = —Ag, By = —=——A¢p, B; = ,
0 0, A1 2 0, Do 0 P R

M = _4p(0)2 —KZC%), K=K, p>0. (2.32)

By using (2.30), (2.32) and cases (2.11)-(2.15) respectively, we get

1+ tan?(,/p(kx+ ot))

— 357 + YAk tan(y/p(ix + o))

T@(X,f) =
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Wy (x,1) = Lteot(yplratan)
— 3 — YL cot(/p(x+ o))
Wy (x,1) = 1+( tan(2,/p(kx+ r)) £sec(2,/p(kx+ or)))> |
2L KL tan(2,/pir+ ) £ see(2y/x+ 1))
ey e o) sl )
7R \/W( cot(2/p(xkx+ 1)) £ csc(2,/p(rx+wr)))
Wio(x,1) = L+ (tan( (x + 1) — cot(* (x + @1))?
7 —%+%(tan(f(m+wz)) cot(*Z (kx+ )
oSet3: Ag=Ag, A =0, AZZ;AO, BO:_%KAO, B, — \/\/_S;II;AO’
M = —4p(e’ —’ct), K = EA; p<0. (2.33)

By using (2.30), (2.33) and cases (2.6)-(2.10) respectively, we get

Bo() = l—tanhz(ﬁ(m+mt))
11Xy _%_Ttanh(\/jp(m+mt))’

) - 1o/l an)
P - 3K coth(y=p(ir+or))

W(ar) — L (Canh@y=plert on) Eisech(2y—ple + w)))?
A — 3 = 3F(~tanh(2y/=p(kx + 1)) £ isech(2y/~p(x+ar)))’

(x.1) = 1 — (—coth(2/—p(kx+ t)) £ csch(2y/—p(kx+ot)))?
e kK _ %(—COth(ZH(KX—i—(Dt)) + csch(2y/—p(kx+ o))’

1 — 4 (tanh (Y52 (ex+ o)) + coth (2 (kv + 1))

3K Z\—F(tanh(F(Kx+wt))+00th(r(m+wt)))
31/2(@? —k2c?) 6(0? — K2c2)
eSetd: Ag=Ag, A = Ag, Ay = =22 Q,
VM M
K 6K \/2(0? —K2c?) 2

By=—""Ao, Bi =~ (2.34)

Ao, K= p=0.
LM 0 am P
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By using (2.30), (2.34) and case (2.16), we get
2 2
1+<3\f+6\/(x)1< )\/((DK)

” VM (kx+ot+d) | VM (x+ord)
l6(-x7t) K 6K /7(0)2 ) :
L L M(xx+ot+d)

3. THE SECOND ALGEBRAIC METHOD

3.1. Description of extended g—;-expansion method

In this section, we employ the ——expansmn method to obtain the exact solutions

of NLPDEs.
For the following NLPDE

R(q)vq)xvq)tvq)xxaq)xtvq)th'") =0,

3.1

where ¢ = ¢(x,7) is an unknown function in two variables x and 7. Substituting the

following transformation
£ =xx+ o,
into (3.1), it can be transformed to the following ODE
R(®,®',®" @",...)=0.

Here &) = We assume the exact solution of Eq. (3.3) as follow

o= Ea(SF).

where A; (A,, # 0) are constants and G(&) satisfies the following ODE:

dgn

G"(8)G*(8) —2G(8) G*(§) = pG*(§) +qG'(§) G*(§) +rG?(8).

We know the Eq. (3.5) has the following special solutions:
Case 1. If pr >0 and g =0,

G \/pr [Cicos,/pr&+Cysin/pr
G*  p \Cisin,/pr&—Cycos,/pr& )’
Case 2. If pr <0 and g =0,

G _ Ve <C1 sinh2m§+czcosh2\/fmg+cz>

G p  \ Cicosh2,/—pr&+ Cysinh2,/—pr —
Case 3. If p=¢g=0and r#0,
G C

G r(CE+G)

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)

(3.7)

(3.8)
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Case 4. If g # 0 and ¢> — 4pr > 0,
G q \V/q* —4pr(Cy sinh(Y i 4pr)§+Czcosh( Ve 41”)&)

— = . (39
2
=2 27(Cy cosh(YLSPNE 1 Cysinh (VL 420)¢)
Case 5. If g £ 0 and ¢> — 4pr < 0,
G q V4pr—q*(—C; sinh(Y—5— V4pr i )&+ C; cosh( pr e )€) (3.10)

G 2 2r(Cy cosh(@)ﬁ‘i’c2 Smh(@)&)

Where C; and C;, are arbitrary constants. The following steps can be used to obtain
the exact solutions of NLPDE:s.

First, substitute (3.4) into (3.3) using (3.5). Next, collect the terms with the same
powers of > in the resulting polynomial. Then, set all the coefficients of this poly-
nomial to zero to obtain a system of algebraic equations in terms of A;(—m < j <
m), p, q and r. Finally, solve this system to obtain the solutions of (3.3).

3.2. Application
For the double-chain DNA system

Qi — Q0 = MQ+YQ0 + 1 Q° + B QT2 (3.11)
[y — Al = Ml 479 4+ 10,0 + ol + co, (3.12)

similar to the first method, we can obtain
(0 = 2P — K — L¥? —M¥ =0, o —k*c] #0. (3.13)

Balancing ¥ with Y3 in (3.13) gives n=1. Therefore, the exact solution of Eq. (3.13)
can be written in the form:

G/ G/ -1
Y(E)=Ao+A, <G2> +A_ (G2> , A1 #0. (3.14)
Therefore, we have
L 2L 4
oSetl: Ap=—o| e 1), A= o | 52— 41,4, =0,
3K q*> —4pr 3Kq \| g* —4pr
2 2 .22 2L 2
M= (@ —4pr)(@ — ), K = 20 > —4pr £0,.q £ 0,7 o
(3.15)

By using (3.15), (3.14) and case (3.9), we get the general hyperbolic function solu-
tions

L q L 4pr
Yixt)=—| ——=-1 oA/ |-
1) 3K< 2 —4pr >+3Kq q2—4pr+ l 4
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P —dpr {cl sinh(YE" (x4 r)) + Gy cosh(VL 42" (Kx—i—cot))]

C1 cosh( YL (iex + o)) + Gy sinh (YL (x0x + o))

In particular, if we choose C; = 0, then this solution gives the solitary wave solution

L q L 4pr
Yxut)=—| ——-1 — = +1
2()0 ) 3K < /7q2—4pr ) + 3KC] q2—4pr+
Vqg*—4
X [—q— g* —4prtanh (M(m+wt)>

By using (3.15), (3.14) and case (3.10), we get the general hyperbolic function solu-
tions

+1|—g+

L q L 4pr
¥, S S - -
T («/4prq2 > T 3Kq\ apr—g?
\Aapr—gq {Cl sinh (W(Kx—i—mt)) Cycosh <V4prq(1oc+(ot))]
C cosh(iﬂprq(m—i-wt)) +C smh(iﬂprq(m-i-wt))

In particular, if we choose C, = 0, then this solution gives the solitary wave solution

L q L 4pr
Wy(x,t — 1 — | —+1
(1) = 3K <«/4pr—q2 >+3Kq 4prfq2+

—q+ /4pr— 2tanh< Varr—q (K’x—i—(nt))

2

L _ VMr A _ VMp

Set2: Ag=——=—, A1 = LA =~ ’
*o¢ 0T T3 M Tk TN T UK
212
M = —4pr(0® —x*c?), K = 9M,q:0,p7éo, r#o. (3.16)

By using (3.16), (3.14) and case (3.6), we get the general trigonometric function
solutions

‘Ps(x,t) = —

L VMr [(Cl cos(\/ﬁ(lcx—i—wt))—&-Cgsin(\/ﬁ(m—&—wt))ﬂ

3K 2y/Kp [\ Cisin(y/pr(xx+t)) — Cycos(,/pr(kx+ot))

N VMp [(Cl sin(\/ﬁ(Kx+wt))—Czcos(\/ﬁ(loﬂ—wt))ﬂ
2VKr [\ Cicos(y/pr(xx+t))+Cysin(\/pr(kx+or)) ) |
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In particular, if we choose C, = 0, then this solution gives the solitary wave solu-
tion

We(x,1) = —% + 2%; cot(y/pr(kx+wr)) + %tan(\/ﬁ(er ot)).

By using (3.16), (3.14) and case (3.7), we get the general trigonometric function
solutions

Balx) =~
7\WX,1) = _3?
_V-Mr (C] sinh(2y/=pr(kx+ or)) + Cy cosh(2/— pr(Kx+0.)t))+C2>
2vKp \Cicosh(2\/—pr(kx+t)) + Cysinh(2\/—pr(kx+ot)) — C

R

N vV—Mp <C1 cosh(2,/=pr(kx+ ot)) + C; sinh(2\/—pr (Kx—l—wt))—Cz)
2+/Kr \ Cisinh(2\/=pr(xx+ot)) + Cycosh(2y/—pr(kx+ or)) + C;

In particular, if we choose C; = 0, then this solution gives the solitary wave solution

We(x,1) = —% — %tanh(2@(xx+mﬂ) V—Mp coth(2y/—pr(kx+ot)).

T
2L 26L 26L
eSet3: Ay=—, 1:4,,471:71’7
7K 21Kq lqu
12
M = —16pr(0® —*c?), K = ,q;éo pFo,r#o.

3.17)

By using (3.17), (3.14) and case (3.9), we get the general hyperbolic function solu-
tions

[\J

Wy (1) = 2L - 1L ( VZ[C sinh(YZ (x + @) + C; cosh (Y2

7K 21Kq C cosh(‘f(Kx—l-(ot))—l-Cz sinh(g

_ 26Lp <q . VZ[Cy sinh(¥Z (icx+ o)) +Cs cosh( Z(Kx+cot))]>
2r

(m+m¢))]>

Kx+r))

& 2

2
11Kq 2r(Cy cosh(¥Z (kx + 1)) + Ca sinh(YZ (kx + wr) )

In particular, if we choose C; = 0, then this solution gives the solitary wave solution

2L 13L VZ
Wio(x,t) = 7K 21Kq <q+ﬁtanh(2(m+mt))>

_ 26Lp ( VZ f
2r

-1

Where Z = ¢ — 4pr.
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By using (3.17), (3.14) and case (3.10), we get the general hyperbolic function
solutions

lP“(x t)

2L 13L <  VZ[Crsinh (5 (e + @r)) — Czcosh(\/;(Ker(m))})
7K 21Kg C cosh(Y5Z (kx + o)) + Cy sinh (Y52 (kx + o))

26Lp< V=Z[Cy sinh(YZ (kx + or)) — czcosh(f(m+mt))}>
2r

11Kq 2r(Cy cosh(Y5Z (1cx+ o)) + Gy sinh(Y5Z (kx + wr) )

In particular, if we choose C, = 0, then this solution gives the solitary wave solution

Yo (x,t) = 72112 2113151( Ftanh(C(Kerwt)))
~1
—ﬁ(i—\/ftanh(\/?(m—i-wt))) .

Where Z = ¢ — 4pr.

4. GRAPHICAL PRESENTMENTS OF SOME SOLUTIONS

In figures 1-4 and 5-7, we plot 2D and 3D graphics of some obtained solutions to
Eq. (2.23) in the first and second methods respectively, which denote the dynamics

of solutions with appropriate parameters selection.

FIGURE 1. The 3D and 2D surfaces of ¥ (x,7) (Set 1) for the values
p=-05%x=020=07K=-0.05L=-39,andr=0.4.

5. CONCLUDING REMARKS

The purpose of this paper is to study the double-chain DNA. A travelling wave
transformation has been utilized on this model to convert it into an ordinary differ-
ential equation. In this paper, two algebraic methods were successfully used to study
the double-chain DNA system. The exact solutions obtained include the trigono-
metric function solutions, rational solutions and hyperbolic function solutions. This
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FIGURE 2. The 3D and 2D surfaces of W4 (x,7) (Set 1) for the values
p=-05%x=02,0=07,K=-0.05L=-39,andr =0.4.
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FIGURE 3. The 3D and 2D surfaces of Wg(x,7) (Set 2) for the values
p=05%x=02,0=01,K=-2,L=1,M=0.06and r = 0.4.
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FIGURE 4. The 3D and 2D surfaces of W;¢(x,7) (Set 4) for the values
p=0,x=02,0=07,K=025L=1,M=1,¢1=0.2,d = -2 and
t=04.

research illustrates the high effectiveness and practical utility of these methods in ob-
taining exact solutions for various types of nonlinear differential equations. We used
Mathematica for computations.
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FIGURE 5. The 3D and 2D surfaces of W (x,7) (Set 1) for the values
p=-05¢g=3r=-2k=020=07K=2L=1,M=1,C; =1,
Cy=2andt=0.4.

FIGURE 6. The 3D and 2D surfaces of Ws(x,7) (Set 2) for the values
p=05g=0r=2%k=020=07,K=2L=1,M=1,C; = 2,
Cy=1andtr=04.
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FIGURE 7. The 3D and 2D surfaces of Wio(x,#) (Set 3) for the values
p=—-054¢=3,r=-2,x=02,0=07,K=2,L=1,M=1,C; =1,
C,=0andt=0.4.
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