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Abstract In this work, we explore the dynamics of molecules in torsionally stressed DNA subjected to periodic external forces,
specifically microwave radiation. Our approach involves constructing a novel continuum model based on a discrete model. Remark-
ably, this continuum model has not been analytically solved in existing literature, which motivates us to derive analytic solutions for
investigating DNA s dynamical behavior. Our primary objective is to examine the impact of an external field (such as microwave
radiation) on DNA dynamics, potentially affecting its structural integrity. Scientifically, we know that DNA molecules exposed to
microwaves can suffer damage. Here, we focus on stability (or instability) to determine deterministic outcomes. Analytic solutions
are essential for this purpose. The model equations governing torsional DNA (TDNA) behavior are non-autonomous and, in some
cases, not integrable, meaning no exact solutions exist. Consequently, we rely on approximate solutions. Our chosen method is
the extended unified method, allowing us to control errors through parameter selection. We consider two scenarios: when the tor-
sional angle is smaller than one or completely free. Exact solutions emerge only when stacking and chain curvature constants are
equal, otherwise, we derive approximate solutions. Numerical results: Numerical representations reveal that the localization of DNA
molecules depends significantly on the microwave amplitude (MWA) and damping rate. Additionally, a critical MWA or DA value
exists beyond which TDNA undergoes deformation. Stability analysis plays a crucial role in understanding these intricate dynamics.
The present study sheds light on the interplay between external fields, DNA stability, and structural changes. Analytic solutions
provide valuable insights into this complex system, with potential implications for biological processes and health.

1 Introduction

The dynamics of DNA in the absence of an external force were currently studied in the literature’s. Researchers have investigated the
behavior of DNA molecules when confined within pores. Specifically, they measured the escape time for DNA molecules initially
drawn into these tiny spaces. This research provides insights into how DNA responds in confined environments [1]. The dynamics
of DNA molecules in mixed flows, where the ratio of vorticity to strain rate plays a crucial role, have been examined using Brownian
dynamics simulations. Understanding how DNA behaves under varying fluid flow conditions is essential for biological processes
[2]. Scientists have used optical tweezers to probe the elastic response of single plasmoid and lambda phage DNA molecules. These
experiments provide valuable information about DNA’s mechanical properties, especially when subjected to trivalent cations [3].
While, in [4], The dynamics of isolated DNA molecules under homogeneous extensional flow have been reported. Browning dynamics
simulations have been employed to study a single DNA molecule’s behavior in shear flow with internal viscosity. Investigating how
DNA moves and deforms under shear forces contributes to our understanding of its dynamics [5].

The Peyrard—Bishop (PB) DNA model was used to study the dynamical properties of double-stranded DNA using Langevin
dynamics [1-3]. The PB model is a one-dimensional coarse-grained lattice model at the base pair level, considering a continuous
variable at each site which describes the stretching of individual base pairs [4]. The mechanical stability and elasticity properties
of duplex DNA molecules were studied numerically within the frame of a network model with the arrangement of the base pairs.
A discrete worm-like chain model and Brownian dynamics were used to simulate the DNA/RNA buckling transition [5-8]. The
worm-like chain (WLC) model in polymer physics is used to describe the behavior of polymers that are semi-flexible [5]. The
fluctuational dynamics of a tagged base pair in double-stranded DNA was studied [9-12]. This involves the disruption of hydrogen
bonds between the complementary bases and flipping the base out of the helical stack disrupting two contacts [11]. The dynamics
of a double-stranded DNA (dsDNA) segment, as a semi-flexible polymer, in a shear flow, was studied [1, 3, 11, 12]. In physics,
Brownian dynamics is a mathematical approach for describing the dynamics of molecular systems in the diffusive regime [16].
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These studies provide valuable insights into the complex dynamics and properties of DNA, contributing to our understanding of its
function in biological systems.

The effects of helicity and inhomogeneities, which are due to the site-dependent stacking and hydrogen bonding energies in DNA
and protein molecules, on DNA base pairs opening were investigated numerically [13].

The dynamics state damage DNA or DNA at a defect were studied in biochemistry, physical chemistry, medicine and in biology
[14—18]. The study of dynamics of DNA, in this state, had received the attention of many works. To this issue, a discrete model to
describe the nonlinear dynamics DNA molecule with inharmonic potential, which imposes inhomogeneity, were studied in [19].

The dynamics of DNA are investigated mathematically via discrete and continuum models, where solutions of these models have
attired the attention of many research works. In this context, the double-chain model for DNA was studied analytically to extract
the traveling wave solutions [2, 20-23]. Solution of the minimum-energy shape of circular DNA, showing that twist-bend coupling
induces sinusoidal twist waves was performed [24]. Diverse performances for the solitary wave solutions to the DNA PB Model
with Beta-Derivative via three distinctive techniques were investigated [25].

In [26], DNA-torsional model was reduced to the sine-Gordon and double sine-Gordon equations with Caputo fractional was
used. The dynamics of DNA in the presence of an external force were currently studied. the molecular dynamics of DNA under
the influence of external periodic force were investigated within the framework of a mechanical model without simplifications [27].
In [28], the impact of the damping effect and external forces on DNA breathing was investigated. The dynamics of DNA in the
presence of uniform damping and periodic force was studied [29].

The most relevant works to the present study were carried in [30-33]. It is worth mentioning that, some of these works studied
torsional DNA in the absence of an external force, while others studied non-torsional DNA in the presence of an external force. So,
no comparison with the present work is amenable.

The most eminent question is, how to be able to inspect the dynamic behavior and to study the impact on the DNA molecules
structure?

Our objective, here, is to discuss the most acceptable answer.

Here, a continuum model for torsional DNA is considered, in the presence of an external force, which is taken, here, a microwave.
It is derived based on a discrete model which was proposed in [34]. Exact and approximate solutions of the model equations are
derived by using the extended unified method (EUM) [35-37].

2 The model equations and the EUM
2.1 The discrete model

From Fig. 1, the bases will be described by two coordinates P,, P,, and the rotation angle between next neighbor of bases ¢,
and (p;,, referring to site n € Non the two chain [31, 32].

A discrete model for torsional DNA under the influence of periodic external force was presented [33],
The Lagrange function and equations are

Fig. 1 Show rotational DNA
molecules
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where T and V are kinetic and potential energies,

N

. . 1 .

T= [Z FLEP + B2+ S[6 + @) ],
n=1

V=V +V. 2)

The effect of stacking is,

N—-1 N
1 2 2
vi=s [Z €1 (Pant = P+ (Pl = P)?) s2((@nnt = 002 + Goa(@har — ¢)7) + D terms, = n - 1}, 3)

n=1 n=2
and V; describes the coupling energy associated to the twist ¢, and ¢, [34]
N-1
Va=mm) Y Pu(l = cos(gn — ¢}). “
n=1

where m is center of mass, / the moment of inertia, 1, k7 are stacking and chain curvature constants, respectively. n1(n) indicate
the site dependent character of H bonds between complementary DNA molecules.
For convenience, we write,

on T P, + P/
o = o, P = (5)
2 2
In the case of the twist stretching, we have P,§+) = —P,gf)and (p,(,+) = —(p,(f) for simplicity we remove the sub and supper the

superscripts. Here, we investigated the effect of various frequencies of external periodic action on the dynamics of a DNA molecule.
By using Egs. (1)-(5), the discreet Lagrange equations are,

mRy, =K1 (Rys1 + Ru—1 — 2Ry) — n(n) (1 — cos ),

1$n = 12(Pu+1 + @n—1 — 2¢n) — n(n) Ry sin g, + F(2), (6)
where P, = R,,. The magnitude of the external influence is taken equal to F(n, t) = —f Bg’t” + f cos ¢, where the term —f agft"

models the effects of dissipation caused by the interaction with the liquid surrounding the DNA molecule, and the term f cos ¢,
models external periodic influence [34].

2.2 The continuum model

As continuum distribution in a plane, where the distance between two successive bases along the axis of the two chain (6 = 3.44A)
[24, 32].

Rn :R(X,[), (ﬂn = (P(x’t)’

1
Ryx1 =R(x,1) £ 8 Ry(x,1) + Qaszx(x,n,

1
Pl =@(x,1) £+ 8@ (x,1) + 562¢m<x,r>, 7

From Eq. (7) into Eq. (6) leads to,

9ZR(x,1) 3ZR(x,1)
—

= n(1 — cos(p(x,1))) = 0,

012 dx2
32p(x,t 32p(x,t dp(x,t
oL GO ke ysingete )+ B2 f cos(on) = 0, )
912 ox at
where R and ¢ stand for the distance between two bases and the torsional angle, respectively. In (8),
Kl = Kszsz’ Ky = @ and for simplicity we omit upper bar (k1 = k1, ko = kz) and n = "r'n(;') takes two values 7,and 7 by their

concentration, and n = sN 1, — (1 — s 1) (sN number of A- site of chain [33] ).
To find the solutions of Eq. (8), we distinguish two cases:

(i) whengp << 1
(i) ¢ is arbitrary.

In case (i), consider the two cases; (i1) when cos(¢p) >~ 1 — %2, sin(¢) >~ ¢, (i) when cos(¢p) >~ 1 — %2, sin(p) ~ n (p-‘p;.

In case (ii), we use the transformation ¢(x, 1) = arctan(%(v(x, 1) — ﬁ).
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As Eq. (8) depends explicitly on ¢ due to the presence of an external force, so, the similarity solutions are invoked. To this issue,
we introduce the similarity transformations R(x, t) = r(z, t), ¢(x, t) =0(z, t),z = h(t)x, and t = ¢, and Eq. (3) becomes,

2 2
0 ;(tzz, 1) —x h(t)2 a ;’;, 1) — (1 = cos(8(z, 1)) = 0,
32o(x, 9%6(z, , 90(z,
% — k2 h(1)? % —nr(z,t)sin(@(z, 1)) + B ;Zt 0 Jf cos(wr) = 0. ®

Exact and approximate solutions of Eq. (9) are found by using the EUM, which asserts that the solutions of nonlinear evolution
equations are expressed in polynomial and rational forms in an auxiliary function the satisfies appropriate auxiliary equations.

2.3 Brief account of the EUM
2.3.1 Polynomial solutions

For Eq. (9), these solutions are written,

ni na
r(z,0) = AW Y_aid 1), 0G0 =By bid1),

i=0 i=0

k k
¢z ) =1 ) cip(z 1), ¢i(z0) = p®) ) cip(z 1) (10)

i=0 i=0

Here, the integrability of Eq. (9) is related to the existence of exact solutions of (10). In fact (10) holds if there exist integers ny,
noand k. To examine this, two conditions have to hold, the balance condition (BC) and the consistency condition (CC). This depends
heuristically on the choice of the cases for 6(x, ) mentioned in the above. When taking, cos(8) >~ 1 — %, sin(@) >~ 6, the BC reads
n1 = ny = 2(k — 1). For CC, we find that, the number of equations result, by setting the coefficients of ¢(z, 1, j=0,1,2,..etc
equal to zero, is (4k — 3), and the number of parameters { a;, c;j, bj}is (2k + 1). The CC reads 4k — 3 — (2k + 1) < [, where [ is the
highest order derivative (I = 2),s0 1 <k < 3.

It is worth mentioning that when Eq. (9) is integrable, the solutions of the equations that result from setting the coefficients of
d(z, 1, Jj =0, 1,2, ...etc equal to zero are consistent. If Eq. (9) is not integrable, in the sense that no exact solution exists, we are
led to find approximate solutions. This is carried out by taking some coefficients of ¢(z, 1)/, j = 0, 1, 2, ...etc are not identically
zero. In this case, they are considered as errors in the solution (residue terms (RTs)).

As Eq. (9) depends explicitly on time, then similarity solutions are invoked. In this case, the errors are time dependent. The
maximum error (ME) is controlled by an adequate choice of the values of the parameter in the RTs.

It is observed that the EUM, used here, is of lower time cost in symbolic computation when compared with the method of Lie
symmetry as the later requires a hierarchy of long steps.

2.3.2 Rational solutions

The rational solutions of Eq. (9) are expressed in the form,

_ a19(z,1) +ao _ b1g(z,1) + bo
e = A0 s (0 T PO e sy
j=k ' j=k '
g2, = 1) e, ¢ilz,0) = u(t) Y cijbz1). (1n
Jj=0 Jj=0

A discussion similar to that given in Sect. 2.3.1 holds.

3 When ¢ << 1, cos(p) ~ 1 — %, sin(gp) ~ ¢

In this case, Eq. (9) reduce to,
a2 a2 1
— Kk () —r(z, 1) + —r(z,1) — =0 0(z,1)* = 0,
K h(t) o5 r (@ D+ 250 1) = 506, 1)

2 2
— K h(t)zﬁe(z, ) —nr(z,t)0(z,t) + ﬂ%@(z, 1)+ 8879(1 t) — fcos(tw) =0. (12)
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3.1 Polynomial (exact) solutions

When k =2 and n; = ny = 2. in this case, the solutions of Eq. (12) are expressed by,

r(z, 1) = A()(a2¢(z. 1)* + a1z, 1) + ap).

6(z,1) = B(t) (bad(z, 1) + b1z, 1) + bo), (13)
and the auxiliary equations are,

¢:(2.1) = A(c20(z, 1)* + c196(2. 1) + c0).

$i(2. 1) = u(t)(2(z,1) + c19(z.1) + o). (14)
From Egs. (13) and (14) and by setting the coefficients of ¢(z, 1, j=0,1,2, ...etc equal to zero leads to,
6¢3 (1u(1)* — mzh(r)z), B — 633/ 21 A2h(1)? — 20() 2k A2 h(1)? — u()?

axn ban

(Klzk4h(t)4(a2(—4b% (c% +2coc2) + 12bobycs + 6blzc%)

A(t) =

, K2 = K1,
w'(1) = W
—3arbicica) — a1b3cop(t)* (Berw()* + 54/ (1)) — 2az (—3bic3 pn(t)*

— 6bobarc3pu(t)* + b3 (Se1 () W (1) + 2T () + deocapu(t)t — ki A2H' (1)
+1 (%)) + 2A2h() k1 (arb3ea (61 1u(0)* + 1/ (1)) + 2a0 (—6bT 3 u(1)?

— 12bobac3 ju(1)* +b3 (c1 i (1) + 4c u(t)* + Beoea u(t)?)))

+2b3k1 A2 (1) (2a1 o (DR (1) + ax (der (OB (1) + 1 (1)) ),

1
w'(t) = F(Klzk4h(t)4(a1bzcz +ar(5bacy — 6b1c2)) — 222h(1)* (arbyca

+ay(Shacy —6b1c2))kt () + () (@1baca + az(Sbact — 6b1c2))
—darboki Ph(OWOR' (1)), P = azbs (k1 A2h(t)* — 51u(1)?),

2bscy 3(a§ (6b%c% - Zb%c%) + a%azbgcocz)
= -, an = ’
! 3¢ 0 b2(2a§(l8boc§ + bz(cf — 120002)) + 3a%bzc%)
Sa2bs 2ares 9632 + 6403 Fe122h(1)? — 3arp
by = , €1 = , () = ,
12a; a 8aica
13401a2ﬁ2<\/9a§;32 + 64a?c2i102h(r)? — 3a2ﬂ> .
n(1) = 22 .2 t
139776ai c5k1A=h(t) ajcykih
60992, /9432 + 64aTc3ic1A2h(1)? Vldles
—3259208 |, co = L= (15)
a 252a;
In Eq. (15), equations for /() and u”(¢)exist, so, the compatibility equation (u/(¢))-u”(¢) = 0 is used, which gives rise to,
(ﬁaz)\/952\/7«/ﬁ«/cos(tw) + 1492 fn cos(tw)
h(t) = . (16)

6 23/8a1BerJiih
By using Eqgs. (13)-(16), the exact solution of (12) is,

9a28% — as (952 + 28%ﬁﬁm)
17472a1axcon

R(x,t) =

(78«/217a \catanh(K)403aycatanh®(K) + 755a1cQ),

9,82 — ay (9,32 +2892F ﬁm>
672\/§a1a202n

(p(X,l) = -

(4\/217a102tanh(K) + alcz(3lzanch2(K) + 21)),
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6 23/8a1ﬁczﬁk
\/9a%ﬂ2 + 64a%c%x1)\2h(t)2 —3ayp

8ajcy

1 [31 |a?c? \ﬁx\/ag (9"32\/?«/5@ +1432fn cos(ta)))
/1
6V 7 a;

FH@), H() = /0 uls) ds: () = , (17)

where A(t) is given in Eq. (16). It is worth mentioning the model equation in (8), in present section, exact solutions hold when
k2 = k1. In the next sections, we assume that ko # k1, so, only approximate solutions are derived.

3.2 Rational (approximate) solution
3.2.1 Whenk =2

The rational solution of Eq. (12) is expressed by,

a19(z,1) +ao _ big(z. 1)+ bo

s19(z, 1) +s0 o1 = s19(z, 1) +50 (18)

r(z,t) =
together with auxiliary equations in Eq. (14). From (14), (18) into Eq. (12), and when a part of the coefficients of ¢(z, t)/, j = 0,

1, 2, ...etc equal to zero leads to,
1
W) = m(agbgnso + 21)00(2)312 (/Q)\zh(t)2 — //,(t)z) + fsg cos(tw) + blcos(%(cl/cz}\zh(t)z — u()(B+ cl,u(t)))

+c05081 (—k2A2(2b1co + boc)R(1)* + pu(t)(bo(B + c114(1)) + 2b1cop (1)),

by = 2agbos1 — a1boso h(t) = Japs1 — aiso/c1s1 — 2cas0u(t)
apso | Viar2(agsy — ayso)(cisy — 20250)
C150 comsg n(asg) 2n?
cp=——,Cl= , 4= ——",m= .
251 K3 S1 2n —1
(19)
The equation for u/(r)solves to,
2a1nn2 _ 2 fns1(B cos(tw) + w sin(tw))
w(t) = — Py — (20)
Bcamsog — Beaymnsg bocom(n — 1)(/3 +w )

Maximum error evaluation

It is worthy to mention that the non-zero coefficients or RTs are the errors. For an adequate choice of the parameters in the RSs as
in what follows,
n=1.1,51 =0.5,bp =0.3,50 = 0.5,k2 = 5,1 = 5.001,
a; =0.01,f=02,7=0.01,c0=0.3,=0.01, (21)
the errors are given in Table 1.

In the Table 1, u(¢) is given in Eq. (20). The maximum error is shown in Fig. 2
The solutions of Eq. (12) are,

R(x,t) = g, P =a (m —2n++/(m —2)m tanh( (m = 2)m{(c250) :

2s1 Aaicka(m —2)(n —1)
2a1nn? 2 tw) + w sin(
xain — Dyferm —2) — ann ¥ AP 4 2Ims1Beosio) Y osinto) ) o)) )
Beamsg — Beamnsg bocam(n — 1)(B2 + w?)
Table 1 The errors that result ~1.5125000000000012 x 10~6 — 644(r) + 0.00183333 cos(rw) + 0.00045121

from inserting of Eq. (21) into the

residue terms 1.5125000000005006 10~ '01(1)? — 4.5375000000000036.x 10~0 11(r) + 0.0055 cos(tw) +0.00143545

2.025 x 10710,(#)2 — 4.525000000000004 x 1070 () + 0.00548485 cos(tw) + 0.00152098
1.500000000000497 x 10~ 10 4(£)2 — 1.5000000000000013 x 10~ u(7) + 0.00181818 cos(tw) + 0.000536737
3.0028571665293494 x 1021 — 0.000206612 cos(tw), 3.0028571665293494x 10~21 — 0.000206612 cos(tw)
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Fig. 2 By us.ing Eq. (21).. It shows
t6ha>1<t tltz)eiglammum error is 0.006
0.004
= 0.002
E
0.000
-0.002
ooa VUV VUV VYV VUV VYV VY
0 5 10 15 20
t
I — A/ (m — 2)m(c2s0) 1
01 =19 |: 2+m++/(m—2)m tanh( 25 aentn = D=1
— — _ Zalnnz B(—1) 2 fnsi1(B cos(tw) + w sin(tw))
(x\/al(n Dyea(m 2)( Bcamsy — Beamnsg +Ae * bocam(n — 1)(B2 + w?) THOT).
== 12 p bo[—zn +m@n — 1)+ /om — 2m@2n — 1)tanh< Vm = 2m(ezso) =yt — Dyealm —2)
nQi 25 Aaieaa(m —2)(n — 1)
B 2a1nn? AP 2 fnsi(B cos(fw) + w sin(tw)) FHO)
Bcamsy — Beamnsg bocom(n — 1)(B2 + a)z) ’
Hty = — 2a1nnt . A — AePD D fus (B sin(fw) + o(— cos(tw)) + w) 22)
" Bcamsy — Beamnsg B bocom(n — l)a)(,B2 + 0)2)

The results in Eq. (22) are displayed 3D for R(x, ¢) and ¢(x, ¢) in Fig. 3a (i)—(vi) and b(i)—(iv).

The 3D plot are represented for R, by varying the parameters n, B, k1jand f.

Figure 3a(iv), when compared Figs. (ii)—(vi) with Fig. 3a(i), we find that R varies significantly for increasing n, 8, and f But
there is no significant change for greater value of 1. Also, when comparing Fig. (iii) and (iv), we find that deformation in the DNA
diameter when 8 > 0.05. On the other side, when comparing Fig. (v) and (vi), deformation occurs when f >0.25.

The angle deviation ¢(x, ¢) is displayed in Fig. 3b(i)—(vi)

The 3D plot are represented for ¢, by varying the parameters 7, 8, xjand f.

Figure 3b(i)—(iv), when comparing. (ii)—(iv), we find that no significant change occurs in ¢. when varying the parameters 7,/ and

B.
3.2.2 Whenk =1

Consider Eq. (13) and the auxiliary equations,

¢:(z,1) = Mc1d(z, 1) + co)s  Pi(z,1) = u(@)(c19(z,1) + co). (23)
From Eq. (18) and (23) into Eq. (12) gives rise to,

K222 (c150 — 2¢081) h(t)? — sou(t)(B + c1/4(t)) + 2cos1 pu(t)?

W) = o ,
2 fsocos(tw) ’
Ay = 2T AO” T 2bycop(t) A'(t) +A,(t)<2CoSlM(l) B ﬁ),
S0 bo 50
, 2ag f 53 cos(tw)

A = —m <—nsoA(t)2 (2af — bjo?) — 02070 +2co(aiso — aos1) At (k1 — k2)A*(c150 — 2cos)h(t)* + ﬂsou(t))),
blzﬂ, h(t) = VB/50v/ (1) ,aoz_bol’

0 \/(Kl —12)(=*%)(c150 — 2cos1) V2
o = comsy Ca = M (24)

50 50
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(i) =001, 41=3, k=5, 5=0.01, {=0.2 o=t
B R
0
0.10
0.08 -5
0.06 e
004F
0.02 -15
0
(i) &7=6 (iv) £=005
R R
00 0.10
0.08 0.08
0.06 0.06
004 0.04
0.02 0.02
0 0
(v) £=0.154 (vi) =0.25
R
0.10
0.08
0.06
0.04
0.02
0

40

(vii) F=0.255

(a)

Fig. 3 a (i)—(iv) are displayed whenn = 1.1, 51 = 0.5, by = 0.3, 5o = 0.5, ko = 5, k1 = 5.001, a; = 0.01, f =0.2, n =0.01, c; = 0.3, 8 = 0.01.
b (i)—(iv). The caption as in Fig. 3a(i)—(vi) is used
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(i) 7=0.01, #;=5, £=0.01, f=0.2 (i) =1

4 4
0.04 0.04
0.03 0.03
0.02 0.02
0.01 0.01
0 0
40
(i) 47=8 (iv) £=01

4 4
0.04 0.04
0.03 0.03
0.02 0.02
0.01 0.01
0 0

40

(v) F=0.5

0.04

0.03

0.02

0.01

(b)
Fig. 3 continued

The compatibility equation, (A’(¢))-A”(¢) = 0 leads to,

(«‘yi\/%) \/ f (2ﬁa1cos0 1u(t) cos(tw) + boo (2¢51 (1) cos(tw) + sow sin(ta))))
b(S)/Z VB o3/

At) = (25)

The first equation in Eq. (24) integrates to,

.t
IB/(lsOeﬂ’qso (A (k1—x2)s0 )

u(t) = — (26)

A——o= ’
cok1(m — 2)sleﬁK1so< (KI*KZ)SO) + cok2(2 — m)s; — 1

Maximum error evaluation

It is worth mentioning that the non-zero coefficients or RTs are the errors. For an adequate choice of the parameters in the rational
solution as in what follows,

n=-0.7,8=12,¢=0.050by=11,m=2.1,51 =0.5,0 =3,
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Table 2 The errors when 0.0006 sin(tw) + 2.5707106781189444 x 100 u(¢) cos(tw)
inserting Eq. (27) into the residue
terms —1.7591518356795715 x 10™0 — 6(£)(1.1u(r) + 1584.)/0.0000707107 (1) cos(tw) + 1.2 sin(tw)

0.000499646w sin(tw) — 1.539257856219625 x 100 (1) ,/0.00007071071(7) cos(tw) + 1.2 sin(fw)

+M([)<—0.0024381 8,/0.0000707107 u(7) cos(tw) + 1.2w sin(tw) — 9.316095268233119 x 10~° cos(la)))

0.000104019w sin(fw) — 4.3280102989382175 x 1070 (r) cos(tw)
—2.500000000000368 x 1078 (1) cos(tw) — 0.000424264w sin(tw) — 1.7927669529665738 x 100 cos(tw)

(1.0(2) +283.984) + 1.2439081921457883 x 1070 u(r)(1.11(¢) + 1008.)

4/0.0000707107 () cos(tw) + 1.2w sin(tw)

Fig. 4 By using Eq. (27, it shows

that the absolute maximum error 0.0002F 1
is1x 1073

0.0000
9200 f \/ \/ \/ \/

-0.0004

)

MaxE(t)

~0.0006 -

~0.0008 -

-0.0010F

so=12,0=07,k1=1.1, f=05n=03,0w=05,A=1.2, 27
the errors (RTs) are given in Table 2.
In the Table 2, u(¢) is given in Eq. (26). The maximum error is shown in Fig. 4
The solution of Eq. (12) are,
I (%(—ﬁﬁ"@ +H(1)) f<260 (\/En + 1)s1 u(t) cos(tw) + sow sin(tw))
R(x,1) = ———— | /bo/o(—2nAmse Vol —2)P2 =25y +~/2msg + 2n) ,
B0 Bboo
comsy NMNSEIO) V2n+1 i
1 (L = +H(1))) f(2co0 n+1)su(t)cos(tw) + sow sin(tw)
o, 1) = — | V2/boJo | mso — v/2n| Amsie 0 Vel )i -m-2s -1 ( ( ) ) ,
0 Bboo
am ( SOSD___pypy)
Q — \/ﬁ\/% Amsle A/ € (k] —K2 ) A% (—(m—2))s1 +msg — 1
(28)

The results in Eq. (28) are displayed in Fig. 5(i)—(iii)
The 3D plot, contour plot and for different values of t. Fig 5(iii), shows Cavity soliton. Figure 5a(iii) shows

4 General case

Here, ¢ is taken free. So, the transformation ¢ = arctan (%(v — %)) is introduced into Eq. (8) (or into Eq. (9)) and we have,
(v(x,t)2 + 1)(R,,(x,t) — K1 Ryx(x, 1)) + 2nv(x,t) — n(v()c,t)2 + 1) =0,
(v, + vy (x, 1) — %n R(x, 1) (v(x, 1) — 1)3 +20(x, ) (B(v(x, 0 + 1) v, (x, 1)
+ie2 (2v0x, Do (x, )7 = (v0x, 17 + 1) vec(x, 1)) = 20(x, Do, (x, 1)?)

— feostmpw(x, (v, 12 +1)> =0. (29)
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()

R
R
{ 1.75
0.00 005 0.10 15
1.50
10 125
- 1.00
0.5 0.75
0.50
0 0.25
X 150 __|
X
----- t=0 t=0.04 t=0.08 t=0.012
(ii)
15} i
104 -
. |
05} ]
o Eormer— ]
0 50 100 150 200
X
(a)
(/)
4 ?
0.108450
0.10
0.108425
0.08
0.108400
- 0.06
0.108375
0.04
0.108350
0.02
0.108325
0.00 ,?,
—40 —20 20 40
(b)

Fig. 5 a(i)—(iii) are displayed by using Eq. (27) (n = —0.7, 8 = 1.2, ¢) = 0.05, bg = 1.1, m = 2.1, 51 = 0.5, 0 = 3,50 = 1.2, kp = 0.7, k] = 1.1,
f=05,1n=03,0=0.5, A=1.2.b (i), (il) show 3D and contour plot of ¢ at the same caption of 5a(i)—(iii)
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Table 3 The errors from
plugging Eq. (34) in the residue
terms

0.1681(1)2 +0.00519885 cos(rw) — 0.0000372998
0.1323 (1) — 0.00686375 cos(tw) — 0.0000408462

—0.304555.(1) + 0.00567713 cos(tw) + 0.0000304702
—0.240138(1)2 + 0.00247206 cos(tw) + 0.0000180777
0.01146294(1)? +0.000941555 cos(tw) + 1.0335937499999998 x 10~

Fig. 6 Is displayed by using Eq.
(34). The absolute maximum error
is2x 1073

0.002

0.001

0.000

MaxE(t)

-0.001

-0.002

ARRRARRARRARARENS

0 5

10 15 20

In Eq. (29), the transformations R(x, t) = r(z, t), v(x,t) = V(z,t), z = h(t)x,and ¢t = t, are introduced. Thus Eq. (29) becomes,

(V(z, 02 + 1) (ree(z, 1) — k1 h(t) r20(z, 1) + 20V (2, 1) — n(V(z,0)* + 1) = 0,

(V(z.0)* + 1) Vi(z,1) — %nr(z,t)(V(z, 02 = 1)} +2v @0 (B(V(@ 1 + 1) Vitz, )

+H () 2V (2, Vo2, = (V(z, 1) + 1) Vee(z,1) = 2V (2, 1)Viz, 1))
— fcos(tw)V(z, t)(V(ZJ)2 + 1)2 =0.

4.1 Solutions of Eq. (29)

Here, the polynomial solutions take the form,

r(z, 1) = axp(z, 1)> + a1z, 1) + ag, V(z,1) = bad(z,1)> + bidp(z, 1) + by,

apb;

ayby

bozia b1:79

az

together with the auxiliary Eq. (14), and we have,

a? "o \/—651% (b2 f cos(tw) + 4c§,u(t)2) — Tatb3n +9a3n
ag = — 5, = 5
3ay 2+/13ay Jarcico ko
3a? —12a3¢ic3 — 13aza?c? 13
by= 82 = i 9 = Cep= ——?
SV P 6a3 @ =aanm, @ ="54

m,

(30)

3D

W)

The last equation in Eq. (32) integrates to,

2.2
S6aic;

2(1183A61€,ﬁt__675¢7fwcoqum+wgnow»

ﬂ2+a)2

_ 18VTaajcy f cos(tw) — 18v/7a3c) f cos(tw) — Taica(33arn + 8Bcrpu(t))

)

The errors (RTs), by taking,

n =0.005,a; =0.002,m = —-0.5,¢c1 =0.7,k0 = 1.5,k =14, =03, f =0.02, A = 0.001,

are given in Table 3,

2366¢

Where p(¢)is given in Eq. (33).The maximum error is shown in Fig. 6
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Finally, the solutions of Eq. (29) are,

1 1
R(x,1) = ——— [ 1450 tanh (e1(~1092v/78x VK +30758¢} i H ) (@rc1m) 7))
(0 507c§m<' [61516cf.ﬁ,<2x(a1c1m)3/2 : v VK H (1) (@rcym)

1
61516¢2/iiar(aicim)’/?

2
+c (173 +108 tanh[ (cl (—1092¢78x¢K + 30758c%¢,5xH(t)(a1clm)3/2))D ’

1 C1
v(x,t) = ——— | 450c;tanh
(1) 169ﬁc1< ! [61516c%,ﬁ,<2,\(a1c1m)3/2

( - 1092v/78xVK  +30758c3 /i H(D) (@arcim)¥2))]

2
1
+ci | 173 + 108tanh o1 (—1092V/78x. /K + 30758¢2 /o hH(t)(aj ¢ m) > ’
1 |:61516c%\/6)\(alc1m)3/2( I v ViAHO@em)?))
3¢? fm? cos(t 1
K = —miajc} s () + 5 (e72P1(9009a;n(B* + w?)eP!
V7 119246452(82 + ?)

+2mBei(—675v/7 feP! (B cos(tw) + wsin(tw)) 1183Acy (B + wz)))z],

- _ 1
@(x,t) = tan <2<v(x,t) v(x,t)))’

99a;nt . A — Ae Pt B 675 f(B sin(tw) + w(— cos(tw)) + w)
26Bctm B 169+/7c 1w (B? + w?)

The results in Eq. (35) are displayed in Fig. 7

H(t) = (35)

5 Velocity and heating of DNA

Genome size refers to the amount of DNA contained in a haploid genome expressed either in terms of the number of base pairs,
kilo-bases (1kb = 1000bp), or as the mass of DNA in picograms (1pg = 10~'2g). Genome, for a human contains about 3 billion
bases (3 x 10”) and about 20,000 genes on 23 pairs of chromosomes. Each base pair measures approximately 340pm, which means
340 picometers. A picometer is equal to 1 x 10712 meters. The velocity is defined by,
_NlofR|R()E,t),|d)E X

1) = 5 _:79
Y= RGas 1Ak Y Nl

(36)

where, N = 3 x 10%and I = 3.4 x 10~!% m. By considering the results in Eq. (17), the velocity is displayed In Fig. 8
The temperature of DNA due to the presence of microwave (MW) is estimated. MW is an electromagnetic wave with a relatively
long wavelength and low frequency. To this issue, the Boltzmann equation is used,

NI2
KBT=m02 0 o425, 37)

Zmann consta (KB — 1. 8 X 10 3 Kgm [( 1 5*2)
nd, constant ] 3 2 2
2 — fR fR( 13("’1)[ |) dxdt X

<V >= - .
Jr+ Jg(I R(X, )z 1)>dxde Ny

(3%)

From Eq. (38) the temperature is 7 = 8§2.8 K.

6 Stability of the initial value problem

Here, a study of the stability of the DNA dynamics in the presence of microwave is carried. This study can help to depict if the
DNA molecules can be damaged or not, which depends on stability (or instability of the motion of DNA molecules. It is known
scientifically that, the energy of microwaves is not sufficient to break a chemical bond in DNA, but genotoxic effects may occur by
indirect mechanisms via generation of oxygen free radicals or a disturbance in DNA-repair processes.

Here, the stability of initial value problem is considered. To this issue, assume that

92R 32p(x, dp(x,
PRED o= 0, TLED | _g=0, 2680 |,_4=0, R(x, 0) = Ro(x),
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(i)

R R
0.0015 0.0015
0.0010 0.0010
0.0005
0 0.0005
-0.0005 0
-0.0010 -0.0005
-0.0015 -0.0010
~0.0015
100 .
----- t=-0.3 t=-0.15 t=0 t=0.15
(i)
0.002, ]
0.001 | IR ]
e 0000] Hol P TN
-0.001F
-0.002 |-, L . L L 11
0 20 40 60 80 100
X
(a)
)
(i)
2 v
0.005
0.005
0.004
0.003 0.004
0002 0.003
0.001 = 0.002
0 0.001
-0.001 0
-0.001
(b) )

Fig. 7 a(i)—(iii) are displayed when n = 0.005, a1 = 0.002, m = —0.5, ¢1:==0.7, , kp = 1.5, k1 = 1.4, B =03, f =0.02, A = 0.001. b (i), (ii) show
3D and contour plot of ¢ at the same caption of 7a(i)—(iii)
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Fig. 8 The velocity is displayed 14x109F

against ¢ for the parameters in Eq. i ]

(34) 12x10%F
1.0x107 ]
v gox108f ]

£

= 60x108f

40x108 |

20x108f
o HEUUVAAR NS
0 2 4 B 8 10

t(in second)
and ¢(x, 0) = ¢o(x). So, in this case Eq. (8) reduces to,
32 Ro(x)
g (1 = cos(go(x))) =0,
X
32 go(x) ,

R S — nRo(x) sin(po(x)) = 0. (39)

Eq. (39) describes the solutions of the initial values. For simplicity, in Eq. (39), we take sin(go(x)) =~ @o(x) and cos(pp(x))

~1— %")2, so, Eq. (39) becomes,

?Ro(x) 1 9% po(x)
—K1 — Snpo(x)> =0, —K2 — f = nRo(x)go(x) = 0. (40)
dx 0x 2 dx 0x
Eq. (40) are solved by the same method in the above and we get the exact solutions,
2f 4 2f
B NG + f Yy 5 NG + f\“/ﬁx
Ro(x) = S ——— | —3tanh® [ —— | - V3+4],
23/4 Yy 27/88K1K2/
2f 4 4/2f 4
Errya (JFE I
@o(x) = — =———3tanh s |~ 3]. (41)
\/E\/ﬁ“ K2 27/8 8 K1k
Now, we use the perturbation expansion,
R(x,1) = Ro(x) + €qu(x, 1), @(x,1) = @o(x) + €2v(x, 1), (42)
into Eq. (8) we get the equation,
Ml €)Y p = (@1 a2
&) az axn )’ 43)
arn = up(x, 1) — kiuxx (%, 1), a2 = —n@o(u(x, 1), azi = —ngo(x)v(x, 1),
az = —nRo(x)v(x, 1) + Bu(x, 1) — kv (X, 1) + vy (x, 1) — f cos(tw).
Eq. (43) solves to det(M) = 0, which leads to,
—n2 002 u(x, DV, 1) = (e (x,1) = K1t (x,1) 44)

NRo(xX)v(x,1) — Bus(x,t) + kpvxx(x,1) — vy (x,t) + f cos(tw) = 0.

The Eq. (44) is solved when subjected to the boundary conditions (BCs) are, | u(d00, ) |< Kjand | v(£oo, ) |< K». It is worth
mentioning that, the solutions in Eq. (41) verifies these conditions. To discuss the stability of the solution in Eq. (41), a solution of
Eq. (44) has to be derived, which is not amenable. So, consider the following theorem.

Theorem 1 The solutions of Eq. (39) that satisfy the aforementioned BCs are unstable.
Proof. Assume the contraction, that is the solutions of Eq. (44) are stable. That is, they are periodic in time. Now take,

up(x, 1) — kiuxx(x, 1) = mu(x, ),
which gives rise to,

u(x,t) = cos(hx — ct), m = —c* + h’k;, (45)
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Assume that v(x, t) = V(x)cos(tw), it is found that Eq. (44) reduces to,

ol ol
ea-en)+ (1-2) 5 (1-2)22F) —o

_3(2ﬁ+ 3) fn kT o 3 YN ) (2v3+ 3)J6fnm+ 3 /%+fﬁh2xf/4%'

= = 46
’ NN P NS 2 o
The Eq. (46) solved to,
1
0¢)=k+ ﬂ(4c$2 +4log(1 — £)(—3d + 3k +4r) + 3(r — d)log*(1 — £)
4log(& +1)(4c —3(d + g)) — 6log(2) (c — d)log(§ +1) — 6log(2) (r — d)log(§ — 1)
2 (1§ (E+1
+3(c —d)log“(§ + 1)+ 6(c —d)Liy — +6(c — d)Lip ) (47)
where k and g are arbitrary parameters and Lisis the logarithmic integral of the second kind, Liy(x) = 2X l‘i—’t

Indeed, the solution in Eq. (47) is unbounded, so, the BCs are not satisfied. This complete the proof L.

From Theorem 1, it is concluded that, in the dynamics of DNA molecules exposed to microwave, molecules, deformation can
occur.

7 Conclusions

The extended unified method is used to find these solutions, and the errors in the approximate solutions are controlled by choosing
suitable parameters in the residue terms. The results of this model are typically displayed graphically, which can provide a visual
understanding of the dynamics at play.

One of the key findings of this model is that the DNA diameter varies significantly depending on the strength of the hydrogen
bond, the decaying rate, and the microwave amplitude. It is also observed that deformation in the DNA occurs when the damping
rate and the microwave amplitude exceed a critical value. The stability of the initial value problem is analyzed in this model, and it
is found that the solution is unstable, which impacts DNA deformation. This instability could have significant implications for our
understanding of DNA structure and function. For a more detailed understanding, you may want to look into resources that delve
into the structural features of the DNA double helix and their effects on its elastic mechanical properties. There are also studies
that discuss the mathematics of DNA structure, mechanics, and dynamics. These resources might provide more insights into the
continuum model for the dynamics of torsional DNA molecules. The major conclusion from this model is the recommendation to
avoid exposure to microwaves, especially when they are of high amplitudes. This is an important consideration for maintaining the
integrity of DNA structures.
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