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STUDY ON THE STOCHASTIC CHAOS IN
LASER-DNA INTERACTIVE SYSTEM*
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Abstract By studying the numerical celeulation of the stochastic-dynamics eguarion of the laser-DNA interaction, it
was found that with the approximation of small signal and adiabatic hypothesis and under suitable conditions, the
stochastic chaos will occur in the laser-DINA interactive sysiem. The appearance of stochastic chaos is related to the in-
tensity of laser. When it is very weak there is no chaos and this suggests that small intensity of laser does not make
DMNA mutate. When laser intensity reaches a certain value, chaos appears and makes DNA mutate. With the increase of
laser intensity, the characteristic of chaos in the evolution process of system becomes more and more significant. How-
ever, laser intensity can not be too strong, otherwise it will cause very complex chaos that makes a severe problem of
uncertainty in laser breeding and brings uncontrollable results instead of inducing DNA to mutate. The influence of the
periodical change of environment on laser-DNA interactive system was discussed , too.
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mation, thus resulting in genetic mutation. In the
INTRODUCTION , g e

course of primary research, we found that the ran-

Biosystem is a complicated nonlinear system, s0 g rinesc exists in the laser-DNA interaction S¥s-

we should use nonlinear theory to study its kinetics.

With chaos theory we studied the laser-DNA interac-

tion and ohtained that the laser’s action makes DNA

tem'). Under the approximate condition of small sig-
nal and adiabatic hypothesis, when the effect of ran-

dom forces on laser-DNA interaction system is taken

system enter into chaos, breaking up the original ] ]
_ T g. . -g into account, stochastic resomance happens. The
state of moment in order and interfering genetic infor- . . L ]
laser-DINA interaction is ‘related to the noise
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strength, laser amplitude of vibration and 1its fre-

I3, Qur further stady in this paper suggests

guernce
that, when the laser-DNA system is affected by both
periodic driving forces and stochastic forces. biosys-
tem is actually a nonlinear random vibrating system.
In proper conditions, the laser-DNA interaction sys-
tem takes on either random resonance or stochastic
chaos, however, the latter reveals the complexity of
biosystem further. Finally the influence of external
environment and some other periodic driving forces on

biosystem is discussed, too.

1 Stochastic Chaos

Chaos, one of the characteristics of nonlinear
system. has a basic feature. i. e. exireme sensitivity
to initial value. which has been verified in many other
nonlinear systems. Its response is uncertain to the fi-
nal result. Stochastic chaos means the phenomenon of
chaos in the random systems,

Based on Yomosa's hasic rotor moedel s the equa-

tion of movement including interaction among laser.,

random forces and DNA molecules was derived under

approximate condition of small amplitudel*,

i=—alx — %xa) + Acoser + ['(ty, (1)

where we supposed that the stochastic force I"{7} in
Eq. (1) is Gruse noise, <<I'{f)>>=0,<I'{O3 (¢ >
=D& (t—¢ ), x=p r=g; the definitions and initial
values of a.A could be found in Ref. [1]. Equation
{1) can be transformed into Fokker — Planck egua-
tion ;

AP {x,t) _

2 F
= = = ) + F@]P(r.) + D 35 Pryt)

I
= L (r,.n}P(z,2). (2)
where,

A 3 . F
L) =— E[—u () + F()]+ D=,

Ll a1 4
ui(x) = a(zz 241‘)—1-:3:‘

F{t} = Acosux.
Since Eg. (2) is similar to the Schrodinger eguation,

A A
generalized momentum operator P is introduced, P=

Fig. 1 The phase diagram of the solutions of Eg. (4}, with a=0.01, ¢=0, D=0. 20,0 =0.03
{a) A=0,001, (b) A=0.01., (c) A=0.02, (d) A=0D.10
Bl FEa=0.0l.e=0, D=0 20, =003 6,3 (4 MBHEHE
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T . i
2Di il +—1, so Hamilton is taken as:

2
+ Ulx.8), 3

where .

Uz,t) = D(— %f +a)+ c%rﬂ —ar+e)+

Al — -g—.r"‘ + ar — ¢)cosuy +

-%—A"'coszax — Awzsin{an),
The solution of Eq. (3} is hypothetical,
W(z,t) = B¢, (x.t)e,

where ¥,(x,f) and A, are adapted to the following e-

quation

[ﬁro(x; 4 UCzet) + 2D %},&.(:.n

= A (x. L) 4)

V¥,{x,t) and A, can be obtained from Eq. (4) using fi-
nite-element method. Figures | and 2 show that the
appearance of chaos is related to the intensity of
laserduring the laser-DNA interaction, Where there
exists small laser intensity there is no chacs, which
means small intensity of laser couldn’t make DNA
muiate. When laser intensity reaches a certain value,
chacs appears, and with the increase of laser intensi-
ty, the characteristic of chaos in the process of sys-
tem evolution becomes more and more significant. In
other words, if laser intensity is too weak and power

density is too low, mutation of DNA molecules can
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not occur. So there exists a threshold.

Chen' pointed cut that the application of laser
to silkworm industry showed that when invariable
laser wavelength irradiated larvae, small doses didn*t
bring about genetic mutation, when doses increased
to a certain degree, genetic mutation happened.
Chen!" pointed that the laser-induced mutation of do-
mestic silkworm had a good effect under large-dose
irradiation of one whole pulse. i. e. mutation hap-
pened; while under accumulative irradiation of pu1§es
with equal weak energy., it didn’t appear, the reason
of which is that although equal-radiation energy den-
sity is offered, the power density is different, the lat-
ter is far lower than the former. In order to guarantee
the efficiency of laser-induced mutation, enough pow-
er density is necessary, and meany theories and re-
searches show that there exists a threshold.

However, laser intensity could not be too
strong . otherwise it will cause very complex chaos
that makes severe problem of uncertainty in laser
breeding &nd brings many uncontrollabie conse-
quences {See Figs. 1 and 27; meanwhile it could not
induce DNA to mutate, so chaos must be limited to
some extent, Tangmin e al. [} pointed out that in the
research of amount of mouse brainblood , quite differ-
ent biological effects with different mutation were
discovered after processing with same wavelength and
different power density, which means that it is neces-
sary to choose proper laser intensity. Maybe it is one

of the ways to control random uncertainty,

(b)
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Fig. 2 The phase diagram of the solutions of Eg. (4)
with a=0. 01, c=0, D=0, 30,0 =0.05
{a) A=0.04, (b) A=0, 20

A2
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2 Laser-DNA System under Multiple Period-
ic Forces Driving
In the processes of laser processing on DNA
molecules, effects of other periodic forces of environ-
ment {temperature, atmosphere pressure, etc. ) must

be taken into account, so Eg. (1) may be rewritten

Aas
i — alx — %13) 4 Acosan +

Agrosa,t + I (), (53
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Fig. 3 The average value outputting <z, (0] +2,(t) >
compered with <lx, (£) > 4 <z, (¢} > for noise
atrength D=0, 20; ¢ is errar, »',=0. 84 (a) o'; =
0.06, 0=20. 019; (b} &', =0. 08. 6=10. 015; (c)
& =0.04, 6=0,018
B3 #£u«,=0.8MFRF D=0208,FHHLH
MW <)+t >(BR8Y < (> +
<) CERIMEE .0 AR

The Fokker-Planck equation corresponding to Eg.
{5} becomes

Py _ 3 1,
& T et

Ajcosant + Aycosw,t) [Plx.t) +
pZPan. (6)

2.1 Simple harmonic as A,={

Under small signal and adiabatic approximation,
Lu Zhiheng et al. ") studied in detail Eq. (6} as A,=
0. A;—=0.0 \ <D, DKLAV (AV stands for the differ-
ence between double stationary state barrier height}

and obtained linearly approximate theory.
A <1l Zlo><0lzl1>

Va4

cosfe 2 + @, ). (7

<I](t)>=

Equation (7) indicates that the soluticn of Eg. (6) is
harmonic. We can reduce Eq. (7) further into
< x(r) > = reosief £ + ), (8)

where,

d
i _ <1lglo><olzl1>
)=

Al,

Vi + »
¥ =a,.

Although the instantaneous signal x (¢} of laser-DNA
interaction system should satisfy nonlinear equation
(6), its average value, due to its simple harmonic,
may be considered in form as a solution to some linear

vibration equation, e. g. »

%zf+23%+wgz=mosdlx. (10

Attention should be paid to the physical meaning
of the original point r==0, For Eq. (6), suppose that
noises don’t exist, I'(£)=0, where x=0 is an unsta-
ble state. Onece a system is put on this position, un-
der the action of double stationary barrier, it should
leave the point immediately. But to the statistical val-
ue < x{£)>> containing the system of random forces,
it will have a different expression, Eg, (10). x will
vary around the position x=0, that is, =0 is equiv-
alent to the stable position of random resonance in the

sense of average value. The main difference lies in the
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latter consideration of functions of randem forces I
(t). Therefore. as recovering force to the system
from deviating balance position, the random force
makes system express linear vibration with =20 as
its balance position.
2. 2 Simple harmonic as 4,70

When A,% 0, under small signal adiabatic ap-
proximation our research indicated that the sclution
of Eq. (6) may be obtained by linear theory and ap-

proved by numerical calculation.

T() = xycos(ef t + @) + xpcos(e o + @)
an
Figure 3 shows that <& (2) +a; (£) 2> (dotted
line) coincides with <<z, (¢) > + <Ta; () > (solid
line), their deviation is less than 2%, i e. . the re-
sponse to average autput of periodic forces abides by

iterative theory.

3 Discussion and Conclusion

Under adiabatic approximation, random chaos
comes into being in the interaction of laser-DNA, and
is related with laser intensity. This, on the one
hand, shows that when laser intensity surpasses a
certain threshold, DNA may mutate under the acticn
of laser, on the other hand. indicates that laser
breeding holds uncertainty of randomness, which
makes difficult prediction of the final results. So it is
necessary to properly selcet laser intensity and does.

The output statistical average value under the
driving of multiple periodic forces could be obtained
by accumulating output average value in the respec-
tive driving of many single periodic forces. Tt is still
discovered that, the greater the noise strength is, the

better the accumulation identifies with., Discussion on

accumulativeness of system average value is undoubt-

edly a new probe to stochastic resonance system theo-
ry.

Further study proposes that, when o', =o', 4,
>>A,, the outside environmental periodic forces could
be omitted; when A, = A,,if &',>>«';,it may also be
omitted, that is. short-pericd driving forces con-
tribute little, In fact the frequency of laser is far

higher than that frequency of outside environment, so
outside influence is under no consideration. However,

when A,<CA,.the outside envirenment driving forces

are important in the laser-DNA interation system.
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