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Abstract By studying the numerical calculation of the stochastic-dynamics equation 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 WiU Occur in the laser-DNA interactive system，The appearance of stochastic chaos is related to the in— 

tensity of laser，When it is very weak there is no cha os and this suggests that small intensity of laser does not make 

DNA mutate，Wh∞ laser intensity reaches a certain value·chaos appears and wakes DNA mutate，Witb the increase of 

laser intensity，the cha racteristic of chaos in the evolution process of s~stem becomes more and 1"flo／~sigmficant．How- 

ever。laser intensity c n not be tOO strong．otherwise it will cause very complex chaos that makes a seve re problem of 

uncer~inty 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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摘耍 通过对擞光与DNA舟子相互作用幕坑的随机动力学方程教位研究，发现在小信号绝热近议下，适当条件对，出 

现随机混沌．随机混沌的出现与激光强度有关，当激光强度很小时．无混沌现蕞出现，意味着小激光强度不能擞威DNA 

发生变异．当擞光强度l达到一定位时，出现了混沌，告激励 DNA发生变异，并随着激光强度的增大．体系的渍偶过程的 

混沌特征就趟囊越明显，但同时太强的激光鳗度引起的j巨沌非常复杂，告使激光与 DNA作用幕坑的随机不确定性严 

重，带来难 以控制的后秉．可能反而告使 DNA不产生变异．毒文迁讨论 了激光与DNA相互作用系坑受环境罔期变化的 

影响． 

美t嗣 DNA，Fokker Planck方程，非线性，随机逞沌， 
- ● 一 - - _ 一 I _ - _ _
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INTR0DUCTIoN 

Biosystem is a complicated nonlinear system ，so 

we should use nonlinear theory to study its kinetics． 

W ith chaos theo ry we StUd{ed the laser—DNA interac 

tJon and obtained that the Iaaer’s action makes DNA 

system enter into chaos，breaking up the original 

state of moment in order and interfering genetic infor· 
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mation，thus resulting in genetic mutation． In the 

course of primary research，we found that the ran— 

domness exists in the laser．DNA interaction sys． 

tem [ 
． Under the approximate condition of small sig． 

nal and adiabatic hypothesis，when the effect of ran· 

dora forces on laser．DNA interaction system is taken 

into account． stochastic resonance happens． The 

1aser—DNA (nteraction is related to the noise 
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Abstr配 By studying tbe nume.rical calcuJation 01 the stochastic-dynamics equarion of the laser-DNA interacrion , 1t 

was found that with the approxirnation of small s;ignal and adiabatic hypothesís and under suitable conditions. the 

stochastíc chaos will occur in the laser-DNA interactive sy.stern. The appearance of st，田hastic chaos is related to the in­

tensity of laser. When ít is ....ery weak there is no chaos and this su回归ts that srnall intensity of laser do回 not rnake 

DNA mutate. When laser inrensity reache .s a certflin value. chaos appears and makes DNA mutate. With the increa .se of 

laser intensity ~ the characte口stic of chflos 归 the evolution process of system become .s more and more sígnificant. How­

ever. laser intensity C9n not be too .strong ~ otherwìse ít wi1l cause very complex chaos that makes a severe problem of 

uncertainty in laser breeding and brings uncontrol1able results instead of inducing DNA to mutate. The influence of the 

periodical change oI environrnent on laser-DNA ínteractive system was discussed ~ too. 

E町 W也rds DNA. Fokker-Planck equfltion. nonlinearity. stochastic ch.aos 

撒光与 DNA 作用系统的随机混沌研究佛

封国在1.2]邵品孙耀东" 们户YfQ6plJ
GE太气科57百…

z扬州大学物理事，iI苏，揭州 .225002)

摘要 通过对最先与 DNA 5r于相互作用 1耳挠的随机动虫学方程撞恤研究，虫现在中情号艳楠近租下，适当*'件时，出

现随机班沌.随机革沌的出现与最先强度有朵，当最先强度咀小时，无蛊地现*-出现，意味睛 1)、最先 lU: 平也最励 DNA

:t.生变鼻.当最先强度达到-定恤时，出现了混沌，击最励 DNA 宜生变鼻，并随晴最先强度的增大，体革的班11:.过程的

草地特征就越章越明显但同时太强的最先强度引起的量地非曹盟章，击使最先与 DNA 作用 1耳挠的随机平确定性严

重，带来难以控制的后果，可恤旦而击使 DNA 丰产生变鼻.*丈还计怆了最先与 DNA 相互作用"就量耳境周期变化的

警响.

提幢回 DNA , Fokker-Planck 方程，非蝇性，随机遇沌，

一 一-…『回-

INTRODUCTION 

Bi05y5tem i5 a complícated nonlinear 5y5tem , 50 

we 5hould U5e nonlinear th回ry to 5 tudy i t5 kinetic5. 

With chaos th回ry we studied the la5er-DNA interac<

tion and obtained that the la5er' 5 actioD rnake5 DNA 

system enter into cha田， breaking up the original 

state of rnoment in order and interfering genetic infor-
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strength， laser amplitude of vibration and its fre— 

quence[ 
． Our further study in this paper suggests 

that，when the laser—DNA system is affected by both 

periodic driving forces and stochastic forces，biosys— 

tea is actually a nonlinear random vibrating system． 

In proper conditions，the 1aser—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．extreme 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 basic rotor model，the equa— 

tion of movement including interaction among laser， 

l 

0．5 

0 

— 0．5 

一 l 

l 

0．5 

0 

— 0．5 

一 l 
— l 0 

random forces and DNA molecules was derived Under 

approximate condition of small amplitude[ ： 

⋯ a(x ÷ )+AcosoJt+ r(f)， (1) 
0 

where we supposed that the stochastic force r“)in 

Eq．(1)iS Gruse noise，<r(})> =0，<r(幻P(t )> 

= 2D (f— t )， = 一 僻；the definitions and initial 

values of口、A could be found in Ref．[1]．Equation 

(1)can be transformed into Fokker— Planck equa— 

tion： 

—

3P (x,t)
： 一 丢[一 。)+F0)]P ，f)+D~ff---／P( ，f) 
： ，f)P ， )， (2) 

where， 

一  ( ) f)]+D未， 
(z)一 一 口‘ 1 z 2 一 击 )+c￡， 
F(f)一 ACOSmt． 

Since Eq．(2)is similar to the Schr~tinger equation， 

generalized m。mentum。perat。r声is introduced， 一 

l 

0．5 

0 

一 O．5 

一 l 
— l 0 

Fig．1 The phase diagram of the solutions of Eq．(4)+with 4—0．01，c= 0，D一0．20， = 0．03 

【a)A=O．0o1+(b)A= 0．01，(c)A=0．02，(d)A=0．10 

图 1 在4 0．01。c 0，D=0．20， 一0．03时，式(4)解舶相图 
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strength , laser amplitude of vibration and lts fre- random forces and DNA molecules was derived under 

quence[~J. Our further study in this paper suggests 

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 

1n 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 01 the characteristics 01 nonlinear 

system ,. has a basic {ea tureι. e. extreme sensltlvlty 

to initial value ,. which has been verified in many other 

nonIinear 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 basic rotor model , the equa­

tion of movement including interaction among laser , 
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where we supposed th叫at the stochastic force rü) in 

Eq. (1) is Gruse noise. <nt>>=口.<nοr(t')>

=2lM(t- t') .x= <p. 土= 91 ~ the definitions and initial 

values of a 、 A could be found in Ref. [1]. Equation 

(1) can be tr.nslormed into Fokker - Planck equ.-

tlon: 

aP(x ,t) iJ r ,.., .....~.".....~ ..,...... i1 
-7= E[-dHJ+FO)]问x.tJ + D岳阳，tl

A 
= L (x.t)P(x.tl 咽 (2) 

... here. 

L 叫=一二[- u'(.r) + F叫 +D圣，
A 

1 _, 1 (x) =- a( ~x' - :.x') + cx. 2 - 24 
F <t) = Acos四.

Since Eq. (2) is simil.r to the Schrðdinger equaúon. 

generalized momentum operator P is introduced , p= 

0.5 0.5 

。。

-0.5 
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-0.5 

。-1 
-1 

0.5 0.5 

。 。

-0.5 -0.5 

-1 。 。

Fig.l The phase diagram of the solutions of Eq. (4)~ with a=D. 01. c=O. D=D. 20 ，旷 =0.03

(.) A=O. 001. {bl A=O. 01. (c) A=O. 02. (dl A=0.10 
图 1 在 a=D.Ol.c=O. D=D.20，旷 =0.03 时，式(的解的相固
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2Di刍 ’s0 Hamilt。n is taken a$： 
 ̂

☆一 +u ，f)， (3) 

where， 

U(x，f)=D(一号 +a)+ ia一一n +c) + 
A(--要 +ax—f)cosoJr+ 

÷A LOS 一Acoxsin( )． 

The solution of Eq．(3)is hypothetical， 

( ，f)： ∑ (x，幻 ， 

where (z，f)and are adapted to the following e— 

quation 

[☆。(z)+ +2D詈] 
： ，￡)． (4) 

( ，￡)and can be obtained from Eq．(4)using fi- 

nite—element method．Figures l and 2 show that the 

appearance of chaos is related to the intensity of 

laserduring the laser—DNA interaction．W here there 

exists smal1 Iaser intensity there is no chaos。which 

means smal1 intensity of Iaser couldn’t make DNA 

mutate．W hen 1aser intensity reaches a certain value， 

chaos 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 1ow，mutation of DNA molecules can 

not occur．So there exists a threshold． 

Chen【{]pointed OUt that the application of laser 

t0 silkworm industry showed that when invariable 

Iaser wavelength irradiated Iarvae，smalI doses didn’t 

bring about genetic mutation，when doses increased 

to a certain degree， genetic mutation happened． 

Chen~目pointed that the 1aser．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 pulses 

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 many 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 and brings many uncontrollable conse— 

quences(See Figs． 1 and 2)；meanwhile it could not 

induce DNA to mutate，so chaos must be 1imited to 

some extent．Tangmin et a1．[ ]pointed OUt that in the 

research of amount of mouse brainblood，quite dliler 

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 contro1 random uncertainty． 

Fig．2 The phase diagram of the solutions of Eq．(4) 

with口一 0．O1，c=O，D 一0．30． 一O．05 

(a)A=0．04．(b)A—O．20 

图2 在4=O．01-c一0·D=0．30， =0．05对，式(4)算的相田 
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not occur. so there exists a threshold 
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where 'P".<X,,) and ιare adapted to the lollowing e-

qua t10n 

[H 。ω +U 川 + 2D 圣刮扑J~世ι'..(x
=ι~.(x ，t) 

'P".<X,t) and ιcan be obtained from Eq. (4) using Ii-

nite-element method. Figures 1 and 2 show that the 

appearance of chaos is related to the intensity of 

!aserduring the !aser-DNA interaction. Where there 

exi :sts small laser intensity there is no chaos , which 

means small intensity 01 laser couldn' t make DN A 

mutate. When laser intensity reaches a certain value , 

chaos appears , and with the increase of laser intensi-

ty t 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 !ow , mutation of DNA mo!ecules can 

1 

Chen['] pointed out that the application of laser 

(3) to si!kworm industry showed that when invariable 

laser wavelength irradia ted larvae , small doses didn tt 

bring about genetic mutation , when doses increased 

to a certain degree. genetic mutation happened. 

Cben['] pointed that the !aser-induced mutation of do­

mestic silkworm had a good eHect under !arge-dose 

irradiation of one whole pulse I i. e. mutation hap­

pened; while under accumulative irradlatÍon of pulses 

with equal weak energYt it didn't appear , the reason 

01 which is that although equal-radiation energy den-

sity is oHered , the power density is diHerent , tbe lat­

ter is far lower than the lormer. In order to guarantee 

the effìciency of laser-induced mutation. enough p咀w­

er density is necessary , and many theories and 时'

searches show that there exists a threshold. 

However , laser intensity could not be to咀

strong , otherwise it wiU cause very complex chaos 

that makes severe problem 01 uncertainty in laser 

breeding and brings many uncontro!!able conse­

quences (See Figs. 1 and 2) , me.nwhi!e it could not 

induce DNA to mutate I so chaos must be limited to 

SOme extent. Tangmin tt al. [5] pointed out that in the 

research of amount 01 mouse br.inblood , quite diHer­

ent biological elfects with diHerent mutation were 

discovered after proce :ssing with same wavelength and 

different power density , which means that it is nec凹，

sary to choose proper laser ìntensity. Maybe it is on e-

01 the ways to contro! random uncertainty. 

(4) 

1 

(b) 

Fig. 2 The phase diagram 01 the solutions 01 Eq. (4) 

with a=O. 01. c=O. D=O. 30 ,00/=0. 05 
(a) A=O. 04 , (b) A=O. 20 

圈 2 在 a=O. 01 .c=O ID=O. 30 ,w" =0.05 时，式(4)解的相回
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2 Laser—-DNA System under M ultiple 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 Eq． (I)may be rewritten 

as： 

奎=一 ( 一吉 。)+A．c。s f+ 
A2c0s 2t+ r0)． (5) 

Fig-3 The average value outputt／ns< E(f)+ ±(f)> 

compared h < 1(￡)> + <  ，(f)> for x~oise 

strength D — O．2O；口i$erfol-． l= 0．84 (a) 2= 

0．06，d一 0．Ol9}(b) ±= 0．08，d= O．015；(c) 

!=O．04．a=0．018 

图 3 在哪 ，=0．84，翼声强度 D----0．20时，平均输出 

响 应 < 1(f)+ 础 (f)> (虚 线 )与 <丑 (f)> + 

< 2( )>(实线)的比较．d为僖差 

The Fokker—Planck equation corresponding to Eq． 

(5)becomes 

a
—

P (x,t)
一 一 未[一n 一 6。+ a ar ⋯ 一。 
AlCOStaIt+A2cos~) )3P ， )+ 

D P(x， )· (6) 

2．1 Simple harmonic as Az：O 

Under small signal and adiabatic approximation， 

Lu Zhiheng et a1． studied in detail Eq．(6)as A2— 

0，A】一 0， 1《 D，D《 d (zlV stands for the differ— 

ence between double stationary state barrier height) 

and obtained linearly approximate theory． 

，  ⋯ 、  A·<1l丢l 0><01xll> <
xl( )> = ———— ====——一  

、， + { 

COS( It+ 01l1)． (7) 

Equation(7)indicates that the solution of Eq．(6)is 

harmonic．We can reduce E口．(7)further into 

< x0)> ： XoCOS( 1t+ )． (8) 

where． 

㈨ —■ i —A’ 
【 = ．小 

Although the instantaneous signal (f)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 

筝+2B譬+ ：Ac0 f． (10) 
Attention should be paid to the physical meaning 

of the original point x=O．For Eq．(6)，suppose that 

noises don’t exist，／-“)=o，where =0 i8 an unsua— 

ble state．Once 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< (f)> containing the system of random forces． 

it will have a different expression，Eq．(10)． will 

vary around the position = 0，that is， = 0 is equiv— 

alent to the suable position of random resonance in the 

sense of average value．The main difference lies in the 
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2 Laser-DNA System under Multiple Period­

ic Forces Driving 

ln the processes of laser processing on DNA 

molecules , effects of other periodic forces of environ­

ment (temperature , atmosphere pressure , etc. ) must 

be takcn into aCcount , 80 Eq. (1) may be rewritten 

;1S = 

0.8 

Q.4 

名。
.... 
.... 

土=一 ω +.x 3 ) + ALcos甜】t+
A2cos甜，t+r(t).
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Fig.3 The average value outputting <Xt(t) +xz(tl> 

compared with <.%1 (t >> + <X2(t) > for ooÎse 
str哩ngth D = O. 20 , (1 is err<J眩 'ω'\=0.84 (8) w'z= 
0.06 , ø-O. 019 , (blω ， -0.08. ø- 0.015 , (c) 

ω' ， -0.04. ø-0.018 

圈 3 在 w'I=O.84 ，噪声强度 D-0.20 时，平均输出

响应 <.x】(t) +x, (t l>(虚缉)与 <XL (!l > + 
<.x，Ct)>【实钱)的比桩 .ø 为偏差

(5) 

The Fokker-Planck e吨 uation corres ponding to Eq 

(5) becomes 

ap(x ,t) a r 1 理 t
一丁王一吝1- a 飞Z 一 τx' -r

A]cosωLt + A2cosω ，t)]P(x ， t) + 

D￡PUJ〕·ω
2. 1 Simple barmonic 8s A, =。

Under small sìgnal and adìab创ìc approxìmatìon , 
Lu Zhiheng et al. C'l studied in detail Eq. (6) as A ,= 
。咱 A】→ O 咽 w' l<<D ， D<< .1VCLIV stands lor the differ­

ence between double stationary state barrier height) 

and obtained lin四rly approximate theory. 

AL < 11 主 10><0IxI1>
<xL(t) >= 一-一一--

飞/Al + w'1 
cos(w' Lt + 矶 .L) • (7) 

Equation (7) indicates that the solution 01 Eq. (6) is 

harmonic. We can reduce Eq. (7) lurther into 

< x(t) >= x ,cos(w' lt + 仙 (8)

where , 

(<l|坦问11 > 
Xo = Al' 

.<f +旷i

rþ = a L• 1 

(9) 

Although the ínstantaneous signal x(t) of laser-DNA 

interaction system should satisfy nonlinear equa口on

〔们 its average value , due to it8 simple harmonic , 
may be considered in form as a solution to some linear 

vibration equation , e. g. , 

亨 + 2B 苦+叫主 =A叫Lt (1 0) 

Attentìon should be paid 归 the physìcal meanìng 

01 the original point x=O. For Eq. (6) , suppose that 

noises don' t e目前 ， r (t )=O , where x=O is an unsta­

ble state. Once a system is put on this position , un 

der the action 01 double stationary b画rrier ， it should 

leave the point immediately. But to the statistical val 

ue <x(t)> containing the system of random fo白白，

it will have a different expression. Eq. (1 0). x wiJl 

vary around the position x=O , that iS t x=O 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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1atter cons{deration of functions of random forces r 

(t)．Therefore，as recovering force to the system 

from deviating balance position， the random force 

makes system express linear vibration with z一 0 as 

its balance position． 

2．2 Simple harmonic囊s A2≠0 

W en A2≠ 0，under small signal adiabatic ap— 

proxlmation，our research indicated that the solution 

of Eq．(6)may be obtained by linear theory and ap— 

proved by numerical calculation． 

(t)一 ocos(a／It+ 蚂)+ z0cos(oJ zt+ 钍) 

(11) 

Figure 3 shows that< z1( )+ x2(￡)> (dotted 

line)coincides with < zI(t)> + < 。(t)> (solid 

Iine)，their deviation is less than 2 ，i．e．，the re— 

spo nse to average output of periodic forces abides by 

iterative theory． 

3 Discussion and Conclusion 

Under adiabatic approximation， random chaos 

comes into being in the interaction of Iaser—DNA，and 

is related with Iaser intensity． This， on the one 

hand．shows that when Iaser intensity surpasses a 

certain threshold，DNA may mutate under the action 

of laser．on the other hand，indicates that 1aser 

breeding holds uncertainty of randomness， which 

makes difficult prediction of the finaI resuhs．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- 

tire driving of many single periodic forces．It is still 

discovered that，the greater the noise strength is，the 

better the accumulation identities 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 a／ l— a／：，A1 

> A2，the outside environmental periodic forces could 

be omitted；when A1一 Az，if oJ 2》 m ，it may also be 

omitted， that is， short·period 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 Al< A。，the outside environment driving forces 

are important in the laser—DNA interation system． 
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latter consideration of functions of random forces r 
(t). Therefore , as recovering force to the system 

from deviating balance position , the random force 

makes syste皿 express linear vibration with x = 0 as 

its balance position. 

2. 2 Simple barmoDic 脑 A，，，..。

When A ,,,.. 0 , under small signal adiabatic ap 

proximation , our research indicated that the solution 

of Eq. (6) may be obtained by linear theory and ap­

proved by numerical calculation. 

x Ct) = x lOcos( w' ,t + 归) + x"cos(w' ,t + 9'\) 

(11) 

Figure 3 shows that <Xl (t) +x, (t) > (dotted 

line) coincid四 with <X, (tl > +<x, (tl > (回lid

líne) , their deviatíon lS less than 2 %, i. e. , the re­

sponse to average output of periodic forces abides by 

iterative theory. 

3 Discussion and Conclusion 

Under adiabatic approximation , random chaos 

comes Ìnto 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 action 

of laser , on the other hand , indicates that laser 

breeding holds unc臼tainty of rando皿ness ， 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 accu皿ulating output average value in the respec­

tive driving of many single periodic forces. 1t is still 

discovered that , the greater the noise strength is , the 

oetter the accumulation identi白白 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 w', = w'" Al 

> Az' the outside environmental periodic forces could 

be 0皿itted ， when Al = A" if 0/ ， >>ω气， it may also be 

omitted , that is , short-period driving forces COn 

tribute little. 1n fact the frequency of laser is far 

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

when Al <Az' the outside environment driving forces 

are important in the laser-DNA interation system. 
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