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Abstract

The dispersion, which has significant relation with our daily life, is a system that
one or more materials dispersed in another material. To study the characters of
dispersion is of great importance on both the theory and the applications. Because the
characters of dispersions are closely related to the characters of small particles
dispersed in dispersion, we can gain an insight into the macroscopic characters of
dispersion by studying the behavior of individual small particles dispersed in
dispersion. However, due to the lack of appropriate instruments, the experimental
research of the dispersion was limited largely on the macroscopic characters for along
time.

Optical tweezersis an instrument to trap and manipulate small particles utilizing
the radiation pressure of light. Since it manipulates particles without mechanical
contact, it has very little influence on trapped particles. Due to this characteristic, it
can be used to investigate the characters of trapped particles without interference.
Therefore, optical tweezers was successfully applied in the investigation of the
interactions of particles dispersed in dispersion, soon after itsinvention.

In this article, we use optical tweezers to study the stability of dispersion, and the
diffusion of particles confined by planes, etc. Some problems related to these
researches are also studied by theoretical analysis or computer simulation.

The stability is an important character of dispersion. Considering from the single
particle level, the stability is determined by the collisions and aggregations of the
small particles in dispersion. Utilizing the characteristic that the optical tweezers can
control and manipulate particles, we establish a method to study the collisions and
aggregations of small particles experimentaly in this article. In this method, we use
optical tweezers to trap two particles, and confine them in an area that can be
observed by microscopy so that we can investigate the collision and aggregation
behavior of two particles.

By analyzing the experimental results of above-mentioned method, we establish
the model of the collision and aggregation kinetics of two particlesin optical tweezers.
This model shows that the two particles undergo two statuses in optical tweezers, and
the collision kinetics is quite different in the two statuses. Using this model, we

develop a phenomenological theory to describe the aggregation kinetics of the two



trapped particles. Based on these researches, we develop a method to measure the
stability ratio of dispersion from particle level using optical tweezers. Using the
connection of the stability ratio with the sticking probability of one collision of
particles, and the phenomenological theory developed, we can get the stability ratio
experimentally. This is the first time to study the stability of dispersion from
individual particle level.

The collision frequency of the two particles in optical tweezers is an important
parameter in the collision process of the two particles. In this article, we use computer
simulation to study the collision frequency of two particles in optical tweezers. In the
simulation, both the forces that optical tweezers exerts on particles and the
hydrodynamics coupling of the two particles are considered. The simulation results
definitely support our model of the collision kinetics of two particles in optical
tweezers.

A particle’s hydrodynamic coupling to interfaces is an interaction existed widely
in dispersion. The hydrodynamic interactions can influence on the Brownian motion
and diffusion of particles, which will affect the particles collision kinetics. In this
article, we investigate the diffusion of particles confined by two paralel plane
interfaces. The experimental results are consistent with the theory on the
hydrodynamic interactions of the particles with interfaces.

We have also successfully arranged micro-particles in dispersion utilizing optical
tweezers forming steady patterns or clusters with given structure. The method will
have applicationsin colloidal crystals and biology.

During the work of studying the stability of dispersion from particle level, we
use optical tweezers to trap two particles. So it is important to understand the forces
that optical tweezers exerts on the two particles. However, optical tweezers were
mostly used to capture one particle in its applications, and there was no work on the
forces on the two particles trapped by optical tweezers. In this article, we use
computer to calculate the forces exerted on two particles trapped by optical tweezers
theoretically for the first time, using the ray optics model. The calculation results
establish the theoretical base for the applications of the character that optical tweezers
can trap two particles.

As two commonly used ring beams to form optical tweezers, Laguerre-Gaussian
and hollowed Gaussian beam both improve the axia trapping force comparing with

Gaussian beam. We calculate the transverse trapping force of the two different ring

v



beams using ray optics model, and compare them with Gaussian mode beam in this
article. The calculation results show that the transverse trapping forces of the ring
beams are lower than Gaussian beam. The results give a full knowledge on the
trapping force of ring beams, and will be good guidance for the applications of the

ring beams.
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1 MatLab

function f=collision(t)

k=1.38*10"-23;

T=293;

yita=1.14*107-3;

R=0.5*10"-6;

D=k*T/(6*pi*yita*R);

m=(4/3)*pi*(R"3)*1.05*10"3;

alfa=k*T/D;

gama=alfa/m;

Q=2*k*T*gama/m;

c=1.1*10"-6;

€2=1.002*10"-6;

%

a=0;

b=c2;

n=0;

1=1/¢;

gangdu=0.1*10"-6;

gangdu2=1*10"-6;

velocityl=0;

velocity2=0;

y1=0;

y2=0;

z1=0;

z2=0;

vy1=0;

vy2=0;

vz1=0;

vz2=0;

velocity1=0;

velocity2=0;

%

for j=1:1 %l
x21=b-a;
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y21=y2-y1;
z21=22-71;
r21=sqrt(x2172+y21"2+z21"2);
cosa=x21/r21;
cosb=y21/r21;
cosc=z21/r21;
vxcenter=(velocity2+velocityl)/2;
vycenter=(vyl+vy2)/2;
vzcenter=(vz1+vz2)/2;
vxlrelative=(velocityl-velocity2)/2;
vylrelative=(vyl-vy2)/2;
vzlrelative=(vz1-vz2)/2;
vx2relative=(velocity2-velocityl)/2;
vy2relative=(vy2-vyl)/2;
vz2relative=(vz2-vz1)/2;
vrcenter=vxcenter*cosa+vycenter*cosh+vzcenter*cosc;
vceenter=sqgrt(vxcenter 2+vycenter"2+vzcenter"2-vrcenter"2);
if vccenter==
cosacenter=0;
coshcenter=0;
cosccenter=0;
else
cosacenter=(vxcenter-vrcenter*cosa)/vccenter;
cosbcenter=(vycenter-vrcenter*cosb)/vccenter;
cosccenter=(vzcenter-vrcenter*cosc)/vccenter;

end

voflr=vxlrelative*cosa+vylrelative*cosb+vzlirelative*cosc;
vof2r=vx2relative*cosa+vy2relative*cosb+vz2relative*cosc;
voflc=sqrt(vxlrelative™2+vylrelative®2+vzlrelative2-voflrn2);

vof2c=sqrt(vx2relative™2+vy2relative”2+vz2relative”2-vof2rr2);

if voflc==0
cosacl=0;
cosbcl=0;
cosccl=0;

else
cosacl=(vxlrelative-voflr*cosa)/vofic;
cosbcl=(vylrelative-voflr*cosh)/vofic;

cosccl=(vzlrelative-voflr*cosc)/vofic;
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end
if vof2c==0
cosac2=0;
coshc2=0;
coscc2=0;
else
cosac2=(vx2relative-vof2r*cosa)/vofac;
coshc2=(vy2relative-vof2r*cosh)/vofac;
coscc2=(vz2relative-vof2r*cosc)/voflc;
end
rou=r21/R;
Dprm=D*(1-3/(2*rou)+1/(rou"3)-15/(4*rou™4));
Dcrm=D*(1-3/(4*rou)-1/(2*rou™3));
Dpcem=D*(1+3/(2*rou)-1/(rou"3)-15/(4*rou™4));
Dcem=D*(1+3/(4*rou)+1/(2*rou"3));
%
arcenter=-((k*T)/(Dpcm*m))*vrcenter;
accenter=-((k*T)/(Dccm*m))*vccenter;
arl=-((k*T)/(Dprm*m))*voflr;
acl=-((k*T)/(Dcrm*m))*voflc;
ar2=-((k*T)/(Dprm*m))*vof2r;
ac2=-((k*T)/(Dcrm*m))*vof2c;
alx=(arcenter+arl)*cosat+accenter*cosacenter+acl*cosacl;
aly=(arcenter+arl)*cosbh+accenter*coshcenter+acl*cosbcl;
alz=(arcenter+arl)*cosc+accenter*cosccenter+acl*cosccl;
a2x=(arcenter+ar2)*cosa+accenter*cosacenter+ac2*cosac?;
a2y=(arcenter+ar2)*cosh+accenter*coshcenter+ac2*coshc2;
a2z=(arcenter+ar2)*cosc+accenter*cosccenter+ac2*coscc?;
u=rand(1);
v=rand(1);
templ=a;
temp2=velocityl;
x=sqrt(-2*log(u))*cos(2*pi*v);
velocityl=temp2-gangdu*templ*t/m+sqrt(Q*t)*x+t*alx;
a=att*temp2;
u=rand(1);
v=rand(1);
templ=yl;
temp2=vyl;
x=sqrt(-2*log(u))*cos(2*pi*v);
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vyl=temp2-gangdu2*templ*t/m+sqrt(Q*t)*x+t*aly;
yl=yl+t*temp2;
u=rand(1);
v=rand(1);
templ=z1;
temp2=vzl;
x=sqrt(-2*log(u))*cos(2*pi*v);
vzl=temp2-gangdu2*templ*t/m+sqrt(Q*t)*x+t*alz;
z1=z1+t*temp2;
u=rand(1);
v=rand(1);
templ=h;
temp2=velocity2;
x=sqrt(-2*log(u))*cos(2*pi*v);
velocity2=temp2-gangdu*(templ-c)*t/m+sqrt(Q*t)*x+t*a2x;
b=b+t*temp2;
u=rand(1);
v=rand(1);
templ=y2;
temp2=vy2;
x=sqrt(-2*log(u))*cos(2*pi*v);
vy2=temp2-gangdu2*templ*t/m+sqrt(Q*t) *x+t*a2y;
y2=y2+t*temp2;
u=rand(1);
v=rand(1);
templ=2z2;
temp2=vz2;
x=sqrt(-2*log(u))*cos(2*pi*v);
vz2=temp2-gangdu2*templ*t/m+sqrt(Q*t)*x+t*a2z;
z2=z2+t*temp2; %
s=sqrt((a-b)"2+(yl-y2)"2+(z1-z2)"2);
if s<1*10"-6 %

n=n+l1;

a=0;

b=c2;

velocityl=0;

velocity2=0;

y1=0;

y2=0;

z1=0;
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z22=0;

vy1=0;
vy2=0;
vz1=0;

vz2=0;
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Mathematica

rb=1*10"-6;
zcg=-3*1b; (*zcg -3rb  -4rb *)
nw=1.33;
ng=1.516;
nb=1.55;
w0=0.5*10"-6;
afa=Pi/4;
NA=1.25;
roup=wo; * *)
fenmu=NIntegrate] 2* Pi* rou* Exp[-2* rou2/w0*2] { rou,0,roup}; (* *)
Plot[ Function[zb,j=5000; * *)
fenzi=0;
For[i=1,i<j,rou=i*roup/j;yita=rou/roup;
fai=ArcSin[NA*yita/nw];
deltaz=zcg* (1-(nw/ng)* Sgrt[ (1-yita*2* NA"2/nw2)/(1-yita*2* NA*2/Ing"2)]);
thita=-1 ArcSin[Sin[fai]* (zb-deltaz)/rb];
r=ArcSin[Sin[thita]*nw/nb];
Rp=(Tan[thita-r])"2/(Tan[thita+r])"2;
Rc=(Sin[thita-r])"2/(Sin[thita+r])"2;
Tp=Sin[2*thita]* Sin[2*r]/((Sin[thita+r])*2* (Cod[ thita-1])"2);
Tc=Sin[2*thita]*Sin[2*r]/(Sin[thita+r])"2;
Qsp=1+Rp* Cog[ 2*thita]-(Tp"2* (Cog] 2* thita-2*r] +Rp* Cog[ 2* thita] ))/(1+Rp"2+2* Rp* Cos[ 2*1]);
Qgp=Rp*Sin[2*thita]-(Tp"2* (Sin[2*thita-2*r]+Rp* Sin[2*thita] ))/(1+Rp"2+2* Rp* Cos[ 2*1]);
Qsc=1+Rc* Cog 2*thita]-(Tc2* (Cog 2* thita-2*r] +Rc* Cog 2* thita]))/(1+Rc2+2* Rc* Cog[ 2*1]);
Qgc=Rc* Sin[2*thita]-(Tc2* (Sin[ 2*thita-2* r] +Rc* Sin[ 2* thita] ) )/(1+Rc2+2* Rc* Cog 2*1]);
Qs=0.5*(Qsp+Qsc);
Qg=0.5"(Qgp+Qge);
Qz=Qs*Cog[fai]-Qg*Sin[fai];
Qz=Qz*2* Pi*rou* Exp[-2*rou"2/w0"2];
If[yita"2* NA"2/nw"2<1& & Sin[fai] * (zb-del taz)/rb<1&&Sin[fai]* (zb-deltaz)/rb>-1,fenzi=fenzi+Qz
*roupljl; (* *)
i++];

fenzi=fenzi/fenmu][d],{a-5 rb,2 rb}]
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Mathematica

rb=1*10"-6;

z0g=-3*1b; * zcgy
-3rb  -4rb

nw=1.33;

ng=1.516;

nb=1.55;

w0=0.5*10"-6;

roup=wo;

fenmu=NIntegrate{ 2* Pi* rou* Exp[-2*rou*2/w0"2] {rou,0,roup}];  (*

zbequi=-0.5696172 rb; (*

NA=1.25;

dfa=Pil4; (* *)
mmm=Array[f,1000]; *

*)
For[kkk=1,kkk<1001,a=(zbequi+2*rb)/rb+2* kkk/1000;
f[kkk]=Function[zbtimes,
zb2=zbtimes*rb;

zb=7b2-2 rb; (*

j=5000;

fenzi2=0;

For[i=1,i<j,rou=i*roup/j;yita=rou/roup;If[yita*2* NA"2/nw"2<1,
fai=ArcSin[NA*yita/nw];

(*

*)

*)

*)

*)

deltaz=zcg* (1-(nw/ng)* Sgrt[ (1-yita*2* NA2/nw"2)/(1-yita*2* NA"2/Ing™2)]);

If[Sin[fai]* (zb-deltaz)/rb>1||Sin[fai] * (zb-deltaz)/rb<-1,  (*

If[Sin[fai]* (zb2-deltaz)/rb<1&&Sin[fai] * (zb2-deltaz)/rb>-1, (¥

thita2=-1 ArcSin[Sin[fai]* (zb2-deltaz)/rb];
r2=ArcSin[Sin[thita2] *nw/nb];
Rp2=(Tan[thita2-r2])"2/(Tan[thita2+r2])"2;
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Rc2=(Sin[thita2-r2])"2/(Sin[thita2+r2])"2;

Tp2=Sin[2*thita2]* Sin[2*r2]/((Sin[thita2+r2])"2* (Cogthita2-r2])*2);
Tc2=Sin[2*thita2]* Sin[2*r2]/(Sin[thita2+r2])"2;

Qsp2=1+Rp2* Cos 2*thita2]-(Tp2"2* (Cos[ 2* thita2-2*r2] +Rp2* Cog[ 2* thita2]))/(1+R
p2/2+2*Rp2* Cog[2*r2]);

Qgp2=Rp2* Sin[2*thita2]-(Tp2"2* (Sin[2*thita2-2*r2] +Rp2* Sin[ 2* thita2] ) )/(1+Rp2/2
+2*Rp2*Cog[2*r2));

Qsc2=1+Rc2* Cog] 2*thita2] -(Tc272* (Cos| 2* thita2-2* r2] +Rc2* Cos[ 2* thita2] ) )/(1+Rc
2/2+2*Rc2* Cog 2*12));

Qgc2=Rc2* Sin[ 2* thita2]-(Tc2/2* (Sin[ 2* thita2-2*r2] +Rc2* Sin[ 2+ thita2] ) )/ (1+Rc22
+2*Rc2*Cog[2*r2]);

Qs2=0.5*(Qsp2+Qsc2);

Qg2=0.5*(Qgp2+Qgc2);

Qz2=Qs2* Cogfai2]-Qg2* Sin[fai2];

Qz2=Qz2* 2* Pi*rou* Exp[-2*rou*2/w0"2];

fenzi2=fenzi2+Qz2*rouplj], (* *)

*)

thita=-1 ArcSin[Sin[fai]* (zb-deltaz)/rb];
r=ArcSin[Sin[thita]*nw/nb];
Rp=(Tan[thita-r])"2/(Tan[thita+r])"2;
Rc=(Sin[thita-r])"2/(Sin[thita+r])"2;

Tp=Sin[2*thita] * Sin[2*r]/((Sin[thita+r])*2* (Cog[thita-r])"2);
Tc=Sin[2*thita]* Sin[2*r]/(Sin[thita+r])"2;

fai2=Pi+fai+2*thita;

fai2=ArcCog[Cogfai2]];

*)

If[fai2<Pi/2,

zz=rb* Sin[thita]/Sin[Pi+fai+2 thita] ;deltaz2=zz+zb;

If[Sin[fai2]* (zb2-deltaz2)/rb<1&&Sin[fai 2] * (zb2-deltaz2)/rb>-1,
(* *)
thita2=-1 ArcSin[Sin[fai 2] *(zb2-deltaz2)/rb];
r2=ArcSin[Sin[thita2] * nw/nb];
Rp2=(Tan[thita2-r2])"2/(Tan[thita2+r2])"2;
Rc2=(Sin[thita2-r2])"2/(Sin[thita2+r2])"2;
Tp2=Sin[2*thita2]* Sin[2*r2]/((Sin[thita2+r2])"2* (Cos[ thita2-r2])"2);
Tc2=Sin[2*thita2]* Sin[2*r2]/(Sin[thita2+r2])"2;
Qsp2=1+Rp2* Cog[ 2*thita2] -(Tp2"2* (Cod 2* thita2-2*r2] +Rp2* Cog 2* thita2] ) )/(1+
Rp272+2*Rp2* Coq 2*r2));
Qsp2=Qsp2*Rp;
Qup2=Rp2* Sin[2*thita2]-(Tp2"2* (Sin[2*thita2-2*r2] +Rp2* Sin[ 2* thita2] ) )/(1+Rp2
"2+2*Rp2*Cog[2*r2]);
Qgp2=Qgp2*Rp;
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Qsc2=1+Rc2* Cos| 2*thita2]-(Tc22* (Cos| 2* thita2-2*r2] +Rc2* Cos| 2* thita2]))/(1+
Rc2/2+2*Rc2* Coq 2*r2]);

Qsc2=Qsc2*Rc;

Qgc2=Rc2* Sin[2* thita2]-(Tc2/2* (Sin[ 2* thita2-2*r2] +Rc2* Sin[ 2* thita2]))/(1+Rc2
A2+2*Rc2* Cog2*r2));

Qgc2=Qgc2*Rc;

Qs2=0.5* (Qsp2+Qsc2);

Qg2=0.5*(Qgp2+Qgc2);

Qz2=Qs2* Cog[fai2]-Qg2*Sin[fai2];

Qz2=Qz2* 2* Pi*rou* Exp[-2*rou"2/w0"2];

fenzi2=fenzi2+Qz2*roup/j]];

cc=Tc"2;
pP=Tp"2;
For[ii=1,ii<20, (* *)
fai2=2 thitatfai-2 r+(ii-1)* (-Pi-2r);
fai2=ArcCog Coqfai2]];
If[fai2<Pi/2,
zz=rb*Sin[thita]/Sin[2 thita+fai-2 r+(ii-1)* (-Pi-2r)];
deltaz2=zz+zb;

If[Sin[fai 2] * (zb2-deltaz2)/rb<1&&Sin[fai 2] * (zb2-del taz2) /rb>-1,
* *)
thita2=-1 ArcSin[Sin[fai2]* (zb2-deltaz2)/rb];
r2=ArcSin[Sin[thita2]*nw/nb];
Rp2=(Tan[thita2-r2])"2/(Tan[thita2+r2])"2;
Rc2=(Sin[thita2-r2])"2/(Sin[thita2+r2])"2;
Tp2=Sin[2*thita2]* Sin[2*r2]/((Sin[thita2+r2])"2* (Cog[ thita2-r2])"2);
Tc2=Sin[2*thita2]* Sin[2*r2)/(Sin[thita2+r2])"2;
Qsp2=1+Rp2* Cog| 2*thita?] -(Tp2/2* (Cos| 2* thita2-2* r2] +Rp2* Cog 2* thita2]))/(
1+Rp2"2+2*Rp2* Cog[ 2*r2]);
Qsp2=Qsp2*pp;
Qgp2=Rp2*Sin[2*thita2]-(Tp2"2* (Sin[2*thita2-2*r2] +Rp2* Sin[2* thita2]))/(1+R
p2/2+2*Rp2* Cos[2*r2]);
Qup2=Qgp2*pp;
Qsc2=1+Rc2* Cog[ 2*thita2]-(Tc22* (Cog] 2* thita2-2*r2] +Rc2* Cog[ 2* thita2]))/(
1+Rc2"2+2*Rc2* Cog[ 2*r2]);
Qsc2=Qsc2*cc;
Qgc2=Rc2* Sin[ 2*thita2]-(Tc2"2* (Sin[2* thita2-2*r2] +Rc2* Sin[ 2* thita2] ))/(1+R
c2/2+2*Rc2* Cog[ 2*r2));
Qgc2=Qgc2*cc;
Qs2=0.5*(Qsp2+Qsc2);
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Qg2=0.5*(Qgp2+Qgc2);
Qz2=Qs2*Cos[fai2]-Qg2* Sin[fai2];

Qz2=Qz2* 2* Pi*rou* Exp[-2*rou*2/w0"2];

fenzi2=fenzi2+Qz2* rouplj]];

cc=cc*Re;pp=pp*Rp; (¥
Hi++]11;
i++];
fenzi2=fenzi2/fenmu][4l;

kkk++]; * "

Export]"1.txt",mmm," List"] (* *)
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4 Mathematica
rb=1*10"-6;

zcg=-3*rb;

nw=1.33;

ng=1.516;

nb=1.55;

w0=0.5*10"-3;

roup=wo;

7b2=-0.7796* 10"-6; (* *)

fenmu=NIntegrate] 2* Pi* rou* (2* rou*2/w0"2)"2* Exp[-2*rou*2/w0*2] {rou,0,roup}];  (*

*)
mmm=Array[f,500]; * *)
For[kkk=1,kkk<501,a=2* kkk/500;
f[kkk]=Function[timeszhb,j=500;

fenzi=0;

x=timeszb*rb; (* *)

For[i=1,i<j,rou=i*roup/j;yita=rou/roup;

NA=1.25;

fenzi2=0;jofbeita=500;
For[ii=1,ii<jofbeita,beita=Pi*ii/jofbeita;

If[yita*2* NAN2/nwA2<1,
fai=ArcSin[NA*yita/nw];
deltaz=zcg* (1-(nw/ng)* Sgrt[ (1-yita*2* NAN2/nw"2)/(1-yita*2* NA*2/Ing™2)]);
If[(2* (zb2-deltaz)* Tan[fai] A2+2* x* Tan[fai] * Cog] beita] )"2-4* (Tan[fai] "2+1)* ((zb2-del taz)"2
*Tan[fai]"2+x"2+2* x* (zb2-deltaz)* Tan[fai]* Cog[ beita] -rb*2) >0,
* *)
zofsecond=(-Sqrt[ (2* (zb2-deltaz)* Tan[fai] *2+2* x* Tan[fai]* Cog beita] )"2-4* (Tan[fai]"2+1
)*((zb2-deltaz)2* Tan[fai] "2+x"2+2* x* (zb2-deltaz)* Tan[fai] * Cog beita] -rb"2)] - (2* (zb2-de
Itaz)* Tan[fai]"2+2*x* Tan[fai]* Cog beita)))/(2* Tan[fai] "2+2);
* 81 z *)
rouofbottom=(deltaz-zcg)* Tan[fal];
|eftshubian=deltaz-zcg+zb2-deltaz+zof second;
|eftline=leftshubian/Cod fai];

rightshubian=deltaz-zcg+zb2-deltaz;
righthengbian=Sgrt[ rouofbottom”2+x/2-2* x* rouofbottom* Cog beita]];
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rightline=Sgrt[ rightshubian”2+righthengbian2];
gama=ArcCoqd righthengbian/rightline];
inputx=-Sin[fai]* Cog beital;
inputy=Sin[fai]*Sin[beita];
inputz=Cogdfai];
thitain=-ArcCog Abg[ (rb"2+l eftline*2-rightline*2)/(2*rb* | eftline)]];
(* *)
zjiao=ArcCod| (leftline*2+rightline*2-rb"2)/(2* | eftline* rightline)] ;
verinline=leftline* Tan[zjiao];
cutofright=leftline/Cog zjiao];
cut=rightline-cutofright;
sinverinline=-zofsecond-cut* Sin[gamal ;
verinputz=sinverinline/verinling;
verlineonxy=Sqrt[verinline*2-sinverinline*2];
verinlinexy=verlineonxy* (deltaz-zcg+zb2-deltaz)/(deltaz-zcg+zb2-del taz-cut* Sin[gama] );
verleft=(deltaz-zcg+zb2-del taz+zof second)* Tan[fai] * (del taz-zcg+zb2-del taz)/(del taz-zcg+z
b2-deltaz-cut* Sin[gama]);
jiaol=ArcCod[ (verleft"2+verinlinexy"2-righthengbian”2)/(2* verleft* verinlinexy)] ; If[x>0,
jiaodu=jiaol-beitajiaodu=jianl+beital;
verinputx=-1 Cogjiaodu] *verlineonxy/verinline;
* X *)
thita2=thitain;
r2=ArcSin[Sin[thita2]*nw/nb];
Rp2=(Tan[thita2-r2])"2/(Tan[thita2+r2])"2;
Rc2=(Sin[thita2-r2])"2/(Sin[thita2+r2])"2;
Tp2=Sin[2*thita2]* Sin[2*r2])/((Sin[thita2+r2] ) 2* (Cog[ thita2-r2])"2);
Tc2=Sin[2*thita2]* Sin[2*r2)/(Sin[thita2+r2])"2;
Qsp2=1+Rp2* Cog 2*thita2] -(Tp2"2* (Cog 2* thita2-2*r2] +Rp2* Cog 2* thita2] ))/(1+Rp2~2+
2*Rp2* Cog[2*r2]);
Qgp2=Rp2* Sin[2*thita2]-(Tp2"2* (Sin[2*thita2-2*r2] +Rp2* Sin[ 2* thita2] ))/(1+Rp2/2+2*R
p2*Cog2*r2]);
Qsc2=1+Rc2* Cog| 2* thita2]-(Tc2/2* (Cos| 2* thita2-2*r2] +Rc2* Cos 2* thita2] ) )/ (1+Rc2/2+2
*Rc2*Cog[2*r2));
Qgc2=Rc2* Sin[2*thita2]-(Tc2"2* (Sin[2* thita2-2*r2] +Rc2* Sin[ 2* thita2]))/(1+Rc2"2+2* Rc
2*Cog[2*r2));
Qs2=0.5%(Qsp2+Qsc2);
Qu2=0.5*(Qgp2+Qgc2);
Qx2=Qs2*inputx+Qg2* verinputx;
Qx2=Qx2* 2*rou* (2* rou2/w0"2)"2* Exp[-2* rou2/w0"2] ;fenzi 2=fenzi 2+Qx2* Pi/jof beita] |

ii++];
fenzi=fenzi+fenzi2*roup/j;
i++];

fenzi=fenzi/fenmu][4]; * *)
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KKk++];

Export["1.txt",mmm,"List"]

(*
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