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Design and fabrication of the binary optical elements for
compensating astigmatism and enhancing collimation

ABSTRACT

The current research is of a frontier gtudy in optics—binery
opties and its application for the laser-diode collimation
ate reviewed in this dissertation., The principle, design methad,
fabrication processing and performance evaluation of the binary
optical elements (BOE) are comptehensively discussed. A sample
of BOE for the laser diede far compensating astigmetism and
enhancing collimatien { laser beam divergency B< 1.5 mrad, the
focal length fx=6, 05mm fy=6. 00mm, mininum line widthv =2, 0 i m,
maximum radii Rx=0, 503mm Ry=0. 500mm) is designed and fabricated.
The models of aberration generated and ertors fabricated on
the BOE ate constructed, and have been used effectively, The
expetimental results have verified the correctness of the
theoretical analysis. Two new kinds of BOE, of which one ig a BOE
with Iarge Numerical Aperture( NA) for the laser diode to
eliminate astigmetism and enhance collimation( NA=0.5 ), the
other is a Fresnel Zone Plate (FZIP) with varisble focal length,
are designed. In addition, two programmes are written,
tespectively for the design of the bhinary FZP and for the dats
transformation from general dats format to CIF dats format.

Key Words: Binary Optics, Astigmatism, Collimation

Wang Chao {(Optical Instrument)

Direeted by; Yan Yingbai (Professor)
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OUTPUT FLASHCOUNT

28
26

PG REPORT
PRIMARY mark
OUTMAG = 10
MASK COUNT = 5
_NO CQUTPUT FILE LAYER NUMBER
i L1 1
2z LGZ 2
3 LC3 3
4 .04 4
5 05 5
PRIMARY d21
OUTMAG = 10

MASK COUNT =1

QUTPUT FLASECOUNT

13790

No CUTPUT FILE LAYER NUMBER
6 L0s6 1
PRIMARY a41
QUTMAG = 10
MASK COUNT =1

No QUTPUT FILE LAYER NUMBER
7 1.07 1
PRIMARY = d23b
CUTMAG = 1¢

MASK COUNT =1

QUTPUT FLASHCOUNT

12207

No OUTPUT FILE LAYER NUMBER
8 : LG8 1
PRIMARY = d43b
OUTMAG = 10

"MASK COUNT =1

No OUTPUT FILE LAYER NUMBER

OUTPUT FLASHCCUNT
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#include <conio.h>
dinclude <math.h>

ginclude <malloc.h>
#include <stdlib.h>
#include <string.h>

main()

{
float YCC(};
int N,M,I;
long int x{S00},y[500};
float NAV;
float RRX[500], RRy[500};
float L.Fx, Fv,Rx Ry,
printf("This program is used to design the Fresnel Zone Plate. @");
printf("1. Please input the wavelength(um):\n");
scanf{"%f", &L},
printf("a");
loop: printf("2. Please input the focal length(mm):(Fx,Fy)n");
printf("Fx=");
scanf("%f",&FX);
printd{"n");
printf("Fy="):
scanf("%of" ,&Fy);
printf("n"),
printf("3. Please input the maximum radius(mm):(Rx,Ryya"};
printf("Rx="); '
scanf("%of", &Rx),
printf("a");
printf("Ry=");
scanf("%f", &Ry);
printf("");
printf{("4. Please input the step fevels:(N)n");
printf("n N="Y;
scanf("%d", &N,
printf{"\n");
M=CC(L,Fx,Rx,RRx,M,N}:
CC(L,Fy,Ry.RRy,M.N);
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CC(L,FRRR,M,N)
fioat LF,R,RR{1000};
it N, M

{
inf LK;
float NAV,
float RC[8001:
M=(R*REN/(25LFF)1*1000;
NA=2*R/F};
K=M-1;
Vo(sqri(2NFLFEA(1000%N)))* 1000-(sqri( (M- ¥ XF(1000*N)))* 1000;
iHV>0)
{ printf{"The original FZP's prameterin”);
~ printf("F(mm)=%f, R{mm)=%f, V{um)=%f, NA=%f, m=%dan" FRV,NAM)
printf("The fast mask's radius values:n");
for(I=1;I<=Ml++}
£ _
RR[I]=sqri{2**L*F/( 1000%N))*1006;
printf{"Rf%4d}=%38.2f um "L RR{I})
if{1%4==0} {printi("n");/ #getch()* '}
}
printf(Ma");
for(I=1:;I<=M-1;I++)

1

T
RC[IJ=RR[M{-RR{I};
printf("RC{%4d])= %5.1f um " LRC{I]);
if{1%4==0) {printf("n");

3
§

H

else
{ printf{"The NA value(%f) is too big for producing the FZPw" NA):
printf{"Please input the new parameters.”);
exit(0); '
h
return{M);
}
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sinclude <math.h>
#include <malloc.h>
#include <stdlib.h>
#ncthude <string.h>

main()
{
FILE *ip;
/*enum BankTvpe bank=greenBank:*/
float YCC(}; ’
int 1k k1,n70,a:
mt N.M L
long int x[500],¥[500];
float NA,V,zmh,s=0,g;
float RRx[S00],RRy{500};
float L .Fx,Fy, R, Ry,
printf{"This program is used to design the Fresnel Zone Plate.'\n");
printf{"1. Please input the wavelength(um)n"};
scanf{"%f", &LY,
pantf("a");
loop: printf("2. Please input the focal length{mm):(F,Fy)'n").
pf‘iﬂtf(“FX:“); .
scanf("%f", &Fx);
printf("\n");
printf("Fy=");
scanf("%{", &Fy);
- prntf("n");
printf{"3. Please input the maximum radius(mm):(Rx.Ry)n"});
printf("Rx=");
scanf("%f", &Rx);
printf("n");
printf("Ry=");
- scanf("%f", &Ry}
printf("n");
printf("4. Please input the step levels:(N)n"),
printf("n N=");
scanf{"%d", &N},
printf("n");

o
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if((fp=fopen("dq.dat”,"w"))==NULL)
{

prantf("cannot open the output file"):
exit(0);

§

M=CC(L.Fx,Rx. RRx, M N);
CC(L,Fy, Ry, RRy,M,N);
printf("%d", M);

fprinti(fp,"L1"),
fprintf{{p,\n"):
- *prantf("save\n”);
for{n=1;n<=M;n=n+2)
{
fprintd(p,"P *);
for(I=n;I<=n+1;I++)
i
a=0;
§=1;
h=1,
7=2%3.14159*RRy[I}/360;
Pprintf("%ef", z);*/
Ipl: if{(z<=9)
{z=2%2;
s=s*2;
h=s;
/printf("%of, %", Z,h); ¥/
goto Ipl;
¥
if{(s>1) {s=s:}
else {s=1;}
Ip2: if{z>18)
{
7=2;
§=8/2;
=;
goto Ip2;
¥
Pprintt("%f %", REx{1],RRy[I])*/
=0;
Hprintf(" %f %" h,z) ¥/
for(m=0;m=<=90;m=m-+h)
=L , |
x[j]=(long int)(RBx[I}*cos(i*3.141592654/180)*100);
vli}F(long int)}(RRy[I]*sin(m*3.141592654/180)*100),

it
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3
if((m-90)<=h)

{m=90, '

x{j+1]=(long int) (RRx[I}*cos(m*3.141592654/180}*100);
y[j+1]=(long int) (RRy[I]*sin(m*3.141592634/180)*100):
¥

£=90.0/h-((int) (90.0/h));
if(g==0)
{k=90/h+13}
else
{k=90/h+2;
printf{("%d "k},
if(k<=90)
!
[
printf(" %d ",I);
H(1%2!=0)
{ _
for(i=1;i<=k;i++})
{
forintf{fp, "%-61d%-61d", xf1},¥[1]);
if(1%5==0)
i
forintf{tp,"\n");
fprinif{fp," ")
¥

1

Fprintf(tp,"n"):
} .

if(1%2==0)
{
fprintf(fp," )
for(i=k;i>=1;1--)
{
a=a+l;
fpantf{fp, " Y%e-6ld%-61d", x[i].y[i]):
if(a%5==0)
{
fprintf(fp, "n");
fprintf{fp," ");
¥
s
tprintf{fp,";n"):
H
¥




3
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else

{
if1%2==0)

{
h=h*2,;
=0,
for{m=0:m<=90:m=m+h)
(il
x[j]=(long int}RRx[I}*cos(m*3.141592654/1 80y*100y;
vlj]=(long int}RRy[I]*sin(m*3.141592654/180)*100}):
}
if((m-90)<=h)
fm=90;
x[j+1]=(long inf) (RRx[IJ*cos(m*3.141592654/1 86)y*100);
v[i+11=(long int) (RRy[I]*sin(m*3.141 5926354/180)*100),
H
- g=90.0/h~((int) (90.0/h)};
if(g==0)
{k=90/h+1:}
clse
{k=90/h+2:}
printf("%d %d "k, I);
fprintf(fp," "%
for(i=k;i>=1;i--)
{
a=a+l;
fprintf{fp, "%o-61d%-61d" x[i},¥[i]):
f(a%35==0)
{
fprintf(fp."\n" )
fprintf{(fp,” ")
¥
¥
fprintf(fp,”;\n");
n=n+2;
print(p,"P ")
H
goto Ip3;

3

- for(n=n;n<=M;n-n+2}

{
for(I=n;I<=n+1:1++)
{

AT
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] s=1;
h=1;
7=2%3.141 59*RRy[1}/360:
tpd: if{z<=9)
{z=7%2,
§=g*2;
h=s;
goto ip4:
}
if{s>1) {s=s:}
else {s=1;}
ps: if{z>18)
{ N
Z=z/2;
s=8/2;
h=g;

2=90.0/h-((int) (90.0/h));
it(g==0)
{k=90/h+1:}
else
{k=90/h+2;}
ifk%2==0) {k1=k/2:}
else {k1=k/2+1;}
printf{"%d ",k);
J=0:
for(m=0;m<=90:m=m-+h)
{
=L
x[j]=(long int)RRx[I]*cos(m*3.141592654/180)*100);
vlil=(long intRRy{[}*sin(m*3.141592654/180)*100);
; __
H{((m-90)<=h)
{
m=50;
x[i+1]=(long int} (RRx[I}*cos(m*3.141592654/1801*100};
vj+1]=(long int) (RRy[I]*sin(m*3.141592654/180)*100};

}
printf{" %d ",I);
if(1%21=0)
o {
- for(i=1;i<=k1;i++)
- H
. fprintf(fp, "%-61d%-61d" x[i}, ¥[i]:
% 78
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if{i%5==0)

H
fprint{(p,“n");
fprintf(ip," "%

1
H

}
fprintf{fp,"\n");
¥
else
{
a=0;
fprintt{(fp,” ")
for(i=k1;i>=1:i-=}
$ .
a=atl;
fprintf(fp,”%—61(1%—61(1”,x[i},y[i]‘);
if(a%35==0) -
1
tprintf(ip,"n");
fprintf(ip." ")
3

5

h
fprintf(fp,":"):
t
¥
tprintf(fp,"n");
fprintf{fp,"P ");
for(I=n;I<=n+1;1++)
{
§=1;
h=1; -
7=2%3.14159*RRy[1}/360:
Ip6: if{z<=9) '
- {z=F
§=g*2:
h=s;
goto 1p6;
¥
s=1;
p7: if{(z>18)
{ !
7=Z'2;
5=8/2;
h=s,
goto Ip7:

f—
.
P
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¥
£=90.0/h=((int) (90.0/h)):
if(g==0}
{k=90/h+1:}
else
{k=90/h+2;}
Hk%2==0) {ki=k/2:}
else {ki1=k/2+1.}
i=0;
for(m=0;m<=90;m=nt+h)
{
=it
t{j]=¢long intYRRx[I}*cos(m*3.141592654/180)*100);
y[i]=(long int)}(RRy[I]*sin(m*3.141592654/180y*100};
¥
H{(m-90)<=h)
{
m=90;
x[j+1]=(long int) (RRx[I*cos(m*3.141592654/180)*100);
v[i+1}=(long int) (RRy[I}*sin(m*3. 141592654/180)*100);
k3
H
H#(1962=0)
{
for(=k1i<=k;i++)
{
fprintf{fp, "%-61d%-61d", x[il.v{il):
if{i%3==0}
L4
1
fprintf{fp, “n");
printf(fp.” ")
H
¥
fprintf(fp, "n");
}
clse
i
a=0;
Eprintf(tp,” ")
for(i=k;i>=k1;i--)
{
a=a+l;
fprintffp, "%6-61d%-61d" x[i],71i]);
if(a%35==0)
{
fprintf(ip, "n";

o
=)

g0

\—

=
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Tprinti(fp,” ")
¥
H
fprintf{tp,";"):
¥
}
fprintf(fp,"nP ");
b
tprintf{fp,"n"});
fprintf({p,"E ");
fclose(fpy;
getchar();

5

CC(LF,R,RR.M, N}

fioat L F,R,RR[1000];

int N M;

{

Cint LK

float NAV;
M=(RFRFNA2F¥LFE))*1000;
NA=2¥R/FY;

K=M-1;
V=(sqri( 2 MHLAE/A 1000% N} 1000-(sqrt{2*(M-1 Y*L*FA(1000*N)})* 1600;
i#f{(v=0) '

{ printf{"The original FZP's prameter:n");
printf("F(mm)=%f, R(mm)=%f, V{um)=%f, NA=%f, m=%ed'na" F. R V. NAM)
printf{*The last mask's radius values:n");
for(I=1;I<=M;I++)
{ .
RR[T}=sqrt(2*I*L*F/(1000%N))*1000;
printf("R[%4d]=%8 2f um * LRR[T]);
if{I%4==0) {print{{"n");
h
printf("n");
b
else
{ printf{"The NA value(%f) is too big for producing the FZPn",NA);
printf("Please input the new parameters.”);
exit(0); '
s
return{M):

3

81



54K 2 2 1 3T 4

2. MBAENERS BB B BT (T o

#include <stdio.h>
#include <conio.h>
#include <math.h=
#inchide <malloc.h>
Hinclude <stdiib.h>
#include <string.h>

main()

5
1

FILE *fp;

float YCC();

inti ik,kl,n i=0,a,b;

int NM,L

long int x[1000],¥[1000};

float NA. V., zm.h,s=0,0:

float RRx{1000].RRx{1000T:

float L P Fy Rx Ry:

printf{ "This program is used to design the Fresnel Zone Flate 2"
printfi " 1. Please input the wavelengthfum)in' x,

scand("%el" &Ly

print{(* n"

loop: printf{"2. Please input the focal length(mm)(Fx Fyya").

pﬁmg(“Px—”);

scanf("%f", &Fx)

printf{(" "y

printf("Fy=");

scantl "ol &Fv);

printf{"\n" )

printf("3. Please input the maximus radius(mm):(Rx,Ryya"):
prantf("Rx=");

scand("%f", &Rx):

printf(""n"

printf{" &, ="y

scant{“oi". &Ry}

printt{"n");

printf("4. Please input the siep levels:((N)wn"):

printf("n N=");

scanf{"%d",&NY;

pmlf(ﬂ\n“)
if{(fp—fopen("dl.dat","W' ))*J\TULL)
{

%

82
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printf{ "cannot open the output file");
exit(0y;

5

M=CC(L,Fx, R, RRx M N}
CC{L,Fv,Ry,RRy,M,N);
printf{("%d". M),

fprinti(fp,"L.1" )
printf(fp, ")
for(n=1;n<=M;n=n+2)
!
L
fprintf{1p,"P ")
for(l=n;l<=n+1;I-+)
{
a=();
s=1;
b=l
7=2%3.14159*RRy[1}/360;
Ipl: f{z==12)
{z=7%2;
s=g¥2:
h=g;
goto Ipl;
1

5
if(s>1) {s=s;}
else {s=1;}
Ip2: if{z>24)
{
7=7{2;
=8/2)
h=s;
gota Ip2;
¥
=0
for(m=0:m<=90;m-m-+h}
{=ith
xfj=(long int)(RRx[IP*cos(m™3.141592654/180)*100 )
v[il=(long mt)(RRy{I}*sin(m*3.141592654/180)*100);
y _
if{(m-90)<=h})
{m=90: ,
x[i+1]=(long int) (RRx[I]*cos{m*3.141592654/180)*100);
v[j+11=(long int) (RRy[I*sin(m*3.141592654/180Y*100});
3

I
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printf( "cannot open the output file™);

exit(D);

1

b1 —
M=CC(L,Fx,Rx,RRx, M.N);

CC(L,Fy, Ry.RRy, M, N},

printf{("%d”, M}y,

fprintfiip,"L1L,"):
fprintf{fp,"n"):
for(n=1;n<=M;n=n+2)
§
g
fprintf(fp, nP !t};
for(I=n:I<=n+1;1++)

{

o
il

£
N

oo
gl

1
7=2%3, 141 59*RRy{I}/360;
Ipl: if(z<=12)
{z=7%2,
§=5%2;
h=s;
goto ipl;
H
if{s>1) {s=s;}
else {s=1;}
Ip2: il(z>24)
{
z=z/2;
§=8/2;
h=s,
goto Ip2;
} _
=0
for(m=0;m<=90;m=m+h)
{J=ith
x[i=(ong int)(RRx{I]*cos(m™*3.141592654/180Y* 100},
vli}=(long int)(RRy[1]*sin{m*3.141592654/180y*100);
H
if({m-90)<=h)
{m=90: -
x[j+1)=(long int) (RRx[I}*cos(m*3.141592654/180)*100);
yli+1}=(long int) (RRy[I*sin(m*3.141592654/180y*100);

b3
f

mod
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g=90.0/h-((int) (90.0/h));
flg=0)
{k=90/h+1:}
else
{k=90/h+2;
printf‘("q‘,od H?k)-’
H(k<=90)
{
printf(* %d "I}
1f(1921=0)
{
if{RRx[1]<=400)
{
for(i=1;i<=ki++)
{ _
fprintf(fp, "%e-61d%-61d", <[i],¥[i]):
if(i%5==0)

{
fprintf{fp, "n"):
fprintf(fp,” ")
¥
H
¥
clse
{
for(i=Li<=ki++)
{

H(x[i[>40000&&x]i+1]<=40000)

printf{"x %ld ", x{i]):

- x[i]F40000;
viil=RRy{I]*sin(acos(400/RRx[1}))*100:
prntf("y %ld ",¥[i]):
m=i,
b=0;
goto wl;

¥

1
3

wl:  for(i=myi<=kp++)
{
b=b+1;
fprintf(fp, "%6-61d%-61d", x[i],v]i]);
i{b%%5==0)
{
fprintf(fp,"n");

m 95

L
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fprinti(ip,” "):
¥
T
5
H
fprintf(fp,"n");
3
if(19%2==0)
{
fpontf(fp,” "),
ifRRx[T]<=400)
{
for(i=k;i>=1;i-)
{
a=atl;
fprintf{(p, "%-61d%-61d", x[1}, y{i]);
if{a%3==0)
1
fprintf{fp,"n");
fprintf{fp." ")
¥
3

}
else

!
¢

for(i=1;i<=k;i++})

{

H(x{i}>40000& &x[i+1]<=40000)
{
x{i]=40000;

vli]=RRy[I]*sin{acos(400/RRx[I])*100:

m=i;
b=0;
goto w2;

1
+

}
w2  for(i=kt=m;--)

{

b=b+1;
fprintf(fp, "%e-61d%-61d" x[1],¥[i]):
if{b%3==0)

{

ﬁ)m“f(fp. ”-l"ﬁ“);
fprintf{fp," ")
H

H
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}
Iprinti{fp,";\n");
}

}

else

{
if(1%2==0)

{
h=h*2;
J=0;
for(m=0;m<=90;m=m+h)
{ L
x[jI=(long inf}(RR%[I[*cos(m*3.141592654/180)* 100},
vlj]=(long int)RRy[1}*sin(m*3.141592654/180)*100);
3
if{{m-90)<=h)
{m=90;
x[j+11=(long int) { RRA{I]*cos(m“S 141592654/180)*100);
vii+11=(long int) (RRy[1}*sin(m*3.141592654/1 80)*100);
1
§
2=90.0/h-({int} (90.0/h)};
if(g==0)
$k=90/h+1,}
¢lse
{k=90/h+2;}
printf{"%d %4 " k,I);
fonntf(fp,” ")
H{RRx[I]<=400)
{
for(i=k;i>=1:i--}
H
a—a+tl, _
fprintf{fp, "%e-61d%-6kd" x[i],¥]il};
if(a%5==0)
) )

1
fprinti{(fp,"n");

fprintf{fp,” ")

¥

1
¥
else
{
for(i=1:1<=K;i++)
{

H(x[1]>40000& &x[i+1]<=40000]

a2
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{
x{i]=40000;

yiJFRRy[I]*sin(acos(400/RRx[1]))*100:

m=i;
b=0;
goto w3;

b

5

w3:  for(i=k;i>=m;i-~)
{
b=b+1;
fprintf{fp,"%-61d%e-61d ", x[1],¥[1]):
if(b%53==0)
{
fprinti{fp,"n");
fprintf{fp,” ");
¥
¢
H
fprintf{fp,";'\n"};
n=n+2;
fprintf{fp,"P “);
H
goto ip3:
H
3
3
Ip3: for{n=n;n<=M;n=n~+2)
{
for(I=n;i<=n+11++}
: _
s=1;
h=1;
7=2%3 141 59*RR¥y[I}/360;
Ipd: if{z<=12)
§z=2%2,
s=g%2:
h=g;
goto Ip4;
H
if{s>1) {s=s;}
else {s=1;}
IpS: if(7>24)
{

z=g/2;




et g

RSN S %ﬂ‘j—ifgxﬁﬁ 4.

§=5/2:
h=g;
goto Ip3;
H
2=90.0/h~((int) (90.0/h));
#(g==0)
{k=90/h+1;}
else
{k=90/h+2;}
printf{"%d *, k)
=0
for(m=0;m<=90;m=m+h}
{
=L
x{il=(long int)(RRx{I]*cos(m*3.141592654/180)*100);
vijl=(long intRRy[I}*sin{m*3.141592654/180)* 100},
3
if((m-90)<=h)
{
m=90;
x[j+1]=(long int) (RRx[I}*cos(m*3.141592654/180)*100):
v[j+1]=(long int) (RRy[IP*sin{m*3.141592654/180)%100);

!
£

printt(" %d “.Ij;
if{(1%2!1=0}
A {
‘ FRRX[I]<=400)
{
for(i=l:i<=kn++)
{
fprintf{fp, " %-61d%-61d" x[i}, y{;])
H{(1%5==0)
{
fprintf{(fp,"\n"):
fprintf(fp,” ");
T
¥

1
E]

h

else
{
for(i=1:1<=k;i++)
{
f{(x[i}>40000& &x[i+1]<=40000}
§
1
x[i}=40000;
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y[iJ=RRy[I}*sin{acos{ J00/RRX[I)*100:

T
f

wd:  for(iEmi<=kir~)
{
b=b+1; .
fprintf{fp, "%6-61d%-61d" x[il. ¥{1]);
if(h%5==0)
4
fprintf({p,"n");
fprintf{fp,” ")

1
4

%
¢
fprintf({p,"n" )
¥
else
{
a=0;
fprintfiip,” )
i RRx[T]<=400)
{ _
for(i=k;i>=1;1--)
H
a=a+l;
fpﬂntf{fp,”%-61d%—61d",x[i},y[i]);
if(a%5==0)
,
AY
fprintf(fp,"n");
fprinrf(f‘]}: 3] "};
¥
¥

3
5

clse

{

for(i=1;i<=kji++)

1

if(x[i]>40000& &x[i+1]<=40000)
§

t
x[i]=40000;

y[i]ZRRy[I}*sin(acos(400!RR}:[I]}}*,100;
m=i,




A 2 2 A T S 4

b=0;
goto w5;

b

3
5

w5 for(i=ki>=mii--}
{
b=b+1;
fprintf({p. *06-61d%-61d" x[iLv{i]):
if(b%5==0)
{
fprintf{ip,"a");
fprintf{fp,” ");
3
¥
b
fprinti{(tp,";");
¥

}
fprintf{ip,"n");
fprintf(fp,"P ")
1

¥
fprintf(fp,"n");
fprintf(fp,"E "}
felose(ip);
getchar();

¥
b1

CC(L,F,RRR,M,N)
float LF.R,RR[1000};
mt N,M:
{
int LK;
float NAV,
float RC{1000];
M=(R¥R*N/(2¥L*F)y*1000;
NA=2*R/FY,
K=M-1;
Ve=(sqri(2*MFLAF/(1060%N))) ¥ 1000-(sqri(2*(M-1*L7F/(1000¥N))) *1000;
if(V>0)
{ printf{("The original FZP's prameter:n"); -
printf(“F(_mm):‘?fﬁf, R{mm)=%f, V(um)=%if, NA=%{, m=%d\nn".F.R.V.NAM);
printf("The last mask's radius vatues'n”);
for(I=1;I<=M;I++)
{
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RR[I=sqrt2*¥FL*E/1 00O%N))*1000;
printf("R{%44d)=%8.2f um * LRR{1}):
if{1%4==0) {printf("\n");f*getch();*f t

¥

pﬁntf(m\n“);

for(I=1;1<=M-1I++}

{
RC{}FRRIM}-RR[IE
pﬁntf(“RC[%éld]‘—‘ 045.1f um ", LRCII]};
if([%4==0) {printf("n");}
3
3
else
{ printf{"The NA value({%f) is too big for producing the FZPn", NA);
printf{"Please wput the new parameters.”};
exit(0);
} ,
return{ M);

¥

M (22
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#include <stdio.h=>
#include <math.h>
#include <malloc.h>
#include <conio.h™>
#include <stdiib.he>

main{)
{

FILE *ip*g,

float T{2001, A{200],H[2G0]:

nt L5k
float dy,dx,t.a,b,h;

printf{"Please input the number(n)n"};
printi{"n=");

scanf{"%d",&n);

printf{"n"};
{(fp=fopen("dx.dat","w"})==NULL}

{

printf{"cannot open the output file");
exit(0),

5

fprintf{fp, “The result of the test;'\n");
fprintf{(fp," 1 dx i a 2a
i{{(fg=fopen("dy.dat","w"))==NULL)

{ .

print{{ "cannot open the output file”);
exit(0);

3

fprintf(fg, "The result of the fest:\n");
fprintf(fe,” 1 dy a 2a
for(i=li<=n;i++)

{

printf{"Please input the distance(mm}’n");
printf("=");

scanf("%d", &1

printf{"n");

printf{"Please input the Radius dy(mm):n");

printf(*dy=");
scanf("%f{", &dy);
p{intf( " “\n—l? ;

printf{"Please input the Radius d}:(rmn):\n”}é

\\nu),

n"y;
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printf{"dx=");
scanf("%f", &dx);
priIl.tf F!\\nﬂ).’

T{}=(dx-1)/(2*i);

H{i}=atan(2* T[i])*1000;

A[{=(H[i]*180)/(2*3.14%1000);

fprintf{fp."%6d 93 3F 9%8.61 %8.6F %8.60 %5.3fn" Ldx Tl AlL2*A[{H[i});
Afprntf(fp,"n" )/

Tlil=(dy-1)/2%1);

H[i]=atan(2*T[i})*1000;

Al=CHE*180)/(2%3.14%1000),

fprintf(fg,"%6d  %5.3f %8.6f 8.6 8.6 %5.30n" Ldv, T{i} AliL2* ARLB]:
fprintf(fg, "a") ¥/

N } .
felose(fp):
folose(fa):

v

LA
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