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SUMMARY

I. Title

Development of Machine Failure Diagnosis Sensor

II. Objective and Significance of the Study
1. Objectives
- Development of an optical sensor measuring the light
attenuation caused by the aged and contaminated
lubricating oil. The dynamic range of the sensor will
be 106 in light intensity.
- Development of a signal processing circuit for the sensor.
2. Significance
- A large machinery requires huge initial investment for
installation and enormous maintenance expenses thereafter.
- Production losses due to the failure of the large
machinery are huge.
- Extension of the life-cyle and improving the efficiency
of the large machinery are possible through the conti-

nuous monitoring of the machine condition.



III. Contents and Scope of the Study
- Design and set-up of an experimental optical system for
measuring optical characteristics of the lubricating
oil.
- Investigation of changes in optical characteristics of

the lubricating o0il due to the particles added to 1t.

IV. ZResults and Recummendation

- The optical system of the sensor composed of a He-Ne
laser as light source, a ccllimating optics, a sample
holder, a polarizing beam splitter and a photcdiode
assembly tc measure the transmittance of the sample
holder filled with contaminated lubricating oil. The
optical system can also measure, Fourier transform image
of the contaminated particles in the ¢il for comparison
with the transmittance measurement.

- The particle contamination information was deduced from
the transmittance measurement by calculating the
attenuation coefficlent.

- The attenuation coefficient shows almost linear relation
with particle concentration for concentrations less
than 2000 ppm.

- Diffraction pattern of the particles in the lubrication



0il was analyzed using the image processor.

The dominant particle sizes of the contaminated
lubrication oil was estimated by the energy distribution
function.

There is large diftference between the theoretical and
the experimental attenuation coefficient. More study
should be done to explain the difference.

Making use of matrix transtformation in the distribution
function and a detector having large dynamic range will
give particle distribution information from the measured

diffraction pattern.
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Yo (2) =2],,(2) ~nj,(2)

G0 = X0 (X)) =1y 1 (DT = n(F,(x) — iy, (x))
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ol &

Regal R & 0 46 o] &=

B d (non-ferrous) Y <l

BEQT Fue

10 =z (4 cc holder)

A =

TZE (diatomite) &

5mm (2 ce

1.12 mol ] & o] A
holder)7} #Hr} 85+

AF(=EEez= 14602

Hoemn,

ol Faste 4

w2 A

it ferrous

A9 wimdAsE EBEAHoR AgEHr] Hd HAXEE € AL
% AE2AH @Izt d43:, vad gsts tze 2re 7g
 lola Al2~¥" 4A "W calibrationel §alstr] o &ofr}
Aol AR X E MG Ade ®le] ek
F1. A ArgH 2R AY
#PRODCCTS
Nature

CHEMICAL ore # 700 # 500 # 800 # 300
ANALYSIS(%)
Si0, T4.20 83.22 83.22 83.22 84.75
Al,Q, 11.12 11.85 11.85 11.85 10.92
Fe,O, 3.16 2.02 2.02 2.02 2.24
Ca0 0.20 0.98 0.98 0.98 0.86
Mg0 0.317 0.72 0.72 0,72 0.54
Ignition loss 8.22 C.25 .25 0.25 0.42
Moisture 3.47 .35 0.35 0.35 0.37
pH 67 6-8.5 6-8.5 6-8.5 6-8.5
Water Soluble 0.134 0.134 0.7134
Sugar Soluble 0.074 0.014 0.074

. Salmon Salmon Salmon Salmon
Whiteness Gray . . ; .

pink pink pink pink

Bulk density |0.-0.65 0.4-0.7 10,4-0.7 0.4-0.7 [0.45-0.6
Spiiglc BY8T 1 2.180.95 | 2.182.35 | 2.18-2.5 | 2.18-2.35 | 2.182.35
PACKING
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9 % (ensemble particle) Z37 725 BI4IEI6ATI ) u]3),
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(8), S8 #sti dxte Aud JAY 5, g, FHL 5
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wedge detector o]gwdel 71 o AAQ wHeoth g d7
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A e el o AoaHE= He FAH A (diffraction)
@M wa W BYsE B yFAze =z Hed ol

AR 7 (detector) & AFa=e HFAAA FA HE MEIAS

o] 29 rFourier wamol ZME AR slel uveuA @

o] A2 Fraunhofer B4 o)l &olEl REu #HA Jelygs 3
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e ax Ty 7w (intensity) 1+

*EQ 2J,(2ras/af) B i iiarirreerreeitenieeeientaiianans
I(S)*N[ oras/ if ] (7

2 Zolmu, J, & Bessel ¥g (1a), s=4/xP+y? (X, ¥E
ARG HE), f+= FFAW=] 23 AH, as dAY A4,
D= 9ol whddely Ex #oln #e &%, Fst Az &
& S @ASE AFeloh AMEL L el wWEFIHA. HA]
Bed WmAe so 9 uRel EFHE HduAY A W

.

mg L(s) =

L(s): 1E J’B joh I(s) Sdsdw ....................................... (8)

o

_ D [ANEE 2J1(2xas/,if)]2
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2ras/Af =x8 Fi1 D=ma?l/4¢ AL ALy

L(s)~2f (—1 22 ‘(X) ............................................. (9)

Bessel g42] @AY ER RH

2
J }({X)____%a(_i_[J 2(X)+J (X)] oo (10)

ohEtA Aes v o] FHE L

2wras 2xas

L(s)~1-—J4( i 2= J8(

°f A& L.Rayleighel o8 dojzl AW, ¥ AFANE o
qg AA7 @AM geje] Pus dux s 7
o olgsldrh wAel S, 3 S, wdAMA YW T¥H: B
AU vhest Pl AR 4 Uk

La,se = BLJIF#(2ntas,/af) + J,*(2ras,/1f) —

J(2mas,/af) — T2 (2ras, /Af)] - (12)

of A& “duA BEFSF e wh we NAd zmad gt
TRST: S REE R S

Liyse =CNTA? [ (I + T2 ) asastrar

— (J¢ +J12)2:as2/3r3 """"""""" (135

2 Fo Aed Cix&= 4Asatoth gxt9 ¥ 37l mono-disperse

A @grn ol® R¥y olFm Uud (poly-disperse) ag.e
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WE ="d= x¥®AE,
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zZt yye] TEEE ouA BEX 8" (S£FHA)

:[N“N2 ......... NM]T

| 2>

HAF EE(ay,a,, aylol Wgde PrRF
gz o7]M a; & 74 size groupel HWF A A

ExED

[a ' [(J 'i'J‘a)al :8, (J¢* +J12)a1 ,S2) ceneenes A [T +Jl2)aM,S1 — (T +J2)ay,s5;)

‘ 2 (. 2 (.2 2
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A 9¥e F= 94 A4 o 3w A=RHE A A4A o
fA7nAg Agyg vk of HUEo AL FEA WMAR g3
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g AH T 7= 512 x512 BAo HdHEL  256(2%) grey
level 8 mapping&l o], 34318 & scan, grab, edit, =2
@z save/loadsts 7lTg& Zi ATk FAAB7]C]l  loadd
gl AFEd QA Clelz =2asy AHHg o 23X
2E (binary mode) 2 ¢lg =24 dHelg =gz wUE S UA
"geh olw HAFEHY F oo &Fe] AMFHe|r] & (IBM-PC/
3862 A9 Hug 3M bytes) uyiREz ¥Y4es ZTHoE I Foof
29 nirgel Fgg 9 dHolEl Atelxzrt & MY L A
g 4 A B 8o olAle] data acquisition ALl 2wy
g AEE HAF A

o] & rdrry TY FAHL T4 pPCcE HoHE A2
(access) & o= 3F79 pointerst 64K bytesE =9% 4
2l71 wEe] wr=xA] huge pointer & #of 3slEH, huge poi-
nterg floatd o=w &Hoxir (4 bytes) 512 x512 x 1{bytes)

o] =©Hlo]EE 256 x 256 x4(bytes) & ufFo] FHel access H]

98 Lz zowM 4w wmEsid AA W EHE accessait
2#4g dt FHelth o oty mEd, ¥ 28 wrgE %
2 %49t &%E o AHolu

M2 BEFFE 5w ADAY HANE iy

A ©gd el PY & Utk WA s ¥ Wy E@
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GLOO == = (T¢ 437,
=— 23/ (x)/x

AR EEE 272(xX)/x wE wWEoe HYas o @]

v E2 7 09 Ao A 2 %t
d/dx
29 o Jo(X)=d/dx-J,(x)o]lng
d J *1 J —J
Gx TR0 =5 0300 = I, (x))

AHER 4D #i 3T,(x) =J,(x)8 wEaz XFEol o,
of Al Az9 sl x=2was/if = 1.375¢14 o ge 1 =]
BEIS (A A HAax AU xgold wwe = =]
= Xx=2mas/if = 3.8401 EA@T Hz: Ago = HAA =

Hed ge yawde zoog

Kmax = 2TWAS /AL = 1,875 coeervreirieimniiiiiniieiniiee e (18)
Xmin = 2AS/ AT = 3,84 coooeiee i L (19)
Kpin = 2.8 Kimax  votermeemcmmet vt e e (20)

°of TAHEZNAN Yol um g 75k
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(1) Total transmission rate &% H o, 3 #IHF

/**********************#********************************
% This program aims at obtaining the refractive index &%
% the attenuation coefficient of the cell holder & *
* the oil having contamination particles . *
***********************#*********#*********************/

#include <stdie.h>
#include <math.h>
#tinclude <io.h>
#include <malloc.h>
#include <os2,K h>
#include <memory.h>
#inciude <process.h>

#define ng 1.46 ) /% refractive ind. of glass¥/

#define Rg ((ng-1)/(ng+1)*¥{ng=~1)/(ng+1})
/% reflectance without oilx*x/
#define back 0.3e-03 /% background input power */
#define SAMX 15 /% sample dimension */
#define rho ({(2.18+2_35)/2) /% [g/em™3} %/
#define bd (3.1e-01) /% [cm] : beam diameter#/
#define Pl 3.141582
#define PG (5) /% # of particle groupings #*/
FILE *¥wfpl,kwfp2;
unsigned int i,1,k:
long int tn:
doubie sigl,sig2,sigls,sigls:
double sig20(SAMX+1],sig2c[SAMX+1]:
double sig,s2: /% ftn.’s variables */
double xi,x2,x3.x4.y.v2,v3,y4;:
double b{2+11[SAMX+1]}, bet2(SAMX+1]
deuble betal,beta2,betsl,bets2
double d1,d2,d3.d4,d5,d, depth[SAMX+1]
doubie ni[SAMX+1][PG+1],nq[SAMX+1].fpi[PG+1]:
double sigmaca[SAMX+11,sigmap[SAMX+l].expoatt[SAMX+l]:
double Ro,ffs,lef,rig,.bt:/*%ftn."’s variables%/

main({arge,argv)

int . arge

char *argvi]:

{
double mg[SAMX+1],dia[SAMX+1]:
double fr[SAMX+1],q[SAMX+1];
double sumni [ SAMX+11:

/*********************************************************************

kK f
d1=1.125e-01; /% [cm] :depih of glass¥/
d2=1.00 : /% [em] : depth of oil - square & round */
d3=5.0e-01 s /% [em] : depth of oil - slim type%/
betal= ((4.315-back)/(5. 020-bhack)):/* t.r. of the glass */
beta2=({4.535-back)/(5.030-back)) :/% t.r. of oil sans conta.*¥/
hetsl= ((4.3165—back)/{5.022‘back));/*t.r. of slim tvpe glass */
bets2= ((4.5950-back)/(5.019‘back)):/*t_r. of slim type oil sans ¢
onta.®/

/% The case of contaminated oil: [ppm]¥*/
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b{i1l[ 1}=90.159%1e-02;: /% 0 %/
b[17[ 2]1=89.001%1le-02; Ve 10 */
BE11[ 3)=87.786%1e-02; /% 20 */
b[1][ 4]=85,123%1e-02: VL 50 */
b(1][ 51=80.213%1e-02; /% 100 %/
b{1][ 6]=72,132%1e-02; /% 250 %/
b[1]{ 7T1=08.345%1e-02; J¥ 500 */
b[1][ 8]=41.981%1e-02; /% 1000 %/
b(11] 9]1=35.121%1e-02: /% 1250 %/
b[1])[10]1=30.100%1e-02: /¥ 1500 %/
bl1][11]-21.887%1e~-02: /% 2000 %/
b[1][12]=16.788%1e-02; /% 2500 */
b[1][13]= 9.,164%1le-02: /% 3750 %/
b[1][14]= 3.6833%le-02; /% 5000 %/
b[(1j[15]= 0.513%le-02: J% 7500 %/
b{2]1[ 11=81.552%1e-02; /o 0 */
b{2][ 2]1=-91.412%1e-02; J* 10 %/
B(2][ 3]=90.456%1e-02; FE 20 */
h[2][ 4]=89,132%1le-02: /% 50 %/
b{2J] 51=~87.211%1le-02; /% 100 */
h[2]1[ 6]=82.105%1e-02: /4 250 #/
b[2][ 71=72.311%1e-02: /% 500 %/
b(2][ 8]=59.101%1e-02: J4 1000 */
b{2]0 91=53.001+1e-02: /% 1250 %/
Hb[2]1{10]=48,.986%1e-02: /¥ 1500 */
bl2][11]=40.321%1e-02; /% 2000 %/
b[21[121=33.7T65%1e-02; /% 2500 %/
b(2][13]1=22.345%1e-02: /% 3750 */
b(2](14]=17.024%1e-02: J% 5000 %/
b[2]{151=16.046%1e~02" /¥ T500 %/

ift{wfpl=fopen("contaml,out", *w"))!=NULL) |
fprintf{wipl, "\n\n Reg=%f\n\n",Rg):

/#%The case of glass only & pure oil -=-35mm */

fprintf{wfpl, *\nkkdkskak* 3mm sample holder sHkdabkdkakakdkkkk\n"}:
fprintf{wfpl, "betsi=%f | bets2=%f\n".betsl.bets2}:
sigmal{betsi):

sigls=x1l:
sigma2(sigls,bets2,d3}):

sig2s=x2:

fprintf(wipl."sigis=%f{/cm] | sigl2s=%f(/em]\n",sigls.sig2s);
fprintf(wfpl,"exp(-sigls*2kdl}=%f\n",exp(-sigls*2%dl) );
fprintf{wfpl, *exp({-sigls*d2)=%f\n\n",exp{-sig2skd2)}:

/% The case of contaminated oil --5mm %/
for(i=1:i<=5AMX:++i)} |
fprintf(wifpl,"b[%d]=%f\n",i,b{2][i]):
sigma3(sigls.b{21([1].,d3):
sigo[i]=x3:
sigl2c{il=siglo[i]-sigls:
fprintf{wfpl."sig2c(%d] -—-1=%f[/cm] | siglo(%d]=%f[/cm]\a",
i,siglelil.i,siglof{i]):
fprintf(wfpl, “exp(-sig2c[%d]%*d2)=%1 | exp(-siglol(%dj*d2)=%f\n

i, exp(-sig2c[ii*d2).i.exp({-sig2o(il*d2));:
t

/*The case of glass only & pure oil --10mm */

fprintfrwfpl, "\ n\n\n¥**kkk* 10 mm sample holder dekdotdksdeok n " ) o
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\n",

fprintf{wfpl,"betai~-%f | betal=-%f\n",betal,betal);
sigmal(betal):

sigl=x1:

sigmal(sigl.beta2,d2);

sigl=x2;

fprintf{wfpl,"sigl=%f{/cm] | sig2=%f{/cmi\n".sigl,sig2):
fprintf{wfpl, "exp(~-5igl*2%kd]l)=%f\n",exp{-sigl*k2%dl) ):
fprintf{wipl, "exp(-sigl2%d2)=%{\n\n".exp(-sig2%d2));

/¥ The case of contaminated oil --10mm */
for{i=1:i<=SAMX ++i} ¢
fprintfi{wfpl, "b{%d]=%f\n",1i,.b[1][1i]);
sigmad(sigl,b[1][i].d2):
sig20[1]=%x3; )
sig2e¢(i)=sig20(i]-sigl:
fprintf{wfpl, "sig2c{®d] --1=%f[/cm] | sig20{%d]=%f[/cm]l\n",
i,sig2e¢({i]l,i,siglo{i]}:
fprintf{wfpl,“exp(-siglc([%d]*d2)~%f | exp(-siglo[%d]l*xd2)=%f\n

i,exp(-sigl2c[il%*d2),i,exp(-siglo[i]%d2}):
b

/% Determination of maximum d {(oil depth) %/
/* Max d for max concentration (s meaning! %/
/¥ {to satisfy non~-zero extinction } */

fprint f(wfpl, “\n\n\n¥kikkMAXIMUM OIL DEPTH sk¥akkadokak\n");
for{i=1;i<=8SAMX:++1) |
sigmad(sigl,siglo[i]);

depth(i]~d4:
fprintf(wipl,"depth[%d]=%f[cmij\n",i,depth{i]}:
b

/% Determination of minimum d  */
/% 4, 999=5kexp(-sig2%d)} --> d ? %/
/% resolution as sensor */

fprintf(wipl, "\n\n\nkkkkkMINIMUM OIL DEPTH skkkkkkkk\n"):
for{i=1:i<=5AMX:++i) |
d5=-10g{4.999/5.)/sigl0[1]:
fprintf{wfpl,"mini-depth{%d]~%f(cm]l\n",i.d5):
'

fclose{wipl):

/e sk seste ok sheske ool sk st sk ok s ok e s sk ok e ke s sk s o ok sk ok e ok s ek s sk ek o e sk ke ok ok e eafe el el s A o el sk ok ok e e

/¥ Finding Attenuation coefficients %/

gl 1]={(doubie) Oe-06 : /% 0 {(g] #*/
gl 2]={(double) 10e-06 : /% 10 {gl=f{ppm] for cc */
B[ 3]1=(double) 20e-06 :

mg[ 4)={double) 50e~06 ;

mg[ 5]=(double) 100e-06 ;

mg[ 6]l={(double) 250e-06

mg{ 7]=(double) 500e-06 ;

mg( 8l={double)l1000e-06

mg{ 9)1=(double)1250e-06 .

mg{l10}={(double)1500e~-06
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mg[ll]=(double)2000e-06
mg(12]={(double}2500e~-08 :
mgl(13]={double}3750e-06 .
mg({l14]={double}5000e-06
mg{15]=(double}7500e-06

dia{l]=(double}160e-04; /% [cm] : dia. of 160 um */
dia[2]=(double)112e-04:
dial31=(double) 59e-04:
dia[4]=(double) 40e-04;
dia[5]=(double) 30e-04:;

fr[il=(double} .05: /% 5 [%] weight fraction %/
fr(2]=({double) .20:

fr(3]={double) .30:

fr(4]={(double) .25;

fr(5}=(double) ,20;

q[1]~4.1384e-08: /% Qex(Plkr[i]"*2) #/
q[2]=2.0012e-08;

q[3]=5,8651e~09;

q[4]1=2.6713e-09:

q[5]=1.5091e-09;

1f{(wfp2=fopen("contaml.out", "w" ) ) !'=NULL} ¢

for{j=1:j<=SAMX;++j) |
for(sumni[j]=0,nq[j]=0,i=1:i<=PGi++1} |
ni[jl[ij=(double) mg[jl*fr[i]
/{4/3%Plxpow(diali]l/2,.3)*rho)
S(PI*{bd/2%bd/2)%d2 }

forintf(wfp, “ni(%d][%d]=%e | %1d\n",
joi,miljl{i], (long)ni{j]{i])

sumni[j] += ni[Jl[i}];:
nqli] += ni(jiltl*q(i];

) .
/¥fprintf(wfp?2,"ftpi[%d]}=%15.%e\n",i,ftpi(j]) %/
/%tn={long) sumnifj]:total # of particles of j’'th sample %/
/¥sigmacalj] = -logf{l.— tok(1_.- ftpil[j]} )1/d2:%/
/¥fprintf(wip2,"sigmaca[%2d])=%e[/cm]\n",j.sigmacal[]]) %/

sigmapijl=(doublelnqg(jl: /% approximation of sigmaca */
expoatt[j]=exp(-sigmap[j]*d2):/% exp(-sigmap*kd2) #*/
fprintf(wfp2,"sigmap(%d]=%e{/cm] | expoatt(%d]=%f[%%]\n\n",
i,sigmap{i],].expoatt[j]*100);
'
felose(wifp2):
b

/% END OF main{ ) */

/* Subroutine SIGMA1({ ) =%/
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sigmalibt)
double bt

lef=-1.;
_Tig=20.:

x1=(lef+rig}/2;

yitnl{bt,xl):

while(fabs(y) >= 1.0e-035) !

LEf{y> 0.} |
rig=x1;

H

else |
lef=x1:

H

x1={lef+rig)/2;

yftnl{bt,x1):

'

return{x1):

} /% END OF sigmal{ ) %/

/* Function of yftni(bt,x1) */
yiinl{bt,x1)

doubie bt,x1:

{

y=bt- exp(~2%xl%dl)
+ Rg*x( exp(-2%xl%kdl) + 2%exp(-xlsdl) + 1 | I

printf("y(%f)=%f\n",x1,y}:
/*monotonically increasing ftn.®/

return(y);
b /% END OF yitonl(bt.x1) %/

/% Subroutine SIGMA2( ) */

sigma2(sig,bt,d)
double sig,bt,d:

lef=-1_.:
rig=100.:
x2=({lef+rig)/2:
yftn2(sig.bt,d,x2);

while{fabs{y2) >= 1.0e-05) |

if(y2> 0.) |
Tig=x2;

b

else |
lef=x2:

b

x2={lef+rig)/2;

¥yftn2(sig,bt, d, x2):

}

returnix2);
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/% END OF sigma2(sigl) */

/% Function of yftn2(sig,bt,d,x2) %/

yitn2(sig,bt.d.x2)
doubie sig,bt,d,x2:

¥2=bt - exp(-(2%sigkdl+x2%d))
+ Reg*{exp(-(R%sigkdl+x2%d)) + 1)
/*monotonically inecreasing ftn.*/
printf("y2(%f)=%f\n’.x2.y2);

return(y2);

/% END OF yftn2(sig,bt.d.x2) */

/% Subroutine SIGMA3( ) */

sigmaldi(sig,bt,d)
double sig,bt,d:

lef=0.:
Tig=100G.
x3=(lef+rig)/2;:
yitnd(sig,bt,.d,x3):

while(fabs(y3) >= le-086) |

if{y3> 0. |
rig=x3:

¥

else |
lef=x3:

'
x3=(lef+rig)/2;

yftn3(sig,bt,d,x3);
)

return(x3):
/% END OF sigma3(sig,bt,d) %/

/% Function of yftn3(sigl,bt,x3) %/

yitnd(sig,bt,d,x3)
double sig,bt,d.x3:

¥y3=bt - exp(-(2%sigkdl+x3I%d)}
+ Rg*({exp(—(2%sig*dl+x3%d)) + 1):
/*monotonically increasing ftn.*/

return{y3):

/* END OF yftn3(sig,bt,d.x3) */
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/% Subroutine SIGMA4( ) %/

sigma4(sigl,s2)
double sigl,s2:

lef=0.;
rig=1000.
dd=({lef+rig)/2:
yitnd(sigl,s2,d4):

"while(fabs(yd) >= 5.e-06) |

Pf(yd> 0.} {
Tig=d4:
b
else |
lef=d4:
H
d4=(lef+rig)/2;
yitnd(sigl,s2,d4);:
'
-return(d4):

/% END OF sigmad(sigl,s2) */

/% Function of yitnd(sigl,s2,d4) =%/

yitndi{sigl,s2,d4)
double sigl,s2,d4;

¥y4=1/5000., - exp(—(2*5ig1*d1+s2*d4))
* Rg*(exp(-(2%siglkdl+s2%da}) + 1)
/¥monotonically increasing ftn.*/

return(y4);
/% END OF yitnd(sigl,s2,d4) */
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@2 0; wsE #A
******************************************#**********************
THIS program can calculate the visibility,scatter—-intensity and
phase angle into the given collecting aperture for particles
passing thru the crossover region of two converging laser beams.
BY changing parameters in the data file,visibility,intensity
and phase angle of particles at any point in the space can be

cajculated,
************************#**************************************

n X0 00066060

real*4 alamd
real*8 xt{200),extinc,wn
real*8 x,rx,rfr,rfi,gextl,qext2,gextn
real*8 t(5).ta(4)
intager*4 neterm(200)
complex*®8 tii,aii,dii,anii,tt,din,anin
complex*lb a{200,2000),b(200,2000),acbp(2000)
compiex*l6 rf.rrf,rrix,wml,fna,fnb,tcl, tc2,wfn(2),acapi{?)
equivalence (wfn(l),tai(l})
c EQUIVALENCE (FNAP.TD(I}),(FNBP.TE(I)),(FNA,TB(I)),(FNB,TC(l))
2220 format{3x,a%)
1 format(3d15.5)
2 format(2i5,6d13.3)
3 format( 1x,t3,” i, t8,°J’ . t15, ALPHA’ t28. BETA’.t41, THETA’,
!t55,‘PHI‘.t56,'THETAI‘.tSO.’PH[l‘,t92,’THETA2’,t106,‘PHI2’)
4 format(1x,2i0,8(4x,{9.4))}
5 format(//tS.’I’,t8.'J’.tl&.’THETAl',tBO,'PHII',t43,
! ‘RE S1(tl1})’,t58, IM S1(t1)’,t73, ’RE S2{(t1)" ,t89, IM S2{t1y’'/ /)
6 format(1ix,215,6el5.6)
7 format(//t%, 1’,t8,"J’,t14, THETA2’,t30, PHIZ", 143,
# ‘RE S1(t2)’,t58, 1M S1(t2) ,t73, RE S2(t2) ., t89, IM S2(t2)"//)
***#***********************#*****************************#***
B format(//t5, SIZE PARA’ . t17, 'PI*D/DELTA" . t34, 'V’ 146, "WAC’, t59, "W

IC’,t69, REAL W(1,2)’,t82, IMAG W(1,2)‘,t97, ANGLE",t110, "QSCAT’,/

13 format(//t8®, #/TERMS’,t17, PAR. DIA. ~,t30.
! 'REAL W(1,2)7,t43,  IMAG W{1,2)’.t56, 'REAL W(2.1)",
! t69, ‘IMAG W(2.1)",t82, '
| ‘REAL W(1,1)’,t95, IMAG W(1,1)’,t108, REAL W(2,2)°,
1oob121, CIMAG W(2,2)Y°/)
9 format(1lx,9d13.5)
10 format(lx,3i5,7£12.5)
9003 formati{l1x.3i5,.7d13.5)
11 format(//t?.’ALPH(I)’.t20,’BETA(I)’,t34,’GAMM(I)’.t45,’THET(1)’/)
12 format(//t?,'ALPH(2)'.t20,’BETA(2)',t34.’GAMM(Z)’,t45,'THET(2)'/)
14 format{1x,i113,9d13.3)
30 format{ix.4el3.4,4d13.4)
31 format{ix,8el3.4)
32 formati{lx,2i5,2(el3.4.d13.4))
33 format{lx.4eld 4}
34 format{lx,f8&.5)
39 format(//t3.°1°,t8,°J ,ti2, THETA PR’,t29, PHI PR’ , 143,
! TPP(L,JY ., t58,'QQ(T,Jy t73.’RR(L,J)"//)
1280 format{10f13.4)
1281 format(10i13)
1292 format(10f8.3)
1293 format(7i8.3f8. 2}
1294 format(/t3, TWO BEAM STOPS:L/S=’,£7.3,3X, 'P/S=",17.3)
1295 format{1x.213.8d12.3)
1296 formatf/t3.'SETS'.t14.'ALPHZ',t23,'BETAZ',t36.‘ZETA',
! t46, 'DELTA . t59, "INSIDE ANG’,t73,
i +APER. HALF ANG’,t90, F/#°,t103, LAMBDA")
1297 format(/t3, INDEX OF REFRACTION=( ", f6.3,1x.16.3.7%"}
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OO0 000000

1298 format(//t5,’ (APERTURE INSIDE RADIUS/OUTSIDE RADIUS)=",£4.2)

1282 format(//t5, ANGLE TO INSIDE RADIUS OF APERTURE=", £5.2)

1283 format(//,10x, THE POLARIZATION ANGLE IS . f6.2, DEGREE’, //)

1284 format(//,10x, THE FIELD VECTOR.E, 1S DIRECTED - X-AX1S. ", //)
12949 format(Sx.i3,3x.2(2x.f7.3),2x,2(2x.f9.5),2x,4(2x.fl2,5))

3330 format(10f13.6)

3340 format{10el3.53)

*****************************************************************
OPEN(I.fileﬂ’DISKSDSK2:[MHDDATA.SONISCATT.DAT’.status=’old’) *
OPEN(2,file-‘PHASE.OUT',status-’new‘) *
OPEN(3,file="VISPH.OUT’,status="new’) *

OPEN(4.Eile-’mieph1.out’.status—‘unknown’}
0PEN(7.file-’PHANG.0UT’.statust’new’) *
OPEN(S,file-’DATA.PLT’.status—’scratch‘) *
CALL TIME(TME) : ' *
WRITE(2,2220) TME *

*****************************************************************
***************************************************************
rfr: real part of index of refraction., rfi: imaginary part of i.o.r.
NOSETS: TOTAL NUMBER OF DIFFERENT PARTICLE SIZES.

DODBA: LOWER LIMIT OF PARTICLE DIAMETER/FRINGE PERIQD.

DODEC: DIAMETER INCREMENT/FRINGE PERIOD, UPPER LIMIT OF PAR. DIA.
WILL BE FRINGE PER[OD%{ DODBA+DODEC#NOSETS ). ALAMDA: WAVE LENGTH.
DELTA: FRINGE PERIOD. FNO: F-NUMRER OF COLLECTING LENS.

KCRITE: SPECIFY LOWER LIMIT OF SCATTERING INTENSITY FROM EACH
POLES. ALPHZ: ROTATION ANGLE AROUT Z-AXIS,

BETAZ: ROTATION ANGLE ABOUT Y -AXIS, ANGIN: INSIDE ANGLE OF
COLLECTING LENS.

JCRITE: SPECIFY SYMMETRICITY OF COLLECTING LENS LOCATION.

(FOR SYMMERIC CASE JCRITE=1., UNSYMMETRIC CASE JCRITE=2.;

ITNUM: TOTAL NUMBER OF COLLECTING LENS LOCATION.

DEGINC: OFF-AXIS ANGLE INCREMENT. IJAF: SPECIFY EQUALITY OF BETA(1)
AND BETA(2) VALUE,

MPOLA: SPECIFY POLARIZATION DIRECTION. (0=E VETECTOR IS I[N X-AXIS.
OTHERWISE SPECIFY POLARIZATION DIRECTION 15 CHANGED.)

ADDANG: SPECIFY CIRTAIN COLLECTING LENS LOCATICN WHICH WILL NOT BE
COVERED BY SPECIFIED DEGINC.

POLANG: POLARIZATION ANGLE. 90 DEG.= H FIELD IS5 PARALLEL TO X-AXIS,
45 DEG. H AND E FIELD BOTH MAKE 45 DEG. WITH X-AXI1S

MIESCO: CONSTANT FOR WRITING MIE SCATTERING COEFFICIENTS.

1: NO WRITING, OTHERWISE WRITING.
**********************************************************
print#*, ‘Type real value of the refractive index !*

read*, rir
rfr=rfr/1.48
print*, ‘Type imaginary value of the refractive index !’
read¥®,rfi
rfi=rfi/1.46
alamd=.6328/1.46

EVALUATION OF MIE SCATTERING COEFFICIENTS.
e oo e ook o e o s ke o o e ok e e s ok sk o ok e e ke e o ke s ok 3 e 3 e e ok o e o o ok sk sk ok oK ok ke
x : 3IZE PARAMETER OF THE SPHERE, (2 #% PI =*
RADIUS OF THE SPHER)/(alamd)
rf : REFRACTIVE INDEX OF THE MATERIAL OF THE SPHERE.
COMPLEX
QUANTITY. .FORM: rf= (rfr-i%rfi)
FOR LENZ FORMULA AND TOTAL NUMBER OF TERMS(N} SHOULD
BE EVALUATED
FOR GIVEN SIZE PARAMETER,x. CONSULT
"MIE SCATTERING CALCULATIONS;:
ADVANCES [N TECHNIQUE AND FAST. VECTOR-SPEED
COMPUTER CODES. © BY
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¢ W. WISCOMB.,NCAR/TN-140+STR.
¢ frir: SPECIFY LOWER LIMIT OF RFI VALUE OF GIVEN X FOR
c WHICH
c LENZ FORMULA SHOULD BE APPLIED.
Se2f e 2k feafe i e s e e o e e a4 ke e e e ke afe ek she e e e e e et e e ok e ke o ok ek ok ok Rk ok koK
PI=3.14159265358974940
P12=Pl#2,
wn=PI12/alamd
con=PI[/180.d0
maxit=10000
epsl=1,0e-2
epsi2=1_ 0e-8
frir=16.35%(rfr«42)+8 42%rfr-15.04
xt{1)=P{#160./alamd
xt{(2)=PI*112./alamd
*xt(3)~PI%59. falamd
xt(4)=PI*40. /alamd
xt(5)=PI%30./alamd
do 1301 noset=1,5
x=xt(noset)
if(x.le.0.02) goto 501
if(x.le.8.) goto 202
if(x.1t.4200.) goto 503
spn=x+4_ k({xxkk{1. /3, ))1+2,
nn=spn -
goto 504
501 an=1
goto 504
502 spn=x+4 *k({xxkk(1./3, ))+1,
an=spn
goto 504
503 spn=x+4 05%(x¥*%(1, /3.))+2,
nn=spn
504 centinue
neterm{noset)=nn
rf=demplx(rfr,-1rfi}
rrf=1,0d0/rf
rx=1.0d0/x
rrix=rri*rx
sfrfr=frir/x
t{1}) = decos(x}
1(2) = dsin(x)
wiml=demplx{(t{1),-t(2)}
win(1l)=demplx(£{2),t{1))
win(2)=rx*wfn(1l)-wml
t{l) = rfi * x
kount=0
¢ 3 3 46 o4 o o 4 afe i ke o ok e ok o ol afe al o o el e e o e e e e e fe sfe e e o o ok
¢ [T LOOKS LIKE frfr I8 NOT SUFFICIENT FOR THE
¢ CRITERION OF LENZ
¢ FORMULA APPLICATION. WHEN {or=1.95-10.686.
¢ (NEED MORE STUDIES ?7)
ok ke k¢ s ke o e e e b vl Ak o e e A e o 3 o K ke 3R e o sk e ok s sfe ol ol e ol e o o ok oK sl e ke
if{t{1)y.g8t.43) goto 40
if{rfi.gt. xfrfr} goto 40
**UPWARD RECURRENCE FOR PSI1"{mx}/PSI (mx)#*%

t(3) = 0.5d0 % dexp{t{1})
t(4) = 0.25d0/t(3)

t(1) = t(3) + t(4)

t(2) = t{3) - t{4)

t{3) = t{(2) %« t(2}

t(2) = t(1) = t(2)

t{l) = (3

t(3) = rfr #* x

t{4) = dsin(t{3)}
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t(3) = dcos{(t(3))
t{1) = t(1) + t(4) * t{(4)
L(3) = t(3) % t(4)
acap(ly=demplx(t(3),t(2))/t(1)
goto 50
*%LENZ FORMULA FOR PSI" (mx)/PSI{mx)%k**
40 continue
write(*,6)
nnpl=nn+1
tii=nnpl*rrix
mm=-1
nn2=2%nn+3
aili={mm¥nn2)%rrfx
dii=aili
anii=dii+i.0/tii
kount=1
233 kount=kount+l
if{kount.gt.maxit) goto 445
if(cabs(aniifaii).gt.epsl.and.cabs(dii/aii).gt.epsl) goto 440
*ILL-CONDITIONED CASE--STRIDE TWO TERMS INSTEAD OF ONE#*%
mm=-mn
nn2=nn2+2
aii=(mm¥nn2)*krrix
aninvaii*kanii+1.0
din=aii%dii+l.0
tii=(anin/din)*tii
mm= - mimn
nn2=nn2+2
ailt=(mm¥%un2)*rrix
anii=aii+tanii/anin
dii=aiit+tdii/din
kount=kount+1
goto 233
440 tt=anii/dii
tii=tt*xtit
*kkCHECK FOR CONVERGENCE fesskokoksk sk ok ok fok
if(abs(real(tt)-1.).1t.eps2.and.abs(aimag{tt)).1lt.eps2) goto 45
mm=—mm
nnd=unn2+2
aii={mm*nn2)krrix
anii=atit+tl, /antii
dii=ait+1./dii
goto 233
445 write(%,446)nn,x,rf,ali,anii.dii,tt,tii
446 format(///. LENZ METHOD FAILED TO CONVERGENCE'.,/, 'NN=",I6,/,
1 *SIZE PARA.=",d13.5,/, ' INDEX OF REFRA.=",2d13.5.,/,
! *Ali=",2d13.5,/, "ANII=",2d13.5,/,‘DI1’,2d13.5./,
! *TT=',2d13.5,/, ' TI1=",2d413.5)

goto 444
s e e sl e s ok e s ot ke ot sl e e s e o st e e s e ek ek ok e e e
c ACAP(1)=DCMPLX(0.0d0,1.0d0) *
c WRITE(2,8) T(1} *

a5 3k 3¢ ok e ks e 26 5 3k e 2 3k ok ok sk e Ak ol 3 o e 7k 2 ok sk ke o ke e sl e e ke ok e ofeok
45 acbp(nn)=tii
do 447 iw=1,nn-1
niw=nn-Lw
acbp(niw)=(niw+likrrfx—-1.d0/({(niwtli%rrfx)racbhpiniwrl})
447 continue
tel=acbhbp(l)*rrf+rx
te2=acbhp(l}*rf+rx

goto 448
*¥%kEVALUATION OF MIE SCATTERING COEFFICIENTS#%%
c fna:MIE SCATTERING COEFFICIENT a{n} *
¢ fnb:MIE SCATTERING COEFFICIENT b{n} *

s e e okl sk e e o ok ok e afe e e s sk ok she sl e s o o o s sk ke ke e s g ke sk e ok s sk skl ieokok
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50 acap(2)=-rrfix+{1.d0/(rrfx-acap{l)}))
tel=acap(2)*rrf+rx
tc2Z=acap(2)*krf+rx
448 continue
fna=(tcl*ta(3)-taf y/(tecléwin(2)-win(1))
fnb=(te2%ta(3)-ta(1})/(te2%win(2)-win(l))
ainoset,l)=ina
b(noset,1}=fnb
gext1=3, %{real(a(noset,l})+real{b(noset,1)})
a5 ¢ sfe e ke o e o ok ok e e o e ke ok ok ok e ok ke sk sk sk sk e s s e e R ke ek ek ek ok ke ok
¢ A(1)=CMPLX(SNGL(TB(1)),3NGL(TB(2))) *
¢ B(1)=CMPLX(SNGL(TC{1)),3SNGL({(TC(2))}) *
c FNAP=FNA %
c FNEP=FNB *
c 36 FORMAT(/T10, N="',15) *
c 37 FORMAT(4X,4E15.3) *
¢ T(1) = 1.50D0 *
C TB(1) = T{1) TB(1) *
c TB{2) = T(1) TB{2) %
c TC{1)} = T(1) *
¢ TC(2)y = T(1) TC(2) *
c QEXT = 2.0D0 {TB({1} + TC(1)} *
¢ QSCAT = (TB(1)%%2 + TB(2)%%2 + TC{1)*%2 *
c + TC(2)%%2)/0.75D0% *
< CTBRQS = 0.0DO *
***********************************************
if{nn.eg.1) gotO 100
nmax=nn
qextn=qextl
do 65 n=2,nmax
I write(#®,%¥} n,noset
t(1y = 2.d0%n - 1.d0
t¢2) = (1.d0%n) - 1.d0
t{3) = 2.d0%n + 1, d0
wml=wfn(1)
win(1li=win(2)
win(2)=t(1)}*krx*win(l)~wml
if{kount.gt.0) goto 449
acap({il=acap{2)
acap(2)=-nkrrfx+{1,d0/(n¥rrfx—acap{i)))
tel=acap(2)%rrf+n%*rx,
te2=acap(2)*krf+n¥rx
goto 450
449 continue
tcl=achpini¥*rri+n¥*rx
fc2=achp(n)i*kri+nkrx
450 continue
fna=(tcli®ta(31-ta(l))/{tcidkwfn(2)-win{l))
fub={tc2%ta{3)-ta(l))/(tec2%kwfn(2)-win(1l))
a{noset,n)=fna
b(noset,n)=fnb
gext2=(2%n+1)%(real(a{noset.n}))+real(b(noset,n));
gextn=qextn+tqext2
afe s 3 3¢ 5 ¢ 3 e 3 e s 3 s ok e sk e o ok e e o s e o e s e sheofe sbe e o ke o ok ok ok e ke o e e ke ke ke e ke ok
A(NY=CMPLX{SNGL(TB(1)),SNGL(TB(2)))
B(N)=CMPLX(SNGL(TC(1)},SNGL(TC(2)))
FNAP=FNA
FNBP=FNB
T{5) = 1.0D0*N
T{4) = T(1)/(T(5) % T{(2))
T(2)y = (T(2) * (T{3) + 1.0D0))/T(5)
CTBRQS = CTBRQS + T(2)*(TD(1)*TB(1) +
TD(2)*TB{(2}) + TE(1)#TC(1)*
U or TE(2)4TC(2)) + T(4)*(TD(1)*TE(1) -
TDi( 2 *TE(2})

TC(1)

* ¥ ¥ X X

PO OO6G600000
KX KR KRN EE
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QEXT = QEXT + T(3)#*{(TB{1}+TC(1}) *
T{4) = TB{1)¥k2+TB(2)%k2+TC(]1)%%2 + TC(2)%%2 *
QSCAT = QSCAT + T(3) * T(4) *
T(2) = 1.DO%N * (N + 1) *
T(1) = T(3)/T(2) "
etk i SRR SR s et e e ek sk sl o ke sk et ok st ek seseolole ok s R okoK

o ¥oo0ooaon

65 continue
extine=qextn¥PI[2/ (wnkkx2 %1, 0e-12
write(4,50000) noset,extine
¢d50000 format{ noset=",i13," 17,7 extine=",eld4.35/)
50000 format(ild,.5x,el4.5)
100 continue
1301 continue
444 stop
end
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(8 ANV HmyAgF © data acquisition

/********#f**#************************************
% This is a program for transforming rectangular *
¥ coordinates into polar coordinates for energy ¥
¥ diffraction patterns of sprayed particles *
*************#************************************/

#include <stdio.h>
#include <io.h>
#include <malloc.h>
Finclude <math.h>
#include <direct.h>
#include <memory.h>
finclude <os2, h>

#define X_MAX 5312L

#define Y_MAX 512L

#define RADI 255L
unsigned char huge *a;
unsigned int r,rnum{RADI+1L], XM, YM:
unsigned int rnuml [RADI+1L}, rnum2 {RADI+1L]:
float suml [RADI+1L]}, sum2[RADI+1L]:
unsigned long off:
FILE #ripl,%*rfp2,*wip;
float huge *af.
float sum[RADI+1L],ave{RADI+1L]:
unsigned long summ{ RADI+1L]:

main (arge,argv)
int arge:
char *kargv( ]

if ( ( access{argv[1],0} )} == -1 ) |
printf{"\n\n** ERROR #¥\n image file not found —~%s",argv{l]}:
}

/% Input the center of the image */

printf("Type XM (center of x) !\n"):
scanf("%d",&XM):
printf("Type YM {(center of y) !'\n"};
scanf("%d", &YM):

/% Dynamic Storage Allocation */

off={long X _MAX*{long)Y_MAX:
off=off/4L:
if((af=({loat huge*)halloc((long)off.(unsigned)sizeof(float)))==NU

LL}
!
printf(*\n** Insufficient memory for AF (Float Huge} !"}:
exit{ii:
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/% Ilmage file reading */

{long)a=(long)af:;

if({rfpl=fopen(argv{l],"rb"))==NULL) |{
printf(*\nl can’t find the image file [%s].",argv[1]}:
putchar(7): putechar{7}; putchar{7}:

abort (),
'

else |

fread( (unsigned char*)af, (X_MAX/4L*ksizeof(float)),Y_MAX,rfpl):
fclose(ripl):

sumr{ }:

for(r=0:;r<(unsigned int)RADI:++r) |
suml[r]=sum(r]:
J¥rauml [r]=rnum{r];:*/

/% Background file reading %/
/R1f((rfp2=fopen{argv{2],"rb"))==NULL) |
printf{"\n I can’t find the background file {%s].",argv[1]};
putchar({7): putchar(7): putchar(7);:
abort{):
H
else |
fread{(unsigned char%)af,sizeof(float),.RADI,rfp2):
fclose(rfp2);
P/

/¥ sumr( )
for{ r=0: r<{unsigned int)}RADI; ++r } {
if(r<=19) |
sum2(r]=0:
b
else |
sum2[rl=sum[r]:
i
bk /S

/% Qutput file generation */
if({wfp=fopen({argv[2],"w"))!=NULL) !
for(r=0: v <{unsigned int}RADI:++r) |

summ{rl={unsigned long){suml{r]):
ave[r]={float)summ{T]/(rnum[r]}: /*Average of sum[r] */
fprintfifwfp,” %10ld\n",summ[r]):
b
fciose(wfp):
t

/% End of main %/

sumri{ }
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unsigned int i,1.b:
float dist;

for (r=0; r <=(unsigned int)}RADL i++r)|{
sumf{r] =0
rnum(r ]=0;

}

for (i=0 : I <{unsigned int)X_MAX & ++1i}{
off={long)i*{long)¥Y_MAX:
for (i=0 : j <(unsigned int)Y_MAX : ++j){
dist=sqrt(({(long)i-XM)*{{long}i-XM)
+((long)j-YM)*((long)i-YM)):
r=(unsigned int) dist:
if (r <=(unsigned int)RADI){
raum{r] += (unsigned int} 1:
/% % of the same 1’ s%/
b={unsigned int)*(a+off+({long)j):

sum[r] +={float)b:
b

return;
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@ oz E¥gezyE N Fie 3F

/ ek e e e sl e e o 0 o e skl ofe stk o stk ke ke e ke sk sk ok ke skl s e s e sk s ok
* This is a program for getting weithing coefficients *
% which determine the distribution of size of *
* sprayed water. *
i Aok e 4 e o e S e o 3 3 6 o 34 3 35l sk e sfe e vk e she e 3 e sk e e sfe e ke e sk e e ke e ok 3 e e ok e ke e ke ke e/

#include <stdio.h>
#include <math. h>

#include <mallioc.h>
#inelude <memory. h>

#define NR 255 /% # of rings */
#define M 10 . /% # of size groups */
#define RSATP 0 /% saturation point (R} %/
f#fdefine N (NR-RSATP) /% ¥ of rings except B %/
#define BETA 1.0e+25
#define Pl 3.141542
#define LAMBDA (0.632e-068) /% [m] :wavelenth of laser */
#define ¥oC (8.5e-02) /% [m] :focal lenth %/
H#define DELSF (1d4e-06/(LAMBDAX%FOC)) /% real value of
dels/(f*lambda} */
FILE *rfpl,*rfp2, %kwfp:
doubie ener [NR+1],cener{NR+11]:
unsigned int 1,),k, id[N+1]{N+17:
float b[M+11:
float *afl,*af2.
doubie tinv[N+1j[N+1]:
double t{N+1J[M+1]), tt[M+1])[N+1];
double xl,x2 Ni{M+1],ENi[M+1], sw:
double a{N+1][N+N+1],eIN+1][N+11]:

main {argec,argv)
int arge:
char *argv[]:

if (arge < 3)
puts("\n [/0 Parameter error..."):
h

if ( ( access{argv[(1],0) ) == -1 ) {
print f("\nk%ERROR**\nEnergy file not found~-%s",argv[1]):
}

/% Dynamic Memory Allocation */

if( ({(afi=(float *)halloc((long)NR,sizeof! float)))==NULL) ||
((af2=(float *)halloc{{(long)M,sizeof(float))) ==NULL} ){

printf{*\n Insufficient memory for *af (float) !"):
exit(l):

/% Experimental value reading %/

if{{rfpl=fopen{argv(1],"r"}y==NULL) !
printf{*\nl can’t find energy file{%s].",argv(1]}:
putchar{(7): putehar(7): putchar(7):
abort(}.

else |
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fread((float #*)afl,sizeof{float), NR,ripl):
fclose(rfpi):
b

/% Transforming pointers to array */
for(i=RSATP:i<NR:++i1)

ener[i+1-RSATP!=(double)*(afl+i);
} :

/% Readiﬁg of paticle size values %/

if{(rfp2=fopen({argvi2],"r"))==NULL) |
printf("\nl can’t find the size group file{%s].",argv{2])}:
putchar(7): putehar(7): putchar(7}:
abort():
H
else |
fread((float *)af2,sizeof(float),M,rfp2):
felose{rfp2):

}

/% Transforming pointers to array %/
for{i=0:i<M:++i) | -

bli+l]=(float)*(af2+i}: /% bl[i]:diameters of size groups */
i

/¥ Getting eiement of Bessel Ftn. Matrix (T} */

for{ i=RSATP+1.i<=NR:i++1} |{
for{j=1:j<=Mi*+]) |

xl={(double2%PI%b{jj*(double)(i-1)*DELSF:
x2=({doublie)2%Pl*b{ji*(double) i*DELSF
printf("xl=%e | x2=%e’\n",xl.x2);
t[i-RSATP]{jJ=(double) BETA®(b{jl*b[j])*
{( j0(xI)*j0(x3)+il(xi)*jl{x1)
-i0(x2)%;0(x2)-11(x2)*j1(x2) ):
printf("t[%d){%d]}=%e\n", i-RSATP, j,t[i-RSATP]{j]};

t

/% Getting T-transpose & TH(T-transpose} */
/* 1lst, Getting T-transpose */
for(ji=1;i<=N;++i){

for(j=1:j<=M:++]) {
tt{i](i)]=(double}tli][}i]:
H

printf{"tt[j]{i] is successful'!\n"):

/% 2nd, Getting T*(T-traunspose) */
for(i=1;i<=Ni++1) |
for(j=1:j<=Ni++j) |
for(k=1:k<=M:i++k} !
al{il[j] += (double) t[i][k]*tt[k](
]

j}:/% a=tpseudo */
/¥printf( a(%d][%d]=%e\n",i,j,all i

)
[ily:
#
I
}

printf("al[i]j[j] is successful!\n"):

/% Bessel Ftn Matrix (T) inversion */
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Bisea( )i
printf("inv{tktt) matrix is successful!in");

/% Output file Obtaining */
for(i=1ii<=Mi++i) {
for(j=1:j<=Ni++j) {
for(k=1ik<=N;++k) {
tinv[il[j]+=(double)ti[i]lk]*e(k][j]:
}
feprintf(“tinv(%d][%d]=%e\n",i,j,tinv[i}[i]): %/

;

printf{"tinv(illi] is sucecessful!!'\n"}:

/% Number Ftn. by (Tinv¥Ener} matrix %/
if{{(wfp=fopen{"numberl.out”,"w"))!=NULL} |{
for(i=1;i<=M;++i} |
for(k=1:k<=N:++k} {
Nifil+=tinv[i]l[k]*ener[k]:

I

sw += Ni[i]:

printf{" Fraction of proposed sizes=%f\n" Ni{[i]}:

fprintfi{wfp, "Ni[%2d]=%e\n",{ . Nil[i]):

H
fprintf(wfp,"————~——-——=———— == \n'):

for{i=1l;i<=M:i++1}) |
ENi[i]=Ni[i]/swk100: /% pumber fraction [%] */
fprintf(wip, "\nfNi[%f][um]=%e\n",b[i], fNi[i]):
}
fprintf{wifp,"-—-=--o-mmmm e e \n")s
for{i=1:1<=NR:++1} {
for(j=1:j<=Mi++j) |
cener{i] += (double)tfi
fprinmtf{wifp, "cener{#%3d]i=%¥e n", i, cener[{]):

t

b
felose({wifp):
t

H /¥ END of main( ) */

/*Subroutine for solving inverse matrix: G-J algorithm¥/

giseq()

{
double factor:

for{i=1:i<=Ni++1}) {
for{j=1:j<=Ni++j) {
if(i==j)
id[i]J{ji]l={unsigned)i:

else
idfi]{jl={(unsigned)0:

'

/% Store knowns as part of matrix array ¥/
for{i=1.:1<=N:++1) {

for{j=1:j<=Ni++j) |
alillj+Nl=(doubleYid[i][il:
f
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sk/

b
printf(*a(i]1[j+N] is successfull\n"):

for(i=1;i<=Ni++i} |
if((alillil)) |
/¥ Vormal:ze diagonal element */
for(j=1:j<={(N+N):i++j) |
\ a[i][i]'&[i][i]/a{il[ili

/¥print f{"\nNormalization of diagnal elements

for(k=1:k<=N:++k) {
if(k!=1i) 4

if((afklfilyy
/% Set elements in column to zerok/
factor=alk][i]:
for(1-1-1<*(N+N) ++j) |

alk][il=alk]ilil- factor*ali])(i]:

4

B

}

else

is success!\n"

printf("Element on main diagonal is zero.\n"}:

/% Getting the result ¥/
for(i=1:;i<=Ns++i} |
for(j=1:j<=Ni++jj |
efiJlil=alillj+N]:
b
H
printf("e[%d][%d)=%e\n",i,j.ell
printf("elill[]] is successful 1Y

1{
\n

return:;
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