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Summary

I. Project Title

Applications of Optical Fiber to the Remote Fluorescence Analysis

II. Objective and Importance of the Project

The analytical techniques of fluorimetry have attracted much attention
in trace analysis due to their simple instrumentations, the ease of sample
handling procedures, and the very low detection limits. The fluorimrtry
has been widely applied to the analysis of pollutants in environment and
to the bio—-assays.

In the nuclear industry, the use of the remote sensing or the remote
handling techniques is very important to the treatment of radioactive
materials. Recently, the remote sensing techniques applicable to nuclear
industry have been improved along with the development of the
radiation-resistive and low optical-loss fiber optic devices.

An attempt was made in this study to develop the remote sensing
techniques for uranium concentration measurement which could be applied

to the samples of radioactivity or those in radioactive area.



III. Scope and Contents of the Project

We developed a fluorimetry for uranium concentration measurement
which could be applied to the samples of radioactivity or those having
many contaminants. The optrode, which is an important device to the
remote fluorescence sensing, was designed and built for the fluorescence
measurement of uranium in the aqueous uranium samples.

The fluorescence measurement systemn built last year was designed to
use two strings of optical fiber. One is used to transmit laser radiation to
the optrode which is immersed in the sample solution, and the other to
transmit ﬂﬁorescence from the optrode to the detector. But, in this case,
the a]igm;ment of optics for collection of fluorescence is very difficult due
to the tilted arrangement of the fluorescence transmitipg fiber with the
laser transmiting fiber axis. Therefore a new design to solve the above
mentioned problem is needed to the effective measurement of fluorescence.

The uranium fluorescence measurement was performed using a sample
in HNO; medium. And, the method of fluorescence signal processing was
renewed by adapting a least square analysis technique. A new method of
measuring light absorption was developed using thermal lens effect. The
method can be a complement one for the fluorescence measuring

technique.



IV. Results and Proposal for Applications

The remote uranium fluorescence sensing method using optical fibers
and a KAERI-built optrode was developed for applying to the samples of
radioactivity or those encountered in the nuclear fuel cycle.

The fluorescence measurement system built last year used two strings
of optical fiber, ie., one for laser transmission and the other for
fluorescence transmission. That system was appearred to be difficult to
align the optical components within the optrode. Therefore, we adapted a
new systern using a single optical fiber string. The laser radiation and
the fluorescence transmited through a single fiber. An optical chopper
blade especially designed using a stainless steel plate, thickness of 1 mm,
was located between the laser and the optical fiber at an angle of 45° to
the laser beam axis. The laser beam was transmit through the light part
of the chopper blade, and the fluorescence coming from the optical fiber
was reflected with an angle of 90° on the blind part of the blade which
was polished for effective light reflection. The new system solved the
alignment problem faced in the earlier system. Also, the system will be
more useful than that using dichroic mirror which has some limitation on
the wavelength selection. Therefore the new system will be applicable to
the system of various laser wavelengthes or fluorescence wavelengthes,
Le., to the fluorescence measurement of lanthanides or actinides.

The wuranium fluorescence in the HNOs medium was measured. The
uranium in HNO3 medium was frequently encountered in the reprocessing

process. Therefore the remote measurement of the reprocessing sample is



important due to the high level radioactivity. The uranium in HNOs3
medium was appeared to absorb the radiation of 337 nm largely, however,
the 'fi‘{lorescence was more effective when the excitation was done at 416
nrh The excitation at 416 nm was performed by using a Nz laser-pumped
difve. laser, Coumarin 440. It was revealed that the use of 416 nm
wavelength Was recommandable for uranium flucrescence measurement in
HNO3 me,d_ium.

The method of fluorescence signal processing was renewed by adopting_
a least square analysis technique to the calculation of fluorescence
intensity at time=0. The new method is applicable to the deconvolution of
fluorescence signals which are emitted with many noise signals.

An analytical technique using thermal lens effect induced by laser
absomption of the sample was developed. A preliminary experiments using
Thymol blue solution and uranium standard solution were performed. The
method was confirmed to be useful as a complementary one to the

fluorescence measurement technique.
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Fig. 2-2. Structure of optrode
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Fig. 2-3. Chopper system used for fluorescence reflection.
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Fig. 2-4.-Oscillogram obtained using a home-made chopper blade.

( top : with uranium, bottom : without uranium )
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= =5 SAd BHaE AL Bibst g 5x 929
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F 77 HEA delay time ¥ gate time
ZH3te 53 949 FPNs FAPoEN EFPYY FEE BH ¥ &
Ak 22 5 da9 ¥ %P ZAHs}na H= g 4

B>
)

FEHAAY, ER ¥94E9 lifetime ©] ¥]%8 o delay time & gate time
Hens EE7t Bibsd o o& Wyo]l RAMEojo @, dwtHoz
Ba5q oArta) FFEA X0k AL AL, & 529 F=E Y
Astd BB HFIH A & PP ¥ FHHoR & F
Aolok g}

2 FolMe oAzt gPEAE] I BAdLe FE& UL 9, B
4 FEE F4ste Hyd st ooz Fwsln, 53 ¥
B}Go] vz lifetime ©] & Y49 ZAF FEEYL 9std  simplex

FHE AR, AR dd 949 lifetime 3 271X E FrEstA)
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A 2" oed w7 L 4

4ol B FPE A= HEAA 8AE lifetime quencher o
sE9 SESo Utk o|Ee mASE PHdAE 27X FEYe ol
AgET B dAAE 27108 fEste dedx $We asfse o
Exg Yoinm 2REY P =suAd ¥ 274 FEYE
PFAE T AW ol 4= wid, ¥ T3 @%‘ﬂi’l’ lez;st square
fitting o2 F2Hol, ¥ 77 Ay 5 AL olgse wiHe

@ wnMdA 448 dEsigeng drNE Aase oo,

1. Fitting Wy &% 271X 54

dedez A% W Bd ALYFHOR PasE FPe) /NS

=

FESE AL FAAe ¥HE <R vbesd. 2y ¥BA=ES P
tube & ol&3td 100 - 1000 ¥ FF3te HAHAM 39 noise &
37 sE et ‘°l€i olfmEd @&d FAHY data ™S o]&3}E
e Ao AMAA ( reproducibility )& FABHZIZF ojT). ol
GHe 2ady] HF PYHeze AN FPge FAHd aF:y
noise & AA}AY, 4 FHE AL 1FH JEQ noise VEE
%5t A1 7} AL}, data point & 8] RO R &9 least square fitting &

FYe 5 4 Ao B AFANE s 473 $3e ol &3,
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7k, LOG @& ol &% A& Fitting

AiH o g fiting ojhge oW delg e dehie £4% Ax)
doletste] ool AFE HAR e (3-2 A% 2E& 2PN G-1

A9l a, & ged U

N
y(x)= k;[ajxxx)] (3-1)

Np : polynominal ¢ A<

yt —Z[ g[D, (x)1%] (3-2)

Na: dojerel % 2%
0,1 D, 32} variance
Di: 338 HolEgt
yilx) : AR deler g

yo 7b 248 dolEe) gte dusy] sk, & ezt Hark 9]
Ssted ThgAol AYshelof @t

aaz aa, g[ 2 [D,-y(x)1*1=0 (3-3)
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o] 42 HEE polynominal & A4 ai o daA )8’@%}@“’]: slo 2
AatnA e A% Asg e o BB (3-3) o FAHELE
E APWAANE D A4A ZF T F7F Aok woF P99 x point o
g dolete] FRsE drHw QAGA 0; & FAHx: (3-3) He
gest gl £ 4 Ao

2 - Na N,
ZZk =0:22,:$[an1(7€/)‘D(xj)]Xk(x,') (3-4)

Na

A= Z;Xj(xi)Xk(Xi) (3-5)
Na

Bi= Z&D(Xi)/Yk(Xf) (3-6)

HAE 23,

Mz

ajAjux~Br=0 (3-7)

J

s} o] Hm o] o)A wlEAX Ay o By & F59 g T 7% %
Atk 3, o e AsRFHoE FasE RPATo log
Agoam wAY A4 lifetime & VFASE wEo2H sy =

YgNEe) DA [=le ” A log & H3HH log(l) = logly) - t/1 9
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Fig. 3-1. Fluorescence signal of uranyl ion.
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Fig. 3-2. Fluorescence signal of uranyl ion with log scale.
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Zo) HolA dunAse AF I, 91 & APHQA fitting o 5 7@
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2d 3-1 & ¥JNEE ¥ 3-2

el

log & HE ¥ FJA3zE

¥

vetd Aol ojglg 4359 Fitting & oA H¥HE gyo=
polynominal 9 2+ A& Azt W g3t 44 ojPEr}. o] WY&
=87F s AYEErE wE FHel doy, HFAII 2 AA

~t/1 -t/12

o]&e] BAd 9sd JAAHE= BF dBFe) Ale T +Age
B2 FAHE AF 2 AFE TE & = DA UM dA=

)Y

PPN HETEE 039§ 9% YL FHHoe=
deconvolution 3t 2+ &9 FEE FAlo M= o= log B
#Aste] BAY ALE FIe AL Lol Fodg. 23 a9 3-2
Ax RBZol FFNEL log #el wFeA 1 A FFEZ JEUXA]
gonz I E§ /ME T T ALY} ol v $3) 9@
gt AP Fdad A% FF ZHE oM HRSA

. H]A & Fitting o 2%k =Y

Time resolved fluorometric data & #o]A A7} AgZd ZAE £
4 vlolagz Fd dojus HFEELE HASFouzA AlZHL:. olm
3

9] intensity =

[D}w 2 X732 53 &3}

w:&3d el F5
t: 249 N FF

- 35 -



gtel ojm gAo] ¥gol o & A FHA FFE U ¢gn ®
Hge) ol FAEVIF AFAHeR WY, 3 i B AR A

A29E 833 D, & 93 o) & 4 g}

D= g;A ikCri (3-8)

Atk 239, B oA Qe ¢

—

Ci - k €39, Azt j e S€4H 5=
%, oW AFlAe) PHe RE YFEI FHFE 0¥ Aol ¥k
K4l deconvolution ©1& Ax & F3e Rol®, Cy & t&d 2o
&%

AT

(Bt

Ck):.lje Tk

At 0 A/D converter o] 913l HEBHE dlolEl point & AL 73

T+ k £49 life time

Z, diolAc g% FFg ANFAHY EHE vehgie Ao I Rge
tgeR gems,

..... (9)
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Fig. 3-3. Variation of 12 vs. polynominal coefficients.
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2t B49 life time ¥ 7] ¥3&L nonlinear fitting o <3
AQste =g Wl ik agyoleig v fitting PHLS AnvtHo=
x> & Haz ste A4 2¥ 3-3 A colE Rel EAsA ¥ F,
AFL& A 22 P39 B AL B o2 FHFG. oY A= HG
F gov ZFYHoz o AHE & ¥l UG F, H2HYyE FHe
WAY  fiting PP YeHez Had o ANE BFE Re
2xogstn 37l W&ol iteration ©|Y 2 ¥ wo]l  o3to

A2AES FaAL,

1) e 29 HAHS A2 W TeAY,
2) T2 NFANN Suste 2L APz FEIYA A47 $YsEA
JRE p3 AAHE AYHOE Besx od oy (3-1]

olg g WY AFE S diry

e
c
1-4

g 24 2 7kAE2 FEdd

el

rr

AHAE BHL polynominal & °]F& ATE FIHAA tool & °]§34

T3t AQd. Grid search ¥, Gradient search ¥4, 12 &2 2}t 2

A
giaste ¥y 522 UE 4 Utk

!
-

Grid search ¥ < polynominal & °|F+= Z A7t & A9

A zto] BBEA 2L o FAsE Aol ol A=V s}

29 3-4 A minimum o] # point AT EAY A Sl

Gradient searching W& 4 (3-10) & 4 (3-11) o 9&d 12 o
e A WA ASdel 04 & AHs o)E ulg o R searching
s wyo)r, '
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Fig. 3-4. Tortuous path of grid search in two dimensions.

- 39 -



yx?= 2[ L da;] (3-10)
A eaq;

2 xz o _xz .
(V12);= ?,2 SR ﬁg;’, (a,) (3-11)
J J

o4;=[%a;, day,....... , 0an] (3-12)

ol W& Grid searching Bt} A4 47 Hoez (¥ ¢ Haz e
ArgtE B2 I ¢ A AHol e TH, G-10) YoM HXo)

Asgrel 1% & Haz e g A Qg u, B2 gol FE3) oA
2AF Fdss vACl A% & o PYUE H2Y TARE Fd F=2
AEHRL ALg BANA AF7E ZoAE PEHE ol 8% PUE Yol
ST Aol % wde, dole) AR AME A5
qx HxAE ANE AR ° g BAE Mdez FARw
o] o83t Ax 1% B Haz veEE P 2L Wy =
5 # P o BAE e (3-13) A9 BAZ sz WE

AFLZFLAN  dg; WF 1T AW AAY HAHoz sMHsE

2o 2 La 3G
x ~xo+Zl( o o) (3-13)
J= J
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Lo S 1 2
g 1= 27 [Di-yo(x)]]

Iy

N 2., 2
) 3 %o
9 X2= x3+ 1=1,n
éa, 9a,; J=1 Ba,aaj
e geow gEgET
n
Bk = Z;(Sajajk) k = 1, n (3-14)
J:
N & axs
k= 2 dax
I UO 74
ik 2 aa_/aak

(3-14) o] HAZE AgLANe HYe (3-4) o] HAF:=
AP oz FAG gdod (3-14) A9 A ¢ F six
searching W B Ze a9 Aoz 12 & A2 = Az 78

& Atk aFY (3-13) AT o] JAPeR Y ALE AR e
HAgA7E A o7t v A4 &4 y(x) &4 (3-13) A 7@

yo{x) 2] ol iteration o} 3t FHE £ Yo, A NE 2
I4E A} [3-2]
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Y diolg fitting o FHUA YRS wUHLE HaHE Fople
gyjolck. o] #HYE 9 mEoly gy E3}F ALY 3o
2gastn =dAd gndFd o3y HEd 2 AZE 4A F#5E 5
Je AHel At nYFY ZE ojFE W& ol

1) Fstaz she 7%]-1—7} n 7} °ol¥ n A A M TEolAE
FHAHA TXE *87 F Jom, ol n 2 FHY Z AHL n A
AFatE Jetda o) AFEd dsiM g sz Faf,

2 n A9 BpAN g n+1 NHL AAsn 2 AHAgA 12
2 A4S 2 APe wgHez PPy, Puny,E EASA,

3) v} P; AN AN x° 9 go) 4% agw P, & AYsa
Mzg P & Azad o,

<P>= “;l{(P1+Pz+...P,--1+P,+1+--~+Pn+l)

*

P} = <P> + (<P> - P)

8 P; X A4 1% @™ 9e AA™GH ALE gL vy
MZ & point & Deming & Morgan 9 9atd AMA® AwAQ rule o

sste REt[3-3)

5) 2 #AAL HZo| EM - AFE & 22 e EdY,
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Deming ¢+ Morgan 9 #yjdl w29 AFITOA A= ZRES
2E gye 2 A9 A5 ted B

Iy 3-5 9 ALMH = AF 379 ARHES YUY L AL
X’ 7} b3 e ge UdEhin, M H = 247 3 e vt $i9
3) TFH ¢ H AL AHE (LMY FA™A digjr] A o] FA7|=A
[ ¢ 78 4 ok 2wk x3(1) 9 @ol x%(L) 2t} Zow E o] H
Ae gasA Az Azt AMLE & mEd. x2(1) ol xX(H)

uth 8 29%E J BdAe X)) @B 1(H) 9 275 ¥z
AJLM E& ABCL € 2 # simplex & Agd, 2gdAM A, B, DI ]

v Zzt A8 (HL), d¥ (L), 42 (HC), 4¥ (CE), A% () 9
olSEAHE el

a9 3-6 & 29 3-5 A FAF 2 AFAM 1? pe FRe W, 2
7)o & =gz Hdyds QA2 simplex € 2t Jepdie. 2dn

2 Zhzte] Aol disty A4S ¥ simplex o 271E YEUUG
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Fig. 3-5. Simplex method. The positions of the different test points with

respect to the original simplex.
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Fig. 3-6. Logic scheme to replace the former simplex.
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2 974 A48® 99 FAL 129 37 # B N o)A
gatel WARE YBE 4N FUNE FBsd odzsazze
RAMS| A3 AHHE ol dol SEF THHO Aok A8
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gpaze 2748 SEaAD. AYd AER Holdr % LT A
AEoR HlUNE AT 250 ) o3, BANELE Ha 20 Hz o),
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Fig. 3-7. Schematic diagram of the experimental apparatus.
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A4d AdF2E2T R A

ez 2z AYE YF) ¥ 8 bit gray #AWE A/D a5 o)
RAM of A" 294, = AZ€ dolehe] sampling rate £ 100
MHz ©l3, dlolgtd ZA5E 32000 1 A=W  olalg uojEidE
Yol A7l WY Azt oMol A% noise UE F& A
stz AP 29 3-8 & T=aYde Ea9 gol=d ¥PUs9
A¥HQ Boe uedo. 2dd el Asgedez past
YFNE 2714E FEsEd WA HolAst ZAHE 27 AL
Qolo} BT} EF Fitting 9 AHRY dolEe A%E HAH zAstolo}
REE AL Ae WA 4 A B Zzade fuing o AR
dolerel MAD volg TAE 45 2WHEE FAHAY 19 39 &
g Z2ade ofdd T@ B9 2747 A dolg FiM
YR 4% RL ndFT) |

a9 3-10 & Ae ¥ wed A% 1 2 A & Tl 9
simplex 4H& A8¥ A% simplex 4Z¥ol o¥A  wWaAA
2A3EAE 2o 20 IFN A AL FHE AZeE z7gln
B J& %o 98¢ Z9E uvehdth  x71%% sampling  HlojEbo]
BAflo)l Z ASE A% FAY & AU

a9 3-11 & 29 3-9 9 Hlolet gh& fitting o) A8 A% fitting
2 238 U9 Aotk 29 30 9 WAy fitng o) F DULE @
4 ek, |

29 3-12 = fitting o AHEEE HolBE 19 3-9 A Mg A}

Zo] A% Tt "] AL WHAIHA P lifetime ¥ 71X
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%e HAE sampling 3t fitting & FAZHE 4 @Y B
Mag & Aeltt aYAA y Fo sFste e 10 usec T
sampling 9. 989 A& AFgAM AA curve & 0§ dL
Aszre @ ok, aPolM & 4 UKol lifetime o A5l AFste
@3} 2712 2% delay time ° W¥ m wsde AL ¥ & Aok "
o)A % ol 1Y 3-2 A B & AR YFo] £48A ©Y lifetime
& 7Hln wgstA %] WEelt 2 WAL go= AL ARl @
FHAolAw AAZ lifetime ©) ME THE d FF &Aool ¥ w0}
Qe A ¥F LAZHL 9P A5y FARAVe N erE
delg ot wWaM, oF EHd: ge . gIEd dede
PBANZ) B4 HAS Aty Q0BT AL AFHolok & Relg}

A dloletg AR fitting o AHE3E Re YR oPe we AR
Hulgtng, B AFdMe o ATe FEII Astd PPl
Yolyr ZE oA dolHE Adw FAHY AL Fn oA
sampling StEEM XzHozE Az F9& HAAN dolEre A4E
24 a9 3-13 € dolely A wat FFe) &rige] @A
#EHeE BdEt agddA & F UARel 27X FERLS FHAY
golgrt-g o] gdlelE 7 & I FET 5 ALL BAF: Yo,

Agdor, B FM ANF lifetime T E7)X HEHE 7z
JEP3 Hmg o AR 287 e gHol Aok, ¥BL BI:
ogelrtx gdol EAE e LA EHY F$ &8 A 2 Re=
71§ T},
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Fig. 3-8. Fluorescence of uranyl ion.
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Fig. 3-9. Fitting data for simplex method.
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Fig. 3-10. Performance of the simplex method.
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Fig. 3-11. Calculated fluorescence intensity by simplex method.
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Fig. 3-12. Delay time vs. calculated parameters.
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FTEREE AT Joxe HY AB3Y FTLAEE A A%
WRlo] de] #&Ha Ao, o] Afol HEHT Beer-Lambert A
A3ty FrAZE EZY Fd AsPsHo=R F™so d7l HEd
AFENA g2 228 WEsA vide|n, $A4¥ 4 A+ dynamic range
dqz Aol F7) BEN o E&H FEFF 53 Pl 2FH

Az Nz FPL NS BETE VAR FP3)e Jozy,
1979 2 Dovichil4-1] 7} 739 Fx& FAF old=2 EA9 & Wye=
A olg®x A FW= AFHE FFd ¢ FEe SFHEG
AE8AT 2 930 Ao, F3E WA &g 9IY FTFY AR
HEH F e Aol Y. A= 5= 3R 4z 2L AL
A7l wWEd, €d= A} FAHEL  FRA 9 MUY FA
Fygozq Ag WFAM dojus BT WEE HEF AR
AR Ate] &g ol#fted =&l €rh

€ 474294 AEF HojA J3 24FAE, F8Y A $HEe
Nz #le]AE FHPstn, ol WAse FFE AFHLR HEed

w9 FEE PSS FAL o FANA AETH: YBY Fe
$E G EEsE A olesel 9 FAEH WE A
Bse 9ol At 2AE2 FP2R) A% BAMEe §99) o

aAA qEga & F ATt
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QA2 AN SeE BE 24e Aze) Aol B g dye
Apgstelol st u, F@ BAMNE FF BAWHo F83A As =
= ey PN Heg el wARTHE A YEUE Aed:
552
¥ % 9t F9el ¥A= ERE SAsE ez ARHY B A¥s
93 =,

2 gole 24Uz 248 9% AYPAN L MAA  bromothymol blue
S SEe Am=ad: A U 2 Wy 2 4Y ERS
Neaen, o8 Fatal & ue #8 e AESAL

S

off

Asts Aol A& Ho|n, oFALE BIY P FRAgE A&

A2 olgd w7

1. 2ol Fo] o8 ujae FAL W

dol A7t 2480l e WAe EHeA 9W 1 AARNA dolA
B W), B3 FE FFEG. EFE BuUNE AL dFm gt
Gt g4 FAYAE o742 WskAgl R, 7Y WAt EAEE
igolut AyutEy 2+ radiative transition ©IY} internal conversion
Z+&  radiationless transitioné %2 quenching, vibrational relaxation %9
Azl 2@ BAL AZA €k olFolM FFol I Arixe] W§S
AE trEe) Uiz ABFFNE A LT WSS oprl@y

JeHor WY e ox WEE 245 YHe THL) waE

aAgozd sbsalg. 2dge ¥MRE ZFse PUIAN AR
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el
o

B A WwE  AAHAE ol Weld. zEyY AP AN o3
ZdE& W3 AHAEEAE 1710 B3 o]golt.
)2 o} FolAF F4E Beer's law o WEET, 1 o84 g3 FA |

o wide FHsE U P = oheH 2ok
P.=P e_aj (4—1)

P=ujdz <AlEE dolA9 &9
a = FTAT

R L EER

gkl #Hol M 8ol 10 mW °olx, 9 A7 0.1 cm, WAS FHI} 1
cm , FFAF7 1070 em? ol w2 RGN AEHE dUAE Qu=
Pal/d2 = 239 X 10° cal sec”' o|th W& W2 AL AGE
A7 =088 glem® ©1, Co= 041 cal g K ojm2 @Az
LEHEE T'= QU2 x 3 x w x1x p xCp) =21 x 10K sec”
o] ¥t} oA o718 & WHE AR 9g3d FHUZ A E
godA i Hed, 2 9 99 A W3 Qo & TS Zo] &

+ 9ot
Qo = k(Zrwl) AT/b (4-2)

AT = F9ste) LE3jo]

k = thermal conductivity

=y
it

sample thickness
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WARAH EFHE AUNG daxd Al g ARt ZYe o &
o] 3] AT & Q'm = Qan o 39 T (4-3) e A=t

AT /b = Qw2 rwlk | (4-3)

KA ogte 2x9 FriFo] BAPEY. WY HolAYo] Gaussian
(exp(-2r/w?) °ol2td R B9 X FUE Gaussian Y HEelN Arl=z
b=w °]x, ojme] LxWsE K4 (4-3) o &M 11x10° K A%}
90 &7t AYE ( steady state ) A Egsled Ade AL

At=AT/T’ o 3l ZASY WA ZL 2 Fro|q,

_ ((pal/4.2)w)/2 mkwl
pal/J x w2 o Cp

1, L,
At =-;prp/k=2—w//c = 2.35 sec (4-4)

" te= critical time:: .

* "k = thermal diffusivity

Ho1Rel 8 LR o4 AssARel 107 K o5z Arltu),
et LEWsE A7 BAHE dt dusA olggel AT FRHe
@A exvss =AY W8T Jeut,  dae sy
AT W £% Wgd gg 2ALY ¥HET 4 (45 9 2o

ol

™ 3

e o
%

i)
il

Rste] s ABrie Eded W dx Wstd odd 2HE
stz +ddEn. A9 BAs nAg g8 EEWs MY go| 4%E

ojAE AAs dGAe 2E Wl mE IxY et dxe H¢

o

Lo

=

e

UE WsE 257 237h9 22U didT & mholua e 7R

a8y mAY A ol Fol AMEY FHAWEe  FHH Fe A
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=A% & Qe

dn/dT = (8n/8T)(at p=constant ) + {(anfap)ap/eT) (4-5)

FH&e HWHE ZFAHsls  7I€EE thermocouple  calorimetry,

potoacoustic calorimetry, interferometry, thermal lensing calorimetry,

ofi

7] WEAAMY beam A7) WE F4, beat frequency ¥3+ 234, gain
Hal 25L& F Ak 4 $HE USdEY FdHo] ded A s

thermal lensing calorimetry ol tidfedqt AH3tr|i2 gl

2. €= 24 g

7h 2= Wglel] oF dilz=f 2HAY ¥

TEMw, mode ¢ #olAWS &3 wide 24& WdE Gaussian
FEXE A €ch #d8o] Gaussian #XE e WAL FHAdE
#olA e Fit §Qo] oBA WateA Awral

z o A 2H&E AYX r $FLR  Gaussian FEE A
Add HAFAE Aztetz, 2HEE r B 9 Maclaurin AHZZ

ANE 39,

n(r) = n(0) + r(dn/ar)o + 1/2r°(a%n/ar’)eo + (4-6)

KA ML Gaussian FEXolA 0 olth. Born & Wolfl4-2)5&
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deole}] 2d& BE n@), oA beam o #AAL Ay ol 934,
¥ 4-1 dA4 AFE JehlE ZABOY F&L g9 A& wEr)

1/R = Ygrad In(n) (4-7)
Y : 3H(BC) FAA FH5 AZyerel gojuet

2 (4-6) & A 4-7) ¢ g d BHEZE YEe FE&ER)ES

1/R = (1/n)en/ar) ={r/n)(a’n/ar")o (4-8)
22 BN AR cell & FAI}AA RS A2} Snell’'s WA 23ty
ZAYEE cell & SH5= We) A2= CE oA CD 2 whath ¢; 3 ¢
o) #ALE Snell’'s HA ) 9 3o,

sin($)/sin(¢) = n = &/ (4-9)
9 #BAJ AHEY, olu EFHAYE CD FAo) dsld FAAH==Z
agoA £ &

f' = r/tan(¢s) (4-10)

o2 ZAPEY. wg A= A4 g £3H Azt FES AW,
sin(@1) = ¢ysin(d2) = ¢ 7} AE3, AOGC o 23t

sin(¢y) = /R (4-11)
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7t ARt 2 (4-10), (4-9), (4-8) & o] &3 FA=9 FHALUE U

4-12) oz S92

F = -f =~ [ 1(a*n/or%)s0) ! (4-12)

&9 r o o HoEAE (0T/or)= = 0 & ©]838d F3d 37

F = -f' = - [ (dT/dn)(8°T/8r") ol (4-13)
2902 (3*T/orY)0 & AT /W' = ap/27kw?] (J=4.2cal/joule) = 1.1 x
107" K cm™ 22 FAS & gloemz WA A4S £¥A8E o 10° cm
2 AArdco

2 (4-13) 7tA 9 A A 7 212 g3 2ok AR, €¥=2F thin
lens & 7HA%Y. 4, £3AEE cell 8 HelBg FTES| A AA,
dize FAe g Aoz gk & 14n /A = 1ATWAn/AdTV/ A =
palldn/dT)2xJ Ak #ol 1/4 o] Hojof @k dA, dFe Us ZAL2=2
gtk ey diRd o3 dd= EFHY AEE, H2Y HolAd 9%
U= AR SHA 27 GE= FHALY W E ANHor SHFOEN,
sample ¢ &€& ¥ HFEAY &Ao] slesirt. H2F golXo o3

gA= zdel Y& Ao FAHLE a2 Ak
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Fig. 4-1. Optical path variation induced by thermal lens effect
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L CW HolA =z o7ld ddlze A W3

FRHer FHF wFd HoAE FAMNANY, WA xE
HolAarE EFFHE FduAst QAEA ddid ge FdvAsL
Zopz Al Heol dAY X g FASA "o FPHE #HelA AduXA
Y7t J4dd HARA] z $EFe distd diFolH, AlzE ¢, HA r oA

MR AG¥FE Carslaw[4-3]9 93tR &3} 3Fo] FAET

Q' -(* + 'Y '
expl{ L(—) (4-14)
dr kvt 4rt 2kt

Glrr't) =

- r' Uz F5E 94
Q' : 4l Y8 2% 2593 = K cm’
ko QA AL

d(Q)L line source o ToZ AAY & JY2EZ, Q= I Ques & &
4 Aok 4714 Q & heat source 7} line source ¥ % ¢ (4-14) 49 Q'
3 ol AZdF s FAUAY HBEe EFeld. agrz
o9 Alztel @9 Zejg RAGE 2= ®ste slogsts EAFE dEH
Zo] FHET

27r'@/ pCy -(r% + ')
@(rr't = —————  exp {
47 Dt’ aDt’

IT'
} o — (4-15)
2Dt

® = dG/dt, @ = dQ/dt

- 63 -



222 499 r, t gAY &EE

T() = [, dt'fdr ®rr' D (4-16)

SR & F+ Y,

2pa

Tw’]

Beer's ¥ 3] ¢}sl@

‘21_'2

— exp(—) dr’ (4-17)

Wi

0% & 4 9282, o A& (4-16) Hol HYste] ALY LEwHE

¢ % Qm, @-13) Ao gYRA QA= FAAIE 78 5 Yo

T ]k wi

F(t) = (1+ t/2t) (4-18)
apl(dn/dT)

te = w/A K

w  AlRAA Y e A7)

A7) Ad QAR FHAEE cell A9 HolAW e 277} dHIHHIL

7H4e Folnz

cell 8 Zol7t AXY A9 Aol dA B2 £HAAY

AXA3A] et gEed A (4-6)°o] AEeE XL Gaussian #HeolA

He T
248 dsc
T LA EG

AR50 Ak, AAl Gaussian Qo) FHEAE] EIoA )
FTYAMED Hom=z HAe dHdzx FHAAE
AAd olgld AAgY zolE FEEI YAE

HARgo] Hggel FTIETE NUA spojol Ft
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E3) FFFE0l F vidoAYU HolAY &Hol & BS d=2E FAE
AUes A2 AR 4 9. oy FAE 2 (4-6) & SAtalA

B %o QA=FHst Z+E AA deldd. dAE FaE A

=

e

]

T4 BlolAE far field A W29 M2 tg FEE Ad Yol H=2
e} ring 2¥9 A FHE wEA €0 olgd 2FE AA] Ao
#olA e power E @Fojof st=d, GU2 AT #HojA Yito] AU
beam & #ART Aod Hr &, IR o BAse G4HZ
Omx & paldn/dT)/16 kwz < A/zw & ©F ool @rh(4-4] ojzf &
e A=) FYE FHF L} A= FREEL THY 29 AFAY) 1/4
A ool glojoF & LEth wiAe AS g 05 mW ojule] 3lojof
g}, Pumping #HolA 9 Hoigte Add #HolAY Ao dFd dF9
dAe] ot x  Algdrt. ol2lg AM@PAE  Smith[4-5]1F9) 9Jetd

l

AANHRe™  ap < R2pk¥Yg a ¢ w2 YEATH 94714 g & expansion
A%E, ¢ & viscosity AFE UErdch, #F F4o] 9% #lel A power
o MFAE FALA AF Holx AFARY WY apz Yutyosz

Gapol 9 A@H e 8Pk

CW dojAe) g 399t o] HAY oA g% vjAe) LEFFTE
A4kl Zhssith A (4-14) oM Q' 2 "H2d{x H = [lpM)] dt 2
Eog o dolgd dAste 4% &34 2o

2Ha ~2r°
Q dr = expl - ) dr . (4-19)
aw]J w1
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ez 2xwge
4Tt = QUG ) dr* (4-20)

o 2ol & % Ak olqe 4 (4-16) # el Aol AT HEE L}
RA Wk &, A @420 & 27) Yool el FFE JUA GAE
gsd UG 9E A3 L9 ANZHY W8E JehE Aoy, A
(4-20) & AEa

| aHD 2 P2
A4T(rt) = 2 exp{~( z) } (4-21)
kJ(1+2t/t.) nwi wi® (1 + 2t/t)

gt Zo) HEHD, oY 2xwWsd ¥ THELWs 4 W= 2F
AUE 4 (4-13) & ol&3sto Fod oS3 2o

aHD ( 2 )
KJ1+2t/t)  awi

n(r,t) = n, + dn/dT

2aHD 2 r
- dn/dT — (—) (4~22)
kJ( 1+ 2t/te) W1 Wit

;tJ1<'w2( 1+ 2t/t)? »
F(t) = = fo (1 + 2t/t) (4-23)
2 a(H/t:){(dn/dT)

zr,]sz
2 a(H/t)1(dn/dT)
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B2y dolAe % FA= wHE ted AL ndsfeo} v,
AMZ AR W29 o)A E beam mode FH) TEMw 548 AU

gatx U B3 FE7)8 olgslel 2TY dolAFAN FErE Foz
AR Ao st AL deld Waouxe Btgoz Ay
gAzEIe] Waelth ol AS WEY/E Agdd MY 2z
Bag oux WSS 24T A¢ 2AE Y & Atk AAZ W2y
gl A9 BFEAC & A9 R FFERA g3kl MAFHA Aol
ol t@A F4 g gAxute] HE& Twarowskild-6] ol
sjated AN $HUE o) & ¥ L2 M multi-photon FLE FAY ¢ T,

4A=E 2487 sl 2P HIAE AEY AT A%we
gl EF3 1 Gas Chromatography (GC), Liquid Chromatography
(LO) § %% cell AMY GA=AAE 2Psted =i sdsn o
QA=) 2AANE cell O FFSE FAUR wElsstEd, GC LC 5
FEEAE £ §5E 28] WEo] B2 doIAE Agtolol @t

A 3A dIAZ2EHE o] 83 FEEA

1. Actinide 2 Rare Earth A€ 214

AW 7 E AZF4 29 natural water ENA actinides AF Y7t
oA ExHO JE7HE ole AL P47t FA ol %s HEVHE ol

23 447 I

Moulin{4-7]%

fo
(A
Z
N
top
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il
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ofp
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T 29ERE FIAdt. EFEFe 0238 AHd W& da=zise
AERAE FaAed, 2 oleAdd W FIeAE E 4-1 B 2o
MadolA e }gRiste).oetd EFEF oj29 FF2EEY FYHW
A QA2 AAHE e HPoA Limit Of Detection (LOD) #e 4 -
8x10° M A=7F €€ Bdxn k. ol @ Wy 93 FFAEER

o

A 2 EHLE 71¥9 spectrometry B W& A d @S LOD #e
e}

£

Table 4-1: Detection limit of Plutonium at various oxidation states.[4-7J,

Element ﬁ}%‘(l}_m) Dye ¢ LOD(M)® LOD(M')bH_

Pu(1II) 610 Rh6G 38 2x107  4x10°®
Pu(IV) 654 DCM 36 2x107  4x10®
Pu(V) 569 Rh6G 19  4x107  8x107
Pu(V1) 830 S9 550  4x107  8x10®

* LOD(M)? : spectrum scanning method
* LOD(M)® constant wavelength method

Tran(4-815¢ QAZEHNE o839 lanthanide AL FES
733 282 18-crown6 & o] §3d B3 FYsm E Er¥
Proolee gulaEstgon 1 A% JURNEE 24 W $4NY &
131+,
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2. 98} &4 499 &

dA=ZAHLE o3 BAY FXEME Dovichil4-1139 93t Hx=
FPHUL}. 25L Cu 9 ¥EE 4 mW  He-Ne olRAE o] §3d
%@ﬁﬁit—ﬁl, GA=EHRE Fol7] A%t oM EF B vE 31 =
At F5¢9 HAEAE X100 A o Cu 9 FEE Moril4-9)
5o o3t AAFHJAEY, Mori 5 BrYolAE o] R3HUY. 2 FAi}
T AEAE 30 W BE FHAZ F ANEH, ol &v F&4)
g8 AP LVE HE ¥ £ ANL, HolH B FEY FHMo
D& ¢ iAoy, w H2Y HolAY enhancement factor 7F =7
g Eojtt, autel MBEF) FESAAE ¢§9R e nitrite o) B
02 nM 74 single beam %ol 93t ZAHUR, Phosphorous %
Arsenic SNE H83td 2zt 04 nM, 1.3 nM 9] HEFAE I9Y. =%
dAzgde Bujo FEAHA EHHFQ ddT, ALGATFL AdTd=E
8o} 7h5 3t

dA=FHe) $8Fo= TP LC £ FIA(Flow Injection Analysis)
Foe $§E #2s) AFHR Yk LC L FIA )M NzE AR
A717h A FE5EEAr wWEe B A& UEdz JY. LC 99
%9 A4 Harris4-10] S 9J3te] olF o] HEH, single beam BE&
o] &stx Uk FFASFTE 15 x 10° A 9 o-nitroaniline & A& A=
of F& 02 ng ol aMF3tE Folth. ¥l dual beam Wl 9%
HPLC ( High Performance Liquid Chromatography )[4-111, 71M[4-12]
e &8& & F Advd, o #HHL FE dual beam o] T YPE&
2tk ¥ 4-2 & 4874 ABGA Y FEIAS Yebd 2ol
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Table 4-2. Applications of thermal lens effects

A8 B o} A T 08 o % AETA #H 2
N pumped dye Cu(ID) . 24x10°M  [4-9] .
pophyrin 10° M
Ar’ laser,l0mW  o-nitroaniline . 2-4x10°A (4-13]

N,N-dimethyl-3-nitroaniline

Ar’ laser - o-nitroaniline 3 x 10°A [4-14)
P - 4 5-dimethyl-2-nitroaniline '
N,~-N-dimethyl-3~nitroaniline

WEA laser .. Fe(ID-chelated with 8.1x10° [4-15) -
(780) 2-nitoso-5-diethylamonopherno
Kr'laser Al” in BPR-TDTA or
CAS-CPC 7.3x107A [4-16]
He-Ne laser aniline, cyclohexane [4-17]
Ar' laser Nikel(ID) 1x107° [4-18]
Pr . 47x10°M
Ar’ laser 1,2-Diaminoanthraquinone{DAA), Multi A [4-19]
1-amino-8-chloroanthraquinone(ACA) & o]&
1,10phenanthroline-iron(I1(PFeP) A3

Iron(ID)-bipyridyl(FeBP)
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A

m

1. Bromothymol Blue & ©]&3%3 gd=

E A9 49e A 2 N2 ure AYsgn. AH dge
G A ok bromothymol blue & ©]&3e] dA=9 Ao} B3 YL
Rolx, B4 AL AF9 F$ §ul§ vy JUA dIRYUEE
25 Aolth §4 AAe e distd sledtna o dAZEHE
Z73%t7) $38l single beam o % WL HaPon, AFFAN= 1Y
4-2 ¢ 2t} Single beam o 9% <ERA=2EH F3 HIgw¥He
A=Az E ANTHozr HEHM 271FE FEH e DA H
#olAE AAI} F7]2 Alad 7FF3L lock-in amp. & F3tH o] F7]4
AGste AEE FEE Lol A & dPdAE pinl;ole & F3ho

Jots AFZE At = 0 A 1, & ZFAH3 D, steady state oA}

(i
A

AA=NE T § SAH2EZM 41 (=L -1 )E Tt E42 %y
TEE dUzqAV AVlE AAE $EE JoAE AT

Y 4-3 & GA2EFY AN dede I AYAL 2EFL
vepdoh, 29 4-3 9 a) & A& HA7F #olA beam 9 waist o}
¥F A4 F+E Jehz, 2 b) £ AFH JE AFE dedd
Y3 beam 9 waist 4F Ax A AT Fad wel Aze 3771
AR RFo EAsE AT wdolth o e Aol zE wi
o)A beamol 259 A Eo) negative lens 7} FASH7 wFojck a9
4-3 AN F2 & JYxo] A= e AR YA gEFIE AL

% & sUeh
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NSNS NNNNY

Fig. 4-2. Apparatus for thermal lens experiment using single laser beam.
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a) Beam Waist &

b) Beam Waist

<l>s 10
.1 s 50mv |

Chonnel 1
.1 s 50mv

Memor\.y_h(h:
.1 s 50mv

Channel 1
1 s B0mv

Fig. 4-3. Thermal lens signals obtained using a digital oscilloscope.

- 73 -



Y 44 9 @) ¥ sE mE A= 455 JEd el st

FAAE APHES F wold vE} AXE WIS Ushyz

rlo

E
2. Y 44 9 b) ANEe x4 }E FHE ( shutter 7} open €
AFY AZ (L0 )E 28 Aoz APYAHE HH3] At de A=
Bl z#i=el AME 1 & polynomial fitting ol 93t F& A&
ebd RezZ HA data 29 residuals & AF9 o] 33 oli, data
oM data & 98 % 7F x0 oluld EAdE A2 Yeyth 29 a)
NA AFAE Yeh A & $EFGAA YeEhde did=i359 2ok
a8 4-5 9 #. agdA BRel A&7} swing 3R USE ¢ F
Aed, AL A=z FAREE AU EH MHAAE Ave Hol
dA=9] Fat] 943t pin hole 8 T4 BF Fistd & 0)29)7)
dEojct ol HE BYL #HojHe FHo] 2 FxIt ¥ FHdME
ehd o,

aY 46 9 a) & #HolA &Y W& FAZNIE e Aot
HolA &¥ & variable beam splitter € o]&3lo HWIA|ZoN oF
Newport model 818SL photodiode & calibration 3t th 2PolA &2
g IRNTE e E 28I a) & A HYAPE Bo)x g wrd
F3&3 b) A EE vl A AMAHE Holxn it olHd Ane
FAME AFT wiso] FF Fy;=e Fa JFgo 7dde Aoz
gdEg,  #HolA £¥o] AEA L BRI A w7t FHoslA
2 A4 dd= J359 vpirtA 2 EA2AE 7 ocsillation 3t Aoz
AU oldE A A= FaGgd 7 4T HAd 2

golo] Qitky Weam gith
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b =l Bz R3x

Fig. 4-4. Thermal lens signal and laser transmittance vs. concentration.
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Fig. 4-5. Thermal lens signal when the sample concentration is high.
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Transmittance( A.U.)
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3 T . sdo
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b e W Fz

Fig. 4-6. Thermal lens signals vs. laser power.
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2. $8tE9 =gy =4

$2Ed FFAHL 500 nm oyl EAHI Utk $FEY F
o] 337nm, 420nm ALAM peak E OIFR USE TR ¥ 9 Be
Bae) @olAst gast B A7l BAF N Aol B¢ 250
p] 2A, o] duxie gL FFg CW #HolAR t. = 10 msec ¢ Evfol
B9E 2% %47 5 mwW A A% 24 g a2t N deld 2
ANol HolHe} A% F@Wol Gaussian ol ohlrl WEel @w=
AN Lo AR gl LA,

£ AgolME Omnichrome Ate] 25 mW Ar” #0145 olgstgen
F54ES FA 87 A8 g e BHA 454 nm T ol gIAL. o
ool A} #olMe) $85H(UO) molar absorption A4 7t &= 1.2 mol’
cm? AERZ 2ALL 223 single beam Wl Hsd HEIAN 2
Q) dual beam A= SAYAE o] gaUh B AFAM ALE A
FAs 29 4-7 % 2ok

U0, & #Hg243 complex & 4% 9 g $do) EAHAE free
UO:" o BHE AUz oz & dPANE 425x10° M 9 U(VD)
gle 04'M 9 HCIO, ol Efsted Ah&3t5loh

Dual beam ZAW& @AY 2o *ATn HWAF AR
ZAo] Qgs) AA) Hojof drh, wer YA oW FAR deflection
o] st FA=NTsF BAY F4S AUA g8k 1Y 48 9 a) &
HAREI HY PG FAlol dAEA g ZFSE JEdH, FH HEo
4 olold A% dual beam o) o3l UdetuE HPHQ FA=AIHE b)
o} At 2PN RFe] o2 #HolM9 shutter T on AHZ FH
dAdz= P elste] A7t FoEL,
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Fig. 4-7. Experimental set-up for measuring uranium thermal lens signal.
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a) 4¥o] dXstA *& B¥

b) 3@ A= B¢

Fig. 4-8. Effects of optical arrangement in thermal lens measurement

using dual beam system
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Fred gReolAd 35 b Bag. FE Be FAEe dAz=

&

2848 N AL A AE¥Ac FE WEY HolNg

AZE Y 4-9 o JdehdAn. ayYdM HXol s@wY JEIAE
Leach[4-201¢) A&87) o]&dA #g¥ 9 1x10° M A=7 B} o)ge

€ Sy wstd vuA & dold, olF IFEII AdMe &
FFATE AUE B Y, A9 <A, QP & &9,
A3 oo Add e F o)A FEFUTel 2 28§ o]Folo}

& AL Bwodd

-
9

Pt
N
i

Thermal Lens Signal( deta(l)/L)x10°

1.0 3.0
U(VI) Concentration(10*M)

Fig. 4-9. Thermal lens signal intensity vs. uranium concentration.
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As5aA 2 2

CAGEY dFolN BAMOE HEHAY T BHS Lo A
optrode el e) F87A FAYe) o2& optical chopper & AH83te]
SAsS 5, oA YR Alolo] 45° FEE 54 A=Y mirror ¥
optical chopper blade & AXgozx HolAFL AM Hgo=m
FystAsn BFHRFERH Y PFFL blade EUAA 90° PFoz
AolAsta el FHG al HolA% W] o] SHaA k.
o)ZA HOZM optrode WAMY FAA ALE FolAA AN
gatohyet system HA Y TS deststach “

ol system & ol8&® ANY LAGN Ed WA H: AN
WA e 3% 2RHYL SusAn odzsmzmz HE
$25 ¥3E Blank ANRINY U5 435 was ¥ Ay Q¥
Axe Sy BFZHANE 416 nm 9 AAHIAF AHRFHE 3o
2g89el AFHUYG. TF TE9a FA FFRAAG  §49
AEH] o8 ¥BAE M 714S  Simplex WS AHEIA
Aggozn BasiA oddAY FRNI FAIS VBN ZZE
£91817] deconvolution M@ % A= 714 SIRT.

dold HFEAYT 45 BeHoz A8 4 e ‘DAz 24s|eS
Agstd M2e oAy AT LHE ANSYT. = dolARe FLP
AR BAUAE FUAE NBAA FA2 AZANE FHYA
HRHE AZENE 2QH0H, oJF $AF BEELYd HENH B
23 HEdA= o BVEAYR EIIYR L foE HY system 9

B o3 S35 &8o 7t AAE g T ASE FA&HAL
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struct MOMIN {
unsigned char MAX:
unsigned char MIN:
};
struct PAR_COORD{
double PARLX:
double PARLY:
double PARMX:
double PARMY:
double PARHX:
double PARHY:
}:
struct COORD{
double ALPA;
doubie BETA:
}:
struct zoomre zoom(int %, unsigned char #);
/3% djolElL] & 7|5 *¢/
struct MAXMIN max_minamp(int ,unsigned char %):
/3% ARH4LE 3 T s
findfitdata(struct MAXMIN ,unsigned char & , int %) :
/es Fitting ¥ dojele] FHUPJ4 s/
struct PAR_COORD first_simp(int,unsigned char &, struct MAXMIN ):
/¥t 2]7] simplex § F-3h= ¥q s#/
struct PAR_COORD nextsimplex(unsigned char %, int ,struct PAR_COORD ):
/%% ThY simplex & 33t ¥4 %%/
double cal_err(int ,unsigned char % double ,double ):
/%% 2 & 5= ¥ #ay
struct COORD add_coord{( struct COORD ,struct COORD ):
/2% WELS] QA &g/
struct COORD minus_coord( struct COORD , struct COORD ):
/3% WELL] WY #e/
struct COORD multy_coord( double ,struct COORD ):/zs WE}S] FA] %%/
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struct COORD divid_coord( double ,struct COORD ):/sx W E}e] LA 88/
struct PAR_COORD arrangecoord(int ,unsigned char & struct PAR_COORD ):
/%% simplex Ztx|HollM2] x? Zlol whE W4 XN ey

simplex() /%% MAIN PROGRAM %%/

{

FILE #fp:

char #namel[2]1={"IN_FILE?",".zo00"}:
unsigned char _huge %bufs:

char %*name:

int i, len, maxi,mini;

struct MAXMIN maxmin:

struct PAR_COORD par_coord, par_coo_nxt:

name = calloc(12,1):

if( name == NULL ){ _outtext(”"ERR in 1oad5img'):exit(l):}
inputstring(namel, name, 12):

fp = fopen(name, - "r+”):

if( fp == NULL ) {_outtext(“err in openning file name”): exit(l):}
fscanf(fp, "%d”, &len): ‘
bufs = (unsigned char _huge ®*)halloc{1len+2000,1):
if(bufs == NULL ) {_outtext("ERR IN load img{bufs)”):exit(1):}
for(i=0: i ¢ lenii++)
fscanf(fp, "%”, (bufs+i)):
maxmin = pax_mpinamp(len, bufs):
findfitdata(maxmin, bufs, &len):
dl_grp(len, bufs):
maxmin, MIN = 10:
par_coord = first_simp(len, bufs, maxmin):
erasescreen( ):
_setcolor(10):
for(i=0:i < 200:i++)
{
par_coo_nxt = nextsimplex(bufs, len, par_coord):
par_coord = arrangecoord(len, bufs, par_coo_nxt):
}



for(i= 0: i ¢ len: i++)

{

#(bufs + i) =(int)( par_coord PARLY /exp( par_coord.PARLX % j)):
}

erasescreen( ):
dl_grp( len, bufs);

hfree(bufs):

free(name);

fclose( fp):

}

struct PAR_COORD arrangecoord(int len,unsigned char sbufs,

struct PAR_COORD par_coo_nxt)

{

double #%e, #al, tbe, tmp2:

int #t,i,j, top:

struct PAR_COORD par_coord:

al =(double %) calloc(3, sizeof(double)):

be =(double %) calloc(3, sizeof(double)):

e =(double *) calloc(3, sizeof(double)):

t = calloc(3,sizeof (int)): #t=0: #(t + 1)=1: #(t + 2) = 2:

if( al == NULL !} be == NULL }{ e == NULL i} t == NULL ) exit(1):
%al = par_coo_nxt. PARLX:

tbe = par_coo_nxt.PARLY :

¥al + 1) = _coo_nxt. PARMX;

#(be + 1) = par_coo_nxt_ PARMY:

t(al + 2) = par_coo_nxt.PARHX:

g(be + 2} = par_coo_nxt.PARHY:

%e = cal_err(len, bufs, par_coo_nxt, PARLX, par_coo_nxt, PARLY):

#(e + 1) = cal_err(len, bufs, par_coo_nxt. PARMX, par_coo_nxt, PARMY):
*(e + 2) = cal_err(len,bufs, par_coo_nxt. PARHX, par_coo_nxt. PARHY):

tmp=0: tmp2=0.0:

for(j=0: j < 2i j++)

for(i = 0: i €2 :i++)
if( #le+ i) >%e+i+1))
{
tmp = &(t + i): ®(t + i) =s(t + i +1); st + i + 1) = top:
tmp2 = 2{e + i): #(e+ i) =%(e+ i + 1), (e + i +1) = tmp2;
}
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par_coord, PARLX = #(al + 3t}
par_coord. PARLY = s(be + #t):
par_coord. PARMX = #(al + #(t + 1)): -
par_coord, PARMY = #(be + &(t + 1)):
par_coord, PARHX = #(al + &(t + 2)):
par_coord, PARHY = #(be + #(t + 2)):
free(al):

free(be):

free(e):

free(t):

return par_coord:

}

struct PAR_COORD nextsimplex(unsigned char 3bufs,int len,  struct
PAR_COORD |
par_coord)

{

struct PAR_COORD repar_coord:

int i

double %e, nexterr, parix, parly, parmx, parmy, parhx, parhy:

struct COORD low, middle, high, center, highprime, tup:

struct COORD highA, highB, highld, highD, highE, centerprime, middleprime:
double dtmpl,dtmp2, dtmp3, dtmp4, dtmp5, dtmpb:

short xl1,x2,x3, x4, x5, x6:

low. ALPA = par coord. PARLX: low BETA = _coord, PARLY:

middle. ALPA = par_coord. PARMX: middle.BETA = _coord, PARMY;

high. ALPA = par_coord.PARHX: high. BETA = par_coord. PARHY:

center = add_coord(low, divid_coord(2.0, minus_coord(middle, low))):
highprime = add_coord(high,multy coord(2.0, minus_coord({center, high))):
centerprime =
add_coord(1ow, divid_coord(2. 0, ninus_coord(highprime, niddle))):
niddleprime=add_coord{middle, multy coord(2.0, minus_coord{centerprime, m
iddle)}):

e = (double %)calloc(19, sizeof(double)):
if(e == NULL ){ printf("NULL ERR"): exit(1):}

dtmpl = low.ALPA: dtmp2 = low.BETA:



#e = cal_err(len, bufs, dtapl, dtmp2):

dtmpl = middle ALPA : dimp2 = middle.BETA:

z(e + 1) = cal_err(len,bufs, dtmpl, dtmp2):

dtmpl = high ALPA : dtmp2 = high BETA:

#{e + 2) = cal_err(len, bufs, dtmpl, dtmp2):

dtmpl = highprime ALPA: dtmp2 = highprime  BETA:
dtmp3 = cal_err(len, bufs,dtmpl,dtmp2):

x1= 200 + low.ALPA & 400000:

x2= 250 + (low.BETA -100 ) & 2:

x3=200 + middle. ALPA % 400000.

x4=250 + (middle.BETA - 100 ) & 2:

x5=200 + high. ALPA & 400000:

x6=250 + (high.BETA - 100) % 2:

_moveto(xl,x2): _lineto(xl,x2) : _lineto(x3,x4) :
_lineto(x5,x6): _lineto(xl,x2):

{

if(dtmp3 < e )
{
highE = add_coord(high, multy coord(3.0, minus_coord{center, high))):
dtmpl= highE ALPA : dtmp2 = highE. BETA:
dtmp4 = cal_err(len, bufs, dtopl, dtmp2):
if(dtmpd < dtmp3) { free(e):
par_coord. PARHX = highE. ALPA:
par_coord. PARHY = highE, BETA;
repar_coord = par_coord:
return repar_coord:

else { free(e):
par_coord. PARHX = highprime. ALPA;
par_coord. PARHY = highprime. BETA;
repar_coord = par_coord;
return repar_coord:

}
}
else if ( ®e (= dtmp3 & dtmp3 <= #(e+l))
iree(e):
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par_coord. PARHX = highprime. ALPA:
par_coord. PARHY = highprime, BETA:
repar_coord = par_coord:

return repar_coord:

}
else if ( *(e+tl) < dtmp3 & dtmp3 < *(e+2))
{

highD = add_coord(high, divid_coord(2.0, minus_coord(center, high))):

dtmpl= highD ALPA : dtmp2 = highD. BETA:

dtopd = cal_err(len,bufs, dtmpl, dtmp2):

if( dtmp5 ( #(e + 2)) { free(e):
par_coord. PARHX = highD, ALPA;
par_coord. PARHY = highD, BETA:
repar_coord = _coord:
return repar_coord.:
}

else { free(e):
highA=

add_coord(low, divid_coord(2. 0, minus_coord(high, low))):
par_coord, PARMX = center. ALPA;
par_coord. PARMY = center. BETA;
par_coord, PARHX = highA. ALPA:
par_coord, PARHY = highA, BETA:
repar_coord = par_coord:
return repar_coord:

else

highl X :
add_coord(center, divid_coord(2. 0, minus_coord{center, high))):

highJ = add coord(highJ, low):

dtmpl= highl. ALPA : dtmp2 = highJ. BETA;
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dtmp6 = cal_err(len, bufs, dtmpl, dtmp2):

if( dtopb < #(e + 2)) { free(e):
par_coord, PARHX = highJ.ALPA:
par_coord. PARHY = highJ. BETA:
repar_coord = par_coord:
return repar_coord:

}
else { free(e):
highB =
add_coord(low, divid_coord(2. 0, minus_coord{highprime, low))):
par_coord. PARMX = center.ALPA:
par_coord, PARMY = center. BETA:
par_coord. PARHX = highB, ALPA;

par_coord. PARHY = highB, BETA:
repar_coord = par_coord:
return repar_coord:

double cal_err(int len,unsigned char 2bufs,double alpa,double beta)
{
double err:

int i:

err=0,0:
for(i=0: i < len : i++)
{
if( #(bufs + i) == 0) continue:
{
err = err + (#(bufs + i) -(beta /exp( alpa & i)))
% (¢(bufs + i) -(beta /exp( alpa & i))) :
}
}
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return err.

}

findfitdata(struct MAXMIN maxmin,unsigned char % bufs, int %*len)
{

int ik, triggerx, length:

struct zoomre zomre:

for(i=0: i < #*lenii++) /%* find trigger point %%/

if( #(bufs + i) > (maxmin.MAX + maxmin.MIN) / 2 ) { triggerx = i:
break: }

if(triggerx == Q){printf("err in trigger”): exit(1):}

length = slen:

zomre = zoom(len, bufs):

erasepancen(2, 22, 3):

for(i= tlen ; i { length:i++) ¢(bufs + i) = 0:

for{i= %len: i > 0 :f——) o

{ #(bufs + i + zomre.x - triggerx) = s(bufs + i): #*(bufs + i) = 0: }
t¢len = length: '

}

struct PAR_COORD first_simp( int len,unsigned char sbufs, struct MAXMIN
maxmin)

{

struct PAR_CGORD par_coord:

double centaalpa, centabeta, deltaalpa, del tabeta, se:

double #*al, tbe, tmp2:

int %*t,i,j, tmp, tmpi, tmpl, tmp3:

centaalpa = log((double)(maxmin. MAX)/{double){maxmin . MIN ) ) / len:
deltaalpa= centaalpa / 100.0:

centabeta = (maxmin MAX - maxmin.MIN )/ 2:

del tabeta = centabeta / 100.0:

al = (double %)calloc(3, sizeof(double)):
be = (double #)calloc(3, sizeof(double)):
sal = centaalpa:
the = centabeta;
¥(al + 1 ) = centaalpa + 8 * deltaalpa:
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%(be + 1 ) = centabeta + deltabeta:
%(al + 2 ) = centaalpa - 2 % deltaalpa:
#(be + 2 ) = centabeta - 4 % deltabeta:

e =(double *) calloc(3,sizeof(double)):
t = calloc(3,sizeof(int)): #t=0; #(t + 1)=1: #(t + 2) = 2;
if( al == NULL !{ be == NULL 1! e == NULL {! t == NULL ) exit(1):

%e = cal_err(len, bufs, centaal pa, centabeta):

#(e + 1) = cal_err(len,bufs,centaalpa + deltaalpa,centabeta
deltabeta):
$(e + 2) = cal_err(len,bufs,centaalpa - deltaalpa,centabeta
deltabeta):

tmp=0; tmp2=0. 0:

for(j=0: j < 2ij++)
for(i = 0: i € 2 :i++)
if( #(e + i) D> #(e +i +1))
{
tmp = ®(t + i) *(t + i) =e(t + i+ 1) #(t +i+1)=tmp:
tup2 = %(e + i) e + i) =%(e + i +1): s(e + i +1) = tmp2:
}
par_coord, PARLX
par_coord, PARLY
par_coord, PARMX
par_coord, PARMY
par_coord. PARHX
par_coord. PARHY
free(al):
free(be):
free(e):
free(t):
return par_coord:
}

t(al + %t):
#(be + t);
*(al + #(t + 1))
2(be + #(t + 1)):
%(al + #¥(t + 2));
#(be + #(t + 2)):

I}

+

struct MAXMIN max_minamp(int len, unsigned char sbufs)
{

struct MAXMIN maxmin:

int i

unsigned char max, min:
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max = O min = 255:
for(i = 0: i ¢ len:i++)

{

if( #(bufs + i) > max) max = #(bufs+i);
if( #(bufs + i) ¢ min) min = *(bufs+i):
}

maxmin, MAX = max:maxmin. MIN = min:
return maxmin:

}

struct COORD add_coord( struct COORD a, struct COORD b)
{
struct COORD c:
c.ALPA = a ALPA + b ALPA:
c.BETA = a,BETA + b, BETA:
return c:
} .
struct COORD minus_coord( struct COORD a, struct COORD b)
{
struct COORD c:
c.ALPA = a ALPA - b ALPA:
c.BETA = a,BETA - b.BETA:
return c;
}
struct COORD multy_coord{ double a,struct COORD b)
{
struct COORD c:
c.ALPA = a ¥ b ALPA:
c¢.BETA = a # b BETA:
return c:
}
struct COORD divid_coord( double a, struct COORD b)
{
struct COORD c:
c.ALPA = b, ALPA/a:
c.BETA = b, BETA/a:
return c:
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