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ABSTRACT 

According to the studying this research, absorbance detection system for flow injection 

analysis system was constructed by using syringe pump so the problem of bubbles in the system 

was solved successfull y. The principle of the test-kit based on pushing the solutions into the 

system using double two ml syringe pumps. The solutions were mixed at mixing coil then the 

solution of the sample was inserted automatically by using six-port-valve. The detector was built 

from light-emitting-diodes (LEDs) with the wavelength at 620 nm. The product solution in cuvette 

was exposure then the light energy was transferred to electric current by photo-diode. The 

electricity was changed to voltage to micro-controller. The absorbance was calculated. The results, 

absorbance and flow rate were controlled by uti lization of Labview software. The absorbance of 

the samples from the developed system was compared to the commercial spectrophotometer. The 

mean absolute percentage error of the flow rate was 1.2%. 

Keywords Test-kit, Total antioxidant capacity, Imipramine 
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fll 'Vl'Yl 3.61 l'li eJ :IJ \9leJ fllfl\9l 1 ~ 'll'Ul~ 1 tlf1l~ 80 

d Q.I ~ d if 

fll 'Vl'Yl 3.62 \9l1lfl~eJ~lbY ~ ., ~Hl:IJmW 81 
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85 
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4 
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fll 'Vlii 4 .1 7 f)~ tJlJ Load I 88 • 0 

..d r ~~ , ~QJ
fll 'Vl'Yl 4 .18 'Vl eJ'W l'Yl~\9leJl'Ulf) 'lJm :;'lJ eJ f) \9l1~ 5 ml 89 
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0 .d 
'lJ'Yl 'Yl 1 'lJ'Yl'Wl 

, 
~ 0 

11 'YI 'YI 1 11 'YI 'W 1 

eJ~ 1,jfl ~ ~'j ~~ Cl Cl~ I'l CllJ 1 lJ WfJfl l1~ Cl~ l 'j'lh~flClU~~~!~fll'l 'j Cl U l:Wfl 'j 'IJ ~ Y]l 1 ~~ml lJ 

leJ~ i 1 '1 'U f)1 'j !fl ~tl5m (Jl ClCl fl~!~ 'If'U !rlCl!fl~ Cl~ 1,j fl ~ ~'j ~ '1 'U ~ l~ f)1 ~'D ~ y]1'1 ~!G11fl ~19i l~"l ~ fly]1fl1 V 

Y]l '1 ~!fl~fl ll lJ!~Vm vl9i Cl!G11fl ~rl''U!~ 'U ~lJ1~Cl~h fll9i l~"l lJ lfllJ1 Vi~!!n h fl !lnnCl'U 1'v hfl'l111'D 

d ~I jI jI c> "" ~I d & ",.d I1i jI '" 'l '" c> '" 
!lfl~1'j fl lJ~ !H !1J U1'l'U ~u 1'l1'U Cl'U lJflCl~'j ~ 'il~!1J'U Cl fl l1 'U ~'Y1 N !flClfl'YI !~ 'j 'lJ fI lllJ ~'U 1l 'Dlfl 'U f)J 'ilV 

• 'IJ 

(Mittler, 200 2) 1~ tI'1'U~ 'lf ~fl!!fl~~Wi~l1fl1V "l 'lf iJ ~ 1~tJ!Q'V'l 1~~l;j'Ui'V'l'j1'U tI'j~!'YIfY i'YI tln~fl'D~ 

Cl~lJlt1~l tl~l'jl91'l 'U eJ'UlJ fl~~ 'j~!'lf'U 1'V'l~v.J'U Cl fl11'l1lJU!Cl11'l1lJ'U~ !!fl~11'l1lJ'U; !~'UI91''U 
• • 'IJ 

flUtI 'j~ !lJ'U fl 11lJ ~11J1 'j \l '1 'U fl U 191'l'U Cl 'UlJ fl ~ ~'j ~ 'D ~!~ 'U!! 'U 1'YI 1~ '1 'U fl 1 'j ~~ f1''U l1 11'11 Vl 
• 'IJ 

" 
'1l1 :W "l (Drug discovery) 1'Uf)1'j~mnhfl 'U Cl fl'DlflUf)1'jI'l'jl'ilmmlJ1ill~l'jl91'l'UCl ~1,jfl~~ 'j~'l'U 

" ~1~ f)1 t11:Wl 1'D~!~ 'U'1'U\911mh~!~Cl ~ (Blood samples) ;~lJ (Serum) l1~ ml11f~~11~ (Urine) 5~!~U 

'V'l l'jllJ!I'lCl{~'1~'1 'Uf)1'j !~1'j ~ 1'~fI11~ Oxidative stress l1~eJf)1'j ~~l~ f)1 t1 lJCl ~1,jfl~~ 'j~~ lJ1fl!fl 'U 1 tI 

'il 'U !~'U ~lm lPJ~ Cl~ f)1'j ! fl ~ hfll9i 1~"l ~~f)1'jtl 'j~!lJ'UfI 11lJ m:JJl'j \l '1 'U f)1'j 191'1'U Cl~ 1,j fl~~'j~ 'lU 

1'11mjl ~tI'j ~ Ul'YII9iN "l ~llJ U\lY]11~mnvlfi!'lfu fll'j1!ml~t1mmlJ1ill ~l'j'lf iJ ~ 'l~ 'lfiJ ~l1 ~~l1~Cl 

flcilJ 'l~ fl ci lJ l1~ ~ ~'V'lU l1lJ fI ill ~lJllil'1 'U f)1 'j 191'l 'U ClU lJ fl ~~'j ~ !'lfU 11'l 1lJ'U ; l1~ Cl~l 'jlh ~ fl ClUYJ 'U Cl 
II II II II ~ 

c> , ~ ~ I c> 'Jl c> 'l 
fl fl (Zulueta, Esteve, Frasquet, & Frigola, 2007)!l1'l !'Ufl11lJ!1JU'il'j ~~1 'j1'l1'UCl ~1,jflCl~'j~ 'U 

1'1';lCld l ~l1~~"l ~fl 'D~tI'j~fleJU 1 tI ~1t1~1 'j 191'1'U Cl ~ 1,jfl ~ ~'j ~ l1fl1 V "l 'lfiJ~ v-I ~lJtl'U Cl ~ ~~'j 1lJ ~~ ~1'j 

191'1'UeJ~ 1,j fl~~'j ~~'YI'jl'IJ 1 1 !~ 'U ~l'j 'lfiJ~ 'l~ !!1l 'U Cl'U !!fl~~l'j ~lJq'YIt'1 'U f)1'jl91'lU Cl '41,j fl~~'j~!!19i5~ 1:w 

j) "1y,~ q ~ ~ f ~..:9 Q.I gJ &. 
'YI 'jl 'IJ 1m ~ ~'j l ~ ~ Cl~~l 'j'il'U 'j ~'4 !~ llfl Cl~l'j !~ 'U Clfl'Dl fl'U 'IJl ~'lf'U ~m 'il ~~ v-Ifl!~'j lJ l1'j eJl1 flflN q'YI1i 

" .
'1'U f)1'jlPfl'UeJ 'UlJflfl~ntl'U 1~ i~,y'U fll'j Vi 'il~u n!lJ'Ufll1lJ ~11J1 'j\l 'l 'U flU l91'l'U Cl U lJfl fl ~'j~ 1~ tlflU 

II qJ II <u 

1'~!!fl~!W fl1!m 1~ t111lJ ~U'lfiJ~ '1~Dl~ ~ ~!~ 'U f)1 'j til fl!W~ 1:w ~l !1J'U fll1lJ ~11J1 'j \l '1 'U f)1'jl91'l'U 

Cl~1,jfl fl~'j~ 1 ~tI 'j1 lJ (Total antioxidant capacity, TAC) 'il~!~'Uf)1'j1'~m llJ~1 1J1'j\l 1~ v'j1lJ~Cl~ 

1'11eJdl ~ '1'U fll'jl91'l'U eJ 'U lJflfl ~'j~ 1~ v1:w ~'U '1 'il 11lJ ~1'j 191'1'U eJ'UlJ fl~~'j ~ 'lfiJ ~ '1~!!fl~mlJ1ill!'Vh 'l~ v-I ~lJ 
q cu II qJ 

Clfl'l 'U 1'11Cl d 1~ !!I'l 'il ~ 1'~ ! ~U fI 1 1lJ ~1 1J1 'j \l ~ Cl ~ 1'11Cl til ~ 'l 'U fl1 'j ~ 'il ~ i fl 1l'IJ tl'IJ Cl 'U lJ i:1 f) ~'j ~ ~'l flU 
~ • 'IJ 

U'j~ !lJ'Ufh T AC U! 
" 
~ 'U !'YIf1iJflVi

.
l~~'lJmllJ iJtllJ ! 'V'l 'j l~ ~l lJ1'j\l!!~~ 'ltl'j ~~'YI1hl1 'V'l flU 191'1U ClUlJCl 

• 'IJ 

fl~'j~~eJ~1'11eJdl~~ 'lm~'!~ V~ml lJ !~ 'U'il~~lJ1flfll1 (Wang, Cao, & Prior, 1996) 

l!fl~1!ml~t1mllJ mlJ1'j\l '1 'U f)1'j5UJ~l1~Cl~1l~eJ'UlJfl~m ~~Cl~m'j1'11eJ dN~~'U 'l'Il1'~ l~tl1'~ 
• 'IJ 

mlJ1ill eJ'U lJCl ~~'j~~ fl ~fl~l1~eJ~m ~Cln 1~ fl'l'J~ iJ tllJ 1 ~!~'U 1'11tll!iJ ~ eJ'UlJ fl ~m ~~fl'D~ 'l~ 
II <u q <u 



2 

. " . 
fl 11lJ~~tI1fl:lJ1flr;~~'W {,(l'Jvfl ~hVi iJ tl lJ li'L'lf'Wf)'W;JfJ 2,2-Diphenyl-l-picrylhydrazyl (DPPH) fll'J 

~ d'd 0 Gt 0 d QJ ~ if -+ I l!f 'lil I ,..I .q~
1Lm1~'I1fl~~'Vl1 !'W'Vl 1 'W fJ,mW1fl 'IJ fll'J1Lfl'J1~'I1 ABTS UIPlfJ'lHl~ DPPH !lJ !1lPlfJ lJ UflJ tl1 

mlifJ 'W fJ '41qJ~~Lfl fll 'W ~ l ~flltl ~~ ~ "1 'Vl11 'I1'LflfltJ5m til 1~i'1 'Vl11 'I1'fll'J tJ 'J ~dJ'W fl 11lJ{,(l:1J1'Jf:)1'W 

9) .q If( 'jJ 'jJ I ~I .q Q.I .... I d' & $I I .q Q.t " 0 111 9J 
fll'J1Pl1 'WfJ'W lJ{je:J{'('J~

<u 
!fI'WfJtlm1fl11lJLlJ'W~H (1'lf'J~ fllJlPl , 2550) f:)~UlJ11L'Vlfl'Wfl'Vl~{'(fJ\l~~'Vl1!fI

q q 

~1t1u~ ':h11ty 'l11~ rl1 fltyVfltJ'J~fll 'J;JfJ~'tJe:J~~1mh \lm~~~'J 'lJm'Wfll'J1Lfl'J1~'I11~1f1m'Q'Vn~fflh~ 

'tJ fJ~ DPPH- ~~ LTI 'W ~'tJfJ \l~1mh \l ~iim1lJ{,(TIJ1'Jf:)1'W fl n l9i'l'W fJ 'W lJ~~{,('J~{'( \l 1~mi e:J~'W u~~1111 
q <u <u q 

" " 
1'W \l 1'W 111tliJ~~li \l L 11''W lfWJ 'W l 'lffi {'(e:J 'lJm1 lJ {'( l:1J1'J f:) 1 'W fll'J 19i'1 'W fJ 'W lJ ~ ~{'('J~ mh~~ lt1~'W 1fi tJ 

q q q q; 

fl n ~ e:J tI fJfI ~1 fl\l 1 'W 1 11tIL~ lJ ~~ ftflfJ1tJ 5 m tJ1'tJ fJ \l ~il~mii 'WtTI'W 'lIfi 'Vl fI {'(e:J'lJfl 11lJ {,(l:1J1 'J f:) 1'W fll 'J 19i'1 'W 

e:J 'W lJ~~{,('J~ ~~ V~1liii j:-j ~ \9l1 'W tJ 'J ~ L'Vlf1'1 'Vl tJ u~~ tvifJ'VlflU 'Vl'W'lffi 'Vl fi {'(fJ'IJ ~ 1l1L.,j'1 ~1fl ~l \ltJ ':i ~L'Vlf1'~~ii 
q <u • 

(Samples) 1'W1\'1 'W1'W~ :IJ1fl 
I <1 I i1 

m:lJ1w 1hnfl Vi u~~~ ri1 'W UtJ fl (Fraction) 1fi tIL'Q~ 1~ {'(1'J {'(nfi 'IJ~ {'('Vl 1)91 \lii m :lJ1w11'fJCJ:IJ1fl ~\lU'W 1%• 
~ 1l 1 :1J11Lm 1~t1fl 1H~iim1lJm :lJ1 ':if:) 1'Wfln1Lfl'J 1~t1~'J 1fi L~ 1 {'(~filfl ii m1lJ 111'W fll ':i 1tm1~t1 

Lvi e:J\9le:J'IJ {,('We:J~.,j'mhnfl ~~ flri11 2. LvifJ'l11 1tJ'Vlfi{,(fJ'IJ{,(fl11~ Oxidative stress ~lfl~1e:Jd1\l t~ fJfi 
" " " (Blood samples) CJii'lJ (Semm) 'I1~ fJ 1l111{,({,(1J~ (Urine) 1fitl~1'W111tJ~'W iJli \l lfWJ 'W 1~ e:J tJfJfi~lfl• 

\l1'W 111m~lJ~ \l 1~'Vl1fll 'J ~fifi''W tJ5m till 'I1li1fi tlI i'm'J tJ 'J ~fle:J'IJ~\lii~e:Jl1 "~il~mii 'W" ~\l~ l tJ~ fJ 

fl n 'Vl11'I1'LTI 'W fJ'WlJ~ ~'tJe:J\le:J 'WlJ
q cu ~~il~mii'WLTI 'W~~h ~\ltTI'W~~ 1li fi fJtJ ~'IJI'W~l fJd1\l ~~1li ':i'IJf)J'W

q cu 

" 
'W fJfl ~1fllJ ~il~ mii'W V\l 1liLTI'W eJ'W \9l 'J1 t1~mn11t1 

<u 

jI . , jI , I 

~1e:Jd1~ 1l1j:-j~ 1Jf Lfl~ e:J~ $ilJ {'(n{'(nfl ~ lfl{,(lJ'W 1~ 'J ~1fJd1 \l L~ e:J fI CJii'lJ 1l111{,({,(1J~ 91 \l Llie:J lfWJ'W 1LTI'W• 



'" 
 ,'U 'Vl 'Vl I 'U'Vl'W 1 

1.2.1 ~~eJ \9leJtleJWl1'W ~'hrm~1J~~~rr'Wuum til111 l-1 ~i~i'Wfl1~ ~ ~ 1'iHY eJ'Um11J~11Jl'H) i 'W 

f)1~ ~1'W eJ '4 \l'fl a~~~1~ tI ~ 11J~ iJ.:j 1l-1~f1 timf1 ~~l'1mri eJ'W (111flf)1~ ir'U rr'W 111fl~ 1'W <ifeJ\l ~ Sciencedirect 

U~~ Scorpus U! 1''W~ 15 tl'Wtl1t1 'W 'YU1'.2553) m'Vl1 ~1JWlj~'VI~~eJ'U f1 111J~lm~t)i'W fl1~~1'WeJ'4 \l'fl 

'" 9 91 '" '1 1 91'" "" d ?1 <V1.3 .1 'WroJ 'W 1 'b'~ 'VI ~ ~ eJ'U f1111J ~1m1 t) t'W f)1 Hll 'W eJ 'W 1J~ eJ ~~ ~ t ~ tI 'b' eJ 1J 'W 'fl1 1J 'W!1.J 'W ~ 1. .~ 

fl1ti'J ~eJ'4 \l 'fl ~~1~ ~~m.h1U~roJ 'W wn1 11 ~eJ'Um11J~lm ~ t) 1'W fl11 ~1'W eJ '4\l 'fl a~1~ 1~ tl111J 

q 

'fI~lJtl 

fln 1'~f1 1 1 1J ~ lm 1 t) 1'W f)11~1 'W eJ'W 1J 'fla~1 ~ 1~ tl111J 10' tl f)1~l'~ f)1~ tU~ tI 'W ~ ~lm ~ t) 'Vl1. 
, 

~ 

" , 
!~1~ Eli ~~ 1 1Vi~1 1J1~mn ~~1J 'W eJ'4\l ~ a~~ ~ 1~H~1 1 '11'~ 11~.:j 11 1 m J'Wdj eJ~ l ~ i.:j fl ci 11 'VllU Um til 

tl'U ~n~ i'ifl 'VI ti 'W f)1 ~ ~1'W eJ 'W 1J 'fl a ~ ~ ~ ~1 ~ ~1'W eJ 'W 1J ~ a ~1 ~i:: fl ci 1111 ~ 1 U 11'U tl'U eJ 'W 1J ~ ~~ ~ ~ 'Of q qj q <u q q; 

U~1'Vl1 i '11' mmru 'tJ eJ .:j eJ'4\l ~ ~~ 'fl.:j ~ .:j ~lm~t)~~ 1111'~ !~1~eJ f)1 ~ ~~ \9111J ~~'fl~ 'fl .:j 111fl fl1 ~ 11 1t1! U 

'tieJ .:jeJ'4 lJ. 'fl~~ 1 ~ i ,' fl ci11 1~ eJ 'Vl1f)1 1 tu1 eJ 1HYitl'U tl'U ~nm\91 ~ ~ 1'W ~ i'iq'VI ti 'W fl 1~ ~1 'W eJ '4lJ. ~ 
'" li] 91 I ?I 'JJ 
eJ ~ 1 ~ t~ Uf) Trolox, Ascorb ic acid H~~ Gall ic acid t l.J 'W ~'W 

1li fl1~ 'VI ~ ~eJ'Uf1111J~lm 'H) 1 'W f)1~ ~1'W eJ'W 1J 'fl a~~ ~ 1~ tlfl111'~ fl11 t U~ tI 'W ~~1J'W 1TI ~ ~ 1t1.~ 
H~dju'W 1 1 tr1J ~ 11 ~~lm1t)~roJ 'W l ~1J 'W"lj~ 'VI~ ~ eJ'U 1~ 1 ~ mrleJ~11 ~1 'W eJ '4 \l 'fl a ~~~'Vl1Uum ~J1fl'U 
eJ '4\l ~ aiJ'W 'fl1i'i'W H~1 'Vl 1 i 'I1'~'tieJ.:jaJJ'YI ~ 1JJ 'W tU ~ tI 'W ltU'fl .:j 1 U11~ eJ'il 1.:j'fl .:j ~rlml11 u~m tI'U~Vi(J'Utl'U 

ltt)'U~~1~111fl ~l~m~ ~ ~ 1'Wn11~ ~lm1 f:l 'UeJ flf111 1J ~lm~ f:l i 'W fl11 ~1 'W eJ'4 \l ~ ~~1 ~ 'ti eJ .:j \Pl1 eJ ~1.:j 

1 ~ ~.:j fl1 1 'W'"roJ 'W 1 ~ ~ 'W 'b'.~ 'VI ~ ~ eJ 'U di'i 'IfeJ ~ fi eJ f) 11 1 ~ fl 11 ~ "y'Vl11 ~~ 1tI 1 11 ~eJ .:j eJ 1rreJ ff~ i'i f1 J 11J 
~ 
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illl~~91U 


Bih'l " lli 'WA 11 'W ~l) ~ Afl tl":;;,, 1vJ1 H":;; A~ lJ tl eJ tl9f1~ rl'9f -:.l ttl ! 11'W ~H~111:;;! f)~!1l 'W tl 'W lJ"

• <u 

q ~ .c:1 .c::i _9:'1 d .Q 9J q 0 9 31,.. IQ Q & .c:1 d _9:'I 
tl~) :;;Cjf-:.l lJ ~'Yn AlJ m\9l lJ~l) \9l 1'W tltp.lmJ ~):;; 1):;; 'Vll t 'l1U) m w 'tI tl-:.l tlt.p.l "tl ~) :;; CJ: -:.l lJ ~'Yll "~ "-:.l 

" ~-:.l tT'W BlJ Vl 1:'l1lJ'W ~nil 11:;; li H'W 11tflJl111J1 '1 i''l 'W tll) 1~ f111lJ ~ 1 m) \,1'1 hl tl1 ) ~1hl tl hllJ" B~):;; 
. ." 

• <u 

!! 'Yl hl ~1) 'Vi '1 'If'l 'W tl l ) 01 !U~ tl '4 li" iJ ~ ) :;; 'Vi '1 'Iftl'"hl tl ~.~ -:.l ! ~ lJ AA":;; Vl'"~ hl1 Afl hl 'l! ~ 'Yl ~ ~ tl lJ 

f1 11lJ~ l lJ 1) \,11 'W tll'J ~lhl e:J 'W lJ "B ~'J:;; 1'fi.'" 

_1 .q~.Q..q .ct 
1. ilill1 :;; 'Ue~'U!lfl'.imell'VHllllU!At1 :;; 

Plle~H1u fl1'.i'th!iJU'V~l't1~ile'lJ 

~ 0 ~ 2. nlflU flfl1'.i't11'V~'t1~ile'lJ 
'------­

, 0 

!Allum 



, , , 
'" "" ..... "'''' !IIUfIfI 2 !elmll"HH1~.:il'W1~tlfI!fltl1'Uel.:i 

fl'UlJ~ flff)~~fl fl~\9Ifl lJ l lJ!~tl ~ 'I1~ mn)'lh~tlfl 'U ~ii~!~f1\91'Jfl'U111m'Ufi 'Yh1l1'ii wJllJ 
q <u Q QJ 

1 fl~1 J~fltll) !fi ~tl~m~ lfl fltl9l !~'lf'U !~flU~~~~a!~f1\91 'J fl 'U 1l1'm'U~ ff1'J ~'U~~tlU~-:J a!~ tl\9l) fl'UlJ 1 

" . " 
~tlmm~'U ff l) fllH!~fltl fl 5'-:J !'W fl-:J 111tll1~ l9i'fl ,:j 1tl U~~!fll a!~tl\9l) fl'Ulll'VI ~u 'VI 'U !'lf 'U!~ EJ lf1'U ~~ tT'U ~ '1 

" . . 
!fl~tl~m ~1~ tllqf~'U~mij fl,:j djmfl~eJ~lqJ~~ff)~1'U ~ 1'ltll~11~'Vl11 11'!CJf~~~1,:j'l ~tl'Vl1mEJ fl~ lqJ ~ 

. " 
fl ff 'J ~ ii-vi 1J1 111 tl 'fl'l fl1 EJ 1 'U U~ ~ fl1 EJ 'U fl tl~ 1-:J tll ~ fl1 EJ 1 'U !fl~ 111 tl tl) ~ 'U J'U tl n! lJ \911 'U fl ~CtllJ'lJ fl-:J 

flfl tl 9l!11 'Um~1'U!CJf~~ riJ'UmEJ'Uflmfi~111mjl1~V~ 1'l '1 1~WllJ~VlEl11 1tl~'l!!J~ t1fl lJ WJ'U'l-J'I1i 5',:j~ 
'11~ m ! ff '1 U~~ 1~ vtl tl~H1'1 tll EJ'U fl'llJ 'U 'l:J U11~ iim) 5'tl'l:J1 ff lJ ~ ~ 'U fl-:J fl 'W lJ ~ a ff'J ~111'fl ~1 'U ill JJ 1 ill ~ 

q q q cu <u 

jJ C}I ~ Q l'j)l cS '1 d. ... r::! a:. 

!'I1 lll ~ fflJ ~ J Vtl l) 1:1') 1,:j 1:1'1 'J \911 'U eJ 'U lJ ~ eJ 1:1') ~ U\9I tll) 1~ tll m 1:1'V1:1' lJ~ ~ ! ~ VlJ u) lllill 'U eJ,:j eJ'U lJ ~ eJ 1:1''J ~ 
" cu II q cu 

lJ1 tl tl ':hill lJ 1 ill 'U fl,:j 1:1' 1) 19i'1'U eJ 'U lJ~ a 1:1' 'J ~ U~J 11~'Vl11 l1'!fi~f1J1lJ!~V 'I1 1V~mCJf~~D'U!~'U~ lll 'Ufl-:J 
• 'U 

q 'VI~1 'U tll ) 'Vl1 m~fl~ lqJ ~~ -:J !~'U Vl'l:J~ fl~ H tllV 1~~~ "1:1'1'J 19i'1'U eJ ~lqJ ~ a 1:1'n" ~ eJ fl ~ lJ 1:1'1 'J ~-:J trlfl 
. " 

tl ) ltl!) 1 'Ufl l1lJ!.um Y'U19l1 '1 U~ 1:1' llll 'J tlfleJfl9l1~ff'l1~mr'UV-:Jtll 'J !fl~ 1:1'm ~ 1~ Oxidative stress 1~ 
. . " 

[2] Ctl-:J1'U-viU1:1'1)19i'1'UeJ'U lJ~~1:1')~ 1:1' llll'Jm!tl -:Jflfl fl 1~!~'U 2 lh~!fl'Vl~O [3]
• OJ 

do ~ a:. I QI lI] g) I " fIJ 1lJ !1:1'V'I11 V 1:1'1'J\9I1 'UeJ~1qJ~eJ1:1')~mm 'U 'U !~Ufl Glutathione peroxidase, catalase, U~~ superoxide 

dismutases (SOD) !~ 'U I9i''U ~'lffl'J~l'U eJ ~lqJ~~1:1')~~ fl ci 1Jllld!~'Uw 'U 1CJf:u~ii q'VItl 'Utll'Jl9i'l'U ffl'J 

eJ'U lJ~~ff 'J ~ 'lflV5'fl'l:J 1ff lJ ~~)~ 'I111 -:JeJ 1J lJ~ ~1:1''J~ 1111l1'iilJ1 fll1'U!fl~f111lJ !~V'I11 V~0 !CJf~ ~1 'U 
q <u q Q It! 

, 
'J1-:Jtll V 

v .. l'2.2.2 tfl1V1nH)'l;I\li:U)tf1~ unnl1£J (Exogenous antioxidants) 
" . . 

1:1'1)19i'1'U O'U lJ~~1:1') ~tl cilJ U 1 ~1l1fltll) 'U~ l Jlfl fll 'l11 'j 1~ V1:1'l )-vi!~'U -vi r~tlf1'U~ 1~m;
q cu q qj 

vitamin C, vitamin E !m~ fJ-carotene ~-:J1\911iJ'UCU!~ 'U 1:1'1'J19i'1'UeJ'41qJ~~ff)~~ii 'U 'Vl'U1'V11:h>1t1! l~v 

!~ 'U1:1'l) 19i'1'U O'U lJ ~am~~ ffllJ l)tl~~mv1~ 'UJ1 'Vl1111'1:1'llll) tl rl1~~ fl'U lJ ~~ 1:1''j~ 1'U riJ'U~ ~~ ~ 1V 
q G.J q <u 

http:Ufll1lJ!.um


• • 
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" ,"
'l11 h '! 'VI N!~t)ltl'Wlmih.J5~ihJ'VI1J1 'V1rllftty low ri';1'l,.j 'IJ ~FJbY1J~ bYl:1J1Jml~mtlIII'W 'l11lJ'W 'W tlfHl1fl 

~ QJ ~ ~ IV d 'j) ~ e::.t ~ 'et Q.I Ii) 9J 
bY 1J'VI~ 2 ~l'WU~ lt1 ~1J bY1Hl1'Wtl'W 1J ~tl bYJ~tl fl :lJ1fl:lJ1t1C)1 ~ tlt) ~ 'W ~m!~~ vfft ~1J 

• <u <u 

ml1J'Y!:IJ1 t11~ufi "capacity" ('Y!~tl efficiency, power, parameter, potential , potency U~~ activity) 

"antioxidant activity" tl~ 'ii'rlm ~1J f11 J l~ 'f1 11:IJ bYl 1J 1J tl 'i 'W f11J ~1'W tl'41qJ~DbYJ~'lJtl ~ bY 1J~'l.J Jl flUtl ~ 

!~tll "l ~~tl~U~fl~l ~tl1J Total Antioxidant Capacity [4] ~tl~l~ml:IJbY1:1J1Jtll'Wf11J~l 'Wtl '4l,j ft 

DbYJ ~ 1~ tJJ11J:IJ1flfll1 

!~ tl ~ tllfl'f1 l11Ji1J~tl'W 'IJ tl~ bYl J 'l.J J ~ fl tl1J~ij tl ~1 'W tll'Y!l J~!J 1 ~1J 'l.J J ~ 'VI1'W!W ~'f11 l1J bYl :1J1 J tl 
<u . " 'I c> .t '" 

~ 'W f11 J!bYJ 1J q'VI Ti fl 'W (synergistic) 'IJ tl~ bY 1J ~1'W tl'W 1J ~D bYJ ~ ~ij tl ~1 'W tll 'Y! 1J m ci n Y'W 11fll<iltI 
• <u <u 

Ei~ tll m!~leJ~ IlJ I~LJ~1J tlfl~~'f11 1 1J bYl1J UtllU f11 J ~lU tlU1J ftD bYJ ~ tlEil~ !!~tl~ ~ ~ 11J ~ 1 ~fl ri l11 'l.J 
• • <u 


9J d 'j) I ~ c:j 'j) ~ d.c:::1 ' GJ liJ 'j) I Q d
Q.I

Umtlfl~ lt1 !'If'W quercetin U~~ rutin C)1~!tJ'WbY 1J ~l'Wtl'4lqJ~tl bYJ~ 'VI1Jtl ~:IJ1fl ~'W~~ l1J!'lfU 'VI1J 'VI1J !1J tl 

" .
bY 1Jl1~ 2 'lflJ~ tl ~ ~ l1J tl'W tl~ijml1JbY l :1J1 Jtl l U f11 J~lU tl'4lqJ~ DbYJ ~ :IJ1flfl l1'l.J J lfl t) tl ~!~ til "l !cr tl5fl 

[5] 

'f1111J bYl:1J1JtI'i'Wf11 J~1 'Wtl'41qJ~ DbYJ ~ Total antioxidant capacity (TAC) ~~!~Uf11Jl~ 
, " . 

~ l U lU l1J ~'lJtl~tl'41qJ~D bYJ ~~\lfl<il1J~1 t1bY 1 J tl'4 lqJft DbYJ~l1~'Y!1J~~ijtl~lU bY1J ~~mtliltl~1 ~ [6] 

2.4 'V~'fWltH)'U (Test Kit) 

'V~'fl~in)'lJ't'imtl~~ !'f11 tl~jj tl 'Y!~ tlfJ'l.J mw~1~rll'Y! ~1J f11J ~J ltll~bY1J !'f1 ij~ iJ 
" . . 

ml1J~l!'Wl ~ !tl l~ tl~ lfn~i1Jm :lJ1 w'IJtl~bY1J rilU'l.JJ ~fl tl1J ~~ 1~tl111 I 'l.J!!~l'l1 ~'VI~bYtl1J lJfltl~ 

'l.JJ ~fl tl1J I 'l.J~lt11 ttl! tl'W~ 'lJl~ bYn !'f1iJ'IJ 'W l~ !~fl tl'l.Jm w l~f11J !'l.J~ tI'W!'l.J~~cru~~lbY~ ~'W~1i'rl l'Y! ~1J 
. " 

f11J 'VI ~bY tl 1J 'If ~'VI ~bYtl1J~ij tlEil'Wiftltl 'lf UuI~!!fi 'If. ~'VI~bYtl1JmllH~U m~-~l~ 'If. ~'VI ~ bYtl1J'f1~tl1 'W
• <u . 

'l1~'VI bY tl 1J lft'Y!~'Y! l1fl 

'lh~It1'lf~'UM'V~'fl~in)'U 
" 

1. li'!~'Wn'VI ~ bYtl1J !iJ tl~~U rll'Y!~1Jmltl 'Y!lbY1J~1~"l 

2. nli'bY~~lmW~Jl~!~l !m~ij'l.JJ~ iY'VI lIfll 'W li''i'W ,rtl ~'l.J~llilflw~{'l I'l.Ju~~ li'1'Wfll'f1bY'Wl1J 

" 
3. 6Wl~llH111m d'ili~fl1 l~lil\,J!,j ()~r1'\.,1 m 11m'Yil~tllHldd'ilV'\.,leJ'\.,I1'\.,Ill~NtJ~1J1i tll1 



V -=t 
'1HHlIU'UtH'!lVl'flVllIt)'U 

~ ~, ~ 

1. 1~ 'W f11 'j Y1fHl tJlJ 'l 'W 'j ~~lJliJ tJ'll'l't-U'l-1TiT'W Cif 'll'l'tJ 'lJJ fl l1 VWJ'W Dfl fl ~'l lllfl11'tJ 'l l1 i] llilf11'j 

... v '" 2.4.1 '!lVl'flVl lI t)'Ufl lUmUJ1'HH'Ufl1'Jm 'Ut) '14\lIl t)lI 'J ~ 

Test kit for Potential Anti Oxidant (PAO) [7] 'l1~Y1fH"tJlJWn:jJ'CI'l:lJl'HI'l'Wf11'j l'l'l'W tJ~lqJ (1 
, " 

~£y'j~lllfllJ~ rrYl Nikken SElL l1'j~ lYI ft'iil~'W 'WWJ 'W1~'W 1~tJ'l~11i]meJl1 ~fli'W'1J tJ 'l Cu
2
+ 1~'W Cu+ 

1~ I'J'CI'l'j1'l'l'WtJ'W :lJ(1 ~£y'j~ ~m'W~'JtJ eh 'l ~'lll~ £Y1:lJl 'jti l9l'jJll£YtJlJ 119l'fJlI'J'l 'W 5 'W ll1 £y1'j 1'l1tJ ~1'l1l~ti fl 
q 'U 'U 

Q.I 2+ Q.I Q.I" 'iJ a. 'l Q.I , .::::::1 Q c' 2+ ~I + + lI] .... I 0

H£Y:lJ fllJ Cu l1(1 'l lllfl 'W'W 'CI'l 'j l9l l 'WtJ 'W:lJ(1tJ£Y'j~ 'W19I1tJI'J1'l1l~'j~1CJi CU ID'W CU 1l (1~ Cu ll~ !DYl l 
q 'U 

l1i]m mnlJ Solution (Bathocuproine) ~'l'Cl'l:lJl 'j til9l'jJll£Y tJlJ 1 19l'1~tJfl l1 1~~1f11 'j ~ ~ fl~'Wll£Y'l~ 480 

~ 'l 490 nrn m1:lJ'CI'l:lJl'jti'l 'W f11'j1'l'1'WtJ'W :lJ (1~ £y'j~1l~tiflfl1'W1W ll1flm:lJlW'1JtJ'l Cu+ ~lfl~~'W 1~I'J 
q 'U 'U 

:v 'jJ, 'j) I 

IYlflU fl U'CI'l :lJl'jtillm l ~ti'CI'l'j1'l'1 'W tJ 'W :lJ(1~£y'j~1I9l'i'l£Y11 11 (1~mtJ 'l 'W'I111'lf'W 1 l91 l lJ 'WClf 1l(1~'CI'l 'j11 lli 
q 'U 

" (1~mI'J'1'W'I1 l l'lf 'W 1l91 l lJ'WD 1~ 'W I'l''W 'jlEm~IDtJ~ll£Y~'l~'ll9ll'j l'l 

.d 'lI.::::. 
i1TvrVl 2.1 'l1~'I'l~ffeJ'lJffl'J\9l1'UeJ'4l;Jmlff'J~1Jlf1 

Nikken SElL 'I.h ~!'I'l fl'~~'U 

~ '" d~fll 'J~~ml 'U!!ff .:j (480 - 492 nm) 

2J.9 - 4378 micro moJiL (cupric ion reducing power) 

96 wells 

'" "fll'Hfl1.j'J fllll 

Free Radical Test Kit [8] 1~ 'W'lf~Y1 ~£Y tJ lJlvi tJ1~ml:lJ£Yl:lJl'jti '1'W f11'j l'i'l'WtJ 'W:lJ(1~£y'j~lllfl
q q 'U 

" lJ~rrYl Osumex Flax Hulls H~I9I~'W 1~tJtJ1 f1m'Hrflf11'j1~~1 ORAC (Oxygen Radical Absorbance 

Capacity) 1~tJJJ Malondialdehyde (MDA) 1~'W 'CI'l 'j H~I9I rl'W~~ tifl \9l'j1111~ 1~ I'J '1'W 'lf~Y1~£YtJ lJ 
'U q 

l1'j~fltJlJ I 11 19l'1tJ 

• l1 (1tJ~Y1~(1 tJ'l - bh'M~1J'lJ'j 'j II 
q 
'CI'l'j1'l1tJ~1'l1l9l'Ufl 1'l1tJ ~1'lU£Ybn1~ 

• ampoule - rll'M~lJlJ 'j'jll'Cl'l'jlflJJ~'l1l~ti fll9l 'j1 111~ '1'W'j 11'1JeJ'l MDA 
q 'U 'U 

• thl1 191 - 'l ~rll 'M ~lJ ciltJ'CI'l'jI'l';leJ~ l'l 
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d ~ ~ 
fll Vf Yl 2.2 'Ij~ 'Vl~HHJ'lHY1'j\PI1'Utl '41qJ ~tlf1''j~1l1f) Osumex Flax Hulls 

~ &1dQ.l ~ ~ '" 3rd Gen.Total Antioxidant Status (TAS) Assay Kit [9] J:-l~ \PI'\J'W !~eJ lJ 'I1'~f)m'jfltlf1'1'j\PI1'U 

tl'41qJ~~f1''j ~ 1'WIPlJtl ~1~ 1l ~1~hcJf tl'4 1qJ~~~n~ ABTS ~lj~~hhh~'W f1'n~ lli lj~l~eJmmJ~eJ'UHtl~~ 
~lm'j~ ~f)ti'WHf1'~~ 660 nm ll~i:Ymr'W,rnUmllJf1' llJ1 'j tll'Wm'j~l'Wtl'UlJ ~~f1' 'j~ l~eJ'jJlJ l~m'Vlfl i!fl

'" .'" 
'" tjll~l~ Trolox LtJ'WIPlJLmeJurVieJu l'W <J$~ 'Vl~f1'tlU ll~tl'j~f)tlU'tl~JeJ R I (Buffer), R2 (ABTS Radical • 

Cation) 

.d 'l ~ "" '1
f1 wm 2.3 <J$~ 'Vl ~f1'tl'IJf1JllJ1:Yl lJ1 'jtl !'U m'j\PI1'Utl'UlJ~tl1:Y'j~ !~mJlJ1l1f) baranmedikal . .'" 

QJ , ~ V , 

2.5 fll~1V1fllfll~~Vlfl't'llmtf.:i'IJ6.:itfl~g)1~UJN [10J 

m'jl'~~lm'j ~ ~f)ti 'WH1:Y.:i'\Jtl~ 1:Y l'jIPlJmh:H 'j l 1:YllJ1'j m111~~eJ111rll H1:Y ~ ~1'WL~11 tl l 'WIPlJmh~ 
'" 

O J IlII UIJ U~! t 

~path l c l1g th (1)-----.. 

dO d I 9J CJ,I 'j) ?J 
fll 'V'l'Vl 2.4 mH1:Y~'VlJ:-ll'WL'\Jltltlf) 1:Y1HI~meJmllJ L'\J lJ'\J'W C LlJ'W'j ~eJ~'Vll~ I 

Transmittance (T) L~'Ui:Y~ riJ'WmlJ1tl!H1:Y~~ ~.h'W tltlf) lJ1 (1) ~ tlmlJ1tl!U1:Y~~~l'U 

L~1 1tl l'U IPlJmh~ (10) L~ eJ 'U1:YlJm'jl~':i1 



, 

'ITlJfl11" 'V1 '" 2.1 

Absorbance (A) iJ tlllJ 'IT lJ fl11" l~l1J'U 
1

A = log~ = - logT 'ITlJfl11"l1 2.2 
1 

~ lfI ' d ifd if cv ~ 
1~ tI'V11 !,U 1J~1" ltl ~ l'Ui'l l Transmittance lll 'Ulll tJwlI'U(9l (%T) ~ ~ 'U'U 

,1
%T = IOO- 'ITlJfl1 1"'V1 '" 2.3 

10 
1

log%T =log lOO ­
10 
1

log %T = 2 + log ­
10 

log %T = 2 - A '\1~ tJ 

A =2-log %T 
v v . . 

~~t!'U fi l T iifi lmJ'l'UGlh~ 0- 1 H(1 ~ %T iifil\9NH~ 0 - 100 '&h'U A = 0 dleHm~l1 
<U 

, 
'j} I 9J do Q.J d. 

lW~ A = 2 mH'IT ~rl l 'U tJtJfllJl'UtJ(JlJlm'V·w~ 1% ~ ~(9l 11"1~ 'V1 2.1 

Vll'lH~ 2.1 fil T iifi ltJ~l'W'lh ~ 0-1 H(1~ %T 
'lJ 

Trasmi ttance(I/Io) %T(log I1Io) Log%T Absorbonce( -log T) 

100 2 o 

0. 1 10 

0.0 1 o 2 

0.001 0.1 -1 3 

Transmittance 

o 10 20 30 40 50 60 70 80 90 100 

I I I I I I I 

II II I I I I I I I 
1.5 1.0 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.05 0.002.0 

Absorbance 

Q.J Q.I if, ~ 31 9.J 
2.5. 1 m l lJ 'IT lJVl 'U TI 'U tJ~mfl11" ~~ fl (1'UH 'IT ~H(1~mllJ l'UlJ 'IJ 'U (Absorbance and 

Concentration) 
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, ~ ~I Q.I I 1 Q.I ~ 9J d if Q, d' 
mm'J~~m'l'l-H)~!lJ'l-HY~ffTW ~W\9l 'J .:joum 1lJ!'tIlJ'tI'W I'll lJOt] 'tI tl.:j!lJt1 'J -H~ lJ!U'J \9l (Beer-Lambert 

, 
'" '" Law) ~.:j ff lJ Ol'J'Yl 2.4 

A = ··cl 

A ~lm'J~ ~O ~'W!!ff.:j'IJ tJ .:jff1'J (Absorbance) 
'" 

& = !1:J 'W fflJ llil ~1!'Y'l1~ 'IJ tJ.:j ff1 'J ~~~ fl ~ 'W H('l~ 1~~ fl 1 l lJ til 1~1'11 ~.:j
'" 

'" , - I -I 
!'JeJfld1 Molar Absorptivity(L mol )cm 

d ' Q.I r ~ 9J d 
'J~ (.I~ 'Yl 1 .:j'YH! ff.:j v.l 1'W \9l1tJ(.I1.:j 'I1'J tJfl 11lJ fld1.:j'IJtJ-:J !CJfr1 r1 (cm) 

c = m1 lJ!,j'm j''W!1:J'W llJr1/~ \9l'J 'I1~tJ llJ~11(M) 

d 
A = acl fflJf11'J 'Yl 2.5 

,,; ,
") ~I ' .d ~ Q.I C. 01!9 
! ~(.I a Absorptivity !lJ'Wmfl.:j 'Yl'IJ 'WmJ"Ir'W~'lJ tl.:jff l'J !m ~mllJ(.Ildflr1'W 

1.0 

08 

ED 06 
A'loT 

0< 

02 

o -t- t-I t--i 
1 2 3 < 5 2 3 

Concentrat ion (fll\l) Conccnt ralion (IJI\I) 

d Q..IQ.l d'1 9J9JQJ 
fl Wl'Yl 2.6 fl11lJfflJ'V'I 'W1i 'J~'I11Nm1lJ!'lJlJ'IJ'WflU %T Hr1::; Absorbance 

2.5.2 f1'J 1vlm1lJ !,j'lJ,j''WlJl\9l 'Ji1'W (Calibration Curve) [11] 
d 'j),'.t:!t c1 QJ Q.I rlQ./ , 

1l10fl1'V'1'Yl 2.11 !'Jl'Yl'J1UH('l111 mf11'J~~ O('l'W Hff.:j'tltl.:j ff 1'JlJfl11lJ fflJ 'V'I'W1iOUm 
'" 

" " " 
m1lJ!,j'mj''W'IJ tJ .:j ff1'J '11~ tJm 111 tu 'lJtl.:j !l1 tJ ffl 'J t1'W \9l1lJO{J 'lJtl.:j!1J (.11 H('l::; H('l lJ!lH\91 ~.:jt1'W til!'J 1U1 

m1lJiYmr'W ,rcilJlff~N f1'J1vl !m~i~m1lJiYmr'W ,r!~.:j!~'Wm.:j !'J11l~~tlOf1'J 1vlci';h f1'Jl vlfl11lJ 

!,j'lJ,j''W lJl\9l 'Ji 1'W (Calibrat ion Curve) 

"I 'Ii 'Ii '"""" _ 1 ') 0' 1 "" _~ "" 0'
f1'J1 l"ifl l1lJ!'tIlJ'IJ'WlJl\91 'J ~ l'W'WlJlJ 'J~ !tI"Ir'WlJlfl 'W!"Ir.:jlJ'JlJltu 1!fl'j1~ '11 
I , I f jJ 

ffl 1l1 'Jt)1~!YitlU !V; tJ'I11fl11lJ!,j'lJ,j''W'tI tJ .:jffl 'Jll i:J'Yl'J l U~llM 1~ (.Ill ffl 'J ll i:J 'Yl'J1 U~lfl11lJ!,j'lJ ,j''W t1'W 

'Ii '1 ' 'Ii 'Ii d I 'Ii 'Ii n.1 'Ii 'Ii 'Ii 
ll~ \9ltl.:j tl~ 'W"Ir1 .:jfl11lJ!'tIlJ'IJ'WlJlmi1'W'Yl'Yl'J lumHm H~~!ff'W f1'J 1 l"i fl11lJ!'tIlJ'IJ 'WlJlm~ 1 'W1l~ \91tJ.:j 

!1:J 'W!~'W\91HmlJtl 

d r 'j)'j/d , 19J 9J'j) OJ' ~ 
Solution) 'Yl'Yl'J l Umfl11lJ!'IJ lJ'IJ'W'YlH'W'W tJ'W tJtI1.:j'W tJ(.I 3-4 mllJ!'IJ lJ 'U 'W 1111~ fll f11 'J ~ ~fl ('l 'WH ff.:j

'" " ,
~lf1 tT'U fhl11illllrd'1J~'U 1f~1~~bY~l~mwI 'thlJfl 111J~'Ii'1J'\jlJ~ 1~Yld1llfhihl1111lflftlon 



Q · CIoQ.fd...d. 'J/ 

1J 'Yl'Yl 2 LtJ fi ffl'H!(j ~ .:jl'W d 1W'Yl !n()d'\J eJ.:j 

" ~~ fl~ 'j,.HGlhH~ tJdn'W mh w lfil fl1~ ~~fl ~'Wlr'W ~hJL'VitJ1Jn1Jm lvlfl dl lJ!,rlJ,r'W lJ1~~ j1 1'W 11~ tl fl l'WdW 

"" ~ " .1 ~ ~ '" ~ OJ ~I ~ ~ d
'Il l fl ~lJfl1 ~ !'lf~ !~h! 'U tl~ fl nV'~mllJ !'UlJ 'U h! lJ1\91~ ~ lh! !'Vl m m h! fl [j1JlJ1! u h! m l lJ! 'UlJ'U 'W !~ l fl'll :t 'Vl~ 1 1J 

fi lfld llJ!,rlJ ,r'W'U tl~~l~ Jh! 1~ ~~m'Vl~ 2.6 !!~~~fl1~1~filfl1~~~ fl ~h! !!~~ !~ml1lJ1 ~~1.:jml vl 
'" 

Caliilration pInt 
.\u<. 

lanw 

(' ") , ,­
t J 

.­ i detector 

r~ 
0.000 

I~ 
1.0(1 

o.so 
0.60 

U.40 

0 .20 C'OI1(.(m \1 ) 

cuvette ro nc.r. (I 2 3 ..j 

" 
fl) 1~fi l fl1~ ~~ fl ~h!! !~~ 'Utl .:j'\.l1nJ cil 

'" 

lanw 

detector 

~ 
0 .200 

cuvette t­ "0 

Calibralion plot 
,\h<. 
1\ 

1.00 

O.SO 

0.60 

U.40 

0.20 C'ol1l·.~n \1 ) 
, 

O 2 -' ..j 

Calihration pInl 
Au. 
I~ 

lamp 

detector 

,-~ 
cuvette 

1.00 

O.SO 

0.60 

U.40 

0.20 conl'.~n\1) 

Calihration I,lul 
Ab. 

lamp 

detector 

1\ 
1.00 

O.SO 

0.60 

cuvette 

,-~ 
0.600 

b r 

ll..lO 

0.20 

o 

C'Ol1c.~l1 \1 ) 

2 .' ..j 
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laDUl 

Calihration pInt 
.\os. 

I.nn 
o./!o 

detcctor 1l.60 

U.411r~ 0.2U ronc.{111 \1 ) 

cuvettc o 2 3 ..j 

Q.I I ~ g.I .d 
'D) l~'fll f)1';l ~~m'l'WU~.:j'UfJ ·HnH'l:i;meJmllJ!'UlJ'VI 4 

mYl~ 2.7 U~~.:jf)1';l~rl.:jml TI m\9l ';l~ l'W 

d dd 

2.5.3 f)1';l!1W.:j!'lJ'W 'D l f1f1{J'U fJ .:j!'lJeJ';l (Deviation from Beer's Law) 

!';l1 'V1 ';l l'lJm!!~l'D1f1f1I;]'UfJ .:j!1J eJ f 11 ~ 1f)1 ';l ~~f1~'W 'D:i; !!1h H'W 1~ eJ \9l';l.:jn'lJm m 
" , , 

!,j'mY'W ~.:ju'W!ij m ';l1Y1 ~ fJ \9l mlTI';l :i;rd l.:j~ If)1 ';l~~f1~'W (A) n 'lJmllJ!,j'lJ,j''W(c) !ijfJ'fll1lJ11'W l'U fJ .:j

'" 


!9H'lrl''fl.:j ~ 'D :i; !~mlTI!,~'W \9l';l.:j u~1 'W lJ1.:j 'flf.:jYl'lJ 11fJ1'D'D~!n~f1n !~eJ.:j !'lJ'W !~mllJalJ vr'W£~hh~'W 

').I .,2 ? I d 9 "" "" '" '1 ').I 'I ').I

!~'W \9l ';l.:j 9f.:jfJ1 'D !lJ'Wf)1 ';l!'LIeJ.:j!'lJ'W ~ 'W!'lf.:j 'lJlf1 (Positive Deviat ion) 'flfJ 'fllf)1 ';l~~f1~ 'W 11U'Wl ~ 'W lJ~p 

, "" 0 'l9J dlJi ~l9JJ ~ d .d Q ~ I 

f111tlf1\9l 'VI l 11m lTI'VI !~ h'fl.:j'U'W 11 ';lm1J'Wf)1 ';l !'lJeJ .:j!'lJ'W !'lJ.:j~'lJ (Negative Deviation) rlfJ 'fllf)1';l 

~ ~f1~'W lJu'Wl 1-WlJ~1~ .:j'Vll1t1'mlTIlfi'.:j ~ .:j ~.:jmYl~ 2.8 

I 
I 

I 
I 

. , " 
.di at Q.I I d ~ ~ 

9f.:jf)1 ';l!'lJ eJ.:j! 'lJ'W ~ .:jf1mllJ 1'D lf1 ~1 !111PJf)1';l !'lJ eJ.:j !'lJ'W 'D l f1!'fl ';l fJ.:j lJfJ(Instrumental 

Deviation) !n~'Dlf1 

1) mllJ !llmJ 'W ~l'UfJ.:j!'fli fJ.:j ij fJ 1~ '1'W'VI1.:j tl ~llilYl 'lJ 11f)1 ';l1~ ~ 1f)1 ';l ~~f1 ~'W 
31d 1 '9 I d dt Q.I 'j) 'j/ '3J 

'Um~l';l '1 11lJ'fll fJeJ ~'W 'lfl .:j A = 0. 1-l.0 'D:i;lJmllJ 'flmm'fl ~fJ'W'UfJ .:jf)1 ';ll~mllJ!'UlJ'UhlhlfJeJmf1
'" " 

tl';l:i;mW 1-2% ~.:jU'W'l'W tl ~'lJ1lf1n 'D1 .:j'D :i; lJ f)1';ltl~'lJmllJ!,j'lJ,j''W'UfJ.:jm';l~:i;meJ'lt1'fJ~ 'lhl'lh.:j A = 

I 'j/ r I 

0.1 -1.0 t1'1 ~ 1f)1 ';l~~f1~'W fJ ~ 'l 'W'lfl.:jVim f1f111 111 fJ-WfJ eJ f1 11-W U~.:jVi ~1'W fJ fJf1m~.:j !'fl1 fJ.:j \9l ';l1'D1~ 'i) :i; 

" . . 
-WfJeJ 111fJm f1!n 'W!tl ~.:j u'WmllJ 'flm~!'fl~fJ'W~.:j lJ ~.:j ~.:jmYlVi 2.9 

'" 



c (, I 
g I 
~ 
c. 
CJ 
(J ~ 
c. 
o 
(J 

c 

?f:. 0 1 0 

Absorb;mcc 

d 3J~d ~ (U .c! 
fll 'Vl'Vl 2.9 %fll1lH'U1J 'U'W'Vlflm ~HfHW)'W (% Error in Concentration) eJ'W ~'WeJ'l1J1 tl1 tl fl l11J 

fl m'fl ~fI~ eJ'W1'W tll ~ tl 1'W ~ ltll~'fl'fl tl ~'W (A bsorbance) 'UeJ'l~ fI ~ eJ'llJ eJ 
'" 

dd ~ d tI 
2) ~l'M'Vl1J'l1 mtJfll11JtJ11f1 ~'W (Polychromatic Light) tl1tltlf;]'UeJ'l~lJtJ~eJ'41J1 'W 

(Monochromator) 
'j} " , I 

i'l'l.r'Wtl1l 1'fl~l tll 'j 'fl'fltl ~'W eJ1 'ilfl m'fl tfl~ eJ'W l~ t1'lfld 1 1J tJ11f1~'W fl'W.yhJ'W1J1ij~1 Molar (t:) 'UeJ'l 
'" 

;­ I 
L 
-:: 

d.::::i ~ I d .::::i If

fllwVi 2.10 rW'UeJ'lU bY 'l 'Vl 1J'l1 ~ 1tJfld11JtJ11f1~'W191 eJtll'j IlJ tJ'l !lJ'W tl1tltl f;] 'U eJ 'l!lJ tJ 'j 

ttfl lJ A !tl'W hlI9111Jtl f;] 'UeJ 'l!'utJ1t'Vl'j 1~ t: !U~ tJ'WUU~'l hi1J1tl 

UfllJ B hhtl'Wlul91 11Jtl f;] 'U eJ'l t1i tJ1 t'Vl 'j1~ t: tU~tJ'WttU~'leJ~l 'l1Jl tl 
~ ~ ~ d 

3) f1 ~'W!t bY 'I 'j lJ tld 'W (Stray Light) f1eJtl1l 'jlJtld 'W 'UeJ 'l fldl:JJ tJ11f1~ 'W'Vl ! 'j 1 

l:Ul~!~ eJtl~1'W!'l1'1 1Ul91 tlm ~ 'VllJlJ 'W 1'11 'fl 'j ltl lllJlJty ty1tu (Detector) eJ1tl~n'fl tlltltll 'j m ~ t~'l tt bY 'I 

• <'I ~ '" 
~ 

"" "" 
~ 

<I <'I!071 <I ~I 51
(Scattenng) 'l1'jeJ tll 'jbY~ 'VleJ'W(Ref1ection) 'l1mtJ'l f1HlJ 'W ~l'U eJ'ltml91 l91'l!~'W bY 'I1'jeJ l"l~ tl91eJ'j tlJ 'WI91 'W 

~~'Utl'l tt bY 'I 'j lJ tll'W 'Y11 1'l1~ 1tll 'j ~'fltl ~'W ~'fl ~'l 1'fl tJtQ 'Vl 1~~ fl l11Jt'l1'1J'l1''W ~ '1'1 t1'l~1tll 'j~'fltl~'Wij~l 
! 'j} 'j}, 

1J1tl UbY'lli ~1'W tl tl tl1J1 l91tl lJ'U1'11 1'fl ij .weJ tJ i'ltT'UubY'l'jlJm'U~ 'l ri'l ~~ 1~1J1tl~'U 'Yl11'I1'~mwjli l:U 



14 

ev·ation cal.;sed by various evels of stray light 

2.0 

Cl 

U

c: 

-e 
~ 

10 o 
II) 

.0 
~ 

o. 1.0 2.C 3.0 ":'.0 

stray iqht 
-- 0°1) 

-- 0.0 :°0 

00_- °0 

-- 0.1°0 

- - O . :~oo 

Concentration (mM) 

flTVfl1 2.11 V'VlTI 'VH'1'IJ"EI 'I fl~tHlbl ":I':l1J fn'W(Stray Light) 

tlfWlr,H)~ l '1 ~'lf'W bllJJJ~11~fli"El 'lm~tl i~l i'W hi'ih~"EI!~flieJ'I 'I1~ '1 ~ :dJ r-H'1'IJeJ'IUbl'l';l'Ufn'W 
" , 

1 % 'IJ "EI'I 'YJ tl "l fl~'1l1'Yl1tlU 1~ ~ltlmll'1~m tI'U~l1 t1'Um lJ1tu'IJ"EI'IUbl '1l'Ufn 'W n'U ~ltl1 l ~ ~tl ~'W Ubl 'I 

..:!I I g) I dl31 dt ..:::::t Q.I 

l 'U fn'W ~~fl eJ 1 1l'U fn'W'W eJtI ~'lf'W Ubl 'Il 'U fn'W 1 % lJfI1'W eJtllJ1tlllJ"EIl'Vltl'Utl 'UUbl'll 00%T(Ubl'l';l'Ufn'W 

~~~~'W 0.0 1 %'lJeJ 'I~ l%T) ul'i~rleJ ll n~llJ~~ltl1 l~ ~tl ~'Wii~l lJ1tl~'W m~.J'IUbl'l~~ l'W "EI"ElfllJ1 !'\1~ eJ 
'" 

9J " d. OJ ~ ~ d d I I Q.J OJ 

'W"El tllJ1tl ~'lf'W Ubl 'l J:-n'WeJeJtllJ1~'VW'l l %T ~'1 'W'WUbl'll 'Ufn'W 9f'llJ 1% ~ ~ lJfl1~'Vl ltl'W tl 'UUbl'l %T ~~EJ 

l1 ~~EJ1 'I11"E1l ~bl'll 'U fn'W~~~~ 'W 50 % 'IJ "EI 'IUbl'l %T 

Ql1".iH~ 2.2 ~m tJ'Ull1 tJ'Um lJ1tu 'IJ"EI'IU bl '1l 'U fn'W n'U~ ltl1';l ~~tl ~'WUbl '11'i 1'1'1 
'" 

Absorbance %T %Stray Light Ratio of 

%(Stray Light / T) 

o 100 111 00 

10 1110 

2 111 

.. 

-=t 'L.I G G «I :1/

2.6 fl1".i!'U[J'lHnt11'1tl".iYn'lJ6"~'U [12) 

tl1l ~~ tI'W i 'W~1'lfl!~(Flowchart) ~~'Wm fl i1 f1'111 "El 1TIfll'J eJ ~1 '1'11~ 'I 'th '11 ~'lJ1i'l~ EJ'W Ubl~'1 

5~ tleJ1YilJ tl1 l ~~tJ'W i 'W ~1'lfl !~~~1i'lDfl1 'Vl ~~~'WiYtlJ«mjrulJl~l~ 1'W bl1 flml11D~~ tJ'WU'Vl'W 
'jJ " , 

f1~mllJ l'il '1'l 1'Wul'i ~~~'W ~"EI'W 'IJ"EI'I5~ fl eJ1YilJ 91'1f1~m l lJ 'l1 U~fll'i l'1n'W f\~~1i'iYru«fl'Y uhDfl1 'Vll1 

" U~ tll'i l'1n'W l~tJiYtlJ«fl'Yrum 'Vl il nl '11 'W~mlJlJ1~l~ l'W'lJeJ'I ANSI (American 

" 

National 

'" 
Standards 

Institute) U~~ ISO (International Standard Organization) 



fl11 !~ fJ'WU ~~ ~ trCl f1eiH ilJ ~JfJ1vJ~J'In f\9l~1lJ11 tI eJaf1 U'IJ 'IJ 1~~ 1 fJ ~~'W~1lJ11 m'li'l i 'iJ 
'" 

1vJ~JGlf1f\9l 1~~lm'Vll1 ~!1:J'WlJ1\9l1 ~ 1'Wmf1Cl !!Cl~!rlm.h1vJ~J Glnf\9l1iJ!~~'W1iJl umlJfI'iJ~'Vh 1~ 
<J 

~~~JmJ~ !'JJ 

2.6. 1 iJ 'J ~!flY1'\Jm lvJ ~J'If1f\9l 
"In.1 01 01 "" old n 1 '" '1 n.1 01 01 
mm'lf l'J\9l Y11 ~ flCllJ 'Vl J!\9lmlJ 2 lJl~!fl Y1 flCl ~l"Im'lfll\9l'J~'IJ 'IJ ( System Flowchart) 

! !Cl ~ lvJ~J'lflf\9l1iJ1!!mlJ(Program Flowchart) 

'1n.1 01 01 ~I 'I 51 <J , i
1) mm'lf l l \9l'J~'IJ'IJ(System Flowchart) !lJ 'Wfl11!!~~~ ~m'Jl!l1'WJl 'Wl~UU 

l1~~J'WiJ ~'W\9lCl'W1'W fl1Hh:j l'WCl~l ~11 ~~'iJ~lJCl~!,1'Wiwff1El w~m'Vl f1lN'l 'lJCl~'J~ 'IJ 'IJ u~'iJ~ hi 

."'1 . •• ~ • 

m'Vl~ 2.12 iJCl~l ~ lvJ ~J'lflf\9l1~'IJ'IJ (System Flowchart) 

2) hl ~1'1flf\9l1iJ1!!mlJ (Program Flowchart) !1:J'W lvJ ~1'1flf\9l~ , m~~~~ 
~ I ~ I 

~'W \9lCl'W i 'W fl11'¥i'l ~ l 'W '\JCl~ 1iJ 1 u m lJ ~~ 'iJ ~u~~ ~ fl11 'V\'1 ~ 1'W i~!!~!jlJ ~'W i Wff1'W 'IJ eJ~fl1 1 ~'IJ'li'eJlJCl 
'" 

fl11r\'1 'W1W'H~Clfl1 1iJ'J~lJ1Cl ~Cl 'iJ'W~ ~ fl1 1!!~~~~Cl~'Vl£ 'iJ~'Ylllr1'fl11!~~ 'W 1 iJ'J umlJ ~~~1f1~'W 
~~1vJ~1'1f lf\9l'lfi1 ~~m'iJ ~~NlJ1'iJl f11vJ ~1'1flf\9l1~ 'IJ'IJ 1~ ~~~!m'iJ ~ ~!~~ 1 'li'eJ-:J tl'IJfl CllJ Vi 1!\9l eJflJ1• 
1!fl'Jl~M11 'iJ ~ i '*'V\'1-:J1Wh'W i~!.yj Cl ~ 'iJ~ i r1'1~lJ1~~ ~Cl~'Vl£~~Cl~ fl1 'J ~~fl1'Vl~ 2.48 
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Start 

Read x. y 

:l=X+Y 

Print a 

End 

fll'W~ 2.13 I9lTeJth.:J lvl~1Gln!~hhum :IJ (Program Flowchart) 

" 1) 'lf1tJ~1~'lJ~'t.!\9ltJ 'W tll~'I'llHW 111~um :IJ U~~~l:1J1 ~mll 111 !~ieJ'W l 11mmlJ 

2) 'I11 f1 lJ'lYtJ~~ 'W m~Hn:lJ1~t)~~1'il ~tJ 'lJ u~~unt'U l11mm :IJ 1~~ lv 

3) 'I11f1lJf)WWIPlJ 'W lj~'lJ 'lJ.:J l'W~l:1J1~t)~~ull~.:J wi"'l 'U 1~tJ ~1.:J~1 ~ !~1 
o 'lww.,j dI 0 '1.1 lJ]W' <J 

4) 'Yl l l11~tJ'W~l:1J1 ~l:IfYf1fJltll~'YllHW'UtJ.:J l1J~!!m :IJ ~~.:JltIU~~~1~!~1 

d '1 ,.1 <I <I ~I 	 0 lJ] , 1 d lJ] W 
5) tll ~ !'UtJ'W m~ 1'lfl~\9l!1J'W bY1 f1~ bY1:1J1~I:I'Wl A1J !'UV'W A~ 'VJf1fl1fJl 

2.6.3 	 mff1tll~!~v'W lvl~1'lfl!~~~ 


1) l~~ty~f1 fJW\9ll:IJ ~ tll 11 'W~11 


2) 1~~ty~f)fJW~ lJ 'U'W l~m:lJ1~~:lJn'lJflli.:J 

d 	 iI ~ £!to, gJ C!.£::I." .do d I QJ" 

3) :IJ'Yll .:J !'U 1'l1~ tJ ~~!~ :IJ\9l'W U~~ 'Yll .:JtJ tJf111 ~ tJ ~~~'W {j~!'WV .:j 'Yll .:J!~V1!'Yl l'W 'W 
" 	 , 

4) ~l~'lJ.u'W ~tJ'W tll ~'I'll .:J l'W fI1~ 'il~!~:IJ 'ill f)'lJ 'W ~.:J~ 1 .:J 11~ tJ 'ill f1cMl tJ l 11 'U1l 

5) 'l 'W ~ty~f)fJWl~ 'l ij'Yll.:JtJtJ f1!Vl tJ.:J'Yll .:J !~ tJl tJf1!1'W ~ty~f1fJWU~~.:J tll~ 

19l~~'W1'il11~ tJ 'YlT~!~ tJf) ~l :1J1 ~t) ij'Yl l.:JtJtJ f1 1~tJ ~ l.:Jt!tJtJ~tJ.:J'Yll.:J 

6) !r;¥'W'Yll .:J!~'W l 'W lvl~1'lfl!~ fl 1~i~ A'il'W !iJ'W~~ !1JtJ'lJ 

" 
'U 1 l l 11cMlm'Vi nT'W 



'" '" " '1 n.l " "2 .6.4 'ff t1j1.'lflfdW'lJtJ'l m 1.'l1'lil "j\9l 

trru €ffl fdtU'lJtJ 'l1vJ ~'d'li11\9liJnh!'lJ 'lJ !!1.'l~fI'dUJ'l1lJ1EJ1iI911'lfl'W1tl ~'lmYl~ 2.14 
u ~ 

) ShoVJ <J 

r'1i.jrnru 'c; :) 
,'l , 'i 1"0 11. ~ "' 1 

~ .. ... . 
11(,';; 1'. ::l"iIll: ;:rli' :nl~ 

1111 . r) ~" ~mri' lUI, 

A-B.C 

'11Irn - 5 

Wri (':l 

. f':,. )y<i' 3 - C I. !i ) 

11:m<, :ihil -:i "~. 

r nil. : tJ Ul ii UlJ 

, li 'I"''' 1l 1~ 
X>5 111': U:..I .-:\ (.I ' x 

1I;,i"l1 1 

r li.rl~{J;..h 1 j lor 

, 1 t 10 
")T ll Vl'.,j',= . L.tt ) 
Ih ~" -ilU ;l i1 ' I "_ f : .o 

;-"J··t: ;:t. c(M';~~ l~' ~ ~u 

'.,p\l"t! mi:lfr) 

I > 
l.. : ~U)ft~· ~ . . ~ 

,i ., ~' )()··, i ,.,~i' ' 1i(O 

'.iU ~ ;) , :) 1.- 1I 1i, 

. ii U) r) U 

1I~:·"il ' l , ~ )=3 .. ~11 1r 

'".11 1' 1: 1U "·i i)i'l~ .. 

'j) 

2.6,5 fll"j !~tJ'W 1vJ ~'d 'li1 1\9l !!'lJ 'lJ 1 f1"j'l 'ff~1'l fll"j!~EJ'W !!'lJ 'lJ ijiJlh~1EJ'litJ fltJ l'l11.Jfll "j 1 ri 

~'W\9ltJ'W fll"jl'll 'l l'W l'l11~~ lm!1.'l~!~'W"j ~!1i EJ'lJ ~'liJ 'l1 €fflfll"j !~EJ'WmJ 3 ,rtJ fit)
'U 

1) Sequence fltJ fln !~tJ 'Wl.J!~'Wrll~'lJ i 'lUI91I91''W 1l'W11'lJ !~'W ~ tlU'lJ'lJ~lEJ"'1 l~ii 
n f.! '" 9 '" "" iii 31 '" '" d1 ~I ,.,.

fl n!lJ"jEJ'lJ!'VW'lJ ~f! "'1 1J'VlfY'Vll'lfl n !'l11.'l'IJtJ 'l 'IJtJ l,J1.'l !'VW'l 'Vl l'l!f!EJ'd CJf'ltJ1ll'll~ !lJ 'WU'lJ 'lJ'lJ 'W 1.'l'lm 'l 'l1 "jtJ 

31 lli n I Q IIi 31' 'I 31 0 Ji d d d .,. 31 d Q '1 " "iii 31 
'Ill flCJf lEJ !lJ'IJ 'dlfl !f! !9J"W fll"j !'l1f1l'W'dWm Yl 'W'Vl 'IJtJ 'l 'ff!'l11.'lEJ1JN'Wv-ll 'Il~!'lJEJ 'W!1J'W !vJ1.'l1'lil"j \9l !f! 
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.d d 

fll'VfVl 2. 15 fll JI'lJtJ'WU'lJ'lJ Sequence 

1 

.1 

1 

I 
1 

.1 r­
~ 

I 

~ 
I 

1 r­1 

fllTI~ 2.16 fllJI~tJ'WU'lJ 'lJ 1 ~1~'W Sequence . ~ 

!:'I .;j 1 0 I d/ 'jJ d "" .;j' '" 

2) Select ion IlJ 'W 'V1 l'H"tlf)'lJtl~ ~lJ)!!m:IJ9I~ 'Il~\PItl~:lJITItJ~""tl ~'V1 1 ~ I{ltlm'V1 1'W 'W 
• " 'jJ 'JI 

~~fllWYi 2.52 Im~ 'Ynf~'Illf),r'W 'V1 NI~tlf)l'l~ ""tl~~tl~:IJl TI'lJf1'W U"~'Vll~1'W t 'W'lJ'W \PI t1 'W~ tI 1tJ 

fll WYi 2. 17 fll JI~ tJ'WU'lJ'lJ Selection 

3 ) Iteration 
~ 0 ~ d .d 0' 0' 'j) Q.I 0 ~ 
fl tlf11 J'V1 1911ID 'W fll J l'lJ tJ'W 1~m'ljT.i \01 1 '}1 f)"'lJ :IJl'V11~1'Wi 'W'lJ 'W \01 tl'W 

, , d, i ",.1 0' o'.d QJ ~ .d I '" I Q.I r ,." I Q..I 

tltJl ~lf11 'Il ~m'Wl l n~"l'lflJ\01 :IJ "f) Eltw~l'W 91~IJtJml ~lJ(Loop) U"~'Il~""~lfl\0111 fllJl 'W ~lJ ~~ 
, iI I • 

fllTIYi 2.53 'Il~ 1~iJ 'V1l ~tltlfllhhh~1 'W t'W.,j\'! \01tl 'W~tl1tJ1~wtJ ITItl Yi 'Il~ 'Vll t'l1tltlfl'lll fl"tJ1~'Il~~tl~iJ 
" 



JIl'W~ 2.18 f11'H~t'J'WUlJlJ Iteration 

d 0 0 Q.I •

JIl 'W'Vl 2.1 9 f11~ 'Vll'll 'W'\Jtl'l'fll"ff'l Do While 

fll~'l Do Until 

2.7 It.l'lHfl'l1.J!~tJl-t'B~n'Ulf1'l 'H1U [13,14] 

hJf11~ 'Vh1m 'I 'I l 'WtT'W ~'l~'\Jwll1ilf1ft tl hJmm:JJ ~'l ~~ttJ'W~'leJl 'WJt'Jml:JJ"ff~WJfI 
H~~111'1m'l 'l 1'W 'ffl:JJl~tlfi'lJVf'trl1f1tl~1'l~ J~t~J U~~ ttJ'W~~l1J (J'U few 1~(J11h um:JJ~l oM1 'W f11~ 

" " vl11flH'l1'W;'WU l f1wl hhum:JJ LabVIEW 2009 hl~!lm :JJ Keil C5 1 h JmmlJ WSD 

h Jmm:JJ ProteI hhltm :JJ Solid Works tm~hJmm:JJ.f1 l'l:l1 91ltJ 'W~'W 
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2.7.1 h h-umlJ LabVIEW 2009 

LabView E1tJlJ1'illfl (LaboratOIY Virtual Instrument Engineering Workbench) 

!1J 'W CJftJ -w ~!n!~-WWl'Wl ~'U l~t1tl~JJ'Yl!'Ui'W !'U~ ~~'YlJ!lJ'U\W~(National Instruments : NO ~.:j!1J'W
OJ 

, ." 

tl~ JJ'Yl ~-WWl'U1eJ tlmw !!~~CJfeJ -w~!nHili'1w n 'U 1~U~~ 'Jl'U fl1 tl fllJ 5\911'U ml'l1'W 11 ltl~lT'Yl'WW 'J 1~ (J
OJ • • 

~ Lab View !1J 'W CJfeJ -W ~u1!\9l1'l1 ~ 'J1'U tlJ J ~lc)feJ-W~!!1{'Vll'J~l'Udl~~tlfll J-WWl 'W l lJ1 ;~ b!~tJfl. ft. 
, ." 

1983 U~~!1l~ \9l1 LabView 1.0 -crl'l1~tl!fl~eJ'JUlJfl ~'U 'Yl eJ 'lH1J 'W fl~.:j!!JmiJ eJtJ f1.ft.l 986 'il'U ~.:j{1'il~tT'U 

;ieJ LabView 2009 

Lab View '" fltJ dt '" "''1 :i1 '" !m eJ .:j lJeJ 'Yl t'lfVWlJ'W l '" I " I '" "" &Application (tUJ !!mlJ UJ~~fl\91) 'II'W~'l1'U.:j 

!'If'U !~ t11ntl Visual Basic, Visual C++ U~'il~!1J'UfllJ!~(J 'U l tlmm lJ l ~t1t'l1J tll'Ufl n -wWl 'W l 
OJ 

c!l ".Q , 

(Graphical-Based Programming) C)f~'il ~U\91 .:j\911.:j'illm!'U1f!~ Text Based Programming !'II'U Text-

o I I 0 ~ 9 ']) d "'~ rI ~ .Ji 
Based 'il~ 'Yll.:j l 'U 'il lfl tl'U ~'Jm'J U\91 LabVIEW 'il~'Yll~l'UUtltl Dataflow fleJ 'il~ !'IItl~ eJ flYl 'J fl 'll'UC)f 'J 

U'Yl'U ~1mtl l eJf! eJ'U!!'Yl'U fl n!~ (J'W 1tlJ !!mlJ E1eJtI(Subroutine) 
, 

OJ ., 
Yi'J n'l1'W u'Yl 'U fll J 1 'l1 ~"fl'J~mqjm~w;il'J1 tlmmlJE1flmJ'W'l f!~l tlntlfll J !~eJ'U l-W ~1'111{\91 'l1~ fl 

d llJ 1"I ~ '" ~ :iI '1" I dt c:, ilL I'" '1 '" 
tJ~ flfl t~fl~UmlJ" fl 'J u m m lJ ~~ 'Yl 'Yl 

0 
l t'l1 LabView \911'J'ill fl tlJ J Um lJfl'U 'Yl 1 tlJ fltJ !'UflWWWl'Wl 

, .­
U~~1"tlJ11 Yi ~tTtl ~'4'U fl n 1'l1'Jl'U 'Yl l'J~l'Uij1imh'JlJ lfllJ 1(J1lYNmivrBfleJfllJ1 

1'U ~ tlUtl tl" fl'J !fl~ fl 'JiJ fl !~iJ fl'U'il~'J(Virtual Instrument 'l1~tJ VI) 

1) fll J1'l1'J l 'U l tl Jum lJ LabVIEW 2009 
I 'j) t::'J I 

!iJfl ~fl 'Jfll J !~l~hh-umlJ LabVIEW 2009 1lY~1J!'U~f!~fl Yil eJf!fl'W 

LabVIEW 2009 ~'J fl1 'V'lYi 2.56 

~'!ol!l' ~o r 

!':--: I. _ 'I~ 


to:;.I!}!"")" ~' l'):J 


fl1'W~ 2.21 ltJfl fl'W LabVIEW 2009 

!rltJ!~l~ltlJumlJ LabVIEW 2009 'il~~'Umrl~ l 'J !!Jfl ~'J fl1 'W ~ 2.22 



D.-·.OS 

'.50' ,30 !)! 

mLabVIEW· 


d 'J/ , 'J/ i . 1 
fll l'jl1 2.22 'I1'U1 19l1 'lfn'H'Ul !lJJ"um lJ LabVIEW 2009 

~ . 
1!'U n'il ~!'l.J'l rillJ'U'I1rl'f)'Utl'l1tJJ"!!mlJ ~'lflll'jl1 2 .23 

<u <u 

rn LabVIEW· 

Lates t from nl.com 

.~: s 

LJ "O"t . . . 

On line Support 
Ope n 

II! .. C:'" , ', :- O-:::jbe"'... ~\ :~ " . ·.Cr-.t!..... :~ .. 

H. lp 

l1li •• ," :' 

~... .: : ', 

Examples 

U 5 '0", st . . . 

fll l'j l1 2.23 IlJ 'U'I1rl'f) 'U tl'l 1tJJ"!!m lJ LabVIEW 2009 
<u 
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. 
"" flWl1'1 2.24 Front Panel Uft::: Block Diagram 

llI n .l" "" ~ .l! llI_.I".x AI 'JI 'JI'mft LabVIEW lJ'WllJfff)ftt 'W *.vi !lJH mft'W~~lJl~f)V'U~1tJ'I1'Wl~1~ User• 
~ d d' .d ~ e:t t " , X d.c'! 0 QI e:1 11;1#

Interface 'n'W1'11iJ'W~ln:Jfft1'11!ljf~tltJf)11 Front Panel Uft~'I1'Wl~1~'n'W1'1ff'\Jl1ffl'111m'\JtJ'W fl~ 

l'iJm'n~~tJf)'h Block Diagram i~m'n~ 2.26 1I1mf'Wt~vlI~yj'1f111t~tJ'W1'iJ1UmlJ~yj'lmlfl~f) 
'\J11~if'W~'\Jv~ Front Panel 1I~'iJl1f){jfJ'iJmwffl'11r'Umlff~1~ User Interface ~~tJfl';h Controls 

.l! , '"I 'JI '" ..;Palette !ljf,:j1l~~f)U'U,:j'l1lJ1~'I1l.d~llJlJl~tfl1'1'\JV,:j'\JVl.dft ~,:jm'n1'1 2.25 

d I , 

m'n1'1 2.25 Controls Palette djVyj'lmlfl~f)'\J11fi Front Panel 

.: ..;.1..; '" 1lI~ .l! '" 
flftf)'\J111'1'n'W1'1'\JV,:j Block Diagram f)~~ ~~ Functions Palette !ljf,:jll~tiJ'W 

lfliv,:jijmf1'11r'Ut~tJ'W 1fl~ i,:jm'n~ 2.26 



U$,"" L,~r"'.E> 

Seie:t a \':, .. 

. . . 
d 4 0 d • 

fll'YfYl 2.27 Functions Palette tlJf)'YI1m~fl 'U11'Y1 Block DIagram 

• 0 g <!I <!I. ~ 
'YIlm~fWl Shift U"~'YI1m'jfl"fl'U1m~f)H'HlmlJ~ VIew» Tools Palette fl 

i 'JI Ji ~I A <!I 0 '" _ Id • I "" 	 "1 _I "" 
'iI~ 	 ~ Tools Palette 9f'ltlJ'iHmf)'1lJf)ffTlnmlJmJ'UllJU'U'IJ!flf)WJ1f)~(Cursor) 'Uf)'1tlJ1ff ~tllJfl~'iI~ 

~ "I 31 ~I '" 1 "'" I 'JI J <!I"" _Id .1" i_ I
\lm9f~ ~ '}HlJ'U U'U'Uf)~ 'U lJ~ f)~U"1("lff)'1'U 'U l!~) flf)tflf)~ t9ff)n~tlJ" tI'U 'iI~tlJ"tI'U lJttJ'I~ llJ 

o J .,I "i_ I ' "I 'JI '" 	 " .Id • I ~I
~lUl'l'U'I'YIttJ1tlJ1ff lJ11'1 t"lf'U 11'1 ~fl"fl'U Tenninal 'U'U Block Diagram tlJlff'il~tlJ"tI'UllJtlJ'U 

" 	 4 , ~I 'j/.v d
tfl~f)'1lJf)~f)ff1t1(Wiring) tlJ'U~'U ~'1flTY'I'YI 2.28 

. 
fll~fi 2.28 ff1'U~1'1"1 'Uf)'1 Tools Palette 

1~Q'I17f)~~tlfl11 Object ~f)~'U'U Front Panel 'iI~ilf)~ff1lJtJ~~tfl'YI;;f) 
<!I.I .,I"" ~31 Ji ~'JI ... " 

fl) Controls flf) lJ'j:::tfl'YI'YI~'UfIl'il1flf;! t"lf(Input) 9f'lf;! !''If'il~ff1lJ1~O~lJ~'''1 

itJl'I7f)t <NtlJ1ffflgm~f)Vi1m~ttJ~tI'Ufh~'~ t"li'U ttJ~tI'U~lJ ~lJt~f)'U ff1/R,f t~'U~'U . ., 
11) Indicators ;;f)tJ~:::tfl'YIfit<Nuff'fl'l~m;'U'U(Output) f:li<Nhjff1lJ1~OUtfl'U 

~l'U'U Front Panel ,~ t"li'U flnW ijt~f){ 'I1"f)~ ivJ t~'U~'U 
Ji 	 ~ .,III] Id 'JI '" 1 "I I

fl) 	Decorations 9f.:.lttJ'U Object 'YI tlJtfltl1'Uf)'1fl'U tJ~Hfl~lJ U"~ ~'U(I'1'U 
~ . 	 .,

1fl~'U'U Block Diagram mmt~ilii't-Wf)'il11lJ(I'1tl.:.l1lJt~'U~~tijtl'U1If)'1 Front Panel t'vhw'U 
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2) Help Utilities 
c:I <:v , <r ct ".t::9 ~,dA::l:' '1" ~ QI

tiltH()fl~THH'I~"1()Vl~ !t11Ufl'nJ !'Hfffl'l:lTYI~'Yl"f)"~ln !'Hfb tl1Jfl':IJ 

LabVlEW ~11J11(}'Hl~1()dl~1t11Um1J'1l~m~tlfl~!1J1J Help» Find Example \l~'1.hlfl~ 
" f (l,I .ci & ,(V,.,.... , IGJ d 

'HU1"1~ NI Example Finder ~~fl1ft'Yl2.29 9$~\l~U':IJ~"1tlV1~ !1Jmm1J"11J'H1J1~'H\l !tHl'Yl':IJ 

, 'l d ~I "'. ... "",'" d'l ' fIJ 11}~ I JI fIJ 11) fIJBrowse ~1'\J t'\JU'Yl':IJ Search \l~t1J'\Jfl11'Hl"1tlVH"11JfWn1~'Yl !~t'tll tu Ufl~tJ1"tl~fl1'j !~ 

~ ~~~ ~ ~ 

... HI tX;'"lntpk- f#IdN - ~ ~ 

:.o;"~"'::-;;ck tr e'X~~~i! to (1)!', ,t. 

1: ext!!:n:lies l'1':!.tc"l \'i'N'! se¥c!' 0 it~' /I 

__AtGlihlt~.51 
eM: 2 ;>c~! Se"'i!j :::~itt!: ~c i::!,e!'1C,\" 

&\:$-: St':.,.. '.;'i·"'~ erj 'teac· =>:t:. ',,"YO] 

eM:: Se-(!~, ~','f-!e ~"'O!(~ • :o..-:,~ ;"jt-.'""'J:', ","P¥o;s.e~~-j;~r; 

~j ~ Se;-'lI- "';f te l1"t: FI.~c. '.t.C:. ::--:e '/ or::s 
)e~-:, 9"'t!:e"¥' !!,~-_~t,-: 

'': ~$~<!S5 -,-tr.sc.e'y~,- C~~~''''.,' 

~(' It ~"'"'r'~ . -c... -:."v :;'/tr'e', - '!l'O; 
:'~r ;Q5.! ::~ dS;" H~St-w ~~"~• ~ra Co'n":~ .','>- .... :;l~;,$\:«;rie.\';J'~.1A·',.t';y i1V't; 

axc-~:'~ 

f:X!\l';:re: 

pc·,;", 
,"C;.;:J,-.J 

pg·'Wl 

~:.;:e 


!"~:)"oe<' 


a::e'e"t'Jt:o:­
~:ce_e;W,:ft~ 

Ac:us­
...,:Jt:t'(....,~~ 


l\::t),,;st-~ 


ooe"',e::: :-0 r";t pert. 

. 
... 

fJ1ft'Yl 2.29 
fIJ , 

'H'\Jl"l~ NI Example Finder 
GI .c:! d ~ (V , ~ 1II I ~(J,I cr cY (l,I , 4 b] ~ 
!'\JmtlA'Yl!1J~"1tlVNUfl1 t1Jl\lfl !fl~':IJ1~19l1 ~11Jl'j()'tItlfl111J'1I'1m'Hfltl !~ 

,. ad add 
\llfl Context Help !~mfl()fl'Ylt1J1J Help» Show Context Help 'H1tlfl~ Ctrl+H fl~:t'H'\J 

m.h.h~tgfl'1 'Yll~lJ1J':IJ'\J ~~fJ1ft~ 2.30 \llfltT'\J 1,rltl1t1J1ff't111~':IJ'\J~~~~tl~fl1'jfhtln':lJ1v 
~ ~ . 


mh.h~ Context Help 'i)~ttff~{jfhtln':lJ1Vff'\J'1 'tItl~ 1fi~~1,rm;'\JiIi"hijmrTntl~h ij f)'\J'tl"/ 

" 11} fIJ JI fIJ d ~ I d'l fIJ :: d"" " d1 ,.
ttll"'tl" tl~ l1':IJH Ufl~t.I1"tl~fl1'j!tlflffl1H':IJ':IJL"1Jl1JU':IJ':IJfll'Hflflfl'Ylfl{jfl Detailed Help 9$~'i): tV{j 

tU'H 1 ttl fl~11~ijttl fl~l1U':IJ1J fl~tf)V~ 

http:AtGlihlt~.51
http:fl1ft'Yl2.29


... .~ 

fIl'V'l'YI 2.30 It\.mn.:J Context Help lltUJlJ"'11 

3) Dataflow Programming Concept 

mlflfl1~'l'il.:JltJ"'fl.!l LabView ~.:JLntJ fIll:l1Hlll1ml,jrJfl lI:::;ihrfln\Plfl~l.!l 

1I1flflll:ll~LntJI?i1lt,r.:Jfffl mhwl1tJ hhumlJfIlEl1SM ~nfl1~'l'il.:JltJ(Execute) tntJllnl1\Pl1l1fllltJ 

• 4 Q.I' 4 QI 0 ~ d. 0 ~I 1
~Hll1.:J 'YIrl:::;l1n'YI\PlU\Pl LabView 1I:::;lJltrlflfl1~'YI1.:JltJUllll Dataflow CJf.:Jflflflll::::'YI1.:JltJLlJtJ lttJ\Pl 

• 'tI • 

l~wllttJ~'~ "1ll:::;'l'il.:JltJ'~~~tJt!iflllttJ~,rtJn~tJl1\Pl'l'JfI~i1mll ~.:JfIl'V'li12.6S 

!Random Number (0-1) I 
@~·~"t 

! Outputl 

""·-~l9~"~1" [3>-··-"~""~~~~iJ 

d 
fIl'V'l'YI 2.31 fl1~'l'il.:JltJUllll Dataflow 

mrflfl1~'l'il.:JltJ"'1N ltJmmll,j'l.:JlltJfifl ltJmmllth:::;flflll~1tlllttJ~ 4 

llttJ~ '~uri fl1~111fl, Random Number(fl1~~1I1?i1trl"'), fl1~fJW, ffUfl1!~'YI Hrl:::;trl~1l1~WlIj)1f1 

mrflfl1~,j'l.:J~tJ llttJ~ ~n~tJl1\PlmllUrl::::'V'I~flll~ll:::;'l'il.:JltJ '~!rltltrlili'tJhh umllnfl~ffl111lttJ~ 
I!!t tI ~ CJ~ 0 IjJ QI f 1 d 
flfl fl1~111fl, Random Number t!rl:::;mtfl1~~'YI CJf.:Jffll1\Pl1tJll:::;'YI1.:JltJ'V'I~flllfltJ ff1tJ lttJfI'V1ll:::; 

o 'llJ IllJ ~ "'41 0:'1 ~ • 
'YI1.!lltJfliltJ ~11 ~~!rltlflflfl fl1~~W t'V'l~1:::;1I1tlJtJ\Plfl.:J~flll-lrlfl1~111m!rl:::; Random Number fliltJ 

4) Block Diagram Nodes 

a lI) d I ~ c:tA .c!i tI 0 

flil ~flfliltJ'V1fl~l1tJ Block Diagram CJf.:J1l:::;1WtJl1\Pllt~tJtm\Pl11\Pl Url::::1l::::'YI1.:JltJ 

\Plll1l1\rl~Lrlflnflni'tJ lthumlllf1tlHtl.:JL~tJffll1<JfiJfllt"'f1"1 '~uri 

http:JfIl'V'li12.6S
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... dQ ~ dJ ....,..!! lI) I d 
f) Functions fH) 1'H'W~'Vlll'H 'Wl'VlYl'W!1'W'Uf).:Iflf)llYl1!1PIf)'jC]f.:l Lllffl1J1Hl'Vl 

~~I~l~t}'jlt1€l~!~tI~mtl'l'W1~f) li'W f)WIJ1f), f)1'jt)tl!, f)1'jltl~-tl~1rJrl' I~'W~'W 
... '1 _.I'" .,. IQ ....

'U) SubVls 11'jf) t'Wm'M1C]ff)l'tIPlU1'jm~I'jtlml Subroutme 'H'jf) Subprogram 

... 1- I I d Q J .,j 0 Q '1 ~ Q 1- 1 .!! .., d .!!
flf) ummlJtlf)tI'Vl\jf1l'UtI'W'U'W1J11Y1f)Qf)'Wl1J1!nm t'lf L'Wf)f) ummlJ'H'W.:I ~.:ImYl'Vl 2.32 C]f.:l 

t I"r:i 
ffl1J1'jf:Htl~l.,rl1 llt} Front Panel U€l~ Block Diagram 'Uf).:IlT'W1~djf)~'UliJ€lflnf)Viwi1Lf)flf)'W 

SubVls 
d ~ .dt A .c!t 

fI) Express VIs lil'W Sub VI l1'j~lfl'VlYlUfl:l fI'tl!lJf)!€lf)f) Express VI lll1H 

.., _ I ~ I J.,j '1 !ill'1 I I 

'U'W Block Diagram ll'W~~lJ'jlf)fJ'H'WlIP11.:1 Configuration 'U'W1J11Ylf) t'Huf)'WfIl Parameters 1PI1.:1 G'j 

~ .,j!il I d d ~ 1~ lI)!iI '1 1 .., 1..... d1l) ~!', I lI) ~ .!!
1PI1lJlPlf).:If)1m€l~lllf)ilf)'WfIllff'j~ f)~~ff'jl.:1 fI~ nfl1t1 ~'W ~tlf)fl 'WlllPllPllll'Vl t~IPI.:1f11 n C]f.:l 

~ ~ 

fl11llffl1J1Hl'Uf).:I Express VI u'Vhl,"U'Vl'UL,j~fl.:l~f)fflt1 Input mmYl'jl~ Parameters l'i.:l'Hll~\jf) 
!iI d I Q!iI !iI"'io!il '" I d J.., !

ff'jl.:1U€l~tf1'Uf)tlmtll'W!'jv'W'jmlum ~.:I'Vl-1 'l'Hf)1'jI'UtI'W LabVIEW .:I1VU€l~1'j11J1f)'U'W ff.:ltf1IP1.:11t1 G'j.. 
"'11) '1 ,.d,l Q1 ~I C{'j) QI d

Express VI ~~lJ tflflf)'W 'Hty'VlYl'W'H€l.:l!u'Wffvh ~.:ImYl'Vl 2.32 

function I ~ lEXilI'ess VII 

l!tiwaye.~18> ~ 

. 
mYlVi 2.32 Block Diagram Nodes l'WU'U'U~l.:1G'j 

5) Data Types(l1'j~!fl'Vl.,rfl\!€l) 

'l'Wf)1'jl~tI'W111mmlJ1~vi1G'j '11'i1~~f).:Iijf)1'jll'j~f)1ffwi1Hll'j rif)'W~~~l~ 
~ ~ 

wi1ull'ju'W U~dl'H~'U LabVIEW U'W~~\l~f)1'jl,"!fl·mll~l~V~~,j~fl·rYil!f).:I !~V.:IUfh~f)f)l1~.. 
!iI ~ '!',!iI ' ~ 

Lfl'Vl'Ufl.:l'U fl\!€l1J111.:1'U'W i fI~l'Vll'W'W l1'j~Lfl'Vl'Uf).:I'Ufl\!€ll'W LabVIEW ij'H€llvmiHVil'lfn'W 
, . ~ 

milf)'Wn'U'l'Wm'M1V'WG'j U€l~iJ.:Iij~f)'IJ1.:111'j~f)1'jVil~'W LabVIEW l'Vhu'W 

f) Numeric fla.,rfl\!€l11'j~lfl'Vlwi11fl'U 1iJ.:I~1'W1'Wl~ll ~.:I1'W Block Diagram 

d :'I.Q:~ 0 c:r. d ~fdV ~ d Q.I ~".:
'iI~!'H 'Wlu'W ff'W 11.:1 'W 11 €l~ ~ 1'W 1'W 'Vlff'WVlJ~~m'W!u'W ffffll 11if)1'j 111€lv'Wll'j~&fl'Vl'Ufl.:lfl1m'U ~ 'H fI€lf) 

.dQl ~ 'j).c!t ~ QI lJ)".Ji d 
'U11'Vl1Pl1m'U'W'WU€l11€lf)f) Representation !m~mf)f)11'j~!fl'Vl'Uf).:Ifl1m'U t~mtl C]f.:lUf:l1'U'W~~!il'W 

i11€l'Ull'j ~ !fl'Vl'VlffiJVll (;11'W1'W ~1.:1) Hmfff).:Iflf) wi1m'U~1'W1'W!~ll(Integer) 1If:l1ffllJflf) ~1'W 1'WI~ll 
1I).Q .,j ... 

H'U'U tlllllfnfl.:l'HlJ lt1lP1~ €l'U(Unsigned Integer) . 
Number) ~.:ImYlVi 2.33 

(Complex 



-<Uir -';:\IIsbI&ltems 

Change to InOcator 
~ttJCoostMt 

DesabOOn ald If;l>,. 

AM I 

"" 'JJ _I d"" ,"" "" '" 'll) Boolean fl6'll611"1J'.i:::LfIf1f1l1ff6~fll fl6 "~H" ttCI::: "tfl~" 'U'U Block ... 
• .cS:".cl9l.c::l.c:::l..,s Q,I QI .cS: '" Diagram ~:::UffY'l~ff'll6~'ll6~"'UY'l1fJfft'llfJ1 U,,::: .. TH'.i'U'U'U Front Panel ~1 Boolean Control ~:::11 

""'" "" 0' Ji "" _1 """" jd "" "" 0''1 'JJ .: d
fJWffll'U~ff1~'H qf~lI'HCI1[l1J'.i:::tflfl 11m "fJ'U'H'UY'l'll6~ff1~'H &'Hfl" fl'll 11f1 Boolean Control 'U'U 

" a . 0I.d. .dp QI .. ... 1 QI ,4 '" 
Front Panel U"1tC16fl Mechanical Action Y'l~fI1'WfI 2.34 ~:::lI~l1[lfl'U 6 '.i1JU'U'UY'l~'U 

• JI!!I ~ tI Q Q,I 

SWitch When Pressed fl6 ff1~'HU'U'UflY'l~Y'lflY'lY'l'U 

'".r:!t " 1 Q.I

1I6U"1tf11'U'U 

;:9 Q ~ Q j' ....
Switch Until Released fl6 ff1~'HU'U'UflY'l~Y'l'l "6[lY'l'U 

4 ~tlil d 'dl~ f 

Latch When Released fl6 'illflflflff1~'HU-n1~:::t'll"[l'Ufl1fl~6t1l6'l1"6fJ 

ij6 U~1tjf~fltl'U!~'U~1!~lIflflVhrl61 'lhum11 i''Ui 

Latch Until Released fltl f11'.iflfl~fl'll~tl[li'U U~~:::~f11'.i'.i6hf1'lhumll 

th'Ufh~6'U'lI ~tlfJijmitl'U U~1!'lI~ fJ'U fltl'Ufil!~lI 
b.:&tton 
~~.Jtems 
,. flfldTert11IndI 

ChanQe t~ lndi<ator 

DescriptIOn and Tip.. 

Create 

Replace 

F~ Control to Pone 
Scals obj&t WIth P ...... 

R""""" Text 

http:U~~:::~f11'.i'.i6
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'" 91 d~I ....... "I ~I d ...s'"
fI) String flf)'tIf)\!Cl'VILlJ1.l~1f)f1Ej'j ~f)flf)1.l'tlf)~ String 'il~LlJ1.lff'l111Yj (;1l'WJ1J 

fil'HLff~~f-ICl'tlf)~ String 1J1.l Front Panel 'il~1if)~ 4l'iJU1J'IJ 

'" _I ...
Nonnal Display !'If) fil'jUfffl~f-ICllJf1~ 

'" 1<:i "'_I 1 0' 0 ...'I' Code Display flf) fil'jUfffl~f-IClU1J1J !'Ifll1IJ'j~ £J'I11.lffl'tn1Jfilmfffl~ 
• >I 

i1if1lJ'j11~lL'iJrll lliA'H1.l L<tf1.l fil'j rl'1.l1nfl(/s), Uil1J(lt), fil'j1j1.l1Jn'fifl 1'Hli(ln) d~J1.l~1.l . 
/VQ,I 31 ;4 

Password Display 'il~U'VI1.l~1f)f1lJ'jfl1t1!mf)~'H1J1£J * 

Hex Display Ufffl~f-IClLrJ1.l'jr1ffLCl'tl!l1.lff1J'Hf1. .. . 
11.l fil'Jl'iJ~£J1.ll'iJ U 1J1Jfil'j Ufffl~f-IClffl111'jf,)!'Ii1f1't11111 String 1J1.l Front 

Panel U~1L~f)m,j~U1.l'illml1lJl~'fi1.l11 ~~m-w~ 2.35 

CMoQe to Control 

Description and Tip ••• 

Create 
Replace 

Ft control to Pane 
Sc.... Object with Pan" 

m-w~ 2.35 nfil'jL'iJ~£J1.ll'iJmJ'lJfil'jllfffl~f-ICl'tlf)~ String 

'" ')1.1 d '191~')Id ~I'" ""!i. ., <>
~) Enum!'lf) 'tIf)\!ClIJ'j~L.fl'VI'VIUfffl~ m~ !'IH'H1.lLIJ1.l~1'H1.l~nf) U~I'I1'ilH'tIf)~ 

"" '" "" "" ~ ""I d')l ,fd d~'" .!I '" ...
l11.l!'lf) ~1LCl'tlfl~1.l1.l 'lJ 1.l Block Diagram 'il~l1f)~t'H1.l'tlf)\!Cl,j 'j~!.fl'VI1.lLtl1.lff1.l1L~1.l C)f~t'H11f)1.lf11J 

o d ""'" 91 191 "I 91 :: '" 'ill1.l11.lL~1111ifil'jff'jl~ Enum Control 'H11~ Enum Cl~ ~'iJ'lJ1.l Front Panel UCl1!'1Clf1't111UCl~mf)f1 

. 
m-Wl1 2.36 nfil'jfffl~ Enum Control 



~) Dynamic flfJ .,rfJ1q!n~fJ~hqtl'UfJ~t11111fJ1lnltyty1W'U'i.! Block Diagram 

'j/ '" ~... 'j/ 'j/ .I! i _I 'j/ 'j/ , d_.l_.I .. 
\!flU-cr~~~1t1-cr'i.!lL~'i.!t'UlJ !-cr'i.!'I1'i.!lll)f~mtl 'i.!ul~flfJ'Umtl'UfJ\lnlJ1fllJ1t1 !'jj''i.! Array 'UfJ~nl1l1fJnJ, 

, ~ 

Time Stamp, 'iffJ'UfJ~fftyty1W <1Cl<1 .,rfJ1q!ntll~U1'1'l Dynamic uri1'i.!i'l1tYi,n'i.! Express VI 111'i.!1'i.! 

fllHh'i.!, n1!U~ !m~1!m1~,"fftyty1W lrl'i.!~'i.! U-cr~~fllli~~l'i.!U'U'U Dynamic i~m'n~ 2.37 

~ 
I' Acquire Sound •

C=-·oata 

m'n~ 2.37 fllli~~l'i.!.,rfJ\lClU'U'U Dynamic 

e!l 91,J "QI .d .d.d .cl.eJ 
\!) Time Stamp tlfJ'UfJ\lCl'l'ltll~flfJ'U~1a1'i.!'I'l UCl~nCl1'1'llJtl11lJCl~1fJfJ~fI~ 

~~.Q ;e::t d d;e::t:"'j) 0 

lJClCl1'i.!1'1'l Time Stamp 'U'i.! Block Diagram ~~lJ'I1'i.!l~l!tl'i.!-cr'i.!l~lCl!-cr'i.!'I1'i.!l -cr1lJ11fl'i.!llJ1UtlCl~ 

ili'Lrl'i.!1'i.!~UCl:la1mu'U'U String '~i~m'n~ 2.38 

m'n~ 2.38 fllli~~l'i.!.,rfJ1q!ClU'U'U Time Stamp 

6) fllll'litl'i.! i A~ ili'ij flll'YhJ1'111 fJ1'i.!Cltltrl'i.!~~~i~,j fJtllJ1flff1'11 i''Uflll !'litl'i.!... ~ 

i t1'i.!umlJ !i7 fJ~ ~lflflllth'i.!1W '11 Cl1t1fJci1~ 111trl 'i.! 'O~~fJni1''i.!~fl'I:'W~CJ11G'] flll'riT~t1~~!rl'i.! t'l'ltlUtl 

ff1tlty~'O~~fJ~f ff1'11l'U LabVIEW tpJflfJ mfJ'U~l'I1~alJ~~fJmfJ'U iA\?l~1l:i''i.!J1tm'-ro 2 

lh~U1'1'l~llJ~m'W~fllli~~l'i.! 
• "'l "'.1 'j/ .I! " 

fl) WhIle Loop flfJflH)'U-cr!'l'll ul~flfJ'U\?l1a Terminal Index 1l)f~'O~-cr~fl1 
" " '11 • 

fi1tCl'UfJfJfllJ11JfJfl11flfJ'i.!U While Loop 1~lJ1nfli'~u~1 i\?lm'i1Jtr1J~lfltl'i.!r1 un: While Loop 'iJ~i''i.! 

'iJ'i.!fl';h Terminal !1fJ'i.!''U 'i): '~i'1J Boolean ~1 True ~~'iJ:'I1Q\?li''i.! ~~L1fJ'i.!''Ufi1flCllJffU\?l~d~fJfl';h 
Stop If True ~fifJ 'I1Q~!rtfJ '~i'1J~l'O'i~J'i.!tfN fllli''i.! While Loop !rl'i.!'tI~llJ il1rl'1'ln1\?l i~m'n~ 
2.39 
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stop 

[] mJ"l11 

fl1f4~ 2.40 fll'Jl'l1'~l'U While Loop 
~ . 

11) For Loop hHhut1ll'1'ffl'Hi"'Jnl'J~u~,j~mh.jtlu 1Wi't1~fll'J~U 
JI ," JI ", 

i~'HlJ~n~~~1~tI~lt~U¢l't1~'J~1.J~lU1'U~~~(N) 1It1~ For Loop '1'titluiJ~~-W'U'O~~'UHl~'hji~ 

"h'Ui1 Index 'il~1'HjjtlWilJ While Loop ~t11,rN"H~'Ui1tl1l1Uff~~~1'U1'U~,j~~'U',jm;'11~tli~lJ 
.., .. .l/ , 'I ~I .., 1-.1 .. ...., d 

'UlJ'illflil'\.jf.l C]f~fll1 fl t'U For Loop UJ1-!~~ 1'Il11'lfl'J~ ~~fl1f4V1 2.41 

[I] 

. 
fl1f4~ 2.41 fll'Ji'l1'~l'U For Loop 

7) fll'J,j'UVifl!tl1~fll'J~l'U ivJi:l' 

.., .o!I ,_.I .. I '_.1"3J 3J 3J
fll'JlJ'UVlfllltl\jl1'illfl LabVIEW l1~ 1'Il111l1~fll'JmUlltl\jl1'illfl 1'Il1Ul11 

111 ',jl'l1'~l'U '1'U LabVIEW 1~'U~~fflrlty~'il~¢l'o~'I11lJl'1'l1'~lUtl~tfflJO '1u111,rod'il~13~il~I~O~1I0~ 
"1 • .1 ..d.., .o!I ::'1 ..,.., "'" .l/ ::'1 1~ 'I d ",.0!1 "'" 0 

l1'll1V1lJ'UVlfl!1JU~10flll'J'H'JO Text File C]f~t1J'U ~~ L'U'J~lJlJ ASCII V1ffllJl'JfllJ'UVlfl'H'JO'UllJ1 

~ 3J '1.1 I IIJ 3J • 'I .. 3J 3J 
t1J~~1t1 L1J'JUfl'JlJ~l~ '1 !~l'lfU Note Pad, MS Word, Ms Excel "Il1"1 Ul1~ !'Ufll'J!1It1'UlItI\jl11'IJ1 .. "' ..'II 
LabVIEW lJ 2 UlJlJ~~'U 

" fl) High Level File I/O '1'U l,j'JUfl'JlJ LabVIEW -W'U1l VI ffl1~'ill,jffl'H~lJ 

fll'Jl;jtl'UUl1~~l'U'vJ~l~tI~ i:J¢l'O~ff'Ul'il,~o~fll'J 11J~ivJ~1J~ ,vJi:l''1'U'J~ilJril~ ~~~tlfl11UlJlJ 
• .& f ~ J6i d (V dQ,t 

HIgh Level C]f~ VI 1'Hl11U'il~m.l !'U Functions Palette: » File I/O ff~1Ufl1lJU ~~fl1f4V1 2.42 
'" 



~i~It;lp'l 
l~i:f!~l ',0, ..•,' 

A1jro'-i: 

F~."O,:te 

:Mt.!Ot,e.-~ 

Sei!';:,p "1,,, 

::il 
CO':'f)6~:~~ 

:t~l 
l!:(~to 

~(!)'l lZJ~C7I~_! I;tttll;mJl!....[Jw 

, s,'":;;;:,,,, ~rmm ill 
!lQ~~~ 
~§C~'I~'1 
~-ji [j "[:JiB!,,',' ,,,J,_~__ ,~,, 

~'l 
fIl'W ~ 2.42 t:UlJ f11'i 11'l.!'t1flH"~ f1T:i ~ 1'\..11yJ~ 

'\I) Low Level File 110 ~atlmJ1Jf11'it;jfJ'IJ~l'IJ 1yJ~ lf1fJ!~:U\llflf11'Hil~1yJ~ 
41 ~ 11( "''I I ~ '" ~ "" I 1I(.A '1.1 .A .1 "'~I lIJ • .l '" d!'l1'iO'ffdl~ tyJ" m:u \llfl'IJ'lJm'i:Uf11'it'\lfJ'Utm~f111tJ1'U ttlt'iOtl'1 t'U~1J tm:;;:t:UO\l1J~1Jfl1J~ m" C]f~ 
d, '" 11( '" 11( "'. '" ~ '" I ~ • I 'J/ 'I .1 'J/

\l:;;:t'l1'IJ11f11'i til ~ tyJ"u,,:;;:ilfl !yJ"VI1t'WfJ~flHtflfJ1t'W 'il~O~'lJOfl~t1 m'IJll'JflOfJl~l'\ll:Ul ! 'IJ ~1JU1l1 

~\l:;;:l'ilhrf11'it;JfJ'IJ ~1'U 1yJ,,1li~t1'i:;;:ffl'l~ fIl'W!'W'il:;;:~o'Hffm1"lilfl 1yJ~tilfl iyJ~l'Jflflf~ atluuu . 
'\IO~ Low Level File 110 i~fIl'WYi 2.43 

Read from Text File 

Write to Text FHe 

fIl'W~ 2.43 atlU1J1J'lJt)~ Low Level File I/O 

Write To Spreadsheet F~.vt 

fIl'W~ 2.44 ~f1~Ol~.:jl'U'\IO~ Write to Spreadsheet File.vi 
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rn 


.

'" ". 
~l.:)m'VfYI 2.47 

..: .... J 1-1 0 'JI d?1 11) • .1"
fll'rft1 2.45 ~dtlm.:J lJ'JUf1'H.Jf)1'i'Ul'Utl\jmmHlJ'U rnCl *.txt 

8) f11'Jl<Y'.:Jl'Uml't'll1.:Jfi'i'Uf1n't'l'Utl.:J 1tJ'iumlJ LabVIEW 8.6 'il~ijl1.:Jni'U 

Control DeSl>l" 5.. S,mu!ation 
,t',ET & ;"ct,veX 

Sr>;)!".!!i ProceSS;l'>l 

>.ooo,..,s 
.Jser CDl'trols 

Select" Co!"Irai. .. 

. Time 

m~Yi 2.47 ml't'lG)j'U~ Waveform Chart 



.,; '" d/ d i " 1lJ~ ::fflllTH1'VI'\J~'U'W'VImlhJ Wltfl1'W'W1llfffJCl *.bmp ml~ *.emf L~ L~Vf11'iflClfl 
.,;.l .,; d !lI ~ ,,!lI "I ., d/ d i" iP "" '" 

'IJ11'V1'W'W'VImlW '\J~1l'IJtlfl111l'IJ'W ~i1tCltlfl'U'W'VImtl'W WCl.fl1'W '1'1 2 U'U'UfltI *.emftICl~ * .bmp ~~ 
d A 0 Q,I.dl" ~i;lf <V .d 

m'W'VI 2.48 HCl~tlltl'VI1f11'i'U'W'VIflUCl1HCl'VI ~ ~~m'W'VI 2.49 - 2.50 

Save to ~e 

Time 

m'W~ 2.49 iw~m'W'W1llfffJCl *.brnp 

Waveform Chatt I PIoto k~1 

Time 

m'W~ 2.50 iW~m'W'WlllffflCl *.emf 
q 
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2.8.2 hhml'nJ Keil C51 
'11 

ltJ':mfl1lJ Keil C51 iMhHhutJ':i::mtl1J'I1ti'n'l ''Unl'.i'~t~rJ'u ltJ'.iufl1lJm'l-J1CH 

.9 ,91 .9.9 ;v ;v ''t.1 ,91.., ,1 ::";lJJ .
t'VI6f11'UfjlJnl'.i 'I1{jl'U'UR~HfI'.i6{j tlJ61916{jnl'.it'tll\T &lJ',iUfl1lJ Keil C51 'I1\91'Ut'Uflflfln'YI &6f16'U Ked 

C51 ~{jm'VI~ 2.51 Hfl~''U'I1'Irl~1{j'l1ti'n'U6{j ltJ',iUfl1lJ Keil C51 ~{jm'VI~ 2.52 

m'VI~ 2.51 ltJmfl1lJ Keil C51 

~ 

ittiL~ ~ 


x I~---------------------------------------------' 

Project 
,\YC'rkspace- Text-Editor 

Windows 

" 


m'VI~ 2.52 ltJ'.iUfl1lJ Keil C51 

51 • 

1) Project Windows t'h'UU'~ffl'11~m"~l~ ltJ'.iufl1lJ ufl~utJflthN~''U 

ltJ'.iUfl1lJ,,r6~''UltJ *.hex hM 
. • ':910 .., .J/;vQ

2) Workspace Text EdItor t'YJ'U'U''I1t'1'l'11'.i'Ut'UfJ'U hhUfl1lJflTMl 91{j!1fllHt11'U 
;v ,91 ;v, .': 

1916{j 'I1'11'U11911{j''Ut'1'1'U'U 



4 d Jt ~ Q ,,f dQI 

1) H'l6fl'YI ProjectlNew Project !'YH)t"Y"n~11h!'\Ifti'VIlJ'U\.IlJ1 ~Hm .... 'Y1 2.53 

Pt~f*d ·.V.:rk~~ 

x 

tfJ CO:i:oo:"'ents, ;'''\''''O:1;re~t, 900<$,., 

.:.. C: ':DoC;')f"E<'1ts .a'lO Set:;;r~os ';eha_'!'I';Ol \Des~tOPU... O=~oi.jer"C!1e'1t:ai ·;~1CSS 1 \ ..Ir' Ab$.~','2 

2, DI 'r.:s ·5ll~'l~llt~"'~~~~f,!:;':..;;;t\T~t..U\" 

2C:'!)o:C;.ir'"'er:ts .ere se-t~f';~s\::":!lI_r':(Ji';;:est:tO;);,l ~ O;:obe~·',C~e""'-ca;\' !l'~ A,:.s.:..;\'2 

SC:'Dou,:""ents ~ Sett,~~\:j1~_rr':ot~,)esktco·;;:;"l'\~.ri~;"o~·/_f:t_l~fH~ ':-'bs.Jv2 

§. c: \~OCt,;1\"1e~-ts ~~~ Sett;""Cs',.,:~a_~'Q'·Jt:~tro·.i:t .. ~1':,;r:l~z'.\-_!:_<50wi'~~:('\ Abs.:.//2 

Z;): 'tJ";:$"5 '1 '.~.!I;~i_OK'-i-;af!''l..'J:0555,Jv' 

~D:'.";~'-iQ~~ 2:011J'1-;e';/: "1:C_C"1en~c~_:~.::::o:\·rn A!)S,'... \'2 

d 31 1 '" "I Im .... 'Y1 2.53 fll'Hl'n~ 'lht'ilft l'VIlJ 

A 4 J:.J J 9J r QI G) ,at 1. I '"0

2) !lJ6lfl6fl New Project 'U\.IlJ1Ufl1'\1~'U\.I'VI\.I1~1.(jffl'V1l'1J Iff'lf6 lJl!'\IftUfl~ 

<U\.Inml\.1 ~.(jm .... ~ 2.54 9i.(jft1l'\l::ff~1.(j 1vlfl!~16i~\.IlJ1i'VI~ mh!,j'11tl Save i\.l1vlfl!ft6itT\.I ,j'6 

Save 

, r:I t f • 

~ ~ ... 1 311 q,I .d 4!tG)l/o 4!t lfI.d.d 

3) tlJ6ftflfl Save '\I~lJllfl~'VI\.Il~l.(j ~.(jfi1""'Y1 2.55 t.... 6 1'VI'YI1fl1l!l:'l6fl ~69f'YI'\l~ 

• 31 1.' '" 2 Ci 0 4 d 31 Ji "I d J' '1 ~ 31
'YI1fl1lffll~ lJWilft !!t;11'il.(j'YI1fl1l!l:'l6flV'VI6 9f.(j I\.IVI\.IlI~ 'IfV'VI 6 Analog Devices 
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CPU 

·'i61·:dor: Analcti D~v:ce$ 

j)e'l!Ce: 

Toolset 

. 
m'Vlfi 2.55 'I1tfl~vrdmi'm~vfl1v; 

4) t~vflt'uv11v;~~v-!lm'j tt~,)fI~fl OK i-!lm'Vl~ 2.56 

toevce:~.DuClll2 

TcO'.::!e! :C:1 

~ta b~8: De~Cri?tio~": 

:~B::g{5~' 

a AD,,::)l 
a Ac,,,cm 
Cl AD,"ce3~ 
a .!..~I_C~3. 

a 
a 
a 
Q .!:,,,:£L5 
Q A:,,,:2C 
a .!.c,,:ele 

+, !: .~r\chCfCh:p~ 
!M?()RT;-.r-iT -. 
~(!1P:-c!e!"'0'\a! ;:~¥e;cp<lr·. Nt:~ reQ'_.~:i 

to cre,a1e P~i:a~ !h~ ~cce$~ tne 
e~:efn~; ad~ ~ce. 

4 d J 91 I J '1 91 0 "" 1 d 91

5) mVfl'YI New "~'tIlJ'I1lJl~H Text 'tIlJ1I1 t'l1'Y11flUt'tlfllJ IhttflnJ'YI~v·mu . 


'" "" ~Hm'Vl'YI 2.57 



x 

~~~" 
em ~ 

A\: :Target 1 
P",:,;.a 'Ncrklip.a« x 

+,­ [~~; j&'vt:~: 

. 
fIl'Wii 2.57 tyU'l~h~rlltyrm:UtJU lt1'mm11 

A d 1. I cS!lI 'I !lI • ., ~ 1.1 1 '" d .,6) t1l0t'UtJU u'Htm1l1ff'HlUtrJ ~wYnfl1'.i1JUfltl u'.iumll tlm1:l0tlfl Save tl~ 

d. d~ ~od ilGI' ,
fIl'Wfl 2.91 C)f.:J tum'.i Save tlU 1l1liltlll::::~o~ !fftllllfffJ1:I *.c l'l$tI test.c, roboSl.c 

test 

r:;ie r.ame: 

.. . . 

o ~ II:'! ~ 4 do 0 4 

7) fllm'.ifl1:ltl'U11fl Source Group 111:l1l1:10tlfl Add File to Group fllm'.i11:l0tl 

File ~,~ 111m'.i Save B'1l11,rltlcjll~lU ltl'.il~fl~ffJl.:J i.:JfIl'W~ 2.59 
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~ .. 
~1'Ii! 

;:
fill a~t'I~d': te"'\j.-e! 


l~J ~~;';.c :l!t~t: ., r 


d ~ •I

flWfYl 2.59 'I1Ulm~f)1''J Add Ftle to Group 

8) trlVtilmH1Ut'U\t.n1u 1U'jt~fl~t'1~1,Utft'1 ~mJ1~~~v~'Vhfl1'j SET rh 

tVlv~~~'Vh Output 1~t1'Vhfl1'jtilVf1 Option for Target i~m'Vf~ 2.60 

1:11 B.et;t;.;_lri tl!!:'J;-t't 

~;'d t~'~tt -=7 

17oid: 

']I , 4 
2.60 'I1UWI1~fl1m'lVf1 Option for Target 



C_;b~\ 5>'6 

Ooerat1"\~ ~;'$tem: 

,d, jI I Q.I , 

mVfYl 2.61 'H'Ul~l\lfl11~\lfIl Option 

10) 1~~f)~ Tap Output U~'H'i1fl11t~~f)'i}~hh1~'il~ Complier H~1fl~f)~ Create .... ... 
HEX File ~\lm~'YI 2.62 

Heie 

m~~ 2.62 1~~f)'i}~ ''rlt1~i~ Complier HfI~f1~1\I *.hex File 
)I • 

11) 'illmJ\nilfl11f1~H Output l~m,rlYi Project Build Project 'Hl~f)~ F7 i\l .
... 
m~'YI 2.96 
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o!ll~"''' 
~ ;tAi 

Pr~}.;t .\:,:r.i.;f¥'l<. 

"'" i2i T~n~et i 

l :i:',1-.;.er, Foder\~est,..;'/~ 


1.:J: ',;,:,:£,-5 !·;'v~CS·S ~ '.s~P'_~=A!)_'rer<'f'l"'~-'STE"_RE.~,;')','2 


1.1): ,'~'v:$'S 1\12_~O ...L(JOSU,M:_h4)el",....i\;~:':et~ "j\'1' 


51 d' 
2.63 fl1lffll~!tI1~'V;!~ 

, " t, 

12) !)jfl1'ilfl1lf)fll!~..lt~l;j'U Error !!fffl~';h 1th!!f)nJ~!~fJ'Uij'fI~!~tI'UNfI t,r1'il 

fl1'iilUrl'flfl~f)~H Error ~'il~thlf){J'Unifl~ Error 'lJfl~ 1,j'iUmlJU~0'11'ilfl1'iUtfl'lJ~fJ'U~mlU~1 
'il'Uhm Error !!~1hhumlJ'il~ff~l~ 'l1~ *.hex 111''Ull1f1!flfl~hh!~fl~ff~l~ i.:jfl1'Vl~ 2.63 

-~. ~ to. I~ Te>:l 

" 
lcompiling Textl.c ... 
llinking ... 


liProgram Size: data-54.l xdata-O code-3630

i jcreating hex fi Ie from "test" ... 

• i"test" - 0 Error(s) .. 0 Warning (5) . 


2'1 L<I .Itl ~ Iltilld 1\ COfrmat'd }\ Il~~.~~.. 


http:i:',1-.;.er


;i/ Go' A Q.I ~ f G)
m 'j mlflU'U'UUCl~m 'j ff'j H'ViIiJl'W lLfi 'j fl,;j 1~m'j ~~flCl'WUff,;j Hl'W ffl'j Cl~ClltJ t'W'j~'U'Um'j 

111Cl 1t1('l1nlql:J~~h~"1 flcil1t'W'Ul'l~ 2 mVhm'jfl6flU'U'UfllnlHl'W~fl,;jLfl16,;j m'jff~1,;j1,;j~'j . 
,jH"1 ~'W 11.Jo,;j lf1Hff!H uCl~m'jfl1'UfJlJm'jl'iHl'W~fl,;jLfllfl~ 1'Wfll'j flflflU'U'U1,;j~mCl: 

~ ~ JI '" 11) ~ '" "" 'II1fI'j ~ff'j Hlf1'j fl,;jU ff~,;j~l1tJ'UClflfl ~~ fl~Ufl'j lJ~fl,;jtfl'jfln~m'j~~flCl'WHff,;j Hl'W ffl'j Cl~ClltJ t'W'j ~ 'U 'U 

11) ~ ... d 
fll'j tl1Cl~1tJ Double Syringe Pump ~~.fl1'Vil'l 3.1 

LOAD 

"N1l'IIIlft'IIl1 

• 	 "N1),fufitill&lfI&i 

• l~I)'m1lfl1l Valve 1 

• 	 l~I)'m1lfl1l Valve 2 


l~I)'mllllll Val.e 3 


l~\l'fllUIJII1i1l I 

• 	 ~illI.\l1'I6~ I 

• 	 1~1)1I<iuR6~ 2 

.. 
lhii~ 

RS-485 

Valve 2 

Double Syringe Pump 
'N9,wA.1Jewt,i 

d '" bJ ~ '" "". 'I bJ.fl1'Vil'l 3.1 'UClflfl ~~6~Hfl'jmfl'jfl,;j1~m'j~~flCl'WUff-:.lHl'Wffl'jCl:ClltJ &'W'j:'U'Um'j ~l1Cl 

~lfl'U~flfl1 ~fl~Ufl'jlJn1'jl'i1,;jl'W...rIiJl'W1Lfl1fl,;j1'~m'j~~n~'WUff~ Hl'W ffl'j Cl~Cl1tJ t 'W'j :'U'U 

" 
m'j111 Cl 1~tJffllJl'jO!Wflfll'jl'il,;jl'Wt1'J'W ff6~"h'WtI(1tJt1'Wi,;jil 
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3.2.1 1Jgelf)1~fl~Ufl1l1hHh\"!fl1'ifl11JfllI'i~1J1Jfl1'i 1l1'C'1'Ufl~fflHI~Cllti• 
1 'U fl1'iflflml1J1J1~ ~'Ht'C'I~1 fI'i ~ff!1~ !fl1fl~1'Uff1'U fl1'ifl11Jf;!1I'i~1J1Jfl1'i111 'C'I'Ufl~ 

f'l11.l"l~1"1L;'fln 

V\I'I'vn~''''1A 

'l{liIft11J"1" DC Motor 

H·bridge 

RS·485 

. 
fllVll1 3.2 1Jgflf)1~ fl~Ufl1111'Uff1'Ufl1'ifl11JfllI'i:::1J1Jfl1'i'l1 'C'I'Ufl~ffl'i'C'l::: 'C'Ilti• 

1Jg flf) , ~fl~Ufl1111'Uff1'Ufl1'ifl11Jf;!1I1:::1J1Jfl11'l1 'C'I'UfHffl 'i'C'l~ Clltl l.h:::f)fl1J'V~ 
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.c::l.cS ~ d.c:l rI ~ 'iJ 
3) 'l1~f\11JtJlJ~C)j'lJm\9l~'j 24 V ffllJ1'jtlf\11JtJlJ~C)j'lJ~t\9l~'j~\9ltJ'HtJ1U~~m:ltJ 

QI iI Q,i QI rlQ rI ~ QI d' 
'H~~~1~fftytylW'YI~ff1~1ilJ~tlL~'l1tJ ~~fll'YI'VI 3.40 

~ .c:I.c:I rI 
fll'YI'VI 3.40 'l1~f\11JtJlJ~C)j'lJm\9lm 24 V 


~ . 
4) ~'YIln~fi'YI'YI~l(J 24 V, 4 A ~l(JivJiMn1J"lf~,r1J~1J!lI~iC)j'ci'il~tf ~~fll'Yl'Vi 


.c:S ~Q.; 
fll'YI'VI 3.41 t'YI1!1~'jC)j''YI'YI~1~ 24 V, 4 A 




3.42 

· 
.cI A,.eSq ... 

U'n'n 3 llflll'U'Ufl11'nfllUI-.3 

.cd t/QI 

flTVfYl 3.42 trnnU'iC}ll'fYHl1eJ 9 V, 1 A 


6) ri·:It.!fl1'ifl1'UfJm~'U'Ufl1'i 1'H"'tIU.:jfflHI~"leJ ,r~fl1l't~ 3.43 

<,,,, 

l'YllL1fl'1"1fYfrllV 24 V, 4 A 
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J <V , a 
3.4.4 	 ff1'W m'5 1~fl1m'5~~f1l1'WUff ~ff1'5l1~l110 

"P.I 1lJjlo: ''''.. "P.I ",..9 '1!11~1
1) ff1'5l1::mOffl'll L~'W1'W1&,jmmmHff1J61111'5ffl'llmHff1Jf1'W &Yre) !"l1&1J'W 

ff1'5 l1:: l1lfJ~~::th:1J 1&14t!1~'t'I1fi1m'5 ~~f1~'WUff~ 1~fJ~::ijm'5 Hff1Ji tfl~fi1f1111J&,r1J,r'W ~l'WTlJ 5 
OJ 


<V , a 0 <V <V d 


~1t!fJ1~ fit! 0.003125,0.0125,0.025,0.05 Ul1:: 0.1 % ~11Jl11~'lJ ~~flTVft1 3.44 

'j1 ill , 	 , 

~11Jff::~1f1 U~i'Wmn1~l1t!~il~::i,,*tll&,jchYi~nJm'5mt!~1J1U~1 ~~mVi'ii 3.45 

http:0.003125,0.0125,0.025,0.05


~ . 
iYl'HI~~mJn'IJ\1111Jcl11tltJl~ Injection Valve ~~.fl1l'lfi 3.46 

..J tI 
.fl1l'lfl 3.46 11m 

4) 'rHWtlfbnfl 1~I~tlfll~~1'W'Hatltl~bnfl~l.n'U'.l~'IJ'lJfl1'i1'H a ltlfJ!~l'll~ 1i 

flHI'l11 1 flHlIa~flNtltlfl 1 fiN 1'.l11~tltlfllt'IJ'IJ~lrl'Ha~mfbnfll~tlrJtl'iUiY'i'.l'IJm'U~lfl 

.fl1tJ'Utlfl ff1'Hi'tJlrl'Hatltlfbnfl ~'i.fl1l'l~ 3.47-3.48 

http:3.47-3.48
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MIdI lip· I·; 'Pm I 

7 7n 


d QI ct d .f! 
fIll'fn 3.S0 ':ml'.i "U 'U~ 0)11) m~ tl'.i 

7) 1l'11t1vf~l'n'HntJ ±1S v, 0.5 A ~ltJi..rti'U''lJ~1~fllf11'.it1~f)fh.,lUff~ 

d d (V

fIll'l'VI 3.S1 ll'llt1V'.iO)1l'1l'1Cl1tJ ±1S V, 0.5 A 
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'ttl ,. ,. ~ d d (V (V 9J" .. 1 i"'" ..,<V (V

fllfl n.) ~fl'jfltl'W ~'YI'jllU'lm 'il~:w LM317 t1'J'W~1'lh1J'j;t:~1JUH~'W i'Hl'Hlltl 5 V rnml1fJ 'Hfl1J~1 

':W lfl'jfltl'W l'YI'jll~lltlf ~,;jflll1~ 3.52 

ADuC845 

" ...!'l'lll1fJl'''lI'l'l'l'lltJ 24 V, 4 A 

" ...l'l'l1l1fJl'''lI'VWl1V 9 V, 1.2 A " ...C l'l'llt1fJl'''lI'l'l'l'llV ±15 V, 

d 
flll1'Y1 3.53 ,b'Wfl1'j 



3.4.5 1tl':i -:.lff~1-:.l19i1ttl1tJ-:.l1flf11':iflflHff-:.If·h'Ufflnl~mtJ't 'U ':i~lJlJf11':i1'IHl 
'" 

19i1ttl1tJ-:.l111~1f1ffH\9l'Ut~ff'\1'Ul 2 mm 'IlllJ1'rl'lJ]jtl11lJf1{1-:.l 20 x 34 x 15 em t~'U 

ff1'U'tItJ-:.l19i1ttl1tJ-:.lttl1 tJ-:.l1flf11':i~flHff-:.lf·h'Uffl':i~~~ltJ 't'U':i~lJlJf11':i1'11~ i-:.lm'Vl~ 3.54 
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3.5 m11.h~fltlmfl~tl~1Y1m1t1Y1Ua~~h\!al1a~aU.l'\!1~'U'Ufl11''t'ia 
'1.1 A!lI '" .1 " • ~"'1 " 'I ')I " """" rUfl1'jlJ'j~fltJ'Utfl·H)~'il~\PItJ~!\PI·HJ:JJfJlJfl·H.U\PIH'1l'1\P1tJ~ l'11.:jlU 1'11'n'j tJ:JJ U"~J'lifl1'j 

'" . '" 
t1'j~fltJ'l.J~'lJ~b'lJ~H'1 ,ftJ~t1'j~fltJ'l.J~l)JfitJtJflU'l.J'l.J1l' i~n 

d tI iJ QI QI ~ 111 ole.), iI dQI 

3.5.1 t1'j~fltJ'l.J'I1~ L91Ut91tJ'jt'IJlfl'l.JUfl'lJ~'l.J!'l.J" ~91""~f1 ~~fIl'nl'1 3.55 

.. fI'!!l/j 

.1 ~" 
fIl'nl'1 3.55 lJ'j~fltJ'l.J'I1~!91'lJt91m 

3.5.2 t1'j~fltJ'l.J'I1~1~Uff.:jt,rlfi'l.J~'rl'l1"tJ~fbnl'1 i.:jfll'n~ 3.56 

" I " , 

3.5.3 t1'j~fltJ'l.J'I1fli'l.J!iJ" 191rl'{1~flfi'l.JiJ!f11tJ.:j~'lJ'l.J'lJ i~fIl'nfi 3.57 



• • 1.1 • 

~ J 'J.I f 

3.5.4 U'J:t:fHl'lJ If'fl 'l1u vi U'fl'fl ~1(Jffl'Jft:t:mfJn'lJ1'l1tfI1tl;j ~lh,.jril.:J 1'l.:Jfl1l"l11 3.58 
, OJ r-. 

'" 
fl1l"l11 3.58 u'j~nu'U'ly;,'l1uviU~'fl~l(Jffl'Hl;;;m(J 
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1.1 I 

w , 

3.5.6 'lh:::t1~m~t)f\Pl RS-485 u,,~ L~1!~tI'Uuirt1hj~TU11ir~'W~~lJf)'UU'f)~1!fI~~~ 

, , , 
"I "1 • .1 <!I <!I I t 'j) 'j) "" w '" 

3.5.7 u'i:::fW'U1JIt'J tl"l!'Wm'lf~lJ\Pl~fl1f1\PlH'1 L'lJl'f)1t1tl'U '?l~fl1'Wi'1 3.61 

. . 
cS dt I 1 9J<:v w 

mVfYl 3.61 1'lf~lJ\Pl~fl1f1\PlH'1I't11'f)1t1flW 



• • 1.1 	 I 

. 
, 	 d ­

3.3.1 'flWiH'HJ (X) . 
3.3.2 fllIiJtI~H'iJUlJ191J~TW (SO) 

t .d 	 (0) Q.I (/ 

3.3.3 m!'iJtl-:.t!'iJUlJ1i'1)~lUbYlJ~'I'l1i (%RSO) 

3.7 	 'j::itJ::in~lf11'nlvraM 

1 ?J"l'fllJ 2554- 30 ftUmrJll 2555 

, 


<:I 0 

3.8 	 ilOnA't1 'fIl fI1 'j 't1VI ~ t).:j 

'flt\!::i1'1'ltllfl'lbY~fHm:::!'I'li'11U 1,,~ lJtI11'1'ltllrl'm'l'l'fllu 1"~'J1Gjfmfl"~'J::iUm 



1.1 I
• • 

<JI , !II v 


~1itl~~'W rWm'lflfl1111Nfll'Hlll'l! 'W tll':d'flfhfll',jflfltl~'W!!m ttt'l~'lJtlfl ~ ~,r'W\9ltl'Wfll',j '1 'If'~l'W~~U.. 




• • 1.1 II 

~ ..:it 1 d~Q,/.t::::::. tI 

fllVfVl 4.2 tl1'H'IHJlJ~tlff1tJ~btl-cr'lJb'IJlfl'lJflmJlnb~m 

4.2.2 fl~!t1~-cr1~'lirl";n.jtl11f11'lJfJm~'lJ'lJtl1J1'Hl,'IUl,'I::; tl1) 1~~1tl1J 'iJ~fl~'U u-cr 'H~mi lJ 

'Vh:n'U!flitl'l1~tl11 'iJ~fl~'U!! ff 'lrh'U ff11m~mf/l'U1::;'lJ'lJtl11 11 'Hl,'I ~'l fl1V'l~ 4.3 

, 

fllV'll1 4.3 fl~ltl~-cr1~'l1 



• • Iii II 
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.. " " 
4.2.3 'Vi lfl1'J ~tl bilCl{l~ lI1C1~fJ1!'U'lf)1JUlJ~ ~l1l l!{l~ 'Vi1fI1 'J ~ fl ff1U111!1l ri 11,j' 1 f)1Jfll'lfW ~ 

d j) ,jI <I 

fl 1"11'1 4.4 ~ flbil c.nllrU rill!{l~ffl 'J {l~lI1U~fJ11,j'lf)1Jfll'lJ1-! ~l11 ritJTU1!:11'1 n 
4.2.4 'Vilfl1'J 11I~ llh UmlJ!fl~fl~1~fI1'J~~tl~'W!!ff~vhw bil J{l::;lI1U1'W'J::;1J1JfI1'J lhm ~ 

flfllJVi11~fl{1~ull1JI'rl'{lfl~tl~ '1 mlfl'W Absorption Measurement ll~flTV~~ 4.5 

.:~·~..~~.:m~..f' 
~i~~~~J~,lh-ttl 

fll'f'j~ 4.5 1flflfl'W Absorption Measurement 
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Development of Light Absorption Measurement on Flow Injection System 

Control flow S~,teUl 

Cleaning flow S~·st~m 

Preparation 

Readlo 

Read Abs 350 ul 

O))(i() 

A..e-L~g~ SDTest Flow Rale 
,),(j(1{) 0,(\1)0 O!XIO.. m 

, 

f1WI~ 4.6 hl':Httl11J ifl~ tJ~1flfll'j~flf)~h.JUff~~h'Wffl'jft:;; [!1t1Gh.J'j~1J1Jfll'j lItHI 

4.2.6 i~tJf)itJ~ File Save i~tJ!~tJf)~tJ~'1'Wfll'jU'WYlf)lh~~f'ilfll'j~flf)~'WUff~~t'i'lfll'j 

" 
*.xls nhw'W 

H21;:"1 

Recent Place5c 

librari€5 -. ,~ F.! F.! e FlI 
In,j _ 1",158-0 Irn337 -n LL13Sa-2S0... !r;. 

(cmpuh;r 

II.Network 

. 

illl'lll 4.7 fll'jU'WYlf) 'vl~ 
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111 	 I 

... 

f1mrVbli91t)';' hriHl~i91I9iB~ltl'Wofi91 COM 3 Url:l;:I~Otl'lfB-:.l Baud Rate Irirh Baud Rate ~i91I9iB ... 	 . 

t1'U RS-485 'llB-:.l f1BJJ~lli91BjlWl1u'lrifh Baud Rate ~B 9600 ~-:.lml~l14.8 

"" '1 I , if .eo t:I
fll'Wl1 4.8 iYfIl'WB';ii91flOJJ'W1119l0';illrl::: Baud Rate 

4.2.8 tli91UJJ Start lhl~ ON ~-:.lm'W~ 4.9 l~oi~JJt11';i·vhn'W'llB-:.lhlmmJJ 
q 

m'W~ 4.9 tli91~JJ Start '111~ ON 

4.2.9 	 tli91~JJ Cleaning Flow System ~-:.lm'W~ 4.lO I~B \l~Blt11fl'BBtl'illm:l;:'U'Ut11';ithm 

Cleaning Flow System 

. 
mVll14.lO tli91~JJ Cleaning Flow System 

, r.v d .A d ~ Q ~ 31 11} '1 /;oJ ;f 1fJ t:I~ d 
4.2.10 tli91~JJ Preparation i91-:.lfll'Wl1 4.11 I'WBli91'HJJJ'Wl'U'lLJ'111H'll111l 'Wi91'UI'UrI ICJ$r1r1-:.lfl 

Preparation 


m'W~ 4.11 tli91~JJ Preparation 
.. . 
4.2.11 'I1!:l-:.l'illtltli91iJ1J Preparation ';iB'il'W~'Ul'UrliCJ$rl'~-:.lA'I1~i91U-:.l tl~ltli91~JJ Read 10 ~-:.l 

, , iI <I 

d ~'I ~ Q.<::::I ~ 


m'Wl1 4.12 l'WOBl'WfIlt11';ii91i91tlEl'WHiY-:.l'llB-:.l'WlmiYl1'D 
.. 	 q 

Read 10 

m'Wl14.12 tli91~JJ Read 10 
<II ~ 	 d 'J} Gi~ t Q ~ ~ d ~ 

4.2.12 'I1r1-:.l'illmflHl~ Read 10 liY';i'ill!!;l1 &'I1tli91~1J Preparation OtlflHI'WBII9l';itlJJ'Wl 
'" .. 

'U1iY111l!'1h '1111'W ~'Ul'Url iCJ$rl'~~A Url:::'W~omh'l1i''Ut11';ith'Wrht11';i i9li9l n~'W!liY -i 1i91tltJliYl';i r1:l;:mtlff
q 	 .. 

r:J fJI jJ 	 • 

rhl9im.,rlt1'U'uJJ1i91th 'illtl,r'Wtlfl~JJ Read Abs 350 J.lI ~-im'Wl14.13 11hJt11';i~1'Wfht11';i~i91tl~'WIHH 
.. ~ 

, d Q..I Q 	 .:::::. Q 

rll'W iYl';i r1:l;: mtlll'lt1'U tl'U 'W 1 m iYl11i 
q 

Read Abs 350 lit 

, 

.tlTi"ll14.l3 fWI~JJ Read Abs 350 !!l 

http:im'Wl14.13
http:m'Wl14.12
http:mVll14.lO
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• • 
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QJ .d d at I f ~ 
4.2.13 !LO'IJ Measurement ~-1fll'YfYI4.14 tll\mO'IJ'VIm'fi'l.:jYHlf11'Hllhlfllf11'j~~tl£'1h1Hbl'-1 

.. , 
H1h1 bl'U £'1~ £'11tJ 1'f1 tJ\hfi 1f1' -1 bl'~ 'U tl-1 fi 1f11 'j 'fI'fI tl~ 'U Ubl' -1 ~1hi 1h1 3 fl 'i'-1 ~,~ 'il 1tl tll'j m 1vlfi 1 tll'j

~ ~. 
 . .. 
~'fItlfthlt!bl'-1Hlhlbl'l'j£'1~mtJ lhlllUbl'~~'lh!'If'fl~ 1, II,III t!£'1:i:ttb1'~~fi15h1"1f1~U 
'" 

:\Ieasurement 

n ill 

0.000 0.000 0.000 

Average SD %RSD 

0.000 0.000 0.000 

, 
d 

m ..... 'VI4.14 UO'IJ Measurement 

" , , 
• ..::i III \fJ 'j) d 10::::111} 'j/ "" fIl'VI1'f1 ~'fll~HHJ = «N£'1'j1:JJ'U'fl-1f1l'VI t~'il1tlf11'j'VIi'lEH)'IJ)/ bl':JJf11'j'VI 4.1 .. 

('111 hi1h1 l'1-1 Yi:JJ 'fI 'lhi f11'j 'VI'fIbl'tl1 J) 

, I d ~I f dGi 'j/Q,J

SO tJtllll'illflfllf11'jt'IJtI~t'IJ'Ullll9l'j~lh1 (Standard Deviation) tuhlfll'VI t'l11~f11'j 

'I _I:;J '" d
m:i:'OltJ thl4utbl'hll9lH ~~£'1':JJf11J'VI 4.2 

2 

L/{X-X) , 
----~.-.~~-S.D. bl':JJf11'j~ 4.2 

N .. 
LX mnl N£'1'J1:JJl1-1'11:JJ'fI'U'fl-1f11'jehhlfil£'1'':)bl'i'l1J tJ-1filf11'j 'fI'fIflfthl

'" . '" .. .. 
Q Q.I GJ " 'j/ Q.J

N !!lllJ 'il1h11h1f1H !hlf11'jV1h1f11'U'fl1;,!£'1'UhI'l 

%RSD V'fllll'lJ1fl Relative Standard Deviation t1Jtlfil~\1l:JJl"r~fl11:JJ£'1'1111'jO 'lhl .. , 

f11Hl1Clfl(Repeatability) '\1l'1'1''\lltlbl':JJf11'j~ 4.2 

SD 
%RSD=--- d 

£'1':JJf11'j'VI 4.3Average 

OJ d 

, 
",I 'j/ ...'1 'JJ Q,I ~ 0

4.2.14 UO'IJ Test Flow Rate ~-1m ..... 'VI 4.15 u'j:;:tltl'IJ~1tJ£'1'D.:j1,J:JJ'fI1t1tlhlfl'fl Load 10 'O:i:'\'11 

tll'jt~:JJJ1'IJ'j bl''VI~t.,r1' iJihi f11J !11£'1 'lCJf€i'~~rlurf1f1':)bl'mhl:i:t~:JJbl'1'j' llv1m 'flf11'jfl~ il:JJ Test Flow 

Rate t1JhI~:JJ'1'ff1'11 ~1J1~fi1tll'l J l' '11 £'1'U'fl-1bl'1'j£'1:;:'f'I 1£.1 'l hI'j~'lJ1Jf11'j' '11 [l~1t1f11J!11£'1 'lCJf€i'~':)rl 

http:1fll'YfYI4.14


• • III I 

~ ~ . 
010<:::\ I'j)Q.J Q.J .d 

fI) 'UllH.l'WTlH (Discard 1) ~tl!'Uln'lJm:t;'lJ1JfWn~ 5 ml ~~mvn1 4.18 s 

\ ~ ~ 
~:::I lo~'31t;V

flTWt1 4.18 i'ltl'Wli'l~~tH'Uln'lJm~'lJtlnm:j 5 ml . ~ 

"J) n~lJ1J Test Flow Rate ~"Jm'YIYi 4.19 'YI~01Jl1~:ij'lJnm':itl1)'Wflj'Ul 'UlYi, 
~ ~ . 

t1wimhVl"Jtltln1)lnm:t;mJnm~ !!ii'lth'W~1'l.f1:JJ1~':i1J'Wl1mmm':ii'lmH)'lJ '1'W~nHYi 4.1 

1)) 

m'YI~ 4.19 n~lJ:lJ Test Flow Rate 
" . ~ 

(I W .at 6!!l as Q.J 

i'll'U'Wli'ltl'Wi'l4.3.1 n) tJ~ 4.3.1 "J) fln 4 flj:J 

. ~ 

!ll'jl"JYi 4.1 Ylftm':ii'l~fffl'lJl~fi15~':ilm':i1 '\1ft'Ufl~':i~'lJ'lJm':i1 '\1ftf1'l(J~1H'Uft 1C)1£~"Jfl 

Yl ftn1':ii'l~ fffl'lJ (ml/min) 
. , c<

mmftIJ 

(ml/min) 
')J f 

fI~Yi1 
'# I 

fI~Yi2 
jI. 

fI~Yi3 
'ill, 

fI~~4 
'jI 1 

fI~Yi5 (ml/min) 

2.5 2.5 2.55 2.5 2.55 2.55 2.53 

1)ln\9l1'jl~~ 4.1 1'1'l:JJ1'jtl'l11ltlflf!~'W~~lml:lJH~'YIml'1'Ufl"Jm'jm'ji'l~fffl'lJl~~l 
~ . 

~~':ilm'j I'll ft'Ufl"J'j~'lJ'lJm'j1 '\1 ftfi'llJ~'lJrUft 1C)1£~~fl ~"Jff:lJm'jYi 4.4 

fdy 
(flli'l\9lfl~m':i ))x 100 

= « 2.5 - 2.53 )/2.5 )x100 

= -1.2% 
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90 

4.3.2 	 m'j'YI'fl{;Hl1Jl'flm'J~'fln1hmff'ivhwff1'J~~mtlffl:Jl 

til'W m'J \9l'J 11.1 fftJU 11tfl~tJ 'I ff1111'J t11'fl'l.Bllltl! fl11 JJ t<Ull <U'W 'lItN ff1'j~~~ ltl~1 tJV 1'1 
. 	 , " 

l~t1 n#ltJ'i \9l111tl~ 11ltll fl1111l '1l'lJ ~'W 'Vi l~t~tJ 'il 1'1 111~ 1'flU nl'J 'YIfl fI DUt~ 11 ~'ittl'ii~tTn!fI ii !\9l1 Ull 
'" 

ffl'J~~mu~1tJ~1'i '1 ~ihj\9l'jl ci1'Wfl1111t~1l~'Wt~1l~'W!iJ'Wt 'Yh'1 '1 'W fI 1'J 'YI'flfftJUi~ff1 'J~~muff~h~ 
.c::::!' gJ'jJo QI I ~ 	 O.t at 

llfllfl11lJ!'lJll'IJ'W'il1'W1'W 6 \9l10UH fltJ 0, 0.1, 0.05, 0.025, 0.0125 !!Cl~ 0.003125% 'fl'im~'YI 4.20 

" 	 " u~dhr'W\9lt)'Wm'J'YI'flfftJU~'i~tJ ltlll 

. 	 " , 
1) I'i mfl~ D.J '1 ~~¥tJlli~'il'W 1'flUvll I9llll'll'W \9l tJ'W Vi f1ri 11111 '1 'W'I11~tJn1'j i~'il'W 

"".., "'" "I lJi
!fI'JtJ'i1'flm';j~'fln~'W!!ff'irl1'Wr;rl'J~~fl1U ~'W';j:::uum';j !'H~ 4.2.1-4.2.11 

,}( • ~ ~.e. '" d 1ft ~ CI :t iii ric::. cI Q.I ~ 
2) n'fllJll PreparatIOn !~tJ~'fl'W1U';jtj'YltHnU !1 t'\.!\?llHUfI !Clffl~'ifl 'Jt)'i)'W'flU!UfI 

lClftm'irli1q'fl u€i'1111ff1'jfl:::mtlff~h~fl11ll!<Ull~'W 0.1 % ~m<UltlU~lJ1'flJ1~'i!!r;r\?l'ii'Win~~ 4.4 

" 	 ,
mr'l'i)lntT'WfI\?l~ll Read Abs 350111 l~nHw!!~:::fhnTJ~'fln~'W!! r;r ~'llB'ir;rl'J~::: mUffli41'Vi fI 1111 

31 9J dOl 4lJi;pq , ~ 'l '"QI 	 Q.I t 

!'lJll'IJ'W 0.1% 'fl-3m~'YI4.21-4.22 'W1f11'YI!'fl !'W'lfB'I I, II, III U'W'YInfll.'\.1\9l1'J1'1'Y14.2 

http:fl-3m~'YI4.21-4.22
http:4.2.1-4.2.11
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n ill 

0.959 \0.937 '0.941 

Average SD %RSD 
, 

1.0120.946 0.010 

I .dt: ~ d ~ Q,I ~ tl <lea Q.I.d( l!} <I ~ 
3) f1'Pl~lj Preparation !'I'lO~fI'Wl111,,!'Vl'IHflll n rWfllI!lI{1 Clf{1MfllO~'WfllI!lI{1 

, (.~J 'jI ,'1 <14 rI 31 0 d ~I d 31 31 1 91 !V or as 0 QJ q d

Clf{1{1.:Jfll1tlfl !!{11'W1'ffU{1~t11t1'ffl"ll'Vlfl11lJ!'lJlJ'IJ'W 0.05% I?lOt'IJlfl1J1JlJlfl'Wl fI.:Jtt'fffl.:J !'Wfll'l'l'Vl 4.4 
~ 

"" '" 

• 
,'I '131 ..1' "" d}lj d 

. 
l1{1.:J~lfl'W'Wflfl1.!lJ Read Abs 350 III flmll"1ml:;.;mfl11~flflcn!!l'ff.:J'lJO.:J'ffl1{1~fI1fJ'ff1"l1'VlmllJ 

t'lYmr'W 0.05% i.:JfI1'1'l~ 4.23-4.24 illfh~'~'W'lfCN I, II, III 1I'W11f1rhl'W1?l111'l~ 4.2 

os 

OJ' 

0" 

" ;; 05-e 
.b 
~ 

<f 0,4 

0,2 

n ill 

0.465 0.458 0,461 

Average SD %RSD 

,0.461 0.003 0.622 

f .:9 ~ 4 Jt d lIJ ~ w ..t tl ric::. r:I QJ ~ 
4) f1f1~lJ Preparation t'l'lO~fI'W1m,,!'Vl'lHflU n !tJ?lU!lI(1 Clf(l(l.:Jfl 'JO~'WfllI!U(l 

1Clfrlt1'lrll1 ~fl t!~1ill'ffl'J(I:;';{11(Jftth~WJ1lJt'lYlJ'lY'W 0.025% ~o!'lYlnuJlJlflJl i.:J1! 'fffl.:J i'Wfll'l'l~ 
~ 

(V Q,I ",11 tl 31 ",.1,..:9 at P.t .d 
. 

4.411(1.:J~1f1'W'WflfllJlJ Read Abs 350 III flml1"l!t{1:;';fllfl11~flfl{1'WHl1' ~'lJO'l'ffl'J(I~fI1fJ'ff1"ll'VlmllJ 

t'lYlJ'lY'W 0.025% i'lfll'l'l~ 4.25-4.26 ill~l~'lf1''W'lfO'l I, II, III U'Wl1fl~11'W\?l11H~ 4.2 

http:4.25-4.26
http:4.23-4.24
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111 I 

n ill 

.0.249 0.244 0.244 

Average SD %RSO 

10.246 0.002 0.959 

t jI ~ iI 'j/ 

5) fWl~lJ Preparation !tf()~~Ul1J~'tJ''VIn!~1J'ntJ'fl1JdJ~'C)$~ft.;jrl 'JmI'W'fl1J!ll~ 
b] tic::. rI ~ ',1) 0 ..::! IJi d l)J 9J t 3J cv ~ d ~ QI at
tC)$~~.;jIil'l1Q~'lH t!m'W1ff1'J~:;;mU1:'1'Vll'V1mllH'lJlJ'IJ'W 0.0125% ~()1'IJ1f11J11l.J'J~'W1 ~.;jU1:'1'~.;j !'Wflll1 
• >I • 

'" ., '" }I II) SI ••1' "l '" iii '" 'VI 4.4 'I1~.;j1)lf1'W'Wf1~lJlJ Read Abs 350 111 !~mll"HW:tmf1l'J~~n~'Wt!U.;j'IJfNUn~:tmUUl"ll'V1 

l)J jJ QI dOl db] ~ , {l.I ~ f Gi d 
mllJ!'IJlJ'IJ'W 0.0125% ~.;jflwnl 4.27-4.28 'Wlm'VI !~ 1'W"!f().;j I, II, III lJ'Wl1f1m !'W~nl.;j'VI 4.2 

0.9 

0.8 


OJ 


0.6" c 
0.5.e 

g 

.0 0.4
.;:( 

OJ 

0,2 

n ill 

0.124 0.124 0.120 

Average SO %RSD 

0.123 0.002 1.537 

http:4.27-4.28
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TUlle: (1 -'4 seceFldl 

"" 0.1 I '" ""~I .d ')I ')I
m'W'Yl 4.29 mlnmfl1'j~~m'llJl!rr'l'lJfl'HnHl~mfJrrl'11'YlWnlJL'lJlJ'1JlJ 0.003125% 

I II ill 

0.0410.041 0.042 

Average SO %RSO 

.0.041 0.000 1.140 

. 
~l'jl'lYi 4.2 ~'H'lfl1'j'Yl~rrfliJ1\9fl1fl1'j~~f)i1'Wurr'l~llJrrl'j~~mt'J~~h l.~fJ'l~flflfJ~ 350 III 

II III 

0.003125% 

0.0125% 

0.025% 

0.05% 

0.1% 

0.04 

0.12 

0.24 

0.46 

0.94 

0.041 

0.124 

0.249 

0.465 

0.99 

0.041 

0.124 

0.244 

0.458 

0.937 

0,042 

0.120 

0.244 

0.461 

0.947 

0.041 

0.123 

0.246 

0.461 

0.958 
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d .. I <fd 4'1 ~ Q.I , 

'il1fW\l'nnl 4.2 ~lm'Jtl'l11!uflW;lfUlPlfIlm1lJH'flY'J[jl'fl'llfl~Hl:'lm';j'Vl'fl~fl1I1'flfl1nU 

'fl'fltl~UU~~~lU~Ul:'l;;;l:'llfJrrvh1'flfJi-H'flflfJrl' 350 III i~~lJnu~ 4.5 u'J1n{]·;h~fi1f111lJ!.u'mju~
'" 

. 

-fi1!l!~fJ'il1nHl:'l'Vl'fl~fl'U) ! 

I .d "" 11( 'JI :II 1fl1'Vl1'fl 1'fl'il1nm1Jtl 19n)x I00 

« 0.41-0.041)/0.41 )xl00 

= -2.5% 

I 9)9Jd ~f ~ ~ fdQJl1I~d
fIlfl11lJ!'lllJ'lJlJ'Vl 0.0125% lJfIlm';j'fl'fltll:'lU!!~~'il'J~ .~ 0.12 fIl'Vl1'fl !'fl!'i!l:'lfJ = 0.123., 

.... 1 I:! d cI 1 ~ '9J 'j) ~ ~ t e!!l ~ f d 
11JmlC1fUlPlfIlfl11lJH'fl'V'll:'l1'fl -2.5% fIlfl11lJI'lllJ'llU'Vl 0.025% lJfIltlU~'flnl:'lU!!~~'ilH = 0.24 fIl'Vl 

cvllt9J d ",I cld 0"1,,::), 1 3J 'jJ d d,T ~ 
1'fl !~WiHW = 0.246 11JflWlfWlPlfllfl11lJH'fl'V'll:'l1'fl = -2.5% fIlfl11lJt'lJll'UU'Vl 0.05% lJfIlm';i~'flnl:'lU 

.dQl\J]'JJ d ... 1 tid ell Q ,'jJ 'j/.,d
U~~'il~~ 0.46 fIl'Vl1'fl t'flI'lWU = 0.461 !1Jm!9fWlPlfIlm1lJH'fl'V'lm'fl = -2.17% fIlfl11lJI'lllJ'UU'Vl 

0.1% ~fl1tlU'fl'fln~UU~~'ilj'l 0.94 fl1~1''fl'~!'i!~fJ = 0.958 nJollc)}ul91'fl1f111lJH'fl'V'll:'l1'fl
'" 

. 

fl11lJH'flYll:'l1'fl1'11fl!i1;JY10 +2+3+4±il ~lJm'JVi 4.6 

5 
, 

I '" d

(%)fIlmllIH'fIYll:'l1'fl!'i!l:'lfJ = 2.316% 

4.4 nYltf6'Ufl1':i~Ylfl~h.mtf~'UJ1Ui~h 
" , " 

m'J 'Vl\o1 ~fl'U1'\o1 flltll) \o1'fltl~U u.~~ i U1.11 ff~h Vi 11~'illtlffHmJ mnu 111mH~lJn'U111'ilU1~ ., 

::'1 J<u.c::!td ~I ~ .d.t ~ 
'il;;;!1JUL'YI11P11 flfl 'Vl 0.003125'1.) 'il;;;lJfIltll';i~\o1tll:'lU!!~~ 0.041, 0.0125% 'il:::;lJfIltll';i~\o1tll:'lU!!~~ 

d ,~ .:::t t ~ .:::t 

0.123, 0.025% 'il;;;lJfIltll'J~'flmmu.~~ 0.246, 0.050% 'il:::;lJmtll'J~\o1fl(jU!t~~ 0.461 Ill:'l:::; 0.1% 'il;;;lJ 

I ~ ,dd Q.) 'dl 'jJ 'jI ~ 
fIlnu'fl\o1 tll:'lU!! ~~ 0.958 191 flmmiJu tll';i'Vl'fl ~fl'U1'flfJfl1';i 1\o1f1lmHHil f1l:'lU!!~~'U tl~fl11lJ!'lllJ'UUm ., '" 

(V ! Q 'jJ 91 ! '1i d d df 3J 
5 'I1M'illnUU'il:::;Ulf111lJL'UlJ'1Jlj'Vl~ 5 m Calibration Carve mtlnv+l'1tltlnm!iJUf1';j1yJ'VlfltlU'll1~ 

d I ••1.d '1 'JI d :II 11( • I d .. eo. .. "" 'JI 'JI
I91HnU ~'fln1f1';j 1 y~ 'Vl \01 n'il~ i 1J U ! 1J1911lJn~'llfl~I'U fJ'J Hl:'l :::;Ul:'llJ 1l.1 JI91 fll91'J lfl11lJ!'UlJ'llU 'Ufl'J 

~l'Jl:'l:::;l:'llm~UHnU(Y) !VifJ'Unufl 1!'i! ~fJfl1nU'fl'fltl~U!!~ 'J 'illnHl:'ltll) 'Vl'fl~fl1I!~u!!nu(x) 1\01 fJ i off., 

hJmmlJ Microsoft ExcelllJfl1~'WfttJ\9lmlW'Hl1:1'lJfll'H~U\9lN ~-lm'V~~ 4.31 

http:0.41-0.041)/0.41
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1.200 

1.000 

0.800 

0.600 

0.400 

0.200 

Y' 'J3'J7x 10.006 
R' 0.999 

o 0.02 004 0.06 0.08 OJ 0.12 
• J" v 

·tHI'IJHJ!'lJ}J~ '\.l.(9'0) . 

fll'VI~ 4.31 mlvl!Hl~ff'Ufll'J!~'U~';j~~thi'\11tltll') Calibration Curve rXlrJhhum'U Ms-Excel 
, 

d 

Y = 9.397X + 0.006 ff'UtlWYl4.7 

x 

Y 

, 
x = (Y-0.006) / 9.397 ff'Utll';jl14.8 

• 'JJ 'JJ 'l.d 1 ' "I
t';j lffl1Jl';j(lmmfl l11J I'll 'U 'IJ'U 'IJ0~ffl';j ft~mrJ(%) ~ 'U ff'Utll"i '1'1 4.8 fWU'VI'Umtll';j~~tlft 'W 

tiff~rh'U ffl';i ft~m(j' 'WY>11UU';j (Y) Hft~'H ltll'1'tJ~ tll';jm~ ltll';j~~fl~'UlU:'f~Hl'W ffl';jft~ mu i 'Uff'Utll';j
" 

• >I 

1~f11tll';j~~tl~'WUff ~ 1'Wffl';ift~mUY>11mh~l1 tlrXl~1(j'U"l'~l'W l'U 3 Y>110dl~ 1~rJlhr'W~0'W 

, 'JJ 'JJ ~.1 '-'I 'JJ 'JJ 
mmfl11'Ut'IJ'U'IJ'U Uff~~mll"Hin~\9tln~flltll';j~~tlft'UUff-l'IJ0~fl11lJ!'U'U'IJ'W'lJ0-lffl';i A, B !lft~ C.. 

'l'Vii~fll'VI~ 4.33 fl), 'II), fl), ~). '\1) llft:;; Q) ~l'UrllY>1'lJ U~1y\'ltll';jlltrnm.jfttll';j'VI~ff0'lJ 1f1~~l';jl-l~ 

4.3 
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96 

Time (l/4 second) 

J '<"! 'jJ 'jJ

tl) tlnV~fl1tllJ~~tl(;j'Ul!1:l'~'lH)~fldl:U!'IJ:U'IJ'U'lJf:);J1:l'lJ A 

1 

0.9 

0.8 

OJ 

'" 0.6 
vc:.., 

.£l 0.5 

~ 
..c « 0.4 

0.2 

0.1 

I II III 

0.150 0.151 0.150 

Average SD %RD 

0.150 0.000 0.314 

Time (114 second) 
'<"! 'jJ 'jJ

Jfl) mWf1ltllJ~~tl(;j'UU1:l'~'lJf:)~fldl:U!'IJ:U'lJ'U'lJf:);ji:flJ B 

0.286 

Average 

0.284 

II III 

0.287 0.280 

SD %RD 

0.003 1.037 
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n ill 

.0.532 0.537 0.542 

Average SO %RO 

0.537 0.004 0.760 

, ~ ~ 

mrnllJl'UlJ'U'W 

,::! QJ t1 'j}IIff~'t1J~ . 'fHrlt1 tMth'W '~1Jlt1 
~ ~ 

l'UlJ'U'W(%) lfli D~ffL1jfll ~';i lfliD~ffl1jt11~';i 
II III1vJ1~ih~Df hn~lh~D{(%) 

A 0.28 0.0297 0.286 0.287 0.28 0.284 

B 0.143 0.015] 0.15 0.151 0.15 0.150 

c 0.531 0.058 0.532 0.537 0.542 0.537 
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iii I
• • 

9J~t'5J1 !3JV 'l d
0.056507 mr;nJhll1tlfllfl11W'Utl'llhI'lltl.;jml~~~mJ A, B U~~ C tJmlHl1 4.4 

ffll~~mV 
• ~ :11 llJ:I1' 

fllfl111JI'll1J'llhI !~mhl 
f !V 9J .dltJ 9J Q.I 

fllfl11tl I'lltl'll hi'll D.;j ml~~~ lVl1 ! ~'illtltlll tl{l'U 

f111tll,J'tl,J'hI ill'illfHfli'fHm11tl i~l fftltl11 i~ lit~fftltllll~.;j!~hI~H 

l'\tn~ih~tl{(%) 

A 0.0297 0.02961 

B 0.0151 0.01535 

c 0.058 0.05650 

, !V9Jd dt 9J9J ~ t<v ,.d<.v\!)9J
fllfl11tll'lltl'lltHl A tlfllfl11m'lltl'llhI'lltHffll~~mll'DHll11tl'U 0.0291 fIl111~!~ 

m~vrrhn'U 0.02961 !tltl{I~'W\91fhfl11tlN~Vlm?l -1.75% fllfilltll,J'mrhl~ B ijflltlll~?ltliihl 

Uff.;j'il~~IYhn'U 0.0151 fll~rr~'lllm~(J!'rhn'U 0.01535 !tltl{!~hll9l'filfl11tlN?lVlm~ -1.65% fll 
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5.1 ultl~Ulm1'f1~tU),;J 

5.1.1 1l1fl fll'j'YIflfftl'Utll'J'YIflfftl'UlrHhO~'Jltll':i 111Hl'IJtl~'J~'U'Uf)l'J i lH'l~';HJ 
~ , 

r1'UI1J(l iG]$rl'ft~~ 1l1fi~1'JHll 4.1 i~~lllltlfl~'W~~lmllltim'l(llfl'IJfl-ltll'Jf)l'J'YIflfftl'UIYhtl'U 1.2% 

5.1.2 1l1fl fll'j 'YIflfftl'Ulf1~ 1tll'Jflflfl~'WUff~~l'W rr]'j(l~mtJff~l ifltJ '1~f1tltJrl' 
'" 

d 1.I)91 .... I,,'cj (/t ~ d" 'Q.I
350 )l11l1fl~lnOj'YI 4.2 Ifll1Jm !G]$'W~mmlllrlfl'V'lmfl!;iHW'IJtl~f)l'J'YIl'1fftl'U!'YIlfi'U 2.316% 

5.1.3 

d lJ}$I",1 o'd o't ~ d , c.; 

~l'jl~'YI 4.4 tl'1!1Jtl'J!G]$'W ~mflTljJrlfl'V'l(llfl!'Q (ltJ'lJtl~fll'J'YIl'1fftl'UI'YIlml 1.993% 

111 flrl(lf)l'J 'YI1'1 rrtl'Ulf1~ lfll'J ~ 1'1 fl~'W Ilff~~1'W ffl'J (l~ en tJff~l i~mwh~ 'W'1l~111 
I !if V I 

fll 1'JJ ~ll'I'f'W.fifit] liJ tJf!!(l~!!(llll.lJf \PI rl(lf)l'J 'YIl'1fftl'Ull 1 ~,,;~ '11111'1 U!~ 'W H(lf)l'J'YIfI fftl'Ull itfl1'1flf)l'J 

'YIl~!flnm)lJi''U1~ 

5.2 olJij!U'lUm'U~i'Ufll1ftWnnlfl1,;Jfll1 
, ~ ~ 

5.2.1 m'J'j:l11f1Hff~Hllilli ~ iff 'I11mflflfll'Ji'l~Jt)~'J~'U'UUl ''I1(l1l~ 1~citlll 

5.2.3 

http:ll'I'f'W.fi
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" . . 
5.3.1 himmHl'n'J l'U '~'Y! lmn~t11i"JJnfJt 'W ~rHfl~ eN 

5.3.2 fl1J!~fJ'W11humlJ LabVIEW !~flfl1'UfllJfll'Jl~~1'W!fl~fl~U[l~U~~~I'-l[l
q 

5.3.3 

tn'Y![lfl~ '9fftft~fi'U\9lf)'~ 

5.3.4 J~'U'U'Ufl~Lfl~fl~fl fl'W',jl~ci'U~fl'W ~~'Yi1 t n :n'W ri 1~1 
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~~ QJ 4 QJ 4 

i:llV1-3'iJ'H1 &'ti &'Wl"i~'W 1!f)"H)-31~lfll";iVJYl f) i:I'WU~-3 
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_I VQ, ~v 

u~::::1f1flW::::'::I1'ilU 

lh't'i'lhlfl~,unil.nu 

~f) (m1:110..:.tflq'U) Miss. Sirirat Panich 

2. u\'lI'tunutl~:t~lI'11t1~::::'til'tiU 3 160500061 592 

, '" '1'1'" "' .. '1'1"" '"<V4. 'l'iU1U..:.tlU lJ'H11Y1tJ1€ltllYlfl I U 1M') l'lflJ,;jfl€l'l'l~:::'WfI'J f1ru:::;1Y1tJ1fYl€l'1I'Hm~'Ylfll 'W 1M 1381 t1. 'I'I\J1:'I 

€l',;jfljllJ !I'lJ1,;j'Ul,;j~tl 1'IJ~ 'Ul,;j~tl fl~Hirl'1'1<1 10800 1m' 0-2913-2424 ~tl 195 !itlQC) 08]-8106283 E-mail• 

(V ... 1.::'), d 

3. ~:::Yl'Uu'ltY1!!lm 1l1.'U (lflii) lJ.\J~'I'IllJ'W lfl'Hfll:i€l'fI1fl, 

4. ~:::;~mr'llfJlJlI€llti 'Vl H1f1Hfll'J€l'fI1f1. 1H~tI'W~'U1:'I1Y1t11 it'v 
. q ~ 


4 e:t~ <) 4 


6. (;Jl'll11'tilfl1~'t1t1fl11t1'tilUl'Y'I'I!fY'U 

1. fll'JI'litl'W'l.ull1'JHmlJvllfn:IYI1,;jlfl~ !'I1'W ChemDraw 

" >! 
o w III ').111 "" _I"" WQ "'_I
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