
I 
~ 

1J'Yl'Yl 2 

(Data Analysis) 

n11iLA11::\{iilaJa;t1flfl11iLA11::\{ nTnh~L~'U.fi113Jfln~Eh'l"ll£1-llnTl1Lfi71~~LU'U.i-ll 
~ ~ 

0 ._, ... "" 0 A rt.¥ .r ~ • 0 .._, 

Wlflty L 'U.£J·r;nn 'il a-ll '!.I. 1 ~ a1 Lfl71::~ 'U.LL~'il..ln17"ll'U. 'Yl:: L u tJ'U.El1'V117 'VI7EIU£nn m~17~1~1u 

~u11nfl~-ll ~u11nfl ~11117t1i'il ~\I. 'l-;m17.fa ~ ~'iln m'ti m~17L~r~nlii El..l'il12Jfl1111 Iii t1..1n17 
~ ~ ~ 

• • .,. ""' ,..,r' .....I "'"' ' ~ 'I .4 .I .,. ,..., .I "' 
~ 7mL 'U.::'\.1.1 ~a 'il1l tu.'¥1'\.l.'il El ~ m.t. L'il El t.l1..1 3..1\t. L ';I 'll..ln11~1u ~ a1 Lfi71::'VI"ll El3J afl11u7::n El1J'il1 t.1 

~ 1 ~ 

La"llut.Jftl~ru fi113JL ~u"'il,.., fi113Jfla1'i1Lflma\t. Lilulii\1. 
01 

Latt"fnhAI!J (Significant number) 

~am7iLfi11::\(~L~';11nm,-'Yl'ilaeJ..l'Ylnflf.,';l::ii~a1u~h ~~..l';l1nn11~1\t.1tu.~1 
1 

~1 LU~ EJ L 711ii' El..l 'il El1J L ~ij La"lJUE.J ~1~ru L ~ El1::1J"ll El1JL "ll 'il"ll El'llfi113Jfl a1 'il Lfl~ tl\1. 11il ma"ll ., 1 

~u~~ty (significant figure} ~a -;i1\t. 1\t.~ in"ll a'lli1La"ll~iifi113J'V13J1 E.J 't u~an11iLfl71::~ 
L~ EIU1J~1\t. 1\t.La"lJUEJ~1~tyYI1 'l ~ji1'V1 ~n ~'il'Yi1 mil\1.~1 L1!LL U. \.t.tl\t.(uncertainty} L "li\t.n1L 11 

fi1\t.1t\.1.~1iLfi11::~Liii 8 ni'3J LL~'il'lli1~am7iLm1::~El~7::~i1-ll 7 ni'3J tl1J 9 ni'3J n11Jtln 
~ 

+ ""' 'I .,..,r ..... • .... .,. .... ,.j.,. VI 
~1LU\t. 8 _ 1 n13..1 L\t.n1tu.\t.La"ll'U.E.J~flty3J 1 ~an (8} 'Yl11~1fi113J L1iLL'l-i\t.a'U.LYhnuu1n .. 
~7aau 1 
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'Yltt~itmJ L"liu 0.02 ni'11 iiL~"lltt'mh~ru 1 ~~n ., 
.... .. .... 0 ..., .... 

0.0004289 n111 3JL~"llUEJW1flty 4 ~~n 
0 ... .., ... I I .. ..a I .._ iJ 

4. ft1W~ULfttiYIIJA1&11n n'l1 1 Lfttlfii'1.U.IYIEI EJYI1\Jtl'l1tlthHJ{;)Yiff1UUHJtL ,_. .. .. . 
..a ...... ..! ... I 

LfttiYIIJ,_.EJct1FI'!J L '21'\4 
.... ... .... 0 .... .... 

5.0 n1'3J 11L~"llUEJLilflty 2 ~~n 
.... ... .... 0 .... .... 

20.058 n1'll liL~"llUt.Hl1~ty 5 ~r::~n 

5. n1 Lft'!l;i1,_.'ll' 1{;1ft\Jn1 EJ~'l EJ Lft'!IA'1UJi\J ll.IL~ mi~1\\tl'l1tJQ\J;)(;IYJfl'iiEJlJ Lit !I .. .. . 
A',_.EJEI1,-,lJ.i;i1LiJ,_.G)o\JLiJ'"LatJ~EJihAru L"li\4 .. ., 

180 n1~ni'11 DT;Jiiumhfi'tyLUU 2 ~7D 3 

20,500 nl~ni'11 D1~iiumh~tyLUU 3 ~1a 4 ~1a 5 

6. n1't1~LatJEJnlhft\JLY:OA11lJW(;IL;'J"'!JEI\JLit'!1\l'mhA'!! L2i" 20,400 n1~ni'1l 

a!ll11'tlL'liH1uLr::~"lltJmhi"'~"d 
2.04 X 10

4 n1r::~ni'll iiLt'l"llUmhfl'ty 3 ~in 

2.040 X 10
4 n1r::~ni'll iiLt'l"llUmhfl'ty 4 'Yiin 

2.0400 x10
4 n1r::~ni'll iiLr::~"lltt'mh~ru 5 ~in ., 

7. n1't\l'uLa'!l n1~1n·h 5 U{;I~\J n1'MftnLL'tn'Ma\J'Mftnfhtutf'"iif'hn·hnwM~EI 
lJ1nni1 5 1ttu{;lif'"ltJ,J,",.,,t,L"liu 

5.628 iJ~nilu 5.63 

"" 0 "" n1"itnnua::auLa'Ut.t,Uft1Aill 

1. m1'U1JLt'l"llUmhfi'ru"ll D\1 ~t'IU1n~7a r::~u 1 ,.;',Xu~1n~1i\l~iiLr::~"llUEJ thfl'ru~1 ~~YI1\J'!I11"1JD\I ... ... . 
... .... ~ ~ 

~~'Ylt'l\l.tlll"lJD\1~1~\IUU • 

22 

68.912 
--+ 

6.8 

75.712 

~~trwn~a 1s.1 

5.246 

0.18 

5.066 
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L"liU 1.12 X 16.512 = 18.4934 .. .... ... 
~.UUl~ll"~tl 18.50 

16.512 
= 14.4462 

1.143 

i1mh\l 2.1 .r1L~"!l9itJ,tlttij~1U1UL~"ln!mt1~ty (significant number) LLa'~~LU1~L~U 
1.10 ~~"l (1) 5.1.00 ni'll (3) 

2. 11.3 ~~,. (3) 6. 0.00125 ni'll (3) 

3. 0.020 ni'll (2) 7. 12,105 ni'll (5) 

4. 40,000 ~~"l (1) 8. 10.453 ~~"l (5) 

1. 26.56 + 2.708 + 126.5 =? 

2. 218.14-14.715=? 

3. 205.721 + 17.09712 + 0.78 +? 

4. 117-0.56 + 4.106 =? 

5. 4.08 X 3.7 =? 

6. 0.0078 X 143 =? 

7. 0.435 X (80-23.8) = ? 
4 2 

8. 4.00 X 10 - 1.2 X 10 =? 

9. 35 X 2.00 = ? 
4 

10. (4.4) =? 

. 
I ~ 4 • 

~'113JLL3J\ULii~A'l13Jii~Lvl.I~LYUJ\IGI1\J (accuracy and precision) 

A11JJLLJ,j,.. (accuracy) ~m-l~m1iL~11::'!-(~ij~h'tn~L~£J~"l::'VIi1~~1~'Yl~a-EJunmi1';11~ in 

'Yl~a'EIU~h accuracy L~£J'Yhm1iLfl11::'!-( Spiked samples m.h~ll'El£1 3 ~11liL"lill"liUi]~:: 
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10 -i1 hwLiLLYi ~::~1111JL "li1l"liU~l"HlU~iUJ"lh..1~111lL "lill"liU"ll Eh1n11't1~ft't!U L "liUL 111 L~11::l{ 
~ 

~1111L"li1l"liu"llt1..1 Ll.h~u1 u~1tlci1..1En'fl11"lfil.~'flrt.,t~ 12.16% fhu~h~111lrJn~EJ..1Lilu 
'IJ 

12.15% LLft'~'1111n111L~11::l{~~111lLL3.iUU1ft'..1 (high accuracy)accuracy LLft'~..1L'U1U"lltl..1 % 
'IJ 'IJ 

recovery 

... .. .. .-4 0 ~, .. .. 

A111JLt1!h1GI1\1 (precision) ~m.J~n111L~11::W11'..1't11n11't1~~tl..1'fl~1tJ~1..1 ~Uft'1111::L~tJ1nu 

LL~::t~~hLn~Li1tJ..1nU 'fl'1t!i1t1~111JLL3.iUU1"lltl..1n111~-i1'fl~1tJ ']~f..1 ~..1LLft'~..1~~ L~mh 
standard deviation ~..1n~t1 random error 

.... I ' , -~ ~~ .I .. 4 '..I -- .. 
Gl1£1!11" 2.2 L"lJU LUn11't1~~tl..1'fl1u1111tu.~::n1LUu~1'fllln '11'..1~1't1tln~tl..1~tl 0.1028 

A 

0.1001 

0.1003 

0.1002 

~Precision 

l3.iiiaccuracy 

B 

0.1026 

0.1028 

0.1027 

~ Precision .. 
11 accuracy 

'IJ 

c 
0.1004 

0.1998 

0.1501 

l3.iii Precision 

l3.iii accuracy 

A111JAft1GILAi£J" (Error) ~1111~~1~L~~EJW;J1n~h~~..1 ihL~'t111Ul1~~nTl.~lLml::~~ 

accuracy L~tJ..1L~ L"liUL~tJ1rlU~hLfltJ..1LUU (Deviation) LU~1mhLu~tJ nft'11111CIUEJn11~~ 
1L~11::l{ii accuracy L~t1..1L~ ~1111~~1~L~~tl'l.l.LLU..1L~ 2 "lJU~~tl ~1111~~1~L~~t!ULLUU 
~111~11L~ (Determinate Error) LiiU~1111~~1~L~~tiU~i'-h~~1~L~~t!U11.l~1UL~ ft'11111t1 

~ 'IJ 

~1U~11L~ LL~::~n"lfit~'fl\1..1~ti~1111~~1~L~~m.I.~LLn"l"llla.il~ (Indeterminate error 'fl'7tl 
~ 

Random Error) ~1111~~1~L~~tiU"lfil.~ii'Ltl~tJULLtl~..1L~~~tl~ L3.ift'11111t1~1U~1JL~ 
~ 

fi111Jflft1c;tLfl~il'l4LL1JlJfl11JfliJ 1~ (Determinate Error) LLU..1L~Lilu 4 "lJit~ ~EI • 
A ~ ~ ~ ~ A A 

n1::U1Un111L~11::'fl ~1L~11::'fl ~11L~3J LL~::L~1ti..13JEl 
'IJ ... ... .. ... 

1. fl111Jflft1c;tLflftil'l·t.;nnn~tlJ1'l4nT'i1LA~1tM (Method Error) Ln~~1nm1 

.. or..l\'1 ' • I "' ' \'1 .., .ol ..t 
1L~11::'fl't1 L3Jft'13J11nLLtlnft'11u1::n ElU tl Eln~1n ft'11~1 El tl1..1 L~'flll~ ~1111~~1~ L~ ft tiULLUUU 
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i~Ln~~nnm1Ltl~li\4LLtla~hEh1 Indicator inLLm"!len';Jc;iEJ~l'h Blank L~11 LY1ennm111m 

"11El~tn1Lflii~'lim111m Indicator V'lEJ~nutn1a::a1EJ~i.1liii1mh~EJti Lill4n11LLm"ll 
'II 

fl1111fl a1~ L" ~ D\4~~ L n~-;)1 n';l~ ll ~ LLa::';l~ ~UI11 a "!I El~tl 11 Mll1"11 D~ n11i Lfl11::-.{ 
~ ~ ~ 'II ;.J 

..; - ~ ... ~ ... 2. fl'l1aJflft1f!Lflitil";J1flN'lLfl11::~ (Personnel Error) ~1Lfl11::~fl1111fl1111 
~ 'II 

~Eli~UL\4m1ul4Yin~an11'Yl~ao~ ~'Yl~aEJ~1J1~fl\4~m~n~anTliLfi11::~1~Lil1.l.i.tl'll4 
'II 

'Y11~1J1nLL~1~DtiU\4 Yin ~~m 'Ylf!Ufl~'ll1111i Lfi11::-.{~El\4"1h~.Uu.Uo\4 ~ Lfl11::~11lL "li1 L';J 
'II 

..; .,. ... 'l" .. ..l.. - .r 3. A'l1 aJ A a1 ft LA a a";,, n .. , 1LflaJ fi11La Eln "lltn1Lfi11'Y111fi11111J'l~'Yl'Ii~~';l::a~ 
~ 'II 

m111fta1~Lfl ~ D\4 L \4L~o~d'tc;1 n1LU\4~1l4ii llfi11LaEJn tn'lLflii~,Xnii tl~\4 &)Ull11 L i 

..; ..; ... ... .... • ... \1 0 .... 

4. fl'l1 1Jflit1fl Lflit il";'J1 nLfl'iil\IIJ il EJ1';JL n~~1n111~11~"11 El-\l Lfl'lD-\!11 El L11~'l-\ln1J 
0 

m111';1~-\l fl1111~::£l1~"11 £l-\!Lfl1a-\lLLn1 inLLlfl"ll1" llc;1El~iim'l"11';1 ~£l1Jfl1111 LUJ\4V1"11El-\l 

Lfi~D~ri El\4 L "lf'Yl nftf~ ~1VI'l1J L fl~ D~ii D~ tn 1111C1 "11';1 ~D1J LEI-\! Lc;i LLiiitl1n11~11';1 ~auc;i El-\!111 
1 . 

0 ... ... 

';11m.n,;''Ylthh'VI '1-L 1ll n c;1 a" i-\l-\lutl,-::111 ru.111~11';1 L ill4"i'"",.11 

fi111J flit 1ft Lfl ~ il"LLUUfl'lll fl aJ la..~1~ Lii"-;)1 nfl1111 ~\4LLtl'l"!l El-\lini L fl'l1::-.{ fl1111 • 
"fl1" Lfl ~ El\4"1!U~U3J n L n~.:ff \4 'l \4';1 ~ ~-\! ~"~~El ~1 ~""11 El~ 111 mi ""!I El-\l Lfi~El-\l ii D ~ L fl'l1::~11l 

• 'II • • 'II 

tn1111C11J Eln~1~i~ i.ii~L ';l\4tmc;1 El-\l 
'II 

... 
fl1"it1'1",(1"llil\lfl1"i1fl (Repeatability of results of measurements) 

~ EJ fl1111~nc;1 o-\l 'ln~L~ ll-\ln\4 1::w11" ~a"!IEJ-\lm'li Lfl11::-.{tJ1111 m ~'tl1-i1n\l.~ fl1ll &J 

"f~~!ilm iiEJ~n\4 1~ ll't11n1ll 'lc;i ~n11::L~ ll1n\4 ~~~11~ 

• 
• 
• 
• 
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.... 
A111Jth'li111t:h1fl11'1LA1'1::lf (Reproducibility of results of measurement) 

• ... 'l ...... .... I ._ .... ~ ..~ ........ 

~Hl fi111J~n~Eh1 n~Lfl£1\ln~ 7::VI11\I~~"lleJ\InTl1Lfi71::'V\u11J1nL'YlL~£11n~VI~1£J ') 

~ t ... f' ~ .. 0 'l" ..1 ... '4 .. f' 
fl'l\1 ~1£Jn111 Lfi71::VIfi7\IVI~\I ') El £1111£1 ~n17LU~ £J~LLtl~\l L\1 El~ L"ll"ll El\ln111Lfi11::'V\ 

'II 

~1111::~ L u~ £J~LLU ~\IU'l::n El11~1 £J 

• "" ... f' ........ f' 
Vl~nn111Lfi11::VI - 1li1Lfi71::VI 

• - f' ... ... 
WlLfi11::VI - Lfl'lel\111 el 
'II 

• ... ..1 
1J1~1i1~n111~ - Htn~'Yl .. 

• ..l'l ... 
~1111::'Yl "lf - L1~1 

0 0 . "" 
fi111JL "lftl1J'U 

+ ~~"lltl\ln111Lfl11::l{ U1::ne:~u~1mh1.J7::1J1tli.~~~~~W1VIi'11m1l1m~1~ 
~ 

LL~::El\I~U1::n ellJ"ll El\lfi111JL1l LL \l, ~El~ sn\1111J~~n1::'Y111 L i\11::1111~Yl1L ~Ln~n17Lfl £J\IL11~ 
L"II'~ el\l~tl1::na11~1VIi'mh1.J111LL1l LL~::1J1~1i1~tl1\IB\I .. 

8. %Recovery= ~h~1~l~ X 100 I fi1';1~\l 

9. Corrective factor (cft1'lh::nnun11'U~ULLn) ~El ~1L~"ll~"lf~L"lf£J~VIi'u~h 
~~Vl~1~L i\17::1111 t~ m.t1111111n'V1'im~11nu~h~ rJ\IL1lt1111LLTlL "II'~Lfl~u"ii e:~1~~hfi111JVI11~ 
"lJ El\1 ~ ~ l3!~ am V\11 ijVI ii\1 LL~ ~1 L fl11::l{" 1 Lt11~ El n am V\11 ijVI ii\1 tl1 Iii El\1 n11fi1 ~tl n ~ El\1 n ~ el\1 

~ 'II 'II ~ 'II 'II 

111 nfi1ui'11 LLn L ,j1 lu 
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I ..( ... 

A'l13Jt.t,1 L1fil n iltl il" n1"i't'l~a il" 
... .-..I \'I ., , ~ ., ,. , .o1 ..,. .4 o L ., ., 

~anTl1L,rn::'VI'Yl ~~r;nnn11'Yl~a El\1 LL~a::T'I1>1~El>13Jfl11ll\l.1L "1Hlfl a '1f>1-;J::'Yn 'VI~ ,. 
~hm1::\{Li)~Tl113J~U h L \l.n11'Yl~a El>1 ~an11'Yl~a EI>1W1ll11tl'Vh~-;m1~"' a1 r.J1ULLUUL "liu Ti1 ,. ,. 
Confident limit Lilu1n~\hTi1LrlEJ>1LUUll1~1~1u (s) 3J1LiL11Wlll11'rtTl1\l.1tu.~am1 

'Yl~aa>1a r.i'l u"1i1>1~\hL ~aii a ~ Lll afLanu91 ,. 

-+sf 
f..l=X-.rn 

' ' • I .al .., .. "" J..l "EIT'I1'Yl ~n~ EI>1'Yl"' El>1 n11';11n r..~ a m1'Y1" a a-, 

f dju~1La"l..-;J1n"111>1 
0 ., 

n ';11\1.1\l."l..E!lla ,. 

Ti1~~n~E1>1 (J..l) Tl11El~L\l."llEIUL"ll""llEI>1 x ± :h 
""'.... 0 •- I ~ ........ 

Gl1ilU1\IYI 2.3 ~an11'Yl"aEI\I 5 ';11\1.1\l. m X= 35.25 m S = 0.08 'Y11::"UTl113J\l.1L"15ElfiEI 

95% ';1>1Tl1\l.1tu.Ti1~rtn~EI>1 'VI1Ti1 f ';11fi~111-1~1::~UT'I113J\bL~Eitia 95% £iTi1LU\l. = 2.78 ,. 

f..l = 3.25 + (2.7~0.08) 

= 3.25 + 0.2224 
2.236 

= 3.25 + 0.0995 

35.35 •4---.... 35.15 
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.. I ..... I •• 

IJI1,-1'11fl 2.1 LL~~h1fl1 1::~1Jfl111lll.1L "lJElfiEl (f) 

-;l1ll.1ll.oH El11~ (n) 
. 

Q,.t I •• 

1::~1Jfl111lll.1L"lJElfiEl (confidence level) 
'II 

90% 95% 99% 

3 2.92 4.30 9.92 

4 2.35 3.18 5.84 

5 2.13 2.78 4.60 

6 2.02 2.57 4.03 

7 1.94 2.45 3.71 

8 1.90 2.36 3.50 

9 1.86 2.31 3.36 

10 1.83 2.26 3.25 

11 1.81 2.23 3.17 

12 1.80 2.20 3.11 

13 1.78 2.18 3.06 

14 1.77 2.16 3.01 

15 1.76 2.14 2.98 

16 1.73 2.10 2.88 

" n11<A'flti'e:n.n~n\J (rejection of data) .. 
..1... ..., .... .d..l • 111.1. ...1 ·t"'"' 

L11El'il EJ~~~~..., ll.\lu'l'::n au~n E.Jm ')'VIll.\I'YILL~n~1\l ~u El E.J1\1111mnnfl1 Ell!. 'Yl1 'VI~El\1 

i~~u hi1~::Liiu-H EJ1l~,f uL vi am1i Lm1::~~ EJ'V11ai~-n a11~lf u ~..1lu lu 'Yl1\l~n~,f u~m1r1 
'II 'II 

li ~b-L'Yl~n (Q-test) LUll.Lntu'Y11um,-i~~ui1 ~::i~-H'El11~~\I-..,1EJl1l t~m~11~ll.~1nm1~..1 
'II 

oHEl1l~~~El..1~..1i£J,fll.EJEJn ~1111~11LUll. x1 ~ El~1nlfuLEJ1"li'El1l~~L -..,~El111L~E.J..1~1iu ~1mh 
'II 'II 

mn ltJuEJ E.J-..,1m.t'El E.JltJmnnl~ LL~1~..1'V11 ~~~1\11::'VIi1..1"1i El11~~ ~ El-.1 ~..1 iE.J nu"li El1l~~iJfi1 
'II 'II 

'lmtL~E.J-.1~~~ ~..1~::L~E.Jn11 fl1111"'1..1 (spread) i1Elci1..1L"lill. ti'1iiimJ~ 5 fi1i..1d' 
• 'll 
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"er;nmi\4'l"'~1~h~ir.J (range) L"r.J~ ~imrhnu I Xn- x2 1 LdEJ n ;A_,Lih~o~1\l.1ll."li'El3J£lii 
fi1~·.1LL" 3 ~-1 7 LL"tl1imJaii,)1\l.1\l.L'Yhnu 8 , 9 'VI'iu 10 ~iml::Lrhnu I Xn -1- x1 1 (13.1 

'II 

f!TlLi Q-test nu"liu11£l~ii,)1\l.1\l.3J1nni1 10) LLi1~-1i11\l.1tu.fi1 Q (0 < 0<1) i-1L;"11n11 
'II 

I 

f111lJl-1H 

(2.14) 

'1-t1fi1 a ~i11u1mt~d (Oc) 'LuLmr.JuLilr.Junufi1 a 'lu"111-1~ 2.3 (a.) t11 ac < a. 
L;'13.111ni""limJa~~u-1L;"-1ir.J~-1L~ 

'II 

'l \l.U1-1flf-1 El1';1 L U\l. LUL~~"li u 11 a~ L ~ ~ u~ a-1';11nn11~""li £111 ~~ ~ £1-1 ~_, ir.J Lll.flf-1 LL 1n 
'II 'II 

~_, LuLLi1 El1';J';J::ii"li m.m~ ~ EJ-1 ~ _, ir.Ji1';1:: ~ a-1 i "~_, ~n~'ia 't3.l'l un1tii.L "liu d'l "'~1 L il um1 
'II 

L "Ji"U.L~ r.J1tl\l.tlU~L~'t11111LLi1nu"limJ~~~ El-1 L;'-1ir.J"li mJ ~LL 1nLL!iimh-1L 1n"11111ifl11 'li Q-
'11 'II 

' t. ...., .., d 
test 111nn11L;'El-1fl1-1nU"l..EI~£l~"~ll.-1 ~ 

1. 1-A'nn 4d rule 

2. Method of Dixon's test l'liu Q test 

. 
1.1 ~EJ-1ii"limJ£lEHh-1~1 4 "lf" 

'II ~ 

1.2 ~1~1';J"na1-1 (mean) "l..£J-1"1i£J11~~r.Ju111u "li'El11£l~L;"-1ir.Jtli~El-1111~" 
~ 'II 'II 

1.3 i11\l.1ll.~1 standard deviation (SO) 

1.4 fi1u 1\l.f\1111 LL"n"1-1"11£J-1"1i El11~LL"£l::"lf"';J1n mean 
'II ~ 

1.5 tl1~1fi1111LL"n!ii1-1Lthnu'VI'i£J111nni1 4 L'Yi1"l..EI-1~1 mean "li'EJ11iil~\l.~"ff_,'L~ 
'IJ 

i1mh\J 2.4 m11Lfl11::~i1 El ti1-1 £11'VI11"1f"'VIrt_,ii"li't~11£li-1d "llE! 'l "'fi1ll.1\l. i1ii"li EJ11£l '""11 
~ 'II 'II ., 

~"fi-1 10.15, 10.17, 10.34, 10.20 
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10.15 

10.17 

10.20 

(10.15 + 10.17 + 10.20) /3 = 10.17 

.f,..G'Iil,..yt 3 ~1~111l'Vh.;!"llu..1"limJa~1n mean (l~~~L~~tl.;!~1J1£J) 
'U 

1 10.15- 10.17 = 0.02 

2 10.17- 10.17 = 0.00 

3 10.20- 10.17 = 0.03 

4 10.33- 10.17 = 0.16 

~ ~ . 'lJ,..G'Iil,..'t1 4 ~1~1~~na1..1 (mean) "llD..1"liD1lafi£JD1li'lJ 
, 'U 

(0.02 + 0.00 + 0.03)/3 = 0.017 

::: ..I 
"llU~DU'Yl 4 

0.017 X 4 = 0.07 

0.16 > 0.07 

i..,,!u"liulla~~..,i£1 ~D 10.33 i~~..,l~ 
'U 

2. Method of Dixon's test ,.;il Q test 

li'Yl~~nu~1~'11i£J~~:~~fi..,nu"tr~"lin1la 2-10 "tr~ ~1u1m aca, hi~1n , 'U , 

Ocal = 

Ocal = 

X2-Xl 
Xn-XI 

Xn-Xn-1 

Xn-Xl 
X 1, x2 I x3 I .... X n-1 I X n LUU"liEJ~a~,~~1nm1"1~1~m'1£J..1~1~lJ~1m.t'u£Ji.tlmn 
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X n - X 1 ~tl ~h'WiEJ (range) 

ii.1~1 Qcal ~~1\ntu.,~-;nnL;'3Jn1'~"1h~~'"'1.hfitn.JfllJ Q crit LU~111..1LLL;'~\I Q 

Qcal > Q crit ~1~L;'\IiEJ~~~\I'~ 
Qcal < Q crit ~1~L;'\IiEJ~~~\1'2J'~ 

. " ... 
Q crit (confidence limit) ~1U1Wlltl3J~ tl\1~1fl113J tlL;''l:: 

'II 

(n) (n - 1) 90% 96% 99% 

3 2 0.94 0.98 0.99 

4 3 0.76 0.85 0.93 

5 4 0.64 0.73 0.82 

6 5 0.56 0.64 0.74 

7 6 0.51 0.59 0.68 

8 7 0.47 0.54 0.63 

9 8 0.44 0.51 0.60 

10 9 0.41 0.48 0.57 

.., I .... '1. ... ...... • .... . ... • ... I ... .. ... 1 .. 
G11tl U1'11YI 2.4 Un111Lfl11::VI~1 tl EJ1\IL;'11!il1 tl EJ1..1VIU\I 'V'llJ113JLu tl1L'lJU~"lJ tl\1 'lJL~ EJ3J 

fl~Elh~ (NaCI) L 'Yhnu 55.95 , 56.00 , 56.04 , 56.08 , LL~:: 56.23 tlEJ1n'Yl11lJ':h~1 

LUElfL'lJU~ NaCI ~1L;'~'Yi1EJ~1Lfl11::VI1~U L;'3Jfl11';J::~~~\IVI1mb'ti~~~1LQ~EJ 
~ 

...... 0 

1tifl1 . 
I I I ,::I .... 

fl1fl113JVI1..1"lltl\lfl1'YIL;'\IL;'EJ = 56.23- 56.08 = 0.15% . 
I A.... .::!i 

m'V'laEJ (L3JEl n = 5) = 56.23 - 55.95 = 0.28% 
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0.15 

Qcal = 
0.28 

= 0.54 

-;nn~l11'1~~ 2.2 tlvrl'u"limJ~ 5 11~ ( n= 5) ~1 Q crit = 0.64 ~ 90% confidence limit 
'II • 

(linear least square data fit) 

n11'1 L~1'1::,.f1fi2.11 nttfi1'~1 £JinL i"£Jtln1'm ih L ~~thn11'1 L~1'1::,.;'~1LUU~ El"~i'1" 
• 'II 

m1Y'l2J1~1'!1U (calibration curve) ~~arn~::Lihm~\~~1'" 1hw~f~~n11'~1miu~1'~El1~ 
n1'::thnu~1 £J '1 1~ £Jn11'YJ1ulaju1'1'l'i'~n:: 'l ~Liu~1'~~u~1n ~hw;~~"li a-2.1~ 1~ £J~ £11£112.11 ~~ 

• 'II 

n11'n1'::~1£J"llEI"~~Lii~m.h"~~~~n~12J LL~in~~ni1n~El n11'L"li~ii~hh£JLUn11'~1LiU~1'" • • 
.I,;~~ ..l • .., ..., "" .:rl.- .... .1..,-......, .alA .ar.AIIIo-... t..- .I 
YJ~,.,~~ 'Yl';J::Ln~~112J~~~1nu~~"ll£J2J~fl2J 11i'YI1'~nnu~~El 16n1a\lft£h114il!lflftc;'l (least 

• • 'II 'II • 

square method) 

tl1 ~2Jn11'"1J EJ"n1'1Y'l LiU~1' ~ L iJ £1'1.1. l ~ L UU 

y = mx+b (2.15} 

L~El y ~El~1LLU1'~12J LL~:: X LUU~1LLlh~H1':: 

t~£JtJn~ y Lilu~1~ehui.~~,m~~a"ila ~~LtJuVJ"niu~1 x ~Ltl~£Jultl 
~1£Jci1"L"liu 'lun11Y'l2.11~1~1Ufl1" HLUn 1 fl1'Lv-ll~L2J~i' (spectrophotometric calibration .. . 

curve) y ~::Lilu~hm1'~~n~ULL~" (absorbance) LU"llnt::~ x ~::LUUfi112JL"li11"liU"llEl"~11' 
'II 

32 FDT 2301 (FT 331) 



m 

b 

= 
n'Lx,yi -(LxYLYi) 

n'Lxi2 -('Lxi)2 

= y-mx 

(xy) -(x)(y) 
(2.16) 

2 
(j X (n • l){n) 

(2.17) 

~h?1111JLrlth1L1J'\.UJ1~'l!1U'iJ th1fi1fi11:Ui'U LL~:: ~~i~UULLnU y Wl:U1'H'l~1U 1tll. '~ 
........ 6' .... ~ 

-;nn?I11:U~:U'WU1i~..1u 

O"d 
cr -m -

.Jo-xn-1 
(2.18) 

F O"m 
n 

(2.19) 

(2.20) 
n-2 

Gl1mh"fi 2.5 -;nnfi1m'l~~n~ULL~..1~l~'~ L~t!L'lf1~LW~:Utl::~mJiinLLEl1J'lHlf"Wiu 
'II 

(flame atomic absorption) L~EliL?I'l1::~m:u1m Zn
2
+ Lli.Wl'l:U1~1!1't.l.'iltl..1 Zn '~~~i..1d' 

X= ppmZn 
2+ 

0.50 1.00 1.50 2.00 2.50 

Y= absorbance 0.130 0.200 0.350 0.430 0.490 
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...... 0 

1fif11 

t-n~1L'YlD2J~1..1')~';l::Lm'I.H~'3JnTl~ (2.16) LL~:: (2.17) -;nn"li'D2J~i1..1~'1.1. ~£j n = 5 
'II 

LXI = 5 X = 0.50+1.00+1.50+2.00+2.50 = 7.50 

LYI = 5y = 0.130+0.200+0.350+0.430+0.490 = 1.600 

~2 2 2 2 2 2 
L.Xt = (0.50) +(1.00) +(1.50) +(2.00) +(2.50) = 13.750 

Ii = (0.130) 
2 
+(o.2oo) 

2 
+(0.350) 

2 
+(o.43o) 

2 
+(0.490) 

2 = o.6.44 

Lx1 y1 = 5 xy = (0.50)(0.130)+(1.00)(0.200)+(1.50)(0.350)+(2.00)(0.430)+ 

(2.50)(0.490) = 2.875 

5(2.875)- (7.50)(1.600) 

m = 
5(1 3. 750)- (7.50) 

2 = 0.190 

(1.600) (7.50) 
b = ---(0.190) = 0.0350 

5 5 

.... ~ "' ..l\1 "' :'1 
~h'l'l.l.'l.l. ~2Jn1'lL~'I.I.91'l..1'Yl ~9l';l::Lu'l.l. 

y = 0.190X + 0.0350 

~112Jli'u'l';l"lJD..1~1';l'1..1"1JD..1 m LL~:: b t-nl~';l1n 

'li'1..1~112.11i'uh"1JD..1~1~112Jiu = m + t cL. v crm 

'li'1..1~112J~UL';l"lJD..1~1~112Ji'l.l. = b + t CL, v O'b 

n1'l'VI1~1 O'm LL~:: O'b ~D.J 'li'~2Jn1'l~ (2.18) LL~:: (2.19) LL~~1LUU~ D..1'V11~1 O'x 
' ... ' ... 

LL~:: () b L~£Jn DU';l1n ~2Jn1'l'Yl (2.5) LL~:: (2.20) 

= 

= 

34 

13.750 (7.50) 2 

= 0.7906 
4 (5)(4) 

(0.6044)- (0.0350)(1.600)- (0.190)(2.875) 

(5-2) 
= 0.0268 
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= 
0.0268 

0.7906-J; 
= 0.0169 

= 0.0169F = 0.028 

t CL. V = t 95, n - 2 = t 95,3 = 3.182 

m111i'" = 0.190 + (3.182)(0.0169) = 0.190 + 0.054 

~~.r~ = 0.035 + (3.182)(0.028) = 0.035 + 0.089 
~ 

~1nn11~1~1111~~.r1~~~~~11~1~vinn1~~~~~u~v~~~ ~~~1L~L~~11n11~~~ 
~ , 

n11Yhi'U.~1~~~~~~ ~~11111tl\t1LtlLi~1U1nl.~1~h.l1LLth x ~Lal't111tJfh (xu) LrlB~1n11 , 
1~fi1 Yu ~1nm1'Yl~~B~L~ 

' AI .. ., 0 t.... Allo .... 

~1111~1111~~11~~1nn11'Yl~~B~~1\1.1'U.LYnnu n (xi LL~:: y i) 'Yl\1.1111~1~1111~~~1 
~ 

~1viin1~~~~~u~v~~~ Lh~i'u~11.l1mh~~~fi1.l1LL1.h~~1::Ltlu Yu .r~,fufi1 xu ~~:: , 
~1\1. 1m L~~1n ~11n11L iu~1~~::L ilu 

Yu- b 
(2.21) 

m 

L~V~fl1Lrlv~LtJ\1.111~1~1U~B~ xu ~~1U1ni.L~~1n~11n11 ... 
1/2 

O"d [ 1 1 (x -X) 
2 

] - - +-+ _....;;u'-----

m p n O"x 
2 

(n - 1) 
(2.22) 
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.... I """ .... ' 2+ .. , ' " ... 0 A ..I ·' IJI1DEJ1\1f1 2.6 tf17~::~1£JY11tltl1\l"lJEh'l Zn Y1 L3JY1111Hl113JL"ll1.1"1J~~1U1WVI't.l.\l L1Jtl..,.11.11 

LLtJ\ILiJ~tf11.1~1~ LL~1\t1LL~~=~1uhl1Lfl71::~ 1Y~£J1nm1.1~1m.h\l~ 2.14 wu11 fi1m1 
4 ~ .... I~ I~~..... D 

Y~Y~n~~LLW\ILQ~[J"lJ tl\ltf11YJ1 El £.11\I'Yl\ltf11J~"·'lU1Jfl1L 'Y11nU 0.250 ~\lfl1~ "lt\1.~1 ,. 
n. fl1111Li1.1onu"lJEJ\I zn 1utf17~::~1£J~1El~1\l 
~. fl111.1LLaJUii1"1JEl\lfl111.1Lon1.1onU~fl1U1tli.L~ 111£JL~fl111.1aT~L~ 95% 

.... 0 

16f11 
, 

n. fflJnl'Hff'U"H 

y = 0.190x + 0.0350 

' .I 
LLY1Ufl1~1nW1.1n11'Yl (2.21) 

y = 0.250 

0.250- 0.0350 

0.190 

2+ = 1.10 ppm Zn 

.... .. .... ' ..1 'I.... ..I 
"ll. mUlW1'f~1nY11El£.11\lfl 2.14 LL~:: L"lftf1Jn17Yl (2.22) 

1/2 

[ 

1 1 (1.13 -1.50) 
2 

] --- -+-+-----
3 5 (0.7906) 

2 
(4) 

0.0268 

= 0.190 
2+ = 0.108 ppm Zn 

' ' 0 ..I .:.. 'I , ... + ... 
fl1fl111JLL1.1Ur.J1"1JEl\l Xu flfl113J1JUL~ 95 %~1 LY!~1n Xu- t CL, v 0' Xu Ll.IEI V = n - 2 
... ~ 
~\I '\.I,'" 

Xu = 1.13 + (t 95, 3) (0.1 08) 

~ ~ 
~1nY~171>l't1 2.1 t 95, 3 = 3.182 L v-rn::Q::wu. 

X = 1.13 + (3.182) (0.108) 

+ 2+ = 1.13 _ 0.34 ppm Zn 
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uumnnnTnh least square fit "l.lu--1-llmJ~fi,~,nnn1'l'Yl.,L'Iu.,'l<il.,'!i1m.h.,~n~11 
'IJ 

111 LL~1,f 'U. t., mJn &i LL~1 ~ ·rhn1'll L~'l1:\{ 3J n~ u.,'ln1'l~';l::.,~111J i1l~Wif'l:'VIi1.,'1 <i!1 LL thyY.,'I 
'IJ 'IJ 

~tl., (><i LL~:: Yi ) ij~111liaJoW\~tlh::'VIi1.,n'U.111mt'm.JL~t.l.,t., ~.,~111'lt1Uun'~ t.,tJm'l 

~1U1tu.~h iaJ1.h::a-'Ylt~NaJvrmf (correlation coefficient, r) "lltJ.,'I"Ji'uaJL'I';!1n~aJm'l"u'uU 
'IJ 

r = (2.23) 
'""' 2 -2" 

2
-2 '-}(~ x, - nx, )(.L.J Y; - ny; ) 

.. 
'V\1El r = 

n(""' X y ) - ""' X ""' y .L.J I I ~ I~ I 

(2.24) 
~[ n( I x i ) - (I x' ) 

2 
] [ n( I Y ' ) - ( L Y ') 

2 
] 

~1 r fi~1'U.1tu.'~ ';l::ii~1~.,'1~.,L'Yhnu 1 ~.,'!'V\3J1t.ltl.,'l<il1LLU'l,r._,~tl.,'lii~113Ji1lvrwfinuuci1.,'1 
'IJ ~ 

LiiaJYi L'U."lltu.::Yi r = 0 'V\3J1t.I~113Ji1i1LLU1yY.,'!~£).,'1,3.]3j~113Ji3JvrunnuL~t.l LL~::n1 r = -1 

~.,~ui1Lilu~11Xtlt~fi~., ';l::'VImtJ~11aJi1 ~11aJiaJvrun"lltJ--1<il1LLu1yY.,~tJ.,i.,mh1n~unu 
~ 

nufiL;jtJull'L"li'U. LL'Yl'U.Yi y ';l::itunu X Ldtl X LUU<il1LLU1a~1:: LL~1 y LU'U.<i!1LLU1.,13J n~u 
n~1t.ILU'U. X LU'U.i1LLU1.,13J "lltu.::~ y LUUi1LLU1a~1::LL'Yl'U. 

~1'VIi'Un11~11.,'1n11W3J1m!1'U. t.,tJ'li least square fit ,Xu ~1i3JU1:~'Yl€ 
~iaJvrun fi~1'U.1tu.'~~3J11t1~1u,~i1 n11Wut'u.,'l._,~,~,f'"ij~m~tu.::~ 

~ 

vwt'lil~ n1 0.90 < r < 0.95 

~ ti1 0.95 < r < 0.99 

" t11 r < 0.99 

LL"n1n1'll.,~1"1., '1 LL~::n1'l'Yl.,~ u.,'I'Yh~1 t.l~11m::3J.,1::1., tl ci1.,'13J1n tl1';l'Yh t ~~1 

r < 0.999 
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..... 0 

11if11 
' ' ... I I Cl.o# I jill) 

-;:nmnmTl'Yl (2.24 ) LL~::m~1-1 ')'iil1n~ruan:I'Yl 2.14 

n = 5, L xi= 7.50, L Yi = 1.600, L xi L Yi = 2.875 

L Xj 
2 

= 13.75, L Yi 
2 

= 13.75 

5(2.875)- (7.50)(1.600) 

r = ~[5(13.750)- (7.50)
2

] [5(0.6044)- (1.600)
2

] = 0.99 

0.99 
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