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... ...tum 1 (2 A::U\U6)

n17ri2Jc;11Elti1-1·H)-1Lri1L1h~LYI\l,'"ftfi'itl "'ElMhmm" ~1\l,1\l, 200 fi 2J1Y1~H~t1U~1tJ1ii
~ 'lJ 'lJ

2J11il7~1\l, ViU11El1m\l,~tJ"l/El-1n~2J~1mh-1L'Yhnu 4 L~t1\l, ,;)-1t1nmtJii-11.h::'111n7 (population) rhi~2J
1M , , •

.... , .d'
Y11t1 tJ1~\l,

!lID!

... ...
1JD't1 2 (8 A::LL\U6)

.. .; .., .... 1 ........., 1..... ......... ...
Lfl7t1-1"l/1 tJa1ft2J\l, ~Vi7El<il \l,2JIilYla12J1 ~V.U7n17~ nfl1Y11 mLn12J11il7~1\l,YI<iI~1<ilLm~<il7 fin. \J...

1.1 .... ::: 'I" -' J .; 'I "-1.1-- .aI A A... 1 ... ,J, ... AA

7UYI-1 ~V.Lfl7El-1,;)1tJa~I~~ ~2J2J 72J1nLL"~tJ 240 2J~~~Iil7 Im2JfI1LUtJ-1LU\l,2J11i17v1\l, 15 2J~~~Iil7 YIn.. ~

.... "oJ .. 1 oS...., ., ... ~ ,... 1.1" .....
1\l,LWl7-n1.J';)::1I1<i171';)ftElULfl7t1.J <iltJn17LnUIil1t1tJ1-1 40 LLf 1 LL~1,,1\l,1nLfI1L\HltJ"l/t1-1 72J1nLYlLmtl-1

'ii1tJtlEln2J1 ti1ViU'"hfi1L\l,~tJ"l/E1-1n~2Jc;11mh-1 40 LLn1iifl1t1~111tJl\l,"ll1-1 I1x ± 2o-x 1~iitl11
...... "X 1.1" .d'1 ..... , ... ~"1 , ............ oJ"'~tl""'"

Lfl7E1-1tJ.JTI1.J1\1, n<il \l,t1n,;)1n\l,~v.tltl111i1t1.J<i\.JLmEl-1 ~v.2J l2Jtl1\1,Lft17'Y1~1\1,2J1'n1-1 ~<iI ~ LnUIi11E1tJ1-1

Ii112Jtln~hL~::ti1\1,1nL'~ X = 236 ii~~~Iil7 LLtr1LiitJ\I,u\l,'Yirl\1,71fJ-11\l,~~n171il71';)fttlULfI~t1-111LfI~t1-1

tln~'a.i~E1-1~ LfI~t1-11v.a.i 1'i14nfimf1 LLft<i\-1n17ti1\1,1nLLL~::l-fm12J L~\I,11,raft7tl"l/El-1"ll1-1 LrlEl1\l,Lft1f'Y1
~

r-i1\1,2J1 su mli1 su~ ~V.7E1'a.i
~
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... ....
'fUlfI 3 (5 A~mn.)

U~';'YILtlavh tl a'tJi~.ftl LLn11J1 LU\I,1li1{'\~hJ ~1 'VI fu,h L~\I,Lf 'l\l,nl'~liI'nlilfU1fil{,\~U"1f\i.liI d'~::Iiitl~
'II ~ ~

lli1,hi"1fi1m1~m'VILL~~ (refractive index) "lJtl~LLn1~~~1J1ii~u~,;'YI 1iI1n,jtl1J~~u~,;'YIU\l,'YiflL1WU11
'II

LLn1~U~,;'Y1'lifhL~\I,Lf~i"1fitfl11~m'VILL~~L 'Yi1nu 1.26 x 10-4 'l\l,fI11fil11~fu1fil{,\~ULL~·mnfil11~fu
~

'l"1Mn~1JliI111i1 LLn1 20 ~\I, n1wul1 i"1fitfl11~m'VI LL~""lJ aena1J!ill mh~iifi1LLl1 11111\1, (sample
~ ~

variance) 1J1nni1 2.00 xl 0-4 nlil::l1nL~ll'm1fuLLn1j\l,,f\.l, n1a'1J1J~i1fi1~"1fitfl11'im'r"lLUH"lJtl~n~1J
;oJ ~ ~ ~

"" .1 .1 ". , _",..l ... , ....... .1.1
fil1atJ1~1J11i11n lJ1::"1f1rnunlil (normal population) 1iI~'VI1Tl'I11J \I,1~::LlJ\I,'YlLLfl11\1,'VI \I,~'1I'~1JTl1 bLlJ1lJ11\1,

~

(population variance) L'Yi1nu 1.26 xl 0-4 ~::{'\nl1nL~n1n'J~,;'Y1LEJEMLEJ~tJ (tl\l,W1li1'l'VILi,h111::1J1nl.
'U c.J 'U ,.,

~1f1li1111~1filtJLliliiE1~'t'h interpolation)

1n't11-lltl 3
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'" ..Iturn 4 (5 f1:: LL'WI4)

"82 8 2 !'l ' tl tl . " . .1.. .-4. •rn I LL~:: 2 Lu'\.LfnLL ,. ,.1W'llEl\ln~~~1fJtI1\1'\'I~ n l =25 LL~:: n2 =31 "lJ\I~~~1E1t11\1
~ ~

.. tl tl .. ...1.. 2 2 • "
fJ~"::';l1n "::"lf1n,. n~ (normal populations) 'Y1~ 0") =10 LL~:: 0"2 =15 ~1~~1~1J ,;)\I'Y11m1~

• !'l..l '/I"
'\.L1';)::Lu'\.L'Y1,;):: ~~

8 2

_1- > 1.26
8 2

2

.s.
r-'
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'" ... 5t "'1'"'lief! FIt LL'WI'U'" IJ FIt LL'WI'WIn 1iI

5 6

6 14

1111 20

'" ...'lief! 5 (6 AtU'WI'WI)

,11n n11th11 ';)-nau fl n11Li-11 'V. Yl1111ul 'V. 1 I ~ a 'V. Vt i-1 ';) Un11fin1~1 "lIEI -1 U moYi lil fl m::
".. .. ...... I ~ ... _.

1 f11n1111f11Rlil1 lIVt11 n [J1fl £JLL Vt-1 Vt 'V.-1 ,11 n REI-1 111 fl1"1l1 fl a 111 fl1"1f11 f11n1111EllilR1Vtn11 uae
•

ll1fl1"1f11f11n1111 Lfl~EI-1n fl 1lil [JLnu-nElllNUmofililll1fl1"1f1~ ifl1n1111 Ellil R1Vtn11 62 fl'V. Yiu'"humofilil" .
.... 111·.. .x. .......... ... .. ~ ..I1II....x

[J-1 LlIlI-11'V.1I1,;)1'V.1'V. 15 fl'V. LLN::um'YIlilIl1fl1"1f11f11n1~lILfl1E1-1nfl'\J1'V.1'V. 25 fl'V.f1 LlIlI-11'V.1I1,;)1n

n11Lnu-nElll flUmofilil Lfl~El-1nfl 121 fl'V. 'l il.h::lJ1mfi1 r-l flc;i1-11::Vti1-1 ililLi1'V.Umofilil ~~-11'V.Yl1"l1 El-1
"

ll1fl1"1f11f11nnllElliltnVtn11LLfl::1f11n1111Lfl~El-1nfl ~fl11 uL~mi'V. 92% ,;)1nfi1~lh::1I1mLii-1mh1•
R11JLii1111fl1"1f1'llil~ililLi1'V.umofilil~Li-11'V.rhR-1ni1. "
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165 160 240 205
.. .. ~

1'Yl£J1l'11~91" (LL'YlU911£J 1).. .. ~

1l'11m"3Jl'11~91" (LL'YlU911£J 2)

250

210

140

185 225 195 205 215

260

180 200

.... I ... ~ 0 ....

6.1 (6 A::LL\U4I) ';)~~,.,~'1l1~m13JL'1lm.JU98% ~1~"lJ
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6.3 (6 fl~LL~n.,) 11191tl-\l«'h~,h-\l f111:IJ L~tldu."lJ tl-\lfl11:IJ LLq] lq]1-\1"lJ Eh1~h1"11-;11 EJL;)'~ t1"lJ Eh1Um&Yiq],r-\ltUl-\ltHll.::

~f111:IJL~tldu. 98% 1~q] tlU~1tl1:IJq]tlLUii' (,rtl1q]~~q]"hh-;)1Lflu.91tl-\l1"11~1L'VI~1ii' L3.i91tl-\lq] eu)

n) (1 A~LL"") ~1«iiqjfl'l"11U1":::IJ1m~1f111:IJ LLq]nq]1-\1"lJ tl-\l'~11"11-;11 EJL;)'~ tI ~tln11"LL,;)nLL,;)-\I LLUu1q]

(n11"LL';)nLL';)-\lLLuuunqj n11"LL';)nLL';)-\I LLUUri n11"LL';)nLL';) ~LLUULflf«LLflTf 'VI~tl n11"LL';)fILL';)-\lLLUULtlW)

-\I) (2 fl~LL"") ~q]1"fh,nU.n11"~1u.1m~1tl-\l~nam:: ('VI~tl degree of freedom, V) iiinM'm::mh-\lL1"

LL~::~1u.1m~1tl-\l~naH1"::ii~1LrhnULrhL1"
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£l •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••"5VOR 91£lU, VoU1 8 'J1n 15

~ ... lit "'1 ~'II£In f1:: LL\n~L'1aJ f1:: LL\n~n (;l

7 6

8 6

9 8

,.111 20

... ...
'II£ln 7 (6 f1::LL~~)

~1nn1,.i1,.T;)"lI el\ln"::'Y1"1'H'{1D"1"nL~"lIi\l~-r~ ~\I'Ut'l1ViU'h OH"1I'1 unelnri1i\ln1u 3 fn.LL\.L
4 ~

100 f'l\.L H~tij\leleJnThi\ln1U 8 f'l\.LL\.L 250 f'l\.L "1n~'£l3Ji'tfh~1'J·HI~"nfh')'II£I"n'J::::n'J·N
~ W Q

ft161'JnUI'll'"1M'n'J11J1tA1'I~£l1a,j -)1L't'Hlf1'lru"£I£l0f;'fuln1 ULrhu'(;leh",'~£I un')' L'WA1l'1U Inu
4 w

,rellit'li\ln~11 01Dn1~Lfi~f'l1111 ti~Vi t'l1~ (\h::Lf1'Y1~ 1) 5 Yo (~\IL,n~n1"'Y1~ anu~1I11~;j'1\.LL yfel~1
~ ~

fh~elULrh,r\.L)

~~,.
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... ...
'lion 8 (6 A::U.'Wt'Wt)

rr,r~m,.i'1 '\.4~'ll·lh~::rhnT7Uf1Jlh\l L'".I L'l1L'\.4m,.i< ~ ,,\I ~'ll'li1 1~uihrfli'fI\I L7tJ'\.4'lJ fI\Irru7111fl
'J q 'J

~1nm,.lh,.'".I~ViU'·h~'ll'li1R1'lJ1ff1 ~1nm,.,r~"\I~'ll'li1 10 flf\l ,r~"\I~'ll'li1~1i1Lu~tJ 10 '\.41fi fi1

LrltJ\lLU'\.4111~"!1'\.4 3 '\.41fi LLL'l::L'\.4m,.,r~"\I~'ll'li1R1'lJ1ff 2 ~1nm""\I~'ll'li1 8 fl~ ,r~"\I~1,r1Lu~tJ
.. , ..I .. ......... ... -t .r ........ ... - I ,.r

14 '\.41'Yl fl1LUtJ\lLU'\.4111~"i1'\.4 4 '\.41'Yl "1n'll OL'Hm,.D'l1t Dunn nA'WtN"(;In1,.,.1'WtYf'lf'lf1U.,.'l1'Wt
Q U U

ft11J1,.tllJ1(;1ft'Wtt"l~"~Dla,j-h ~'ll'li1R1'lJ1ff 2 'Yi1m,.,r~1 i\l~'ll'li1,r1ni1ri1'V1 '\.4~ LU~uR\lni1 R1'lJ1ff
'J

1 oi1\1rr,r~m,.i'1'\.4~'ll'li1f11~'Yi1m,.<il~W'\.4L~ffLfi~m111~~Vi1'1~ (U"::Lll'Ylff 1) 5% 1~tJffrr,r~m,.i'1'\.4ij
'J 'J

,rEl~L'lLLfi L~tJ\I L1L'l1~1i1ff,r~ "\I~'ll'li1'lJfI\I~ 2 R1'lJ1ijfl'".l1: JLLU,.U,.'".I'\.4Lli Lrhn'\.4 (~\lLofln-m,.'Yl~ snu
-. .. 0 • l:

RlIlI~!1'\.4LVi fI'VI1fl1~ flUL'Yl1'\.4'\.4)



~fJ ,.'i~ !IIflU ~\l'1 10 ,nn 15

'"1JO 9 (8 AtU,W"')

,nmJ\l,finwlllf;n "1';)1u" c;iEl-3m1fh;r~ "L~1rl" ~-3D1t1tJD~~LiiEwni1h 1U~-31c;i"-3nEl-3ri~ 2

nEl-3 ~1 mri1rlm~'i"1J-3 LU-311-3 LL~mflJiim'lJnEl"ri~~9El.,;f 1~ £I L~1rl"::",,ri1;"'t1~111t1~n El"ri~1"

1u~ij't1~11~uGl1~,rmm111iLL~nLHtlfi tl\l,LLtr1~"fitltJ tJn~ ~1t1~n tl,,~ UGl1~lnnn11 L~lii ~1 L~hrl~lJ"h

n tl-3t1vnf-3 9tl-3UGl1 ~ Lrhn\l, L"1J1';)::i-3flJnT'1h3J~"1J El"h":umj1l1 £11\l,LiiEl,,-i1i1 "1n"limJGl~1c;i"1n
\I \I

... '" • ... ..I 11 ... ... ..I .., ...
91tJGllJ "1J-3~lJ-3't111lJ11 nEl-3't1~'t1 1 "1JEl-3 " U 1000 ~\l,f1 'l3J91\l,LUtJ"LlJ\l,3J1~1!1\l,"1JEl"LElm(1.0.)

LrhnlJ 10 fi1LU~tJ1tlfhLrhnlJ 152 Ih\l,ntl-3t1~~ 2 "1Jtl-31"lU 960 "1J\l,tiniiA1\l,LrltJ"LlJ\l,3J1~1i1\l,. ..
"1JEl-31tlfhLrhnlJ 12 fi1LU~tJ1ElfhLrhnlJ 156 LLGl::"1J-3LU-31~ltl1::3J1nd1ti1fi1LU~tJm13JUGl1~"1Jtl"rf"

sesn El-3ri~lii1-3n\l,LrhnlJ 2 L~fl::LlhrltJ El3J1i"1J"LU"i~~\l, 1,,'h "L"1J1m1"::tJn~Gl £Ian1t1~ri~1~ri~~it-3

liLL~mHtJfitl\l,~ ~ ~"1-3LL~1 L"1J1m1,,::t-3flJri~rf-39D-3tuiiEl-3"1~tJmtlm913.id;\l,1% ;l1n,J03Jft..
.... I~I 'I'" ...... '1 l'

1JO"ft"1UfttJLft11JA'J"iLtfU't1li'Jli L,", L~11::L~~ ~ 1::~11", .
t-3flJ mil\l,Lii El,,;a~+1

\I

tJn~Gl1t1~ntl-3ri~1~riw~it"1"1uliLL~mHtritl\l,

(,;\-31'!I'1im1't1~ 9EllJ93J3J~!1\l,L~El~1~1~nu Ll'i1,r\l,)

.... --. -- JII _1IIlII .... .... IlIlII... ~J 1 ... ~
'M3J1UL'M1JI : m11~ LDm (1.0.) L1J\l,11im11~m13JUfl1~"1JEbl3J\l,~tJ11iLlIItJ1't1T11\l,tJfl93JtJ\l,\l,, ~,
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1io~
fit ""1 '"R:: LL,nUlPIlI R::m~...m (PI

10 10

11 10

,,11 20

'" ""'lion 10 (10 R::LL~~)

.... ,. ... 'VI .., I.... '-. 1-= ~ ... I

\4nf'lm;1fl\4~\4-.'1 ~~n~ "Dum LL'-.'I~\4"lJf)-.'Im'u~"u~-.'In D-.'If'l1m'U~~1-.'1

n~"Dui-.'l~1Tl-.'l

D-.'If'l1m,Ufj (0) LL'-.'I~" (psi)

51 83 85 - . - -
52 84 85 85 86 86 87

53 86 87 88 88 88 90

54 89 90 90 91 - -
55 90 92 - - - -

\I-.'1~1-h D-.'If'l1m'u~ijH~~mL'-.'Ii'\4'l\4"1J7-.'1~7f)'li ~1::i'u~mhf1tlJ 0.05.,

10.1 rh~\4~~1TlijL~Df

10.2 rh~\4~"1I1I~~1\4..

. .r .I.
10.3 fl1 a LLfl:: ~\4n,nt'J~



~a 1~R 9lEl'l4 ~,z1 13 vm 15

10.4 fh SST (total sum of squares)

10.5 th SSA (treatment sum of squares)

1.6 fh SSE (error sum of squares)

10.7 91171-3 ANOVA

LL',Ut" fl 'J13J U.'lh'lh'J'"
...

~:Sil"fl1il ft7t MS F

10.8 ,rnJ'ii'l
~



~El ~i'H 91ElU.................... ~,"1 14 ';nn 15

"" ...'!IDYl 11 (10 f1::u.\U..)

,l1nnT~~11...J';JnTnJ~ ElLln1'l1'ori'etlii Elfi11LH1"1JLI::"1J! I~ ~1 Lll tILL~~'Hi1~'rl'yhjjfi1i~1il111~ Lde Y

f1u tl73J1mn1'Ilori~ (n13JliiD~1il1) LL~:: X f1El tl73J1mm1L~1"1JLI:: (i\4liiEl1\4)

y 40 42 49 4li 44 48

X 825 830 890 895 890 910

Y 40 42 49 46 ~4 48 LY =

X 82 83 89 89.5 39 91 LX=
y 2

L~=

X
2

LX2 =
YX LYX=

, ..
11.2 ,;)~'H1f11 Sxx 'H1El SSxx

11.3 ,;)~'H1fi1 SXY 'H7El SSXY
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11.5 ';)-3ymhi'filLLn\4 Y ; a


