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3.5 ,j'W1916'Wfl1'jff~1'lU,,::W~'Ullfl~V.:jij6'l'Ufll'j1itl

..
3.4.3 LI1JtJ'VI~rrutJ1~H,,51JqVlnm'lfl11 ~ tI'W

3.4.4 IItJ 1J111:: lil '1..1fl'J11J -W'l'Wtl '1~~ij I9iUlIY4'Wfl1'ji~ms i1V'Ums ff6'U IItJ u

- 1m'l'lllJ1V1tllfflffl91f

"3.4.2 IltJtJVI~fft)tJ1~ifl'l:l::fl1'jt1~,j'U~.:j

"i fl'l:l::fl1'jt1~,j'W ~ 'I

fn'j 1 ivdij1191m.h:: ff 'Ifi'L~t)-W~'U1'tifl'l:l::f)1'jt1~~'Uff'l 4 ~ 1'1..1fit) 'tifl'l:l::flnt1~. ~
.. " "" '" ".. .. .. v "_I':! '" '" .t1lm1::'H fl1Hl~ff'llfl'j 1::'H fl1'jfl~1~lH1Hy1WU":: flllfl~ ff'j1.:j ff'j'jfl nn UWVHJ1J1~·"'fflJtrVl1i

'VI1'1fl11ilV'Unt)'ULl V'U 'H~'1il V'U Lm::ml1J'~'1'Wt)' ~'Ut)'1,rflil (J'U19i6fl11i~fln il m.JU1J1J1ns '1'11'1..1
1'V1V1fflffl91f'l'U'j1V1'lfllflij 1~t)'1 'lvJ~h1flij 'Ut)'1'1!flil V'UM't)'1LlV'U1'V1V1ff1ffl91f'j::~1JlT1i U1Jfffl'l:ll

iJ~4/4 lHilu'U~W11l'jWl1'lf1'V1Vl~U ~fl~l'Hl'j 61IflVlijt)'1 i'l'H1~~fl~1'H1'j ~htTfl'll'UI'UI91~'U~

"fl1lfffl'l:lllT1W1JfffllJ 11'U19122 1~vijn ~ llU '1..1fl1'j1ivI9111J,h~1Jl';1,r6I9iV 1'l1ii
3.1 lh::'lnm u"::fl~1Ji1mh'l

3.2 i111'l1l'l'Ufl1l1iu

3.3 ~l1utJtJlIY4'Ufl1'j1iv

3.4 Ifl~ 6'1ij6~'l'lfi'Ufln1iu

3.4.1 UY4'Wf)1li~fl1'H1 v'Ur~1v~11utJtJ 1m .:j'l1'W1V1Ulfflffl91f~llr'Ufll1-W~'Ul

I
q

'U'YI'YI 3

..



"" "~I.d!ll .d_",,,,.f1'YlVlffltY~11lJ'Wil'W'Yll'W'Wnl~'Ul'Wml'Yl~1~V'W\PlJ'Wl'IJ'W

T2 'I1lnV()~ 'YlfltYt)'U'I1"'-1fl1nl~"t)-1 (Post - test)

,
fl~lJ Pre - test Treatment Post - test

I .d!ll '"n 'Ju 'YI9'lt)~m H'l\PlJ'W1 T X T
I I 2

~Q.I ~ ~d
.:Jl'Wl\)VflH'Wlll'WU'U'U One Group Pre - test Post - test Design

....£ ""2. H"tYlJt)'YI1J'Yll.:Jf)1111U'W

3. fll1lJW-1YHJi \)~ij~t)f)11 ~flnn i7 v'W!u'U'u 1f1H,n'W1'Y1tJlffltY9'lf

..
1. in'll~f)11~~'\)'WtY-1..

3.2.2 ~1UtJ'l~llJ (Dependent Variables) '~uri

3.2.1 ~1UtJ1~'U(Independent Variables) '~un
f)11 ;)~f)11 i7 tJ'W~11'U'U1fl 'j.:J.:Jl'W1'YlUlffltYl>!f~1,r 'Wf)11'rl'\PlJ'Wlin'll ern lfl~,f'W tY~~ ~

nrilJi1tHh-1 fin uni~v'W,rn.:Ji~v'W1'Y1Vlffll>!f 1~i'U';'WlT1JVlJffmntJ~ 4/4•
~l'Wl'W 24 nu l~nn l~[Jnl~l~~-1tTn~ U'W~~ [J'Wi'W'I1"'n\1'I>!'j,rt)~l~ V'W1'Y1VlffltYl>!fL'~t)l9'l~VlJfllllJ

, IV ,

3.1.2 flt'llJ~18fJHq

ttl" it I ,

lh~'lflmVi'1'l1i'Wf)1l~hiv''Wfli'-1il ~t) tTn~V'W'i'WlTliVlJffmniHi 4 Vinl"'-1ffmn

t)~i'Wmfl~V'W~ 2 Un1':iffmn 2553 lH~V'W~Wlfl'HUll'lf1'Y1Vl"'V ~Ml1'11ll ~htWlwV~~~'I11~
o Q,r A' d & cv 1:9 0

~n~l'11l'j tYl'Wml'Wl'IJ9'l'W'W'YIf11lffn'llllJ1WlJffn'llWIJI>!22 ~1'W1'W185 nu

3.1.1 tJ1~'tilfl".j

... 1 ' <V ,3.1 1J1~'tilfl1u~~m.uJ~18fJHq
..
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1~tJm'JflflflU ll1Jm'Jl'l~"v.:J\PI1lJltJU uuns :::1J1'Wrns 1fl 'J.:J.:JltJ1l'l tllfflfflPlf 1tJ n'ilfl'J 'JlJ '\Jfl.:Jtu-nu
d Jt d " ...1 f tq .. .1 Y Q.I ~ dt I '1" Q ~

1'111HI~ f)lml'ltJl'lfl~flu'J:::flVll'\Jfl.:Jm'W &l"l~ltJ~1t11Mlfl'W flm":::1'Yw'WnlJ &'I1U'W1fl~1'WV. ~

tJi' lltJl ~'11~fl!~tJutJ 1m~ "h'l1 i'11fl~ lJ~11~UNtJ rn 'Jl'l~" fl.:JU.:J,,j 'l7~HI'WU":::fl'Jtl1Jfl"llJ 'VJnfl~lJ" ~

... 1"': ~"y 0 1 Q a , 0_ t ~
)Jtll'l~"tNlPlllJUr-I'W flH ~ltJ'YI11~ 11 'W'JtllJ'Wl1fftJ e ~f.llJfll U":::l'WfltJ '1 nlJ snu 'JIf.l''l1tJN"~1'W

~ I

'illfl,rtJ 1M'tTfl~ fJ'I.JUIPi":::n~lJV'tl'Wfl"l1'tJ~h'W U'WYifltJ'J:::ffllf)l'J Wl~lJ 1tJ' lln'ilflnlJVi 1 'VI1'lJ

~ .
'illfltT'W' M'tTni1fJ'Wfl"l1l1 l1ff'Wfl!1'W1t1~' urns unuw'l11Vimtil'11'W~ 1M'u ~

fl~ fln 1Jlm~1I1~lJl~tJ1n1J m 'J1~tI'Wuff~,:jtJiim t:ll~lnl'l~'W'tJfl ..UCb''''''' 'W
'JtJUr-I'WflTVWb',,"'nCl11'Wn U~1',r,r n~ tf'Wt11mllJ~~ '~i'1J'illnf)l'1l'lI'lClfl-!l 1m:::1llfl11lJ~li V~ in~ ~ ~

t tI I " "

IPlfl1JfilmlJl1ll'n~fJtJi.:J' lltJ l11n'ilfl'J'1lJVi 1 'VIl'lu VV1.:J'lj? 1'W-U'Wffrl.:Jfl11lJfftJl 'il fl4i~fllmlJ

'lM'tTn~ tI'Wfl"1J 'ltJ"lf";wntJ'1:::l'llJfl11lJt11'll~vijtJ'J:::L~'WfilmlJi.:Jd

- U'wn t1l"jff~ g 'W'1 inUl'lt! fl.:J~tJ'1:::fl nu 11H ffltJ 'tJus ci1u 'lvJ~ 1fJ

LCJmcl'il:::U~ffllJ1'J(lr-l~lPlm:::Uff'-wYJl'~'11~ flhi U":::fl'J:::Uff'vJYJ1~ '~mllfl'Wl1lfl!1lPlfllPi l.:J'illf)!GlfClcl

tll'W'vJu lm~lJ

I '"Ul'lnlPll~fl'W

- n s l11'11ltl ',j11tl.:J~tJ'J::: nuu'l tJ tllt! ivJlllViifl::: h,j'H Uei'1

~.I ." d , et. I""""'" '" ~ I "1 "fl.:Jflu'J:::flfl1Jl'll'l1tJll'lfl::: 'J lJuUfl'JVlm~'\J'WflVl.:J 1'11Jl.:J

cil'W'vJlllf.lnllUllIPl1IPlvillv~v'Vil.:JltJUlPlnlPil.:JntJflvl~ i 'J

9 d '" <01 I "1 •. 1 '" "l ~ 11)"!11CfJ l~UlllPlllPlfl'JlJfl(lflm'W &l"lulf.l1Jl~"l1'W~'il~ffllJl'J(l"l11H 1~

fftJ1'il'Uv~tTn~(ltJ~1f.l~1~lfll1v~ How to charge an i-pod with fruits U,,::: l1v~potato battery
" t I W

L1~1'lhfJtltJi~~hmlJfitTn~ tJtJff.:J~mm:::fftJ1'il Cl.:J1tJ 1'Un'ilm'JlJfi 1 'vil'lJ mh.:J ''1? 'illntTtJU'lh

tTn(~tltJ1~tJn~lJ'1 ,,::: 3 fltJ U~1'nlf)l'Jl'l~Clfl~ 1 : f)l'Jtllf.llfltJ~1~nlPl'JtltJltJ1Glf"clnCl11iJn

(mm-ltJ1n 'I) fl4!m:::,rn~ tJtJ~1lJntJtlfitJ'Jlf.lr-lClm'Jl'l~"fl~~ln~~tJ U~1tT n~ tit! 1tJU~Cl::fl-cilJlh

fl11lJ~~'~ 'illnf)l'Jl'l~"fl~~ 1 lJl·lhtln'W'J:::~lJfl11lJt1~'Vill'lflllfilmlJ'I1".:Jm'1 l'l~"fl.:J u,,::: 111.~

n'ilm'JlJ~ 2 ~m~fl'W~UlPlnlPil.:J 'illmft!fl'J~.:JfllmlJlPifl 'tJn'~fl 1,rtTn~f.ltJffml1t,1fl'l11'illn 1llfl11lJ~~ ~ ~

!ifl.:J tJ'J:::lfIl'l1Glf"cln"11iJn i~un

. .w et vet.., et v 'l .,. det V ..,
3.4.1 llNUf11"H1Vlf1111'WU1'Y1'ilVlflllllVU1U'U'U'fl1.:J.:J1Ul'YIVUn"Vl1'Y11UUfl11't1~Ul

'" '"
nfllj::fll'~ftVl.frUi;H hrntJ1"l111flii (1 30231) l1tl.:J 'vJ~hlflii (mflr-ltJ1n n) ~m,rf.lff~1~~tJ~ltJ1tJ'" ~
3 Ur-ItJ 'H'l1m'J1lJ.J~iftJ 9 ';11lJ.:J (m1J1~tJ1 3 mll~tl~tJ~lM) ;~n~111~f.lffltJi~i.:Jd

..
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~lfl'Vl'fHHN lm::lhf-l"flfll'j'Vl'ilmN~'~/h.h;11'Un'ilm:ilJ~ 2 flnilu.:Jn'Ufll'Jf-Ifl1tl'U ff'flnl{lll1u~Cl~• •
"fl ~ II~ll 'HV'Uf11'Yl'ill fl f11'YlffClil~m 'J~ fl ~~ 'U1'U.ulJ ff~ 1.:1f111ll ff'W1 'illl 1'lid fin lJl:UfI'Utlt! 1J1tJfll 'j

ttl~tJ'Uu UCl\I~ !n~~lJ nHCl~'H~ tl HCllfffl~ ViCl'H~'H~ eilJUVH h UCl::~ 'fliiflntlu.:JfllJ fln
ltl~ uuu tlCl.:Ji\l flrl111'il urnsUUflU'U1Jfll'j'YI'ilCltl\l'illll'Jtlu 1J'Um::'U1lJ ms 1fI 'j \I.:Jtu i'Y1Vlfflff'ilf...
Cl.:J1'U1'Un ens 'jll~ 3 'lf1{l~1tJ 'lf1vfi U~Cl: flrlll111U'U1~~'IlU\lflrlll m;'il fl'Unsnuulurru tl'HU1';'U• •

uaerm Hi1'ilJ l'YI~lClun 11...ru fli1 tJ'UU~Cl~flrlll ~1llUff~\lfl11ll~'ill~'U~~~1l ffl'H rn 'j lli\lflrll1n• •
tI'j~ ltJ'lf.wuCl~'Ii'u~'Ii'vtfftJmh\l hlll\1 l'ilV'vilCl\l1'Ui'Un'ilm'j1J~ 4 flW~~tll'U•

Q.I d yd a I,. .!'t aI

3.4.1.3 UH'Ufll'J'il'ilflUl'W'Ul'YI 3 lH)\I fll'j~m~'U'Ilt)\l &Cl'H::ll"fl~fI1'jlJtl\lfl'U

"ffm l'UHH'U i'il rns i1 tJ'Ufi1 fl'j~~'U 1...ru fli1 tJ'Utn'ilU'U1~'ilmnms 1...ru fl~ {l'UceJfI1WffClU:'illflms ~
nieu ~1lJfl'U 1...rfl:ll'U'Ufl11llff1t1.:JllltlCl~Ut!'U1V11'jUl'HrllJ'U~U~~ 1'j 1~{l'vilCl.:J1'U1'Un'ilm'jll..
d Q '" I ' q dl 0 G'J ".q ~.q ~ Q.I lft '" ,,<v
'YI1 fI1'YlffClu~'illflfl1'J~fl'jU'U 1'Yl'Jl~l'H19J&'fl'il\l'YIl&'Hlfl'flHClll'U'U'Ulfl'fl'U'Ufl'UlCl'H~ l'fll'jl'il~tlU.:Jfl'U

'~Udl\1 'ls fll'jJ'U 1...rUfli1{l'U'vilfll'j'YI'flClU.:J~1 t~U.:J1TIfll'JtlU\lfl'Ufll'jHfl~~'U Hn1~1lJfl'Uff'jUHCl• •

m;\lfll'j'YI~Cl~\I 1'Un'Ofl'j'J1J~ 2 f1111JU'ilfl~1\I'J~'H'Jl\11'jl11Cl::1'Un'Ofl'j'j1J~ 3 1~'U'YI1\11~'U'U~\I

. 61nfl'il'jU'U un1m UCl:Ufli1tJwi1tJn'UCl\lfl111J~~1~'U ~lflJ'U fl'J 1 ...rUfli1 tI'U~1~ lufll'j'lf'U'YI~\I
qJ cu qj ..

. ."
ijV'YI~ClV\lm1JUH'U1m \I\Il'U1111\1' l' 'Yl~V1Jlll1ff'U~ l~ltJnfl2 UCl~l.wV'U'l ~11JVfitl'jltJ;$'UHCl\ll'U

un1u fli1 tJ'U1'UU~Cl:flrl1Jlllfl111J~~ '~~lflfll'j'YI~ClU\I~ 1 m')htJn'U 'j~~1Jfl11ll~~'vi11l U1J~lm1J. ..

3.4.1.2 UH'Ufll~i~fll~iltJ'U!~ 21~V\ll9fCl"'Vlnfl h1'j'Cl~ fl2111'11~tnn~fln

• 'I ,,'" <! " " IIl• .1~ .,9 ~I 'i. I • d • I "'1 ,,'" d'YIl'Y1V\lU~\I&'H'U'j"l''YIti~ 1tJfll'j lWfl~ 1tJfl'j ~Uff & 11'ftl9f\lllJ'U &us unsurru 'j '04"u HCl1 & 'H'Urur tJ'U
'lf1Vn'U~\I~lm1J~Uflil V'Uff\l~tJ11Cl~ff'U1'0 Cl\l1'U1'Un'Ofl'jnl~ 1 ln~~~ h~'Un'U~lUJ:J~'UV\I

'YI~\lU~\I 'OlflJ'WU,j\lum1tJ'UlrJ'Ufl~1J'l Cl~ 3 f1'U Un1'vilfl1'j'YI~ClV\I 1 : fll'jff~l\1ffCltl~lff'Uff~1tJ

m::UfflvJ~l 'tJflfl~llV~flU'U'Ufll'j'YI~ClV\I~11J2UU1J1Jfl'j~1J1'U rm 1m \I\Il'Ui'Y1tJlfflffllf U(j~Cl\l

..
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"" ..
1'Yltl1fflff~'i

fi'lmllJ~ 2 fll'iiltl.:Jn'Wfll'i~f)itl'W

flll'YI~fttl.:J~ l1itJ.:J~fl1liltl-:Jn'Wflll

~nitJ14 *l~tli~liJ'Wn'lm'ilJ lm.:J~l'W

3

.q d , r

f)'ilmllJ'Yl 2 mllJ1!~f)~1.:Jl::'I111.:Jll1

i !lId.1 ........
'UmllJ~ 1HJ-:Jus ::1f1'YlI"1fftftf)ft 11'Wf)

1ml'W~ lli~N f)l'm'YI'W~fl-:J~hh::­

f)fl'U'Ufl-:Jcil'W'vJ~lf.J~1(J1ff~g'W*1~tJ

i~liJ'Wn'iJmllJ 1m~·:n'W1'YltI1ff1ff~f

n'ilm'ilJ~ Iln~tJ::'l~'Wn'Urh1!N~3

,
"''''1 ....1~ t:J1'ifl-:Jpotato battery

n'iJnnlJ~ 1 'ti11lJ mh-:J'l?

flll'Yl~fttl-:J~ 1 flllcil(J 1fl'W~I~f)­

~HJ'Wi'Wl"1fft"n~nl'Un

with fruits

!J/ "".1 !J/"!J/ "" Y ..fl1'i'YI~Hlfl-:J1 nl'jff'il-:Jffftu::lff'Wff~1(J fl1'i~~ffll-:Jff'ilfl

m::uff'vJ~h* l~tJi~liJ'Wn\JmllJ

1m,:jHW1'Ylf.Jlfflff~f

""!J/ ..
fl1':ifl~ff'i l-:Jff'i'i~1!ft

fl1'ifl~1'll'itl! tyltl!

1~lfllifl-:J How to charge an i-pod3

I

fl1l~mfl'W

'Ufl-:J1m1~

3

.. "" c:$
l"1fftfttlmn

l'Yl'ih;

2

1

..,j
't1

"IV .,.AUun fl'tJ ~msVI VI
..;
nul't'll

n'lmllJuft~~tl~H''Wm~'U114fl1'ji~fl1li1f.J'W~'Utl-:JIIr-.J'Wnlli~fl1li1f.J'W~U'U'U~ ~
, v

1~ s -:J-:Jl141'YltJlfflff{PlfYin!14in~~fl1lfl~'li'W ~-:J
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'.i~i'lJ'fl~u'W'W 5 '11lJ1tJ~..:! iim111.w'lYW l'Uflrjl'W'.i~iu1111n~'fffl
Of •

l::ium:u'W'W 4 'MlJ1tl~'I iimllJ.w..:!'Vml'Uv~'l'W)::i'lJlJ1n

_I'" ct"' I cv ... v, '" ~'\' ...3.4.4 "'U'Uu1::1)J'Utl111lYH ....61~V18flT'.i~V1fll''.i1'ltlUaU'U'U, fl1~~lUTnmftlUVll 1fl (.IlJ
...1 d Q t ,,9J Gt "Q.I d Q d QI d OJ

Ul~!fl'WU'.i~&lJ'W'Vl~'1111fl4~1'Wm'111'11'Wf11'.ilJ'U'fl1111'flfll'M'Wfl..:!U'fffl'l1'WfllflH'W1f1 'il lfllJll'.i~fl'lJ

fl11lJ.w~YW'l'iJ!~'WU'lJ'lJll1mT,h'W'l.J'.i::ll1tufi1 (Rating Scale) ~l11UUU'Uv~ihflVf'Vl (Likert) 5

f 0 A til I 0 0 Qld' Q rI
'Vll'W 'Vl1f1111!m 1~'11'fl1'fl1111t.J1n.:j1t.JU'fI::m'W1'ilf111'illU'Wn 111f1'Wf111(.I'Wf1'f1lJ'Vlfl'flfl'lU'fI~11m1~'11•. . ~
'111fi1m1l.l1~vl1'W'Ufl'lU'lJ'lJ'Vlfl'fffl'lJ11'1~,jULfl(.l'l'*'ffm KR-20 'UV..:!Kuder-Richardson i~!'vhti'lJ..
0.9373 i'lU'fffl'li'Wfll'flH'W1n 'If

1f)tucn~n1'11'Wfl i'lU'fffl'l1'W.fl1'flH'W1n 'ULflvuuu1'fll1n1:l::~1'Wf11l'111m1111~t.J'I (Validity) 'Ufl'lU'lJ'lJ

'l.J1~!iJ'Wl1nlj~f111f)fl'il1f1'ff~1i'lfi1'fl1111'ffflflfl~fl'l(IOC) lfltJ~1;tJ1'1fltu
.. .. u. .

QJ Q.I Q Q' do cuc:l A 4::tc!t
3.4.3 U1J1J'tlVltH)1J'lVlHtltTlJQ'flli'flHfll1!1t1U fl6urWUUil::'t1I3.:j! '.illU l'lfllfllJ 11V.:j

'vI~l!flij 1~'WU'lJ'lJ'l.J1,rtJ'lfijfl1~flfl~V'lJ 4 i11~Vf1 ~1'W1'W30.,j'V LfltJU'lJ'lJ'Vlflt'1fl'lJi~~l'wm'.i'111m1lJ

l~t.J'I (Validity) 'UV'IUuun fltYV'lJ'il1n\T~Hi'lfu 'fl1111'ffVfl'fl~ V'I(IOC) 1fl t.J~1;tJ1'1f1qJ~1'U1'1f11 'fllJ 3

., ~
... 1 Q QJ Q, cv ct ~Q.I d ~QI Y ... I.c::::a. t;V

3.4.2 U'U'Uu'.i::&lJ'U'YIfllj:::m'lfl V1'\l'U9'~ l'IH 1'WTil tJ'Wf;l1'UtJ'ffl1~U UUu1"~!ll 'W'Vln'hlems

~1'W1'WlUUUU 1U~l'WU'fI::lufl'Uf)lllJU'Vlln '1'WU~'fI~UH'Wfl11"11tJ'Wr ms 1,r'fl~u'W'W~llJ.. ..

..
~ ~ IV.ct"cv cv ... Y

'\l'UV16"'U'l11~V1m 1TnJ'Ul fl~fl'l'nJ 'Uu~um~~V1m111t1'Ua..
Q,lq to d "1"91cv y ,

1. '\l'Ua'1Hfllll1U'U ~ 'Wf11·w'W~.:jmmlJ'UV.:jfl1l'ltJ'W~ fl~1tJ~'W'V~
.,

Q " .." .
cv 0 y ... '" ... ...

2. '\l'UU1~l~U'i.l:::tl'U't11 'Wf111euinus 1U s 1lJ 'U61H'IU'fI~11m1~'11'UVlJ'fI~llJ'Vl'fll.. .. ..
-f 1'" "'lfU'W:::flvtJN\Jn~v.:j

.,
Qld i" ,j QI " o.c:ll. oJ~ Q V ~3. 'U'U61i'l.J1t1UI3:::I3~'\l6a'1 'Wn1'JtJ'W~t'11 '11'f1f1!1'WU'fI~t'1l1.:jmV1i'U1tJ~111m'lfU'W:::

v
'Ufl.:jfl'j~1tJ~'W1V.:j

OJ....., y
,r n~ tJ'W'Yi1fl1 '.i~ 11ih.lf1l'~1'WnJ U'lJ1J 1m .:j~1'W4. '\lU'UtIltlflll1l1

OJ ..
.... ..
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Richardson i~fJijfllmllll~tI~ (Reliability) = 0.9373
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!II ,
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.. u
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fI" tJ~nu \OI111~1\01(lul:::ff~fIfl1111tI'W1 U,,:::tnru cnfl1S'W ~lS ru11:::~'Ufl11lJ S. '" '"

o d ,,~ I 9Jd , ~
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19l'j1~ffflUfll1lJ\91Hl;'11dtl't11 (Content validity) mhllnmHm.J1..'l11fi'l'IJ

3.5.3.5 'I1111Umh:;lfl'Wfl11lJ~'1Yltll~ 'tll..u,,1'1nUfl~lJI911Vd1..:J•

"" ~ '"(Rating Scale) 19l1lJUUU'UtHftlflfl'j'YI(Likert) 5 'j:;~U
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1'Y1tJ1fflUl9lf 19l1lJ'VIrl'fl\TI9l'jIs '1~ tI'WlJi1fml'Y1tJTlfff'j illu~:;mflff1'j~1~tJ1,rtl..:J!~tln1J'j1lJl dmn
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"U'Vl'W rm'J11J'lJ8':lfl::U'W'W1'l-3'111J

o ... '"U'Vl'W \)1'W1'W\.jru 'j tJ'Wn

X

, '"U'Vl'W ff1'W11JfJ-311J'WlJl~1il'W

U'Vl'W fI::U\.j'WU~,,::19i'1

p =

, y ~ y
3.7.2.3 m'j8tJ":: '111&~Hnfl~~1

"" vfI::U'W'W'Vl~ X 100

nLX2 -(LxY
n{n-l)s =

LX
X

n

..t , '"UJV X 11'Y1t.! mmcw

LX "..,U'Vl'W f-H'I'j11J'UV~i'l~U'W'W'Vl-3'111J~
0 '" '"n U'Vlt.! \)1'W1'W'Wfl11fJ'W

q" Q-Q aid t"um: &"lHHlll ne m'~HW fl1'HltJ"~

3.7.2 U1J1Jff~1f111f111lJ~'lJV-3,..q~fl'jnniflfl:;mdfi~~t.!~~ 4 ~1t.l11ml~,.f,rm<d" l~tI
, , "

'~ffi)~ fiv rllmntl rll~VtHl~ u"~rllri1tJlihm1Jt.l1J1~1i1t.! 1~t/1,*~lId~-3il
, "

3.7.2.1 m'j'l11~lm~tJ (\!ty'lflJ ff1ff::m~.2535: 102) 1~fJ't"l1~~1~~u

..
63



.,j ,
AllfJ <g> U'VlU m normalized gain

% post ' d ...'" tJ 11 .-~ .-U'VlU mmmJ'Uv.:)fl::::UUUffViJl'I"fI'll'J'V'Wt 'WAVWlfU~

% pre ' d , '" tJ 11 .-~ .-U'VlU mmfttJ'Uv.:)fj::::UUUtYfJiJflfJU!'jVUl 'Wt VWlf'W~

%post-%pre
<g>=

lOO-%pre

v v '" 1 """ ?I'" ""'UV.:)fj11lJfll11'1Ul'Vll'lfll'J'1':iV'W ~V11i Average normalized gain Au'W3 'j::~iJflV low gain «g> :::;

0.3), medium gain (0.3 < <g> < 0.7) U"fI::::high gain C<g> ;:::0.7) (Hake, 1998)

l~tJ''l1ff~'j~~d..

" d yd ot::il ~ 0 cv(Actual gain) l'IU~1Vf.l"fll'J'1':iVU~'Vlll VfllfflV.lJ~':)~~ (Maximum possible gain) flll'lU~':i::::~iJ

v 91 d "'j) QI ~ t ~
3.7.3 fl11lJfll1MU rmems u V'WU"::::fl11lJfll1'V1'Wl'VlN'Vlfl'l:l::::nl'J'fj~'UU \1.:)4 mu

'" .-v 1 1v== .l! IIJ V '" vd"; ~ '"1!fj':il::::11'UfJlJ" ~v "l111i Average normalized gain, <g> C}f.:j111t~\llflf.l"fll':it':iVU~'I'ltV.lJ'UU'il':i~

n U'YlU

:LD U'Vl'W

""D2.L.... U'Yl'W

(:LD)2 U'I'l'W

, , I I

mf.lft~1':)'J'::M11':)flfl::AtUU
'"

t I' "f.lm1lJml1ll~'UfJ':) fIlf.l,,\9l1':)':i::M11.:)fjfj::::UUU~
"f.l"'j1lJ"';.:jl1lJ~'UV~ filf.l"~H'j::::l1il.:)fifl::::UUUVflnl"':)ffV~

'""VflnTtl.:jffV.:j'Ut).:jf.lm1ll"';.:j'rUJ\9l'UfJ.:)filrm~l~'j::::ldN~fl::U'W'W

D U'VlU

LD
t = --;=========

D:LD2 _(l:D)2
D - 1

3.7.3 UiJ iJl'l~ ffViJ1~ N"~lJq'Yllhn~f)n Ll VU M"'Hllmh '111 1 'l1tliJf)~lJ1i1Vlh~
1Afl':il::",'li'VlJ" l~tJ''l1ff()~ ;)vfhA'Q~V fil~VV":: im::filthuA~V~AiJUlJl~':i~lU l~v'l~ff~':iA'I1U~ ~ ~

t~ tJ1Uu u 'Yl~nViJlJ 1tllJ~~flm~tfl~Vu 'Yl~fffJiJfl11lJAt~f)~ 1~ 'UV':)fl:: AtUUnvuAtft::M".:jrns ~~

f)1·H1tJu~'Uv.:)lTf)~vumhJl~V1nU l~V''l1ff()~'Vl~ffViJnlJll~~lUUiJiJ Dependent samples test~. ~

thUfl11llU~f)~1~'UMfl::AtUUnVUU"::11".:)m'J'~~fll'J'A1tl'w~'UfJ.:)lTf)~vumilJ~1vdl':) l~tJ'~ffo~~ .
"'Vl~ffViJfflJlJ~.ilUUiJiJ Independent samples test l~£.I'l~\1~':i~.:)lj
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II

1'f1tJ.:ll'1..11~tlilii~lmllJVln~1t1U~1'l..l'lh.:l 0.33 - 0.8 IPi.:lUff'fl.:ll'1..1f1lflH'I..I1n'lf

, ,
ms utlllf'l11'lJ'tn,lU.If'I1rl11'lJtI1 fN1£.1

... .
0.81-1.00 i1dV 81 - 100% .:lllJllln

... , y ,
0.61- 0.80 i1lV 61 - 80% flU'I..I'Ul.:l.:lllJ

...
tlln~lt1,_jl'1..1n"'N0.41- 0.60 i1lV 41 - 60%

a , y
0.20 - 0.40 i1lU 20 - 40% flV'I..I'Ul.:llJln

...
0.00 - 0.19 i1'.iV 0 - 19% tlln1J1n

II

';j::::i'U~Jl1HJlfl~ltJ (Difficulty) ii~h~.:ju~ 0.00 - 1.00 i\9ltJfl1';jUU[l~dllJi1lJltJ

U'Yl'l..l l~i1Jml1Wln

unu ff'flff1'1..1fl'l..l'flu1J(lf11'1..1nrillff.:l(~.:l!'yhn'U RulD.. . ..
unu ff'flri1'1..1fl'l..l'flV'U\lnl'1..1n~lJ~1(~.:ll'Vhn'U RlIf)

aum P

2

~
3.7.4.2 m'.ii11fl1111tlln~1t1 (Difficulty) '\I~U1J1JYl'flffV1J1'f1yH'lffllt)'YltYll.:ltll'.i

II

llviJ i'flvl~\l'fl'.i'\lV.:l Brennan IPi.:lU(1Jty'IDJ ff1ff~m'fl, 2535 : 81)

o ,..d
unu ~1'1..11'1..1N!'lftl1'lflflJ

.. uN

a
!llV IOC

N
roc

. ~
3.7.4.1 m'ji11ml11!Viv~ (Validity) '\IU~U1J1JYl'flffV1J1'f1m'lffllt)Ylt'Vn:mld~ tI'I..I

II

1'f1tJl~\lmlPi'))'ilfl1111ffV'fIfl~V~(IOe) lPi~il (fflliln nYl-nlJ1iil, 2537 : 167)

I' tI tJ "

3.7.4 tll'j1111hdYYl]ml1'\1V~!fi1V~iitJ'rll~lJfl1d~hj'Vfli"rn l~wl~\lmlPi~il
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" .
1~eJ'lUIJ1Ui,reJijiifllft11~AVieJ.:j (Reliability) =0.9373 ~IJUfl'~~'1'WmftHU1n 'If

.
<Ol
t~'e) R tt'VlU

.... y '1 y JiP U'VlU fI'~fI'1U'\ltJlJfjl'ltJu~n 'W'\ltJ'I1'W~"l(RJN
" ,

'i)l'W1'W~~tJ1J~n'l'U~mrUU~ NU'I'lU'i)l'W1'W~l~-ru'j~W'W~~~Tt'Vlifllml'ji1uu)~ ~ ~ °1

... I Y '" '1 y Jiq unu fl'llfl'1U'\ltJlJfj~'e)UH~ U'UtJ'I1'WIJ"l= 1 - P

S21 U'I'l'U ml~ull'jll'j1'W'\l'e).:jft~U'W'W

k U'VlU

I ~ ~ w Q.I d
3.7.4.4 'I11mml~ A'lftJ~U (Reliability) '\ltJ.:jU'lJU'Vl~ fl'tJ'IJ1~ H~ fI'~q'Vl1i'Vll.:jm'j

d " QJ;fA'HJUl~eJ'1<)fU~'j KR - 20 '\ltJ~ Kuder - Richardson ~~U

" "11ltJ~lUi,rUfti'~ijiifllUl'Wl'il'i)luuntJQ'U"lf11J 0.37 - 0.69 ~.:jUfl'~.:j''WmftHU1n <)f

0.50- 0.99

0.00 - 0.19

0.20-0.49

'. 0fl181Ulil'illUU n

1.00

v "
1hcll'Wl'il,huun )jfili~u~ 0.00 - 1.00 1~tJm'lUll~ft11~'I1meJ)j'jleJ~~At)eJll~~ij

..
o • o.-:d
'ill'W1'Wfl'Wn~~~1'Vl~V'IJ~n

• <u~ U'YlU

f U'YlU

..t
nJV r U'VlU

f

R -Ru 1r =

"'1 91 QI d. d.

<)f\l~'j'\lV.:jBrennan 1IIJUC'lJty'ltlJ ft''jfl'~mlI, 2535 : 81)

"3.7.4.3 nn'H1~hthul'il~lUUn'\lV.:ju'lJUflllfl'VU11lH~~lHl'Vl1hnHnH1t.l'W 11leJ
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Id = l:::1J
~--+---~---+----r---~--~---1----+---1----+--------~

tihl1lJltJ

Rs= i,rL'l1~f.I"
~--+---~---+----r---4---~---4----+---4----+--------~

If= ff1tl~',.~~"

Dd ='ihUfJ
Ar = tll:::lijoU

~eJM11tr"
Dr= ff1tlf.l"

mlfi~

.. ........q~Mnlt)wl

~tl'.)lO{l'UW::

'thOilO'.i'.i'llAr As DrInIf DdRsIr

ml'lla'U6" ...itl~OCn'll~'.hlO{l'lllJO 5 lllii

ill~1" 150 lllii

2

124

.
'"~(l1'U'Vl ..

di
L1~1 (l~ 'W.

.
... d
1'U'YI ..

~ ~ QI ~

'j~~'IJ'lf'UlJ1HJlJfl'f)'l:Il .1............ 'jltJ1'lfl .

.
"" '"f)~f)~~lJ L'jtl~ ..



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

• rieu

100 .--------------------------------------------------

90 +--------------------------------------------------
80 ~~~~~--~----------------~-------------------

70~1~r;~~~~~._ __-._~~~~~~~~~_._._4_,~.
60+~~r;~~:~~._._~~~~~.rI~~~~-._.~~_.~~
50 ~I __ ~~.~~~~~~~~~ __ I~~~~-~~~~~,~~-

40 ~r.r.~~.~.~~~~~ __i.ri.ri.r.r~~~-~~~-_~~,
30 ~r.r.~~~~~~~I.,~~~~~~~~~- ..~~~~
20 ~r.r.~~.~.~~~~.,~~~~~~~~~~~~~~
10~r.r.~~~~~~~.,~~~~~~~~- ..-.-I~~~.
o ~~~~~~~~~~~~.w.w.w~~~~~~Ja~~~

Q Q"I ,J& QJ Q ~ "d Q Q r:I.:::). Q,I rI
1'W.:j1'W1'ijtl'Wft'f1'l41'Vlf1'i1:;f11'J'fI~'\J'W\T.:j4 ~1'W 'fIfl f11'J'fI~1L'fI'J1:;l1 f11'J'fI~ff.:jtml:;l1 f11~

fl~11Jl'H1Jltu '\Jfl.:jUf1~V'W..rfl.:j~(J'W1'VlVlft'lff'flf ')1'W1'W 24 'fI'W 1~V'\.11~mJ"'fI:;LL'W'W1JlmtlJlJf~u ~

" "vif1'l4~f11'jflWU'W \T.:j 4 ~1'W vi~fim..!t~ tJ'WtL'(l:;'YIr..:jt~ V'WlJ1tm tJlJtYi VlJ 'VllJ'hml.:j~ tJ'WUf1~ tJ'W
".cs q d' ~ 3)" Q.I ~~ t 3) II d Q.I

'YIfl~t'J tJ'W1'VltJlfflffm'VJf1'f1'WlJ'fI11lJ f111l1'Wl'\Jij.:j'Vlf1'l4:;f11'Jtltl'\J'W \T.:j'Vl~4 m'W\T.:jf111f1V'Wt 'J tJ'W~.:j

ufftl~l'Wml'l~ 4.1

Q rI ~ Q QI rI Q.I Q Q IV..:::to" rI
1ttl ~ 1 ~ 11 Vlf1'l4 ~ ms tl ~ ff.:j ttl~ 1:; 11 VIf1'l4:;m 'J 'fI~11J 1HU 1ty1 tu U'(l:; Vlf1'l4 ~f11~ 'fI~ff'j H ff ~ ~ 'fI

hJ'J1Vi'lf1t'flij t~fl.:j ivl~ht'fllj '\Jij~U f1i~fJ'I,Jll'fl~t~ V'W~'h'HJ1ft'lff~f f1'1Vf1nt~v'WmJ'lJ 1 m 'N1'W

1'VlVlft'lff~f '\Jij.:jh.:j~v'W~wlmtu'Jl'lfi'Y1Vl"t1l,!f1~1111~ ~ltflfltijij.:j ,r.:jl11'~l,!fWl1l1U fflUf1.:jl'W

..N-d & Q.I & 1 ~Q.tlfl"o " d I OQ./ ~t1
t'\J~""''W'Vlf11'Jft'f1'l41lJ1W1Jft'f1'l41t'\J'fI22 ~VH11JV !~'W1Lff'Wfl'\Jfl1J'(lL1J'W4 ff1'W ~l1Jm~lJ ~.:j'W~ ~

,
qunn 4



,
d' d Q.I -=t, 'Q.I 0 Q.I

fl~11'U'Um~Vflfl'Wl1V'WU~~'t1~~1';1V'Wl'V11f1'I.J17.61 fl~11'U'U U~~ 22.46 fl~U'U'U mm'l1flml1f1

fl~U'U'Ul~lJ 30 fl~U'U'U U~~lrlflt'ln V'l.J1Viv'I.J';I~W;h~fl~11 'W'Urifl'UU~~'t1 ~~~ tJ'U'lJfl~11f1ll~fI11 fifl

0.61

0.31

0.37

0.36

<g>
, ~ vm~'YIVIeeu mliHUJ ~eW~~ so

I dnsunuu 18.67 62.22 1.05

'" d 22.79't1~~l~V'W 75.97 1.44

I d

fI~ 'I.H'W 'U 16.50 55.00 1.53
.,.. d

mHL1rJ'W 21.50 71.67 1.38

I d

flfl'Urw'W 14.21 47.36 0.93

.,.. d

't1~~l~rJ'W 19.04 63.47 1.52

I dnnuuuu 21.08 70.28 1.61

w d

't1~~11V'U 26.50 88.33 2.38

.cS " 7J 1!ldl d "g,I'Q.I ~Q,I 4~ 0'
1Jfl111Jfl11't1'Wre~~fl fl fl1Jfl1m ~ rJfl11lJ fIl1't1 'W11'Y11f11J0.61 ';jfl~ ~ ~1Jlfl fl'VIfI'I:I~fI1 ~fl fl ff~lm 1~ 't1" .

ClQ tI QQ 1 dl IQI OQl.=i "I"
fI1';jfl1l11ml~'t1U~~fI1~flfl1'i11';jWqJ1W lItllJfl11'Y11f11J0.37, 0.36 U~~ 0.31 IPlllJ~lfl'I.J 9f~UUfl~ !'t1

1~'U -j,fln ifl ms i~tJ'Wms neu fl1tJl ilu'l.J1J1m ~~1'U1'V1rJlfflfflPlf~1.J 'WifllJ ems ~fl,f'U U~' 'Wms
y y ~ ,

1ivfl l'~Url ~lff~ 1J' 'Ii''ITfI~ V'W ii'Vi\9lJ'Urms 'lJfl~l1fill ~ fIl ~fill ff~H ff~ ~~ U~'lJ'U11lmij mViV'I.Jn'I.Jl1fill ~
"

"" . " "u~~'iI1f1im:j~fl1~~1I'1i'WU ~i~4 fll'WViflflln' 'Wfl1'~UYI'l.J1l'U fI~rJ'W fI~1Jvl1mh~ii

QI ~ ~ rI I W -=- Y Jt 1 .Q ~I " w ~'VIfI'I:I~fl1 ';jflll ~11 ~~~ s flU~rrn 'VIfI'I:I~fl1 ~flll 111'Weu 11rJfl1l11J'Wn)rJ~ ~ 'ill flfl~ 11'W'W'VIfI'l;J~rn ';jflll

't1~~~rJ'U1Yhn1J 88.33 rl1'Wifl'l:l~fIl';j~1I11ml~,.f fIl';j~lIff~lml~,.fu~~fIl';j~1I1'i11~WqJ1W fi1l1r1'U

~mm~75.97, 71.67 U~~63.47IPll1Jcil~1J ~~U~lI~''UlPll';jl-3~ 4.1 U~~'illf1,jfll.!~~~flril':nrlflll11Jl

... <I !II !II !II QI ... t !II d 1 t!lloC>d
11ml~'t1fl111JfI11't1'Ul'V11~1I1'W'VIfI'I:I~fI1';jflll'lJ'UU~4 1I1'W1WmtJ'W';jlrJ1Jflfl~ lIrJ 'l!'1ti Average

t QI ej, 'Q.I' d g,I 9) QI Q ~ Y
Normalized Gain, <g> Yl1J11'Um';jrJ'UfI'l1J~1flUl~1Jfl111JfI11't1'Ul'lJfl~'VIfI'I:I~fI1';jflll'lJ'UU~ 4 1I1'W

't Q.I ~ .<d..::l j)" '61 ' 1 Q.I Q V "fl~ 'U';j~lI1JfI~l~ flfl1Jmm~tlfl111Jfl11't1'Ulfl~ !'U'l!'1~ 0.31 - 0.61 fltl'VIfllJ~fIl';jflflff';jl~ffnfl

..
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Q.I Q.I t/Q.I
fl11:IJff:IJW\J1if)'W

'" " '" v " w 'I v•., a. "1'Yltl1f'1'lff\PI'j Ut'l~fl 11:IJfl ~ e s 1-:1es 'j fl nun 1 1:IJff1:IJl'J f;) ~ \J m 'jUf)utu '111'Ylln'YHJlf'l'l ff\PI'j
u

-
'I 3)•., '" " 'I .1 '" 0 d 0Ut'l~ fl11:IJ min HI ~\J f) l'J Uf)u\1!'I11'Yl1'11'Yltllf'1'l ff \PI'j ~~eu UU 1J 'j ~ l:IJ\J fl 1 1:IJrru 'j11'01f)mnn

1 fl 'j -:1-:11\J 1'Yltl1f'1'l ff\PIf ~'W U 11fl11:IJ fi ~ 111l'J Wtu 1W ti Ufl 11 :lJff1:IJl'J f;) '1\J f)Uun 11tu 'I11'Yll-:1
u u

o Q.I Cl V chI~lo d jJ 0 ~ .c:a ~ y ~ "I
'Y11fl~U\J\J'Y1f111~mlflfl ffl l~f1'l 'HI ~fl ~1l~1~lh'!9HN'Y11fl~Uhihi 'Y1nll~f11l flfl'IJhI\l' ~fll\J 6h1fll:IJ lil
Y 91 QI' ,., Q.I c.cv Q.I tI a tI.d~ Q.I Q.I rI
~1V '\Jtl2q!t'l~-:If)t'll1fftl~fl t'ltl-:lnu nu 111tJ'\J'tJ-:lQ'Y'I1'Y'1\J1i :IJ\J1.:jlJ [24] 'Ylf'l'f)'hllfl11:IJ""1J'W \J sune

lmv1Jl'¥itluml:IJfi~~\Jff -:I'Yl1'11'YltJ1f'1'lff~f1J'j~n'tJ1J~1t1 fl11:IJfi~1'il1'j WtulW m1:IJfi~ ff~ l'1ff'j'jfl
- 'IJ u

3) .... I 1"d IQ,I ~.q tI ClG.l <tI ~~ d

'\J'tJ:lJt'l~-:lf)m1Uff~" 'I1L 'I1\J11'Ylf)lJ~m'jfl~1Lm 1~'I1 m'jfl~ff "lml~'I1 Ut'l~m'jfl~1'ill'j tu tu1W:IJ.. u

m1:IJff:lJlf\J £ti\JUlP1l1f)'hl~IOi-:lf)ril11l.inm1:IJff:IJ'Yi\J£tiuif)'hl~f)1'j fi~ff~l-:1ff'j 'j fl f)ril1~tlUf)~ V\J~

'Wen 111f)~lrltl"hf)n ffmmn111 O',-n11!l'\Jtl"U~ t'l~l1f)lJ~ 1iJ'W'j 1V1Jflflt'l 'Y'I1J'l1Uf)~ V'W

~nfl1111n'11'HU1'1'Wl1f)lJ~m'jfi~1lml~"f m'jfi~ff"lm1~"f Ut'l~f)1'jfi~1111'jW\1!lW~.:j 3l1f)lJ~ n

Uf)~V'W~1'W1'W 17 fl'Wfi~liJ'W~tlVt'l~ 70.83 ~i~tl~'1'Wf)~1l~nfl1111n'11'11U1tl~'j~IOiUf)t'l1" Ut'l~n

Uf)~V'W~1'W1'W7 nu fi~liJ'W~tlVt'l~ 29.17 LiJ'WUf)~V'W'1'Wf)rill~nfl11:IJn'11'11Ultl~'j~~U~1 Ut'l~. ~

'illf)m'jfff)lJ1flf '1~'hj'Y'lUU f)~ V'W'1\Jf)~:IJ~nfl11:IJn'11'11U 1'j~IOiUU'I "h'W l1f)lJ~f)1'jfi~",,~ l'1ff'j 'j ~

'Y'IU11tTf)~V\J~tld'1\J'j~lOiuff.:jn~1\J1'W 9 nu fi~liJ\J~vtro~ 37.50 'j~IOiUf)t'll'1 14 fl'Wfi~liJ\J~tlV.. ..
Q;~ .e.~I" ~ q d Ji

t'l~ 58.33 Ut'l~'j~~um 1 fl\J fl~lu\J'HltJt'l~ 4.17 ~.:jUff~.:j ~\JfI1'Y'1'Yl4.2, 4.3, 4.4 Ut'l~ 4.5 9I'I111f)

1.1774.8622.46
4.84 0.96 24.70 * 0.0000

0.7258.7217.61
, d

f)tl 'lH'HI'W

Sig.t'dS.D.x
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~ , tI"
itl'W't14.3 m normalized gain <g> 'Utl~fI~UtJ'W1l~~lljtJ'l1f)'l:l~f)1'j~1I'1i'W~~ ~ltJm~~lIt1~tfl~l~'H

tWmtJ'W lltJ'l.Jflfltl

30252015105o

-- -- ----- -- .._-• ..... .... •• •• • •• • • • •• ~ •• •.. • • •

-

1.00

0.90

0.80

~" 0.70v
.S 0.60<'!~~

.~
0.50

C; 0.40
e... 0.30~= 0.20

0.10

0.00

~ t ... 1 .c:. w ~ t Y Q Q d'
itl'W't14.2 I'll normalized gain <g> 'Utl~fl~U'W'W1J~~!lJ'W'Vlf)'l:l~fl1'HWI'U'I..!"~~1I1'Wf)1'jfl1l1tml~'I1

lwmtJtJ ~lfJ'l.Jflfl"

302520IS5 10o

• •• •... ... • •• •• • • • •• ~• • •

1.00

0.90

0.80
~~ 0.70v
= 0.60.~
-e 0.50......,g 0.40

i:: 0.30~= 0.20

0.10

0.00
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.c:i I QQ,I -=-.:, 'j) 4" tI
.fll'Vft14.5 fI1 normalized gain <g> 'Ufl~fI~U'U'Ut1':i~l11'U't1f)'hl~mHl~'U'Utr'l ~l'Um':ifl~~':il'l~nfl

WJmrJ'U ':ilfJ'lJflflrt

..
lil'llfl

30252015105o

•+ --- •..... +
T • + + +.... ....... • ....

-+ • •--. - - - - -- - -. • _... _+.- + • •- -~ - - -- •• - -

--"-. - ---

1.00

0.90

II
0.80

~ 0.70v
C

0.60.;
~
-e O.SOa;,
.:::1 0.40..
8 0.30I-
Q= 0.20

0.10

0.00

30252015105o

"""• •• •• • • •• •• • • • •• •• • •
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Maximum Normalize gain
, Pre- Post- Actual gain %post-%pre

f)~~ possible gain
test test (%post -%pre) lOO-%pre

OOO-%pre)
, .., ,

fl~~~ltlfJH 9.96 24.21 48 67 0.7 1(high)

, ,
.:t ,,~ .I:l , Q.I I

~11H'YI4.4 'fI111J0l1'11'Wl1UfltI (average normalized gain; <g» 'tItl-3n~lJmtltlN

... '" " '" "" .. '1 i !Ii""'" & "l !Ii'WfHltl'W'I1tl~l'W'W1'VWlfflffm lViV 'lf1l! Average Normalized Gain, <g> 9l'~'111Lll'illn~flOll
d gJd ~ ~ .Q 91 A 9J~.c::i .d.
l'W'Wl'Yll'WlJ'\J'W'ilH(Actual Gain) 'I1l';jVl1V~flnl'H'HJ'W';j'YllJltlOlm'WlJff-:jffVl (Maximum Possiblecu 'U cu q

Gain) ~-:jUffVl-3i'Wl'll'J 1~~ 4.4 'W1J';h,xnil V'W n~lJi1tlVNijfl1llJ011'11-U 1'V11-:j0l';j~ tJ'Wtl~i 'W

';j::;~1Jff~ fitl ijf1lfl1llJ011'11Ulm~tI'Yll~Oldil{J'W!'vhn1J 0,71 Uff~-:j";i1nhl1J1JOld~I'lOldiltl'WU1J1J~ ..
1 .,. .., "" i!li'" '" '" " !Ii i i ...."1•.lP.1 '" .Jm-:j-:jl'W1'V1t1lfflffl'l'HY~lff';jlJ 'I1'Wf)11t1'WlJfl1llJ':i'fl1llJ1'\Jl ~ 'W1Hl-:jll'n'l1tfllJlJ1n'\J'W~

'" '" '"mJ'WUfl::;'I1f1~l'W'W

v
S.D. 'd S.D·d Sig.m 1'Y1f1IHl1J X 1tl[H;t::; t

, '" 9.96 49.79 3.84fUIUl'UJU
14.25 2.77 25.20 * 0.0000.., '" 24.21 73.96 1.89'tH;l-:jl1fJl!

Q.I.t d d,.d 'Q.I Q,I a t Q.I c::l
~flfflJfI'Yll!'Yll~Ol'Hl tI'W~mHJntl'W~lU'WA'Ylln1J9.96 UfI::;'I1f1-:jAltl'WA'YllmJ24.21 ~ln'fl::;U 'W'W1~lJ30

'fI::;U'W'WUff~ -:ji Md~'W,;h,x m1lJ'W ij ~flfflJfI 'V1i'Yl NOll 11V'W m;-:jA1 tJ'WtT -:jwhn tl 'W11tJ'Wtldl~ij
• v v

,xmhTlty'Yll~ff091vh::;~1J .05 (t =25.20) Uff~H'MA~'W':h~flOll1.ijm1'J'W',j~llJfflJlJ91!1'W l1~U
.,j ..... '" ", w .x "1".Jl'Wtl~~ln'Wf)1'W'WlJ'fI1llJl'\Jl ~n1J1'Wtl'l1l1V1lJln'\J'W

24 'fI'W

i lHl'W 1~lJdffm:j l~flfflJfI'Ylt'Yll~ rru illJ'W'\JtH,xm1 U'W Mtl~il U'W 1'YlVlffHl'~1 ~1'W1'W
v '

i~lJlh,j'tllJfI'fI::;u'W'W11-:jntl'WA1lJ'1,mfl::;'I1",~il U'W lJ1'Vllnnnn u1J~Viu1J~ln~nl~Vi 4.3..
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hwm'Wl:::"'flEl::flll~\9lff~l~ff'Jl~ ~~ffVfltl~V~tlU'\j'Vlo!{l~'~'Ufll11~Vtlf~d~'WU11tl1111~'\JV~
, ., .,

Yl(}~m 111Vhj.:j;j-"'flEl::ms ~ \9l'Ii'W \T.:j'\Jt).:j11'fl~ VlJriTU i'11qJij ~t)Vt-l:::'\JV~'"flEl:::ms ~ \9lff~ 1'1ff'j 1 ~ \T~
, Q,I .c:a gJ Jt 1 Q ~t 9J I cv .c:a .c:a rI.c:a Q,I fI

fl11l1flEl::fllltl\9l\9l1tJV'U \9lVtl~Hu'Wl mm::: 88.33 ff1lJ l1flEl:: rrn tlfl11m 1:::'11fll'Jtlflff ~Im 1::'11

ri1'Ui'Um'W~ 14 t~'Ui1V{h.:j~'U.:j1'U'\JV.:jfl~lJ~ 7 ~i<M''I1~flflllVlJ~LtlLl9lvfL.,j'llJ1ff~1.:j

ffff'U1,rijtl11lJ uile nune ff1V.:jllJ t.:l~'U flems UlVJ'UmlvJ l11~ 'U~.:IL~'U V'U~Ltltl9lV f~Lll~V'UU\11fl

, '1 ''''''''.1~I '" v a " ,,;'" ~I ~.I & £ "" , vff lJlJff utu'Uff'lflJ'l::iL'\JlJLllVV~ 'Ufffl11::l1lJtl11lJLu'UtUffV.:I'\JlJ 91.:j\11fl'lf'U.:I1'U\9l~flmll1fffl~ '11

1~tJ1111'fl~tJ'Uijtl11lJl.,rl 1131'W'I1~flfl1'JlWflff1'J t-l::mtJ 1 'WUl1ffl~tJlJ Ilt11t1'\9l~~1V 'vJ~h ~trlv 1,r
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, t1t1t)'U~'U ~~ 1"U 1\9lmf1\9l\11nms ~ illLt-l flt-lJ 1~' ~I~ 'Ui1'vl1"::mel' 'Uff1'J":: {llVLf1\9lfll s ~U•

"tl'lJ1U {j.:jt\1VtlUit11t1~lJltJ~V'UL~'U UJ111lJlJ1.:j fl~lJ L11~~'hlll"t1.:j11f1~11 L'Wl1::

flllIWflff11,,::mV i'WUl1ffL~alJ it1i V'fI~~'lvm::Lrt1i vJ{!ll\1::Lf1f1iv '[ 'el~lJ ~lJ~~1U1fl L'Wl1::' V
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'I. I d 0 i v d • I""<>Q .d....I 'I v '" ~I • I '" ~LuUlJm::fllE1fl13::l11 'I1t'11lJutjm tlll1Lflfl'\JlJ LfI'lffll\1lJtm::ffllJ11 tl11f1tulJ~um'W lf1"

\11fl~'Wl1tJ 13::L~tJ '1l11'flL1uu L.,j'li 13'11~flfl1':iLf1f1tJ6m Vl'\JV.:Iffl1 LrlVi rifl':i:: HffL vl{!l1
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.I ~ 0 '" ,~ 111 ~ "" ~ ~\1 ~.do \1 '"
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4 tJI9l1lJtl'lllJ~V~flll
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'II

t 1!l/.4 .c!i~ 91 3.74 0.692.4 'lf1t1 'I1lfl~f11111fll::cpJfJ'JtJ':i'U lJ1fl 9

y .., t.I.... .ct Y
3. ~1'Uf)l11~Utl:: 1::nJ'U~tlm'nltJ'U1 ..

~ i9l~ QI il ~ ci 3.58 0.643.1 urns 'lfltifll':il~II'C1:: 'J::llJ'W~'CIVI'I1mflmntl lJ1fl 12.
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0.693.2 lJ11iflln~~'CI'YI!'U'Uffm'\"l'j)':i ~ 3.71 lJ1fl 10

3.3 ,rfl~ tI'Uij lml1ff1~fh ::!iil.!~Ml'WcpJl.!!fJ':!U'CI::
-

3.66 0.53 lJ1fl 11
..t

~l'W'lJfl~t'\"lfl'U." 1""1 t.I.t.I .ct y4. m'Uf)l1 'lftl'fJ 8 f)1W 1::f)8Uf)1''HltJ'U1
Q ..

.,j .... 1 "," ..... 4.004.1 fffllJtn1lJ'WTff'U mm::fll::~'W 'I11fl~flllt':itl'U 0.57 lJ1fl 3

.,j", , °1111" '1 1"4.2 fffllJfll1lJt'I1lJ1::fflJff::~lflcpJflflll'W1 'lfU'C1::·ntl urns 'If 3.97 0.54 mfl 4
~ ... '" .N4.3 fllJfll111!l1lJ1::ffllflUtUU'I11ff1 1:: 3.97 0.49 lJlfl 4

..t'l""'''' "1,l 1'" oM4.4 fffl'lflt1 'I1'WflIlt1'WI'lJl\l1'WfJ'I11ffl1:: ~.:j1t1'IJ'W 4.03 0.49 lJ1fl 2

"'... ,"'" 11 1 .. ..t ...4.5 unneu wm 1:: tI'lf'W\llflffflfllltlt1'W 3.97 0.49 mfl 4

,
.ct
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, , I ., •
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..9 """ 1 ~ 'I "'... 1 '" ... vC)f'l\)1t1~" nll11m 1::'HUff~H11 fI11lJ~'1~ fl !\)'tIfl'l'WmHJ'WVIflt11H~m'H 1V'Wlll1J1J

1fl1-1'11'W111tJ1ff1ffVlfl~fl-1 i rJfhlflij 1'lf11flij ff1'Hi'mT t1i~tJ'Wl1'~H1'V1V1ff1"'Vlfi'WlJ1itJlJffmnU

~ 4 iifl1111~'1~fli'ilfl~1'W1::i1J lJ1t1 fltlij~11l1~tJ (X) l'vhn1J 3.86 lm::\)lt1,j'm.!"i'lt1~1"llrlfl

Yill1'Jtul'ntJ~l'W 'W1J11Ut1i'ttJ'Wiifl11lJyj-1~tl1\)fl~1'W1::i1JlJ1t1lJm1tJt111 U"::~l'W~tTm'1 v'Wij

m1lJ~'1~fl1\)lJ1t1~~~ flfl ~1'Wt1111,*~fl fJl1mwlh::t1fl1Jt11'Jl'1tJ'W! 'WflmllfldlrlflYi\)11tu 111tJ

,j'eJ'W'l.J1111tJm1~Ut1~v'Wiifl1UJ~'1~tlh\!-1~~~ 3 ~'Wi1J flfl ~-1~fl1\)n'l.Jldtl'H1'~tt1t1
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u ~

'" I , "SJ ,
dev • .d ,Q .c:::I1t::Scv ,Q CV " ,Q d

'UVf1'iJ1fl'WtJ'I'W'lJ11f111lJtl'tlV'I'I'lqVlfl'J 'JlJ'YI'lJ'I'lf'YIfl'!:l:::fll'JfI~'l.l'Wtr'l ) VtJ"'::: 88.33 'l.lV'Il'lt)Vlfl)'JlJ'VI

Q, tI Q,CV tI Q,,Q Q." fly IV d v
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,
""'tJ'YI'YI 5

tr'nJfal u~~;;t)m'Ut)u'U~..



;:9 Q,I Q,I G' ~ t l.c:::l QI QI ~Q,I
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OJ •
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I;~ffn~hrJ1fftJn. f11)~f1(1'1J))tlmYfff1JV'llviv~lP.UtJ1f1tumYff11)fl~. 1'VlVluYftJnillwUl1
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'JI 'JI ~
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~ ~
;~ 'U1tJun1. f11)~lP.UtJ1'fl111J'ff1111'Jtli tJf11'jfl~,jtJ 'ff'litJ 1'lf11'Vltl1ff1(1'~f'Ue'ltTf1~ tltJ'l1'tJ

,r1itl1Jfff1ll1iJ~ 1. 1'Vwl'uYftJnilltyty1fff1ll1f11'ff~)1Jln,jrucVi~ : ~'K11'VlU1~Uf11-'Ufi

ltJ-'Vl'jlhlP.U,2543.

'lft)11'j'j ru f1V'lYf~. f11'j1m U'U!'iiV'Ufl111Jfl~(I'~1'1(1''j)rl'Vl1'11'VlU1f11(1'~f'Uv~tTf1~ tltJ'l1tJ
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d QI ~ Q d'fV e! <Q Q Q fI Q "r,.d Q.I .ct d
lmtl'lf1f1~ 1~)ty1'1fffff1~. f11)'fl~1'll''111m1::;'H, Yf1J~'flH'Vl4. f11'11'Vl~1J'H1tJm : C»'~Wl1'ff1Jl~tI,

2547.
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..::II tI ~ ~ 1 Cl tI " eLI l.q" Q.I Q,I d'
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1l'J~1'Vlf1'nu, 2549.
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i'VltJ1ff1U\9lf i'VItJ1iJ'W'Wnm~~lfln'lllff1U\9l'j1l'l11UWcV1\9l : 'ffmU'Wl'V1ft1'Whv'W'l::

'" "''' CI 'I "..... '" "'I '" '" 1'W~"l,)WtJ ~fl'Q'VJll'W'j. f11'jffflll1f11'j ,')j'dlif11'j'VI1~,)'VItJ1r11U\9l'j~'Wf11'jl'jtJ'Wl'b'l ft'j~~1'U
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U~ 1.1'V1tJliJ~'U£m~~lflmnr11ff~'jl,l'l11UWcV1~ : lJ'I11i'VItJ1~tJ'IJ~'WUri'U,2545.

!if tI 0 Q,I

Ulll'W~tl,l'W'VI~lfl~, 2544.

~ d 00' c::. do 0 a"

'VIff'UlU'UlJllW. "f11'j'W<flJ'Ulm::'Ul'Wf11'jft~ : U'UTm~'VI'I1mfl'l1"ltJU1'11~'Uftl", 11'jUn

'j1'b'UwcYi~tJ'i1m'U, 28 0), 38-54, 2546.

___ . i'VItJ1f11'j~1'Wf11'j~~. fl1~t'VI'W1l'l11'Wft'j: "hun-wl,l~ 'U1,r'VI1~fl::l,l1'i1t~lflfnr'll

"'.., I

lJ'I11,)'VItJTM'IJ~'UUn'U,2547.

'" "1 'I "_,,, ~I '" '" "1 1 '" ...___ . H€l'Ufl.:jf11'H'jtJ'Ul ~w~'b'Ut1!'I111U'W!1'UmlJU'Wlft~1'V1tJlfflUml'V1ft 'U €ltJU€l:;'ff~ftl,l

'IJ~.:Juni7tJ'Ui'UlllitJllflmnjJ~ 51Hi7tJ'Wm~C}I'ffm'W.1'VltJllJ'W'W£m~~lflmn
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Wi~.:Jr1lHn~UVlJ. f)1~vrwnJ1n~m'nJ lftH.:Jl'U1'V1tJ1ffl'Ml{l'rh)'ff.:Jl'ff~1Jft,)11J~~'ff~1.:J'ff~'jr)'U~.:J

uni7tJ'U1.'U')$'w5'U~ 3 h~i7tJ'UhHhlflflr111,Jt1!1~fl.:j ~hUm'IJ~yf'U~f)1'jffmn
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q,dQ,l .c:::::t. yet QJ Q ~ rI

___ . 211li'il~fl1'j1'ltl'U·H~fl~\9JJ'U1m::'U1'Um'lfl~. f)1.:1!'Vl~lJ111'Um : .f11'Vl~1J~, 2545 .
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d1,r f).:I1'UflW::ns 'j1Jfl1 'l fl1'jfff)'l:llU li.:I'l11~. f1111J~11J1'j\) '1'Ufl1'j U.u.:loU'U'j::~'U'U 1'U1'l11~

~.fl'. 2540. f)l-11'Y1~1J111'Um: 'U~~'Vl'Vl~f)1111'Um1vJYJfI1l1t1fl, 2540.

ff1lTf).:I1'U~'U'jfl--11J1m!1'Uu~::t1'j~aii'U~wm~fl1'jfff)'l:l1 (~1Jfl'.) [fl--1~fl1'j1J111'lf'U]. ~nJ~~fl1'j

... " 1.1'" od QI <9 ~.l~ .:11m1::11f-l~fl1'j 'j ::11J'U~WflWlfl1V'Utlf)~m'U fff)'l:ll'j:: fl'Ufl1':ifffl'l:ll'\J'UV.'Ui l'U

(':ifl'U~fl.:l V..fl'.2549 -2554). f)1--11'Vl~1J111'UfI'j: ff1ll'f).:I1'Ui''U':ifl.:l1J1~'l~1'UH~::lh::liJ'U

~Wfl1V.fl1'lfff)'l:l1, 2550.

Q tI 0 QI 0 d ". ~ d ~Q,I d.d ~ 0 QI

"t1'Vltl lq!~fl1 U~::fl'j'YItf lq!~m. l·W'U'j~m1Jflfl1'l1'Vl. f)1.:11'Vl~lJ111'UfI'l: 'U'l'l:l'YI'YI.~. ~'j'U 1l1f)~,

2540.

... ".f11~~1J~, 2548.

a Q ~ Q,I 1.1 Q,I d 91ct ~ ~.c::t rI 1

"t'YIli~~ fl11lfl'U'YI'l. "fll'l~1Pll'U1l uuumsearns 1'jtJ'U~'Vl1'U'Urns f1fl11m 1::11 f)'l1J~1'I::fl1'l
d 9)c:.. rI .Q IV

1'jtl'Ul1'Y1t11ff1~~'j", 11'l~1'j11ltl1J'\J. 16 (1) : 1Jm1f11J ; 2554

Q,I ~ fI Q QI

fl1fl'1~m1J111'UWCVlll : ~W1~.!lmW1J1111'Y1tmW, 2544.

tI~lW'U,r ii'U1.:1-hl.m'Ifff)'l:llfl111Jfl~'I::~),m.:l'Vll.:11'Vltl1fl'1~~f u~::m'l '~~'UtI'I:: 1t1'l1'tJ1l1f)•
4,., od" QI Y I QI d t QI ..:i
~.:IU1~~~1Jm.:l m'll 'l tI'U~1'U1l1lJflfI~ U~::'Ufll.d~'\Jl1~1'l 'Ufl.:l'Uf11'j tI'U'lI''U1Jli tl1Jfl'f)'l:ll

1J~ 3 . 1'Y1t11U~'U,rmtyty1ffmnfl'1~~'j1J111liwcVi~ : 1J1111'Vltl1rl'tlfl'1'UfI~'U'YI'j1h~

t1'l::~l'Uii~'l, 2541

~1 tltI'UIPi' i1.!l11fl'1. fll'jW\9JJ'U1'" f)'l:l::fll'j fl~ ~'UU.:IU~::f-lCl-d'1JQ'Vlt'YI1.:1m 'l~ tI'U1'l1'11'Y1tllffl~~n fl tI

'1i'n'ilm 'J1Jfll'J ~ tI'U~~l'W''UN~tI'U1iJ'Uff1fi W ffm ~'Ull'f)~ tI'U'5'UlTlitl1Jftf)'l:lltJ~ 1

1H~ tI'UViff1~t1WW1'Vltll. 1'VltflU'Vl'U£mtyty1fff)'l:llff1~~'j1Jl11liwcYi~ :

1Jl111'Vltl1rl'tI'\Jfl'Uun'U,2548.

1JQ1111'UoU1. ~·mfll~ i'J5'ItlmJ'UW~'U1fll'jfl~~U1.!lij1'ill'lWW1W ~ij~flfl111J~11J1'I\) i'Um'jflfl

Un'ifW1111.'U'U~'U'YI'\Jfl.:l'lf1J'l1'U'\J~N,r f)~ tf'U';'UITli tl1Jfff)'l:l1tJ~ 3. 1'Y1t11U~'U 11m tyty1

lit "QI 1.1 1 QI QI d .,. ~ """rwCVI~ tf 'lW ~:: su. fll~~~'Ulj:.1~~1J f)'YIli'YI1.!lfll·mtf'UU~::'YIf)'l:l::m ::'U1'Ufll'I 'VI1.!l1'Y1tf1fl'1~~'I

'\J~.!l,rf)~tf'U'5'UtI'j::\)1Jt1m:l11J~ 61~tf(H'fi1lm'j1J 1m.!l.:ll'U1'Y1tJ1fl'1~~f. 1'Y1rnu~'U£

mWt:\nfff)'l:l1fl'1~~'l1J111liwcfill : 1J1111'Y1t11rl'tI'\J~'UUfh.J,2542.
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" ,
(1.2) ")11~VtJ (Inert electrode)

~ <:'J
0.3) 'U1Llnff (gas electrodes)

"(Ll) ")T:iv.:ji1 (Active electrode)

..
v "•.lY.1 ?I "" <!I(1) 'Ul mnl (Electrode) VVf11lJ'U3 'If'U~ flV

~IV ~ 4 c1~ ~ ~ ~ ....I~ c::I
1) lG)1~~fl£1"Jl'Ufl(Galvanic cell) 11"If)lG)111~I"Jmf)fl(Voltaic cell) flV ltJI"" tl"l"Y'il1fllJ

~nJ~fJ'U'Virr,:j~1'Wlflii1~'U'Virr~~1'U1vJYll lfi~ 'iJln ffl'l lfliiviluBm fJlrl'U u~1iim~ u ff 'vJYlllfi~~'U

1'lf'Ucil'U 'vJ~lfJ

2) 1G)1£1~f)laflln"l'Il~ (Electrolytic cell) tlV !tJI",,1vJYll~lU~fJ'W'Virr-!l~1'Ui vJYll1tl'W

.. ... "" I 1iJ• .I.r.1 "1iJ.li" "0 ,""" .1"""""" ~'Vi"~HUlfllJ 1f1~'iJlnfilH-n'Um~Uff ll"Il"I1'iJlnfl1fJ'UVf11'1l1ru 'UltJI"" U"1'V11 mn~lJ{)mfJ11fllJ

~'U 1'lf'U fil'HwntYl'j"~mfJ~1{lm~Uffi~Yll lm~m'j'lj'lJ h'l1~~1fJm::1ltY'vJYll

v,:jfll1'l ~nV'lJ'Ilv~1C)$",,1vJYl1U'l~n V'lJ~lfJ

i-!l~lU~fJ'W'Virr~~lWflii 1~'W'Virr~,:jl'U1vJ~h
!C)$",,1vJfhlflii U1j~1~2 'lfij~ ~V

~ •.IY.I "" "" dt <!I di v.q .Id .1 ..lG)l~lllnnlmlJ (Electrochemical Cell) flV lmV,:jlJVl1 'If 1'Wfil'jllJ"fJ'WU1J",:j'ViM~l'W

.01 V,!II """ "" "" "i ""tllVl"l!l'Ufll"Il"IU'Ul"J 8.1 'lfm ::'lJ1'Wfil'l'VI1,:j111fJ1fflffm U"~'iJ~111fJ1fflffm 'Wms ff'lJ1ffl~'I1l
" !J) SI , 0' <Q4 Q ~ , i It:::I, .d.

mllJ~ fll'lUn'l1ty'l11 ~11U'llnt)fll'lW 'VIl,:j1inlJ'lfl~'VIlfWl'll'Wff1'W 'I1\!llJ1UU'lJ'lJ'VIU'W'WV'WffllJl'l tl

Q "I 9) ,., v Js ~ dd Ii I !'.." i I"" "V1i'lJlfJU"~~'l1'iJffV'lJ t~ flltli~'lJvlJ"uMlmD,:jlJVl1lJVQ 'W'lf1,:jnm'U'WG"jnn 'iJ111'V1t11f11ffm

U"~l'V1fli'U1,,~ff,:jfllJ !m~~,:jul~~VlJ iifl1llJl~fJl~V,:jfflJ'l4''Unrl'W

.01 V "i ~ CVQlrl I Q.IQ Qli !IItlWI"I!l'Ufll"U'j~'Ul"J 3.1 1'\11 'iJfflJ'lJ~'lJD~ff1'j fl11lJfflJ'YfW1i'l::'I111,:jfflJ'lJ~'lJD,:jff1m'lJ flHff'jl,:j
4 d I Q 4 "~.Q o'J.~.J

U,,:: ur ,:jtI~U'11'W(l1'j::'1111,:jD'Itfllfl lJm:: u 1'Wfll rmu ff1:: 'I11f111lJ~U"~ 'iJ~ 111tl1fflff~ 'j ffDff1'l ff,:j'VI

..." 0 ,,~. Ii!II.Ii"l'jtJ'W~ lm::'Wlf111lJ~ ru 'lflJ'j~ tI'lf'W

,
l'lfl lf11j L~lJl~lJ 4 1,;'Ulttil1 30231

" ,
Q.I V .4 ~I.q
'!1'Utlfi~tlflfl'lnun 4

rnni~~'U 12 '171llJ~

n~ni~~'U 3 '171llJ~

v .::t SI..t
l~'UflT'H)~fll'n'UJ'UJn 1

, .01 SI "" "flQtli;Jl1~fll"Unl'Ul 111t1lf11ff~'j
,

, .01 V4 ~••I~ ~
11'Ul~fll11'i~'Ull"H)-.1 !Trn11fllJ
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od ....IClCIA d ~ ~ " tlGot.t:::ll old tlQI 11 Cl 1"t'tlV'WlJDmvl'YItn~'\J'WL'Wt9f~~n"Jl'Wmt~:;1'\JV'WUN'WmYl'\J8Wlf"~fl~lJJ1'Un~

2.2 tllhJ1tJ~hffmfl~~llJlm~l'W'\Jf)~fii~!9f~" (Eo) tm:;t.u~l EO vil'WltJm'Hn~

t1amtn1Y1f)flC)$'um:fh'W1W'l11fhffmfl'YHhufNL9f~nl'Wnll:;~1~"l ill

2+--* Zn (aq) + Cu(s)t1i)wifn'I11J : Zn(s) + Cu2+(aq)

2+ -Cathode (Reduction reaction): Cu (aq) + 2e --* Cu(s)

2+ -Zn (aq) + 2eAnode (Oxidation reaction): Zn(s) --*

1.00M Cu(NO~h(.t(I)

VoltmeterFll)wof
electrons,

!II '" •

'Ii'JllFlTn~ (Cathode) fltl 'li'J'vhn~lliimvihin~!~'l7'W

!II '" •

'Ii'JlWTlJ~(Anode) ftf) .,j1'vhn~lliimVltltln~!~'l7'U

(2) if:::'Ytl'UlflUO(Salt bridge)
"" Q ~ , • .o!I.d "'?I 0 lIJ • .1JI1 lIJ ~ ""(3) mnnms ~Iil (Electrolyte) no ffl'J'YIlJffm'W:::llJ'U'\Jtl,m'l~1'Uln't'rn L;l lYl'il~lJ

if)f)tl'W1J1nU~~~'IJ!fi~tl'W~11l1J1V!gn1m'~~ij 2 'lfii~
(3.1) ennl rennu itltliin'l1~tllJl'l1~1

(3.2) ffl':i~:;~lVVtgn 1'Y1':i'~~
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tI...1 I 1 0 91 d b'J
- 'U'e).:jV~t1lJ)::flmJU91ft:::ffd'W'YI1'11'W1'Y1V::!'j

- m~uffi vlYh~tnfl~'Utnfl'il1fll1Bm tJ1tlV1..:J'ls

, "Q.I d e.:tdi ~ ~5.1.2 'I1'Wfl1)tJ'\.J~1fl 'e)l'StJ.:jHow to charge an i-pod with fruits Uft:: l'jtJ.:j

potato battery U~1'lhtJn'\.Ji.:j~lmlJ~Ufl5tJ'Uff.:jffmm::ff'Wi'il ft.:j''\.JitJn'ilm'jlJ~ 1l'i1'lJ 'e)V1.:jl'j

5.1.3 Ufl~tJ'WU~ft::fl~lJ'lhtJn'Wf1fl 'e)n'll'SltJO.:jt~ft~Hft',r ~ hl'Y1flft'e)..:J
" . .

5.1.4 ufl5 tJ'W~1lJn'\.Ji.:j~lmlJlf1tJ1ntJ'U'eltJl'U91t1h'l1lJltJ tm:::'ll'j::l~'WViufl5tJ'\.J
" v A oJ IV .Q ~ o'cv Q
9ltJ.:jfl1'S~ 'illfl1'\.J'el'H1!fltJ1nuU'\.J1t1fl t 'S'el.:jl~ftftflft11'Un

- t~ft~Hft ,,rm~h~'..rm:::Uff'~Yh i~tlVl.:j 'ls

5.1 .fi''UtT~HfI'JllJtT'U'\1 (15 'Ulii)

5.1.1 Ufl~tJ'Ul'ilUtJtJ'YIflfftJtJntl'U~tJ'U l1tJ.:j '~Yhlt11j 1l1'U1'W30 'Il'e)

d ~~ ~

- fl1)1'UtJ'UUH'Wm'Vi'Utl~1~ftftflft11'Ufl
... d'IIt • .IY.1 ..... ""'J •. IY.I .9 ..- fffltJ lY'n"ll'Utl.:jl~ftftUft::fffltJ 11"11"11lJl91)ll'U'Utl.:jt1Hl~ftft

- 'll'j::lfl'YI1~ft~nft11ilfl

1) tl1hJ1tJ"Hiflfl1'jl'i1~1'W'Utl~t~mlnft11ilfl'~
..~IV": , .._I .. ., 11 '" "1 V

2) u tlfltl..:J~use fleu une '11'W1'YI'Utl.:JU91ft:::tl.:j~ lJ 'j:::neu 'Utl.:j1~ft ftnft lJ11'Wfl !fl
3) tJfli1mh~'H~tl1ff~ ~1jfJtu fflJllilmlitl'W tl.:jfl'lln fltl tJ'Utl.:jl~ft~ nft11il n,~

Q .c:I ... I~~ d -CIt "J "1'"
4) tllitJ1mm:::l'UtJ'WlJt]mtll'YIlflfl'U'W!fl

5) ff1lJl'H'I1:UtJ'WmnJm'Vil~ft~nft{J11ilfl i~
o ., ..... 11 '" .1 <l'll)V6) ff1lJ1Hl'U 1'Hftnrm 'Utl.:jl~ftftflft lJ11'Wrumn :::Qfl911fl

7) 1j~911'Y1tJ1ff1ff91{~1'Wt111lJ ff'Wi 'ili~f t111lJ'j eu t1eu ms ~1lJU fffl.:j~ 11lJf1fll ~'W
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. "
"I' i '"1- llJ8~lJ Cu lJ ZnS04 ")flJ 'Ct11::

'H~t'li:u flVl.:ji'j (i:Uli1lJf)1':ilU~tllJU,jM)

. "
- l;jt'l~lJ Zn l'U ZnS04 ~'Ul'Ct'H:::

'Yl~t'li:u flVl-!ll':i (i:Uli1'Uf)1'jl,j~tJ'UUU'Ct-!l)

.. ".ct d q 0 I ~ QI ddQ.l

ffn'Ct:: ClltJ uitn'UtJffl 'jnu lVt1'Ct11fl-:Jnun 'W'U11H1ff-!l f)::fflJ ~f)'lolW::'IJ 'j 'IJ 'j e)•
.,;, 1.,fl ... .d ",.I

- llJt'l~lJ eu 14 CuS04 ")f'U 'Ct'Yl::U'Ct:::ff1'S"::'CtltJ lJf)1':ilU'CttJ1411,j'Ct..:llf)fl'U'U

'Yl~fl1l-i t'lV1'l 'l':i (il-ili114 f)1'jl,j~tJ14llU'Ct-!l)

.d ~ "I . ...... .,; r.i!llQ .I ......
f)1'jlU~tJ'UUUM'U'U flt'l ffl'S~::'Ct1tJ CuS04 lJff111-!lM llJflVl-!l 111]14l1ClllJ114'UlJ ff1':i'Ct:::"ltJl1::lJff

111'1ui f) 'Yl~n'l 'U~ 'Q'fl11:::'l l-iii ff ff 1'U 1'Ct'l1::: ijff1 'j ffJ 1VI1'Ct11fl-!llt11:: 'U'Uff -:Jf):: ffff1 'U~ ~ lJ fl~i'U

......M 1 ... ~ff1':i'Ct::'Ctlt1 CuS04lJffn1l'W':i1:: 'Uff1':i~::'Ctlt1lJ Cu )

- ntl'Ut11'j'Vlfl'Cttl-:Jffu~~mtJ ZnS04 iHYtl::h 1'W'j1~l'Yll9Jlfl (ri1'UffU'Ct::Clltl

ZnS04 h.!ff}'j'Ct~"ltlii Zn2+ ~-!lhliiff)

- lrlfl~lJ Zn 114 CuS04 ;14 h'Yl:::iif)1':ilU~V1411UMlnfl~lJ'H~tl il-i tld1-!l'h (ln~

"5.2.4 Uf)~ tI'U'Vlf)f)cilJ~ 1lJtl'U flfhh lt1H'Ctms 'VI~'Cttl-!l1fl vm tlllJl'l1mlJi-!lil
• q OJ

aI d I ,~ ...~ d ..:!l v ..I
5.2.3 '\.J rus tI'U11Vt'Ct~f)'QlJflli'U1t1l]J':i tI'Ul'VItI'UH'Ctms ff'U fllJU'Ct:: H'Ctrn ':i'VIfi~ fl-!l ff1]J

'Ct-!l1'U'j1t1-!l1'UH'Ctf)l'j'VIfl'Ct fl-!l'U8-!lf)~lJ

1CJf"'tln'Ct11iif) 11'"Tt11f) U 'Vlfl'Ctt'l-!l1fI timfln'U1m ~lJ l~llj 1~ tl1tl'U 11fIU ':i:: ff -!lfi''Ufl-!lrn':i'VI~"t'l,rrfffl.. . .
t'lumw~1.fllJf)1':i'Vl~'Ctfl'lu'Ct::nf)1'S'VIfI'Ctfl-!l•

u'Ct::ufiffi tl1f)1':iri1'U 1t'l14fll~f)VI'St'llJ ilJ1CJf'Ct'tln'Ct11iif)

- ,rf1A1t1'Uu~'Ct::f)rilJ~1lJtllJffmnf)1'j'VIfl'Ctfl-!l 9.1 : f)nri1tllfl'UV1~f)\Pl'jfllJl14•

"Q.I' 0 !J 4
5.2 'U'Utf111ilUt1::fllfHl (50 'U1'n)

, "'... ~I' 1 1 ' . I !II OJ '" .dl'1 !II5.2.1 H'U-!l14f1A'HJlH]J14fHllJ'l 'Ct:: 3 nu ,W 'Uf)'llJl1::]J'S::f)t'l'Ufl1t114fHHJ14'Vllfi

fI::U'U'U 1 14'S::i'U'Q''l ihunm» U'Ct::~l fm::n'Ufl1vl 'Uf)~lJ 1)1t11'Svi1U'U'U'VIfln't'l'Unt'l'Ui~v'U 1'V'l~h
" . "

lflii i'14l!litJlJffmn'ilVi 4 '1Hr-!l1)lf)'l!14l,r,rf)~eJ\Ji14milJl~t'lf)U'S::li114nrilJ 'jt'l-!l'l.h::li114 rnsums• •
une 1'Ct'U1~ rns f) ~lJ u'Ct::;) fIUU-!l'Yl,r 1~ 1fI tll,r l'J f) fl14 ii 'th14 ~ 1lJ 114ms i''U~fI")ft'l 'U-!l114'Uss f) ~ u
~1lJnlJ

..
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.Q d ~ .c:. d I Q..r Q,oO t .d,x& 11 ~ d ,N d
6mfll'l'.i6'\.Jlm~\Jty1fftl6mfl~'.itl'\.Jt'YIlfl'\.J~~'\.J'W'.i~UU'YI2 '\.J~.:jlllfl~f11'.iltJ"tlUUtJ".:j'U'W'.i:U'U'YI3

l"l1~ff.:jfl:ff (Zn) 1'WZnS04 I mol/elm) nffl1l1'.if;)tli1J1t1'~1'lf'W1~t1dnU'.i~'Uu~2 ffd'W'.i~UU~4

l"'H~'Vltl'lU~.:j(Cu) 1'WZnS04 1mol / dm3 '1l1n~fl1'.iLU~tI'WutJML~6'Hl1fl'flllllffl1l1'lf;)1'\.Jfll'.i

2+ 2+
Zn(s) + Cu (aq) ~ Zn (aq) + Cu(s)

~~t'jl~~t1 tlfl'I.JBmtllU':h "tJBmtll1~6ncH" l~tI1tl'\.JtJ~m tll~iim';i 01U

IsuVt~nl'l'jtl'Ws ~1111~ms ~t.u lv11'I.J5m tlln'W 'H~6'lJ5m tll~1n~ ~'W1t~liims LtJ~U'WmJ,,~ 1"'U

tltlfl~1~ 'If'W'\ltl.:jffl'.i1'\.J'I.JBm til)

- l'W'.il~m~ 1~'.i:uu~ 2, 3 u,,~ 4 ~.:jhiiifl1'.ittJ~tI'WutJ".:jtn~~'\.J ('.i~UU·~ 2

l"l1~'YItl~u~.:j (Cu) L'\.JCuS04 1 mol / dm3 ~'hjln~f11';il'I.J~tI'\.Jutl".:jt~tl.:j1l1~lfl'6tltl'W'U6.:j

1 w 2+ 'I :ll 111 "" cO '" ~ cO'! ...."'H~'YI6.:jU~.:jnu Cu l'\.Jffl'Hl~mtl CuS04 Lu'\.J&66tl'\.J'lI'\.J~L~tldn'\.JCJj.:jlJ'fIl11lffl1l1HllUf11'.i'.i'U

., , ,
t:dl ·''I.J~mtJ1'hrfli'\.J'' um;i1t1flffl'l.yj'yhmrli'ii'u6t~n~'.i6'W (Cu2+) 11 "~dt'ltlfl;1~1i'''

- 1rlV'.idlli~ff'e).:j'I.JBmtl11.u1~,.Wn'W1l:'~tl5mtJ1t~'Wmh~''.i

2+ -Cu (aq) + 2e ~ Cu(s) (2)

l~tIL';ililtln·:htJBmVl~ffl'.i Zn lfftlVl~n~'.itl'\.J u~·:mmtILtl'\.J Zn2+ l1~tl

ffllf11'.i~ (1) U111JBmm "'l.Jumtlltl6n~1~'lf'\.J" u,,~11t1mn'.i~v1111,rl~1,rij1~flm6'W (Zn)11

Zn(s) ~ Zn2+(aq) + 2e- t'.il~'1'Ym11~dff~n~ffihlmH.u~'U('\l'l~11~tln~6'\.J'u

- ~1n~"f11'.i'YI~"6.:j~1n~~'\.J1'.ilffl1l1'l ru~tI'\.Jltl'\.Jeu ms Uff~~m ';i1n~tJ5m til

Zn(s) ~ Zn2+ (aq) + 2e- _(l)

d "".M "" 11)" Q 11) 9) I 1 ... 2+- 'YIv~u~~'Vun~'U'Wm~lll~lnV~ 1'.iU"dm~ l~Vtll'l '.i('YI~NU~~tn~lll~1n Cu

i'uflt~nm6'\.JU~dn"ltllllttl'\.J'YI6~U~~ (CU»

- tTm1 tI'\.J'YI'llUl1~6 'hj·:hflt~n~'.i6'\.J 1'Wu~mUllJl~ln h1'\.J (Vt~n~'j6'\.J 1'\.J

('YIV~LL~~(Cu»

.
- 1'W'l1~m~1~1ijv~1l Zn lw CuS04 ffl'l,,:mtJ CuS04 iiff~H"~ (~V

ffl'l"~"ltl CuS04 ijff~H"~ ~ttl'\.mh.Jdt~V~~lmn~f11'jOlt11v'\.Jfll~n~'jV'\.J'.i~111l~ Zn nu CU2+

'" "".1 """""" ~ 'I cO ~ ~ 2+ cl..M, 9) 9)'I1M~lmn~u{}mtJlmn t'Wffl'Hl~mtl~~lJ'fIl11l1'U1l'U'W'UV~Zn 1'W1l'U'Wffl'W'fIll1lL'Ull'U'W'UV~

Cu2+ "~"~ltl'W~" l,rff,th'\lV~ffl':i "~"lml1~"~)

- errs ffJl~1"LL~~~1l1tf11~u'\.J 1"l1~ff ~n~ ffffd'W~~llv~l 'Wffl'l "~"ltl~VV~' '.i
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..
IV Cl " ....1 ct5.3 1.I'U0fi'lJ1UUtl::il.:t'U0tllU (20 'Ul'YI)

"5.3.1 ft~u,,~,r fl~ tJ'W""~'I11JYl~'J1IntJ tl~1J1tJtl~,rtl ff1 U111fl~tl 'ill flms ff1J~'WBtl::

ms 'VIYl"tl~1~tJ'Jn'U1C)f"" ntl'Jl'U fl une ff'.lU1UtJ6'1fi'ft111Jr~ 11Jn'W ~'1d. ..
GV Q d ~ Q,I ~

lClfililflil11'UfI (Galvanic cell) 1Jt)~ftU'j::fl6tl Yl~'W

J <I J <I AI 'J/
1) fl'HAClfilil2 fl'l'llClft'lil (Half cell) u'j~m)1J~'JtJ

- tYl'm::ill[J61'i1f11'YI1'il~ (Electrolyte solution)
.. " ..

- .u1'~VJl (Electhode) lYltJ'Ii'J'yJ~hii 2 'Ii'J ~t1

.fr1u01'U~ (Anode) ~t1 fl~'11C)ftltf'l1~6~'J11:1'1-1::~lfiYlui)mtJ1t16fl;lYl';U'I1~6
d ~ d ~ I

1fftJ6mfl~l6tJ (lfl~fl1'j~m6tJ)•
" I",
.u1ufll'Y1~ (Cathode) ~6 fl~.:J1C)f"tf'l1~6'1i11tl'H::l1Lfi~ui)mtJi~~fl;}hYl';"J'I1~t)

... '" d "' ... .J... .,;'" 1'jmHtlfl~'.lt)tJ (mll1J~~fl6tJ1fl~'UtJ1fl"6'U'VI~'J 1:1'1-1::)

5.2.7 ,r fl~ tJ'Ut 'WU~tl::fl~1JftflEnL'd'm-ml1fl' 1Jft'Jl1Jfi~ tl'lU)::Lfl'VI19H1tfntl11Ufl

5.2.8 1,ru~"::flci1J~ ~i'JU'VI'W1J1Ulm'W6ft111Jf ,rtlLff'WtlU'W:: 'H~tl'l1W'l11'11~t)
• .. u. "

tlUff~'jft ~tltlYl1ltJ,rtlff ~-d'tJl11~'illfl '1Jft'Jl1Jr'l1'th;'U~tJtJ. ...

l'11Y161Jfllm1J'H"~fll'j 'VI~tltl~ 1m:: "lJfi1lm'j1J~ 2 ~n1ijtl'W~lL~fllPil~

"5.2.6 ft~i~fllm1JlPitl iuil

'VI'j l1J'H~ tIilJ 116'1 fi'u):: nsu 1'Wcil'W' vJ'HltJijt):: 1) Ul~ ull 'J
"A I 0 'J/"; II} d A I""""" ...J '''1 'J/

t1~ftlJ'j::fltl1J'YI1'H'Wl'VIt1::1) 1JutJmtJllfl~'lJtJtltJl'11~1J1~

- rll'U ivl'H ltJntlU1J~L~t1iijt)~t1l'11~1'WU~fl~1~n'Utldl'1 ~h
, .,;......, "1A.I .. <!i .. "1 'J/ ,

- n19J ~Utl~1~tl)1Jtl(l6m'U m'HltJ1Jl~"ll''UYl'il'lffllJ1)(l'lll)'Yl lYlU~flm~

\l~Hh~1Jl~6dl~1~ (CU2+> Zn2+)

- 'H"flfll~rll(J 16'U~h~fl~~6'U l'U1C)ftl"ntl'J1Ufld Ul iU'Nrl.:JAUtJ1C)ftltl1vlVh~

'Nl1J1~(l~ii~m::UffivJ~h 1,r1~11.rl~L-MtJrllU ivJ'Hl(J umH~6iij6 1U'W~'U

5 .2.5 ,rfl~ tJu1'Wu~tl~ flcillUlft'Jll1f~ '1~1l1flfll 'j 'VI~"~N1I1GlhtJn'U'j:: ~'lJft 'Jl1J;)~. ...

ilCl d '" 2+ QI a d ~ 9Id f 2+ Q,I t d
hHl1tlfl~~t)'U'Ut)~ Cu unerm Zn um~ Cu (aq) ll~~1J6!tlfl~H)'U 1~~fl'Jl Zn (aq) ~HI'U'Ufllnl

w d d '" d ... "''1 "'1 c$ 2+ <9 c$ '1 '1 'J/ w t .x
h'H::"Hfl~'Nll::tJmJL'N(Jt)ltlflYl~t)'U 'H~6(lfl66flC)f 1~'N l1htlll Zn ll~ltl'U hl lY1tJlfl ~.:JUU~::1J1JtJ..
~'1ilJijfll~ nJ~tJ'UU1Jtl~lfi~~'U)

..
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5.3.3 Un~ tJ'Utllfl11lJ~~ 1~i''lJ1)lnf)1'j'Ylfl?ltl.:j lm~ '1'lJmllJ~ Ii ij.:JlI1'f1tl'lJfilO1lJ~ ~
I", , So'

~un~tJ'Ui.:J'll'Ul1JfililmllJ~ 1 'Vll1lJ tldl.:Ji'i? i'U'U'Uff~1.:Jfl11lJff'U'1il

. .
lfl~tl·rHlJlt11)Ml1fl (,) Ti'U1'lf'U•

Pt(s)IH2(g, 1 atm) IH+(aq)

C(s)IFe3+(aq), Fe2+(aq)

4) rns 'i~'lJmllJl.,rlJ.,r'U'lJtl.:j 'lesnu'1'Uffl'j?l~mtJ 'l..rl~tI'Ui1hn~I~1J

Salt bridge

Anode half-celli Cathode half-cell

Zn(s) I Zn2+(aq) IICu2+(aq) ICu(s)

/' "'"Phase boundary Electrons flow this way Phase boundary

ltJ~ 2 llff~.:jf)1·H~tJ'UllYl'Ufl1l'HCJ:f?lrl'nmlijn

lfllJ'1~ (s) (1) (g) (aq)

~. ~
2) I n'Uffm'U~~~l.:Jn'U une , n'Uffm'U~1~lJ1n'U 'j~'lJffm'U~'lJtl.:Jffl'j

.cI .Ji " Ca Q,I I 9) ~" ~.c:t ~ tI
1) l'IJlJ'UflH1CJ:f?l?ltlijnCJ:fLfl'lf'Utl~'YlVICJ:flt1fl'Ufl1tJ II U~11'IJtJ'UflH1CJ:fnn

1in'l7'U'Yll.:j'IJ11 i..rffl'i?l~mtmd~~nm"~'Yn'Uitltltl'U i~~tJ~ 2

... ... .,.,j, ~ l..s rI v
2) a'~'YtnUf)'t'Itl(Saltbridge) Fltl 'f11L'lftllJ~HnHI'Wlt1 &'I..I'lJtl.:JU'f1?l~flH1CJ:fmH'\l1

~1lJn'U hl'm1J1.:J Iil'i

5.3.2 fll tl~1Jlm~lJl~lJl~V1n1J m s l;jVtJll?l'~~U am tll~ ln~~'U 'IItl~1CJ:fnt11'U~tJ
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5.5.1 'l,ru fl~ U'UII~n~fl'UV'V'Ufl"'UitJtil'UtJ'UYifltJ1:::ffU O11WL~1l1 'U'lun~m 1lJ

.,; 0 ltJ 'ltJ '1 PI _I Q";.., '" 51 5151 , ltJ!J/n 1 m 1'lJVfJl.:111? 'U'lJV'Ut'IJlP1tlJl'HlJ1fJtt1:l:::lJi~LfI'U'Vl'Um1fJ'UVlV03011~UCl1m1~ffVU111f1
. "'" 51 "'.., PI 51.... ltJ '''' 'l 'jI... ltJ ' 'jI 0' ltJ ' ltJ _ It1fJ'UlIP11lJ'YlIP1.:1tlJl'11lJlfJfl1Utl1'U'I1HlllJmfJ03 VImfJ'IllJfl1Utl1U~~'VllVfJH llVlV IlJ (Vl~

ffVUtl1ll i,rfl~ViU1m~'lJl~lJ nnumu i ,rt~ V'l.J vi1J1fJ 'HlV11'111~'Uff1JrY'Ut~lJt~ll'U Vf1I1nl~ fJ'U)

5.5.2 1,rUfl~U'Uv\'lU1J1J'YlVlffV1J'H".:Itiv'ItC1fCl~nCl11'Wfl~l'Ul'U 5 'lfv 15 'U1Vi

.."'1.1'" q5.5. 'tI'U 'l:::'lJ'U~Hl(25 lHn)

5.4.5 fl~ 111:\:::~'lf1fJfll~ ~lflVl'VH1~m 1lJU fll~ fJ'UL~'UllfJ1JflflCl VlllJ UU'U~'1LfllP1
c. A ~ t 'J)

~qVlm1lJ01flVl'IJ'U~'1 'Yl'l4 Vll'U

.., <!I
- O11U'U'Ylfl~n011'YlVl1:\V'I

vfhhlfJ~1:\

- ffltJ~1:\

dt ~
- 'I1VL1V~

- fflJlJ~~l'U

- i1111.hlfi''U i1111.hVlllJ i1mhmufJlJ

- 11~1l~'UVVflUUU011'YlVl1:\V~

5.4.2 lV1fJ1,rufl~v'UmrUlJ1Lff'UVU'U1flVl 'l'U01mn''I1t1J'Hl~fl~fh'H'UVI h1' Vll'lJ'l'U
031'U~ 1 L~V~ 011 U'Yl'U~V'l~lh~flVU'\JV~ril'U ivJl! lfJ¢l1fJ1'ff~~'U lV1fJ'l,rU~1:\~fl~lJfll'jVVf1I1UU

0'1Il1lhjff~~'U" lJ1U'Yl'Uv,nllh~flV'UU1~ri1'U'\JfNril'U hhnfJ IC)11:\~~~~'1

ffl1l11 n ~ ~Vlns ~Uff'.w~ l' ¢I'H~ Vili un ~ ns ~ IIffivJ~ l~ i¢II'H)j uu 'H~V u~ fl~ 1 'I ~1 fllC1f1:\~

ril'U' vJl!ltJl~lJ

"'" ".:t5.4 'tI'U'tIUlUfll11Jl (50 'U1f1)
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, q V

U't'l"~fl1'j"UJUl

1. ,rV~ff~~ h~11tJ'U~WlmW';jl'lfl'Y1~Jl5tJ~fl~l'I11';j Vl1f1VlijV~~~W)~lJfl~ll1l';i

2. http://www.youtube.com!watch?v=PuiPDBA3XZI&feature=related

3. http://www.youtube.com!watch?v=kNP5ezxqIT8

4. http://www.youtube.com!watch?v=ufoOJfzro2c&feature=related

i 91";.1 "'" '"- tlfl111ll1':iD-3lJ'i::1.fl'YI19f""fl"11'Ufl

- itJn:;)m';jll~ 1: l'l1111VVl-3Ll?

- itln:;)m':ill~ 2 : fi111ijf)'U~u~mh~
'"

- fll':i'YI~"D~~ 1 : flllciltJ 10'U~lgflm6'Ui'UL9f"~n"11'Wfl

- 1~16 L1v~How to charge an i-pod with fruits am: 116-3potato battery

- itJ.:n'U~ 1 L10'l-fll';jU'YI'U~f).:jfi'lh~flVtl'llV~cil'U1vhntJ~1tJ1ff~~'U•

'" es3) 'U1-3ff11';j::1tJtJtIfllfl.fJlI

o d,.. CV Q t Q.I & Q.I

't'i1Jlm'H~ mms tfltJ'U6\1"'YIfl'l:l~ms fI~'\J'U\l'~ 'illflff~~tJ'U'YIm·mfll'i'YI~"6~ 1m~ff~tfl\91

'V'Ifl~fl';j':illfll':i~~,f'Uff'lfif)'Ui'U':iltJl'lfl1f1ii fllfl~tJ'U~ 1tlfll':itYfl'l:l12553 1n1J'U'611""' ~ ~

5.5.5 fll\9l'i1\litJn~mnJ~ 111D~l'l1'lJ VV1~'l?

5.5.6 m\9ll1~itJn:;)mnJ~ 2 Li6~ fiL'Hij6'U~U~fl~1~~ ~
-CII~ dCVd 9)~ til ~ tI Gt"

5.5.7 flll.h~LlI'U'lf'U~"~l'U'YI'UflIltJ'Uff'il~'\J'U\llfl ~tJ~l'U'YI1 ~lfl1flWCVlfl1'i~11

5.5.3 ,,r,r fl~ tJ'Uu~"~fl'inj'UVim15~~ tJ'U

5.5.4 fllm1\l,)ltJ~1'U~"fl1':il'l1"tH lm~fll':iUllff'UD~"~l'U ~lflU'U1fl~' 'Uflll

mi'ifru'Hl~mfh'H'U~ l,r'UD~u~"~mhJ (lltJ~l'U~f"fll'il'll hHl'U~ 1)u ~ •
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y ~ Q ~

8.4 ~1'W'YIflll::m::'U1'Wf111'YlVn'Yltllfflffm

8.5 i1U1'Hl~'W'U'illflf111,r~fll1i1t1'W~U"::U'W1'VlVlUfi1'Uu ..

8.6 U'W1'Yll'l1'Wfl1'jvrWJ'Wl~VitJ

8.2 ~11.H111lJ~..

,. .
- 1'I.N1'Ul1 I i~v'lf)lm'YI'Ul1

- f1l'J'Yi1ritl'l.I: f1l'lci1ultl'U

~I~ fll>l'Jnu1'U19fftci'nrrnu f)

f1l'Jtlij,m

f)'j)f)'i'llJi'U

(P)

...,;
If)Wev1'Y1

nl'H'U~H

,
fl11lJih.m'l

'W(j91f)11lJ

lTI'U't1Yl1lJ

..... ..
- 'UfUl {J'UlJ

80

- Uflll{J'U'Yi1i'U

,n'Ull":;i'U

" ~ d'H'Ul 'lfU L'J{J'U

f1l1ff.:Jlf)1I

'W(j~f)'i'llJ''U
.-

ff1ff1l1 (A)

" ...~1'U'ilYl'YlV1

.. .
'Yl111lf)911'1

- i'U'll'U~ I

- hJf)'ilm'Hl~ ll~tl,'j 'Yi1'lJ

tlUH''J

- i'Uf)'ilm'llJ~ 2 l~tl'l~1'I1iitJ'U

ml'll'U

mnil 1'lH1'U

f1ln'il

... d'
f1l'HYlJfllllW

rrmluerue
(K)

J
IflWcnflTl

\.h:auu

Itl~t)'1;jt)m.mUflWJVl

IIn~\h~lijUj:.jtl
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.!!
to charge an i-pod with fruits U~~ !~tl~potato battery

V10'U~ 1 )

1M''\!fl(ltl'U~~~lJfl11lJft~'lhtJn'U;~f11mlJlf~ e)1Jna~'U~""'W'hi '\llfl'lflJl~l tl !~tl~How

.5 .d
3 'lfa ffQ'cl l'cl'llYl .

~ d
2 'lfa ffQ'cl l'cl'llYl ..

, .ci tI'

n~lJYl.......... i'l.t / .

fllJ 1'ifn 1 ~tl fffJ'cl 1'cl'll~ ..
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_I " '"l1J1C)j""II~''WtJa (Zn/Cu)

1.00M Cu(NO,)J(aq)

Voltmeter
I.IOJ

MnOg FHYlJ KOH

( c v,gnlm'hwl J
D ~'l'~lln~,jBmvi~f)n'lru

[ J
Ag,o paste

. A U81'WVl .

[~=====::J. B "fll'Yl~ .

Zn

Gas vents

w
_I " ... ...

l1J'C)jM''1Hl1'Yn\~

H,

0,H,

M,rn~vu'~vu,~ulv.:jtl.:jfi',j'l'::m)1J'U2,j~.:j6 ~1ifJWffiJ'l.J1iffv~fl~tl.:jn'I.J,rtlmllJA - E ~H

nCll.:j~til'1iU~''If
(1mJljn(1(j'I.Jft'1lI1'iflJfivn9]JdM't]mrJ'I.J'lJfNjCjfHri'~#~~'1J~DlIH~71i'J~'1J~D)

~ d
3 'b'tl ffflCl lC1'IJ'Yl ..

. .
~ 4

2 'b'tl ffflCl 'CI'IJ'Yl .

"n~iJVi.......... iu ./ .
~ d

ffiJl;n 1 '1m fffln 'CI'IJ'Yl .
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metal bottom I-I

moist paste of
-tI---ammonium chloride---_., -

tJ':i~'~Uthtll'" fl8

1,ru9i"~fl~mhr,,"~~'I.J'l 1J11tJ~f.J'UU'Y1'I.J6'1tltJ'J~flu'Umh~U'vtJ 2 ri1'I.J'lJ6'1ril'U 1~;ntJ

l~f.J~llllfml'il~v~,,"llJl'J()~~\ilm::u,,"'~~h'~ u"~m~u""'~~1~'~miju'U'I1~6U\ilfl~1~'illfl

llllf"",ril'U i~~lf.J1~lJ

,1Jl"".lfJ

o '"'ill'U1'I.J50 u m

2. ~lV'Il'I.J

3.

4.

5.

evel 0 3J~4
'I.JfU'JtJ'I.J66 rnnu lL,,"'UVJ:.m'll'U'H'Ul'lf'I.J1~V'U

,r~lh'Jlf.J'Il'I.Jri-!lfl2
,.---------)

':i~fJ~n'i11 .

. .
~ .o=!i do • .qd, doQ' dd
'Vi'ill~rulmUfU'VW~mJlJ"~ 1 11ifl1~'VIfl~11~'Yl~\il

"'I ~1 .,j 0 '1~..l '1~
2. UUflUU1Jfl1~'VI~"U'I'I1~Ul,,"'l.JUlm flH\illlJn"1'VIfl2ml1'U~ I'll l'ViUmfl2

\il~1'il,,"U'UU~1Ul 1tJUffl 'U~V'Ufl'Vi~V'l

~VI~~"'lJUJ

lvtUi,r't! fl~ f.J,.m9i"~flrllJ ~~~lJfl11lJ~~ ~1lJ fl'U11~U~'U U,,~ UUflUUUfl1~ 'VI~HW~""~H•
,£ I 11• .1 ..,. I

'lI'lNl'Um'I.J m~1f.J\illlJU'I.J1fl~'UU~mJlJ

( liM1I'ihml'l )
1. 't!fl~ f.J'l.JU9i"~fl~lJ~1lJfl'I.JU,,"'l.JUU'I.n~~1urns Uf)iIty111~fl~nll1'U~',r LH)1

C...._1'U_-l_lU_f1_..t _1 ~)
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[__ Vl_vl_&_'U_",}_~_'U_ _)l. .
[ gJ1UU",}Vll", } .

(gJ1UU",}fl1'UfJ'" ). .

..............................................................................................................................................................

.....................................~ (' .

~ d
3 'lI't) fffl" L~'IJ'Vl ..

~ d
2 <.1ft) fffl" L"'IJ'Vl .

, ,
Q <!i '"fflJl'll'f) 1 'lI't) fffl" Ul'IJ'Vl .

, .,
, '" '"f)'l1l'Vl.......... ~'U / .

,
'" '" <!i'J'U'Vl L~t)'U 'Vl.ff............... L'J~l - 'U.

.,j
11'8\1 ••••••••••••••••••••••••••••••••••••••••••••••••.••••••••.••••....••.•••••••••.•••••..•••.......•.•.••.••.••.

'"fll"'\ltl'U11tl~1'Ufll'f)nflU'U'Ufll",jflVlt'lf)~
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( t).fhhuJ~tl
(l11untJtJlJV ~11ltJf/(j~lIn nf) nrOlJ 1.ffl'l1(p}f/(jft'U llft''tJ lJ)

91.,,,,, .... <191 91 "'91 d91 d.
(hflJm~tJlJmf)nU(j~VfmWJllll1wJllnl~mll'1Jf)JJ'6l1'11mlJl~ft'3J?11lJ"JflJ~'1Jf)JJ(j»?10-Jnritnll &"JflJ

?11HJ, nnrJ &1JlJ~lJ)

..
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.1
2 ')$'W

3SOem

350 em

Q.I Cl 4 lrJ 3)Q,I c. c=' .do
1Jl.:)IOlT~tytfftl'l1HII~l'UtltClflIOlHI'W ,,~mJfl

llumtJl~tn~fl1l tfftJVt~fllOl)tl'W-;h "llUm tn

eV fl;l~ 'If'W'' un~t1tJflllB n~tJl ~ ijnUi''U
~h~flll)tl'\.J-:h "llBmtJ11in'lf'W"

Jt.I~1Uff~lJtC}fCl-ftnCl11iJn

t.lamtlil~t)flcifitl llUm tJl~ijfln

tll~tJ'Wu llCl':)tCl'Utltl fl;t~i''\.J 'Utl.:Jtl~lOltl1J'Utl.:J

i .I=""" .Ii 0 i,....lillVJ 'W1J!lm til C}f.:J"~'Yll'I11Jtl::IPnl1J'Utl.:J1illVJ

7. m~~lfl'Yllltl 'U'\.Jl~ 3 em x 3 em

.. ~ 3
5. urunes 'IJ'\.Jl~ 50 em

6. m::'Utlflll"N 'IJ'\.Jl~ 25em3

4. 'Yltl':)tt~':)'U'\.Jl~ 0.5 em x 7 em

J2. ff1'JCl~Cl1tJ ZnS04 1mol / dm

3. ff·m::n 'U'\.Jl~ 0.5 em x 7 em

31. ffl'JCl~ClltJ CuS04 1mol / dm

~ d
3 'lftl fffJCl tCl'U'Yl ..

~ d
2 'lftl fffJCl tCl'U'Yl .

~ ~
ff1Jl~fl 1 'lftl fffJ~\. tCl'U'Yl .
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. . .... ,.rt tl ....... ~...'l::;'U'Un'YI~ff6'U mn "VUll M'YIff-3UWI ~..
~ul,,'t1::; ffTl":: mn

Zn lu CuS04 1moll dm3

Cu lu CuS04 I mol / dmJ

Zn lu ZnS04 1mol / dmJ

Cu lu ZnS04 1moll dmJ

. "
L~tJVVf1Lm~~.:jLfl\PI~"'J'lJV.:jh'H::flflfli'.:j

3. 'Vilf1l~'Vl\PI"V.:jL'lf\JL~tr:lfl\Jn1J,rv 1 une 2 u~ioNffl~"::mt'J ZnS04

31mol/drn U'Vl\Jffl~fI~mt'J CuS04

.., d

ff.:jLfl~ff'\J~FHnH'::"ltJ

2. ~lJlm1~~.:jfl::ff 1 ;\J lci".:jl\Jijf1Lflv!l1J~ 1 une lm-,::'Vlv.:jU~.:j ".:j

l\Ji1J~ 2 i.:jvi.:j~-3'~flfli ~.:jLf1\P1f1l·HU~tJ\J!L1.1".:j~Ln\PI~\J'1\J

ms~::"ltJU ,,::u~l ~'H:: rl'lii ffl 'juume 1J\J1L~\J1,,'11:: '1'111oNuvi .:juni

Q~ •

11i'm
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5. m'\lVVf)CHl~'lf'W'Utl'll'Cl'YI::ti'Uiutlv'W'lJu.:J 1'Cl'YI::1'W'C1'l~'Cl::mtJ~~ln~tJBnhl1lflij ijf1l~
ltJ~tJ'WlLtJ'Cl'lmh.:Ji 'j

. "
2. i·;mvf);i~~.yjHi'WtJBm{l1ij~um:h
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me1Ul9f"~~Ln~\)lfltJilm Vlfl11cilV lvu~lgflI'l1VU'lJt).:jt9f"~n"11ij flU"~l9f"~~!gflll'1'j 1,,~
v ~.c1 oQ~.d oQ .:f

'W1mJml'IJVutJumVl'Yl1flI'l'IJU

(r~lJ~n'IEN1lJ'j:;~1Ja7Jmfl micro scale ~-Ji'md7-J)

~ d
3 '1ft) 'fffl" 1"'IJ'Yl ..

~ 4
2 '1ft) 'fffl" 1"'IJ'Yl .

. "
I '" ...

fH:)lJ'VI.......... 'If'U .I .

'fflJl;fl 1 ~t) 'fffl" t"'IJ~ ..

)(
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EO = - 0.762+ -Zn (aq) + 2e ~ Zn(s)

t1Tt'I'J.!VloU61q!il : ~lffmjhl~hlJ11l':i!1'U'lJ6,:jj>J1.:jt9n'lL'l~vi'mr'U(Eo) ~ 25°C

Cu2+(aq)+ Ze ~ Cu(s) EO =+ 0.34

..
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EO = -2.71

EO =+1.36

Na\aq) + 2e- ~ Na(s)

C12(g)+ 2e- ~ 2Cf(aq)

..
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m11.la"tl~'Vtq~m'1.I~tJno{) 4 0.. ...
lUfJO 5 'Ul'rllWlb.:.t 150....nn 'Vtq\1l0'':i1.l{)'U~'t1

"''II 4
0 ~{) U'ilo{)"w:;rh 't'imm't'i~ 'i'l1i:Y...n ..

0;10"1.1
In Pr Sc CI Se Co

I nWnm11J'lftllqj(l (Information: In)

.. "1 ., f"2 n,.n!ml~'t'i ~V{)lflVmllJ l~lJ..
3 (Previous experience: Pr)

4 m:inl't'i'U~'IJ{)1Jl'IJ91(Scoping : Sp)

5 m1li~~lU'UnU1~111'V1

6 (Classification: CI)

7
~~rll~1J (Serial Ordering: Se)

., ., ..
8

mllJnlJ'VI'Uli (Correlation

9
Reasoning: Co)

10 ..__.._._o_
II

12
__ 0______ •___ 00·

13

14
..,,----------

15

16
_. -

17

18 -_
19

20

21
.._-

22

"

d
ffOl'W'Vl .

"'l
L1f11 0-l 'W.

o'" ..1'W'Vl .

~ ~ ~ ~ ~
':i~~'U·ifW1J1HJlJfff)'l:Il ..!............ ':ilt.11'll'1 ..

'" .-\fHlfl':i':ilJ l':ifl~ .
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c(... I ' ~. d ~ i do ~I QJ ~ 4 a ~ ..:A "
'tl.:Jflul::fl'tl1J'f11.:J'l'IJ'tl"ff"l1'INff" ~'1I"tl1iJiJ::'u'U1~Q tH'IJ'tl'l'H)"'l'11m'tl1l1~mlru l'W'tlfl'W

rmnu m'Wfl11lJliJ'U~!" l1~'tl~'1ftlflUJ
"

QJ QJ d' ~ ... F- d'" . a t6. fl11lJfflJ'W'Wli (Correlation Reasoning: Co) nn fl111ulU1JIVlU1J'lJtll,JCl'i::1111'111'itlUlilrl::

,1 f " "QJ vl1lJ1~11'1.! 'UU'I'IJ'tl'lfl11lJlJlfl - 'UtltJfl11lJfftllilfH'ltl'l-fl11lJ'lJIilUV'I~"'Vll"1J1fl- Vll'1rl1Jfl11lJ

liJ'U1'I1ij-liJlJ~rI ril~m111lJ~'tllrt'tl" fl11lJffllJl'l'\l 'lums 111fl11lJfflJvfml';"ll1ij ~Cl'l'::l1';il"

~ ~ ~ - ~
ff .:j'IJtl.:jl'itl"'i.l1l1l tl1'\1~f11HU

5. fl11,r~riwr1J (Serial Ordering: Se) fi'(J fll'itil1ff'Utl,r(JlJCl~lliJf)lI~.:Jlff~~U~1 i'Uul'i Cl:::l1lJ1~l1li
~ 'U

d ..:!l .d ...1 d "'lJtl1JI'\J~'lJtl.:Jff11::'Vl~::fffl'l:ll'Vl~1'1ul ::l~'UU"::tn:)~fl"ll"

4. ml,r~,)lU'\ ..jfl1J'i::lnVl (Classification: CO fitl m'iU~ml~'I,rt)'I.!Cl~i'it)QCl.:Ji'UHl'irl::l1lJ1~11~

hHJfiTih()"fl11lJliJ'U~11mh'l1'\1~flllru fl1'iliJ'UfflJ1~f111~tlfl11mYlJvf'U1ll~tJ1,rtl.:jl~u~H
murerurnn Iums 'illU'Ufl lWflUtJ::t).:jrfU'i::fltl1Jl'il'1"1 'lJtl'l~ .:j11~.:j~'Ii~~'1tl1~H)::&W1~Q

...' ,.,111t'Jfl~lJ'IJ'fj'l'IJ'(J'I.!"

3. fl11nll1'U~'lJll1JI'IJ~ (Scoping: Sp) fill fl11nll1'U~l1m~11~i'Uii9i11~'(Ju~lJlJ~iJ:::1Iml::,f l1~tl

v a gI t Q,I a...::;l o:::;t i"1. flWn1J'i1lJ'IHl'l.!" (Information: In) flt) m'i'i1m1lJ'lJt)'I.!"'VI'Il1lJ~lJ1~~'i::1J1J11'it)11V1JtnJ'I 11

~ltJun rrnvllfl11lJl,rl i ~

2. m111fl'n::,fl~tJt'JltYtJfl11lJfl~lJ (Previous experience: Pr) fit) m'inll1'U~ii~l1~mdlJlJ~~::

... "1 ... ".l.d 1! '" • I " "" v ...11flll:::11 ~Vtl1f1llt1"flu'i:::flll1J 'VllJliJlflfl11lJ';j11'illu'i:::ff1JmHUI~lJ IlCl::;fl1'l'fl'U'W1Hlfl'l:lW:::
'U

. .
~11111'U.:J .

1'UVi .i .J .
,., ...
~tT'iIOVI .

fI')"Ja"Mflq~f)"").J~u·no{)
A .;. .,;

, ""1 ' "" ViQflfl"",t>'U9 'VI
ill" . 'UlJO5 'Ul'VI'U'1fl'1ISO 'Ul'VI ..,"" U'llO{)"ru:;yh. '1Hl 'I1).J1EJll1!lJ6'11tT..
'VI

'"Oil 0'1 '1'"
In Pr Sc CI Se Co

23

24

121



frmJa'll6':I'VfQfifl'·nJ~'lh lflO
.. .4

'VfQ\lln'l1l8'lJ~
"''II d , "'" , "" ~'lhlnO'llw::~h

't'IlIlm't'l~
.; '!If) 'lJ'WJfl5 'lJ1Yl 'lJ'!Il.:J150 'lJ1Yl ...
fI l't'lU'

Re Cr Cre fi~fl"nl

., l' "I fll'HllHl 1'd'J'lJl1lJ'II'fl\jft

2 (Research: Re)

3 fll51vnml (Critical: Cr)

" Q 1 I

4 fll5n'11;Jn';J '1UJ(Create: Cre)

5

6

7

8

9

10
. -.---~.~.-~--..-..-."

II

12

13 ' ...

14

15

16

17
"'-

18

19

20

21

22

23
--.-------

.d
""tll'W'YI .

~
t1~1 tl~ 'W.

,
'"d1'W'Vl ..

Q,I ~ QI d
'j~f11J'lfUlJ1iVlJfffl'hll .1............ ':ilV1"l51 .

,
... .!t
fl'ilfl':i':ilJ l':iV~ ..
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""" ~ "" ",.d .d Go'.rA ~QI} fll'5fltlm1l11111lJ'IItll,!Cl (Research: Re) t'ltlfll':ifltlfl11n1ll1lJ'lJtll,!Cl'Y11fltJ1fl1Jl'.itl..:j'Y1fl~

tJ1'il~dj~1t11t1lJlnUCl~ rn ~~'fl m~'illU t!~911lJ~~W1 mhWllJl'11Cltlm 1lJlllUll tl1fi~ hllj~

iflN~l'll~lJ

..... .d '" _I Q' .d i~"" .1.1 d2) fll'.i1Wlfl1;l (Critical: Cr) 1'.itl'l':il1'1ntlu'.i~1~tl911..:1'11WtI'I11~'lJtlff1u1Jl..:1u':i~fll'i'Y11'11lJl~fflJ

lll'i"l 9l1lJ191Qlh::ff..:lfl

3) fl1':iffrl'l~'ll'l1li (Create: Cre) fit! fl1'jtil11t11fi~l'I1lt!1.h~1~tI~1'l'l ~i~r1JlJli~atJ

mllJfflJ'Wtl£l~tJlJ iU'ltlv,..:j fflJ1'I1CflfflJrlClflClltlllltl ~..:jimj~ ililfW~lJ1n()tI'I1lt!)jmllJ hni

ffll1r1Jl'il 111t!'lfltJ'i~ntl1J~l..:1'1 lJ1'l1lJnU nCl1U1iltl~'l1'I1li

. ..
wq~flnlJliff..:llfl911h~ntl1J~1tJ 3 '¥in1;l~i'lU

1t1li .1 / .

~11n111'l .)(

Vu
fjff..:llflVl ..

fl11J.Ja'll8-3't'fq~fl~1J.J~tJ11fll)
... .It

ffqVlfl'l1J.J8U,
It'I'II .It

lU't'Jfl 5 ulnlu~1-31S0 Uln
. 't1J.Jll'Jl't1~"''1.1 •. 'Va n nfll)'IIw::nl

"..n 'nul'...
Re Cr Cre fl'ilfl11J.J

24
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L- __ L- __ .L......__ ...L..__ __ ....L___ .......L __ .......L __ --L__ _____.l__ ____J L__ .J__ .._...... ._....._._.....
23

r---t---r---+---,_--~---+---+--~--~----~--------+-----.---
22

21

20
I-----ir----t---+----+-----+-----j-----+---+----+----II----------l------------

19

18

17

16
~--+---4----+----~--4---~---4----+---4----+--------~-..-.----.---.-

15

14

13

12
~--+---4----+----~--4---~---4----+---4---~-----------l---...--- ....-.-
II

10

9

8

7

6

4

3

2

Id == 1::\1
~--+---4----+----~--4---~---4----+---4----+--------~

t{J111lJ1U
~--~--~--+---4---~---+---+--~--~----~------~

Rs =ML'I1~~'"
~--+---4----+----~--4---~---4----+---4----+--------~

If= ff'iU81'16'1
~5--+---4----+----~--4---~---4----+---4----+--------~Dd=~'UU

Ar == tl,::tli-w

'li'tlMuU''1

Ar AsInDdIfRsIr

... '"'Yit"jlilfl'l'l).l()OU,

~tl'llfl{)'IIW::

vlli)\lfl'l'l).lDr

ml).la'll()'1'Yit"j~fln).l~tl·nfl{llou'l'Jn 5 mll

lou'li'H 150 OUlll..!t
'1ft)

U''11
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nm tl~ 'U.

.w d

1'U'VI .

cv r, Q.I ~

'j::~1JGJf'U:u1iu:u~m:l1 .1............ 11tJ1GJfl .
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~'1 iliiifl19l'fllJ '11''tlUl'1i~l'11'U ':hd~J'Uil1 'I ~-3't1l'll'll::utY~'1'tl'tlf) '1~~ltJm1'VlVfl11lrl 111'tl l:i~'ll

d" ::'1""111'U1l1t1" ruuau
8. tY1UI'l(l'lllflfll'jflll (Draw Conclusion: Dr) fi'fl'j~'lJ~m111'tlfll\i1aU~\M'IIlnm'jfl~''Uu~m~f1f'l

~lVflll:ill~i~l 'II'U1Y7'tlfl11lJl'lfl i'II~'j -3f1'U

, ~ d'~_1 '1 ~.
'Yll'Y11':)l1Hnn'JlJW'YI1J11flU 'Ull1'1Jfll'JW~W'l

6 .1'" .1 "19)" '" '" w ... IJ'" w. U'j:llJ'U1l19jI'lTIU'j:f1ijU'U'tl ~lW'l (Argument: Ar) f1{)Uaf)11'j'tlll~tY'U 1~11m9J~(ltY'UlJtY~'U

111'tl,j''tI'Ij~uO'-3~afll1lJfl~11~-3'') iifl11lJl11lJl:tYlJl1~ 'fl' li

,,:!:f Q. d 0

'\1'j'flfl11lJfl~VI'Ul1tY'U'fl

3. tY(Un'HtJ'I'IIlf)'lfm.!(l~iliiMl~'fllJncil1H'fluwi~1'11'U (Inference: It) fiat1l1tY1uh1'll'1'U(i'!

fl11lJtllJ'W'U n11~'flfll1lJl~tJl'1fa'l'U'tl-3fll1lJfl~ nu'lfm.!(l~ iliiifllllam ~'lJ 'l1'ij(jWJ1~l'11'U

4. tY1Ufl11lJ'II1-3~lQ'Vll~I'ill~'II'1'illn11rl'f)m'j 11~'flihutJ (Deduction: Dd) fi'tltJnil'tlUN '\1~'tl111

,j''tll;JmJ1 tYUU tY'll'U~(l nnfl~tY1u,j'afll1lJ'II1 '1mfll~~tY1 U '1~'IIl nl1n flt1l'jytl '1il
S. ~fll1lJ'\1lJltJ'U'tl-3~'1~'1lii~1'11'U (Interpretation: In) fj'tltY1u 111'tl'tl~1J1Vfl11lJl1lJ1tJ'U()-3fl11:11

, .
, " ... 1 0 db) ,,~ ~ d GI 02. 111119J~(lu'j~n'fllJfI1~'fllJVll~'illnm'jfWl (Reasoning: Re) fl'fllJ'flm119j~(lVltY'UlJtY~'Ufll~alJ

CSltJ"::16tJ~''Um,N-3lfl~nq~fl''3Jfl1'fl~i;njwq!lw
• II

flq9im'jlJVltl'llf)~lh~m)lJ~ltJ 8 'Vlq91m1lJ i'lll

}Ill'" '" '" """,,'" '}II ...1. 'j~'lJlull1lJltJ 'Ut1l'jfl~ (Identify Goals: Id) f1'Ol:i~l1nHH)-3 ~11r;!'O'UVl11lJ111ul11lJltJ'IJ'O-3t1l1fl~

" • ;:', '" '1 a"" ... w v " w~'Ull~(l~flHfI'O'O~ 'j lf1'O~mn~fl11lJ'lf~I'II'Ul1ma'IJ11'll~Hf)'U

1'UVl .I .I .

;i1111111~ .(

91v
~tf-3lfl~ .

'" '" "'tI ~ ... ... .it
flll3JfI'UMflq~flCS'nJVI CSlfl{)'U'lfl 5 'U1Vl flq~fl113J~'U1

1£l'U .it 'Wlh.'l 150 'Ulli ~tlCS'fln'UW::
'tnntll'YI(;,l. 'lI6...

1MtfVI
o '"Ir Rs If Dd In Ar As Dr Vllfl'Ufll73J
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ml".a'llf)~'V'Itl~fl'l·nl~,.hlnn'UfJn 5Ul'n
.. ,;

'V'ItlVlO'f'.i1JtlU9
&iI'll ,; 'wlb~150ulii ~U'non'IJtlt::

'H"'UIt'H~
... 'IItl ...
'1'1 ".i'tH". ""Fu Fx Er Or Oq Ep En Ag Re Co 'I'llO\lfll'l1J

1 Fu = frtltJ.:l

2 Fx = 'Hnlt1'11.Cll(J

3 Er = mafifJ~

4 Or =~i1)J

5 Oq = mmnlnn

6 Ep = tltJt1
cI

7
1'111lJ1'11U

" "4
8

En = m~~J'uf;!tJ'U

9
Ag = Utl:ui''U

Re = 'I'I'U'I'I1'U
10

Co= 'CYru
11

12

13 . -

14 _ ..

15
--

16
._-

17

18

19

20 ...__ ..
21

___ "_M

22

23

,..
'i;1'Cll'lJ'Yl .

"'l
11~1 CI\I 'lJ.

.~ ..
1'lJ 'Yl ..

... .!i
fH10':i':il,j t':it)~ .

.,~ ~ ~ ~ ~
1~~lIGJf'lJlJ1itJlJI'10111 .1............ 11tJ1GJfl .

..-
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51..\'1" ~'I lZttd 91 ~I"
fJU'U 1111t'l'~.:.JfI11lJfI~ 1'lf'U~~11 .. l'lf ~ \1nU'cl1" lu'UI'I'U

9. 'YIU'YI1'UtilCfltJU~fi~ i~(Review: Re) fimtJ~tJ'U tJ1U ,vilJ 'H1tJl1t'!'~.:.Jfl11lJ'~'UlvilJl~lJtilI'1VU~

~li'1~
10. t'l'1tJF-I"''lJV.:.Jm'ifl~ (Conclusion: Co) fitJ~~ 111Vl'ln'cl.:.Jl~Ut'l'1tJF-I'cl'IJu.:.Jnl'jfill~'~li1'Util~~'lJV.:.J

';~I 51 'I'
~'UltJ.:.J'l1.:.Jlu'Unl'it'!''il.:.J.:.Jl'ULl1lJ

.
1 Go' t .a
nlJ.:.Jl'U nu n"llJl'WV'U

7. m::~'UiM'~g'U'I11Lt'l''UUfl11lJfl~ (Encouragement: En) fiU'lf1'Ul~tJ'Wfl'Wg'U'l i,r~~ ViitJ'iltJ

llt'l'~.:.JfI11lJl~'U 1'lf'U¥l1"l'll ""h~tJhHY ijv::i'iiinil1lJ" li1'W~'U
"

QI Q d"~ ~ QI ".::!I 'l ". '" 'l '" ..8. tJVlJ'jUfl11lJfl~m'U'lJV.:.JfJtJ'U (Agreement: Ag) fltJ'WtJn'H'Ul'H'iU~~ 'Hm'cl.:.J 'il'H'SVlt'!''jlJllH

..
i~t'l'lJlJ~ll'W

6. ~1lJlt'l''UVfl11lJfl~ (Expression: Ex) fitJ~1lJl~~ VntJ'jl{J 11t'!'~.:.JfI11lJfl~ln'UlrlU\1nmlJ 'H1UlrlV

o 11} v I I d a GI dd ~I 0 d 51r. ~HlUt11fl1lJ l~t1"'V.:.J11t1"'1'i1~ln (Fluency: Fu) t1V~VU'YI'W'YI'YIt1~mlJl1"'::lu'UfllI'IUU'Vl\1n~u.:.J

li1'UitJi~

2. CfltJutil(nlJi~l1"'lm"'n{J (Flexibility: Fx) titJ~ltJUi~UV1.:.J,rU{J 3 til~tJU l1",:'il~tJ'i::lfl'YI'IJtJ.:.J

til~vui~vVl.:.J,rf){J 3 tJ'S:W'YI

3. Ui1J1{J~.:.J~fl~ i~",:,ii{J~ (Elaboration: Er) fitJtJ~1J1{J111tJ'IJ{J1Ufl11lJ,f'Ul'ltJ'Um'ifl~ 'H1tJ~.:.J~

"''1''''..\ "illl"fl~ 'HfjU'Ul'111 ~ l~

• IiJ " '51..\ '" i' '" i ~I' .d 51 of4. I'IVUfIlmlJ l~WlN~lnfjtJ'U (Originality: Or) fltJl'IUU lJ1l1lJU'U m U'cl::llJ'WfIlI'IVU'Vlt'!''SHt'l''S'jfl

'lw;.:.JU1n

5. mlJtilmlJ~utJ'cln'1'Hli (Originality: Op) fivmlJiM''lf1'Ufl~ 'lf1'Ut'!'.:.Jff(J'H1V'lf1'U'lM'~n'l:jlfl\Jfl11

~ Gt Q.I ~ -='a V r!
·mJ"t'I::Hltl~lUfI1jt'J'IlflVl'VuIVlmjllmjfl~ffjl'lt'Jj';ifl. ~
.,..q91m'SlJl1ff.:.J1f)~1.h::m)U~1{J 10 .,..q~nnlJ i.:.JU

. ,
~lUl1U.:.J .

1'Ul1 J .I ."....fjt'J.:.Jlfllll .

mllla'llt)~'Vfqiiol1l1~tJ'nOn'U'tlfl 5 ulii 'Vfq~fl''ill6U9
ttl'll 4

lu,j'H ISO ulii ~tJ'nOn'llW::
MlIlfJl'Hfj

, 'lU)
"'...

YI 1Mt'J. ..
Fu Fx Er Or Oq Ep En Ag Re Co Yllfloij011l1

24
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n. 3Na2Sn02 +KCI03 ~ KCl+ 3Na2Sn03

~. 2KMn04 + 3H2C204 ~ K2C03 + 2Mn02 + SC02 + 3H20

" • 0

4. i'UtJ~mtJ11~flfli'~fl 'tJil tJBmVl i'fli1i1~~hi'ijflU!tJ~V'W~lflflfl~L~i'U,rlJ!Uflf~lfl +3

lrJ'U+4

'I. Z-, yo, X-fl. yo, Z-, X-'U. X-, Z-, Y-fl. Z-, X-, Y-

" 0mnms ~V~'fltltl'W.ul~ril'lUms ~V~U'lJ'lJi~i1'lJflfl~'1U'U1i UlJi 'Ufll'jffru!~hJ
.. u

"2. ~lfltJ~mVl~fl hlu C12(g)+Na2S04(aq) ~ 2NaCl(ag)+ S(s) ff1tJ'~11

fl. iC)f!~tJ1J91'""'yJ~!rJW';1flflfl~'~~

.... lIJ •• 1""" '" '" "?I 0 ....'U. C)f~rl"l~Lennu \)m ~')C)f!IJ'Urnuenu

~. B(s)2+~. A (aq)

A2\aq) + B(s)

'U. B2+(aq)

2+1. A(s) + B (aq) ~

fl. A(s)

..
o ~
fll"11mH

1. U1J1J'YI~fffl1J!rJ'U1L'lJ1J'lh,rtJij,jl'U1'U 30 ,j'fl n""TYhu1J1J'YI~fffl1J50 tJ1'Vi

2. il1',rfl~tJ'Uvll!~~fl~M1J1Vfllfl1J1'Y1eX) ~.:J,j'fl~!~'U11\)fl~,!~1~tJ~,j'fl!~rJ1i'U m::;mll~l~fl1J

i !ll'" !II ....3. M~'U'Uflfffl1J'YIflll1J'lJ.
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I ~I GI I!!l I (1I.d "l SIf). 'VIU'IU~'1'1l~'Jf1tJuU'If)lJfll'jfff)mUlJ'I.IeJ'Iff .:jf)::ff 1~
" '" d <!j 'I 1 d ., IlJA.I d' llJ'd ~ ... .%

'1.1. m~lJff'lf)::ff'l1~U'VIt:l'lU~'1M !lJffl~"tmltl 9fl~VlJ9m ml9l'll:: llJlJU:: mf)~'IJlJ

fl. 'YI8,m~'11ti'Wi1Ut:lf)~1~i'~~f)-jlff.:jf)~~
.d"I V ~I ., , •.1 0' ., d

..:j, 19I::m)'W'YI'~lu'WI9I~f)UlJ9f~ n~'IJU.:j'V1u.:jU~'11m::ff'lf)::ff

, ,
11'" 11 "'.... 'Vfll11 "tI'Uu tl~'YItY~&f)~~

fll'1
tYl'1ffl.u

, ... .... ...
..j flU'U1Vl1.JtYl'1"::" ltl 't1tl.:tlVl1JtYl'1tl~" 1tI

'YI~"M'YI
19S,~tl1JeVtl'~~ 19S,~tl1.JeVtl'~~

flu11111uf (II) ';"I-W1Pl "'~ 1A'19I~f)eJu '1111f)~fl 11 ffl'J";;CmJrf 1

~"Ifl'i",vJl9I ,.'" '~I9I~f)UlJ'I1Uflfffl12 ffl'j"~mv uu

fleJl1uJvf (II) dYJ d ' ,
i",vJl9I a a 1" d3 ff 1'IJt:l.:tff1~"~mtJ'Il1"1"'1lJflnU llJUt~lJ'VI~"U"I ~19I~f)UlJff

.d", . ., '" , , " o d .
'VIlJUH'Wff'1f)~ff~lJUQ 1"'l1~~'\.h~ l"U~'1 111J1J'WUNlJff"If)~~ ~ 1ff'IJt:l'lI9l~f)UlJflUtI<"j

~~,,, i" d tJ.d 0 1:119I"1m1 I 'JflJ. ~19I~f)U'W'1J1ff'l.l11 , "tJ'W~1f)~11 'W'II11

C)f'lfl'imvJl9I~iim'4lJ 'JJ'n~fll~ l'!.l~tI'WU'!.l""I~ff'IIf)191,~
, V d4 ~19I~f)UlJ'1J1ff'l.l11

, ,
'VIU'IH~'1~lJt:l~

"6. 'Il'l-W'lll~Wl,rm.J" ilJI9I111'l~U 111u

'1.1. C~2+> Pb2+> Ag+ > Ae+

'I. Ae+ > Pb2+> co" >Ag+

2+ 3+ 2+ +f). Pb > Al > Cu > Ag

fl. Ag+ > c," > Pb2+> A13+

tYl1tl::tllti
Itl't1:: ~tltn1n~tltH

V V 3(fl1nU'lJ1J'IJ'U 1 molldm )

'"Pb CuS04 ff'llU'Iff1~"::mtJ~1,:m'l

'"Al CuS04 ff'IJt:l'lff1~,,:: mtJ ~1'1"'1

Pb(N03)2 .ell d~Al lJ ~'l1~lfll~'YIH1 AI
,

.:::$1 .c::i.c:.Cu AgN03 u "'l1::1fll~'YIH1 Cu
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o '1 " EO (V)nI'll'U~ '11

2+ .
A(s)A (aq) + 2e -) -2.70

B+(aq) + e' -) B(s) -1.70

9.

"I"''''''' 'I ",.J IiJ " '" '"u~m{Jl ~~ffllJl'HHfl~'lJlJttJ\ll~'ilHI9l1lJ'6'j'j1J'lf119l

fl. A(s) +B\aq) -) B(s) + A'(aq) 'IJ. C(s) + A\aq) ~ A(s) + C'(aq)

fl. B(s) + D+(aq) -) D(s) + B\aq) \I. B(s) + C+(aq) -) C(s) + B'(aq)

ll~m{J1 EO (11'cl~)

A+(aq) + e- ~ A(s) -0.14

B+(aq) + e- ~ B(s) -0.40

C'(aq) + e- -) C(s) -0.74

D+(aq) + e- -) D(s) -1.18

&

..
8. nn'lJ~ EO '1,r~.:Jtj

,rUhHYU~fltru\lnlJUr-l'Ufl1Yl
... d1t)_.l~1 & 0' d I 'I 0'

fl. ffm.ll¥fnlflHt"lf~~1Jlm!llJ'I1U\I B llfl1 0.28 n~19l
... d1t)".I~1 & 0' d I • ... d1t)_.l~1 & 0'

'11. fffl{J 11'n"iIfl'j\lt"lf~~1J119l'j!1'U'lJU\IC 1Jfl11J1flfl11fffl{J 1l"fnlflHt"lf~'cl1J119l'jjllJ'I1U\l B

fl. i'Yf){J1l'l~lfli .:Jt"lf'cl"1J119l'ji1'U'I1fHA ;j~11Jlflfl11ffmfll'l~lfli \It"lf'cl"1J1191'.lj l'U'lJtJ.:JC

..
7. 'illfl1tr-llJfl1Ylt9HltlvH:hviu 11lil'il.:JI9lUlJrlltl1lJ
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y
1"'H:l: A 1"'H:l: B

1 .,; ,
'\J~ "'H:::'YI~fl~~'U

n. Zn Fe Zn

'\l. Cu Ni Cu

fl. Ni Cr Ni

~. Cr Al Cr

10. o i v EOeV)fll'l1 'iJ~ '11

AIl+ + 3e' ~ Al -1.66
3+ •

~ Cr -0.74Cr + 3e
2+ •

~Cu +0.34Cu + 2e
2+ •

~ Fe - 0.44Fe +2e

Nih + 2e' ~Ni - 0.25
2+ •

~ Zn - 0.76Zn + 2e

2+ 3+D(s) I D (aq) II C (aq) I C(s)
2+ 2+A(s) I A (aq) II D (aq) I D(s)

A(s) I A2+(aq) II B'(aq) I B(s)
3+ +C(s) I C (aq) II B (aq) I B(s)

..
Yi'll'HU lUH\Jm'VilC)1ft~~~ 11lij

3+ - +1.50C (aq) + 3e ~ C(S)
2+ - +1.75D (aq) + 2e ~ D(s)
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14. mrf)m'J'lIPl~Qf)9l'v~l'Uf)1SltJ lm1::~1{)m:;my'yj~h

f). ~~~'il:;l1J~f)'UtJ'U,f1tJ1f)
!II 1il'lY.'i"~"

'\I. 1l:;ltJIPl1Ul,,11:;v:: 1S &'!fml1::tT'Ulil'U"1"tJ
Q Q 'I II) ~ !J/ ~I lIJ 'I Q '" ... 1 .d 1!IIfl. eren &1Pl'Jl"lPlll:;IPlV~llJ'U&vvv'u'tIv~ &~m:;'!f'U~Wltl1f)'U "l1::Yl'il:: '!fltJ

~. mSltJ l"m:~';wm:;Uffi-W~l~v~'.fl-W~lm:;l1"''''~tJ

~. 1 : 8fl. 2: 1u. 1: 2f), 1: 1

13. l'Um'jal~f) l'Y1Si1~"H"'lS":;m{) lCJfl~1fJlJGJf"l-W1PlVIPlSlff1'UmlJllPl'J'tIv~Ufi",~uv l'UlPllm~

Ufll'Y1~)1~'Ul'Vhi~

.uVfl11lJl~NVI

n. al~nIPlSV'U'il:;~~~1f),f1 B yJl'U1~'ilSm{)'Uvn'1.J5~,f1 A

'tI. «ntJ1-W~1't1V~lCJf"" = 1.2 V

2+ +A / A (aq) II B (aq) / B

EO = -1.5 V

EO = -0.3 V

" ~
n. "1 Cu lil'Uufll'Y1~l1m~ P cell =+2.71 V

~ a 2+ 2+
lCJf"'"2 flV Mg/Mg //Sn /Sn P cell =+2.23 V

it o.k ~ 2+' .,.9 ~ 2+ !J/ 'I
llJV'Ulfl'j':HCJf""'tIV~Cu/Cu lJllltlf)'UflHlCJfml'tltl~ Mg/Mg '\IV&~Qn

~ a 2+ 2+
lCJf"" 1 flf) Sn/Sn lieu leu EO cell =+0.48 V



, v .d
m~lll~v'Wullf1.:!~tn~'" ...

Cj\VflU'U1UUCj\lCj\tls

" 'l.illl~V'WUllf1.:!
..,

n 'U1U1fl

" tnft~'lJfl66fl '9f~
..,

'U 'U1U1fl

" hitll~(J'Wull"':!'"fI 'U1"'U
t

lnft~1Jfltltlfl '9f~.:! 'U1f1U

" v 1'1 (U I .c:l Y Qd 1 b'i d' " 0 d lit I IV t Gl17. tIlCj\tl.:jf)1~utl.:Jfl'Wfl1';jHmtl'W'U6~~Ufl~1tJ1n6:: 'Wlft9f ~::Cj\tl.:j'Wl~Ufl!1lCj\tlflU'U11ft'U6.:J•• •
, I I"

UUCj\tCj\t:i~tm::ijm~ tll~v'Wull".:j'ti'll1~'lJfl6dl.:J 1~

~. l,2tm::4fl. 1,2 U":: 3

'U: 2 Uf1:: 4"n. 1 Uf1~ 2 l'Vll'W'W

16. Vl~1'irul.u6f111lJt~tJ1nUf)1'i~U<J1mHl.m';j::ff~1V h'H~l~'W lftv11iflL~fll'Vl~~~f1'
.. d 'l III o'.d'l $1"1 +

1. f1'l~"::mtJ6L"fl ms nwl'Yl!'lfflV Ag

2. <J1V'Wff.:Jfl::ffLU'Wufll'Vlftll~mvl~tnft~'W~v Ag+ + e' ~ Ag

3. <J1V'Wff.:Jfl::fftU'WUV1'W~ l~m.h~m.Jff~fl::ff~ m.ul,1'T"U'U6.:jUUCj\1Cj\Vi-

4. U'Vl.:jt~'Wtu'WtH.ll'W~ Uf1::~~Ht'Vl.:jl1'Wt.ulnu,1'1"u'UV~UU~tCj\vi

.uv '~f1'11l~n tl.:j

U'Vl.:j1,,~ ", $I'Il1 -wvh
fl. N ufll 'Vlft

'U. M Ufll'Vlft

fl. Q "u

.:J. P U1fl

1M lQ!I~!llIHil~O IN J_p

'- 1f+ NH '- '- pH '-

e
..

~I ''l "'I .. d 'l "I 0' $I $I , $I
15. M, N, P Ufl~ Q Lu'WU'Vl.:!!"'H~ ~lJV~ !'Wf1'l~fl:::"ltJvmfl !'Vl~ !flCj\L'U1J'U'WVtJl.:J"~1moVdm3 til

$I 1 ''l $1'1 vCj\V~f)1'i'ltU fl'H:: P U'WU'Vl.:j1"'H~ Q 'UV1ft ~fWI6.:J
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2+ -'\I. Cu(s) ---+ Cu (aq) + 2e

R 2H+(aq) + 2e- ---+ H2(g)

~. 40H'(aq) ---+ 2Hp(l) + 02(g) + 4e'

CuS04(aq)

2+ -fl. Cu (aq) + 2e ---+ Cu(s)

'IJ.1"l1:: C lnmn'J,,::mv D2+

~. 1"l1:: A lnVffl'J,,::,nv B2+

fl. 1"l1:: D In'Uffl'J,,::mu A2+

~. 1"l1:: B In'Uffl1,,::mv c"

20. nll1'U\PI~lffmf1yJ~hlJl\P11!1"U'\IV~~~~I91""i,r~~~
A2+ + 2e- ---+ A EO = -0.3 V

B2+ + 2e- ---+ B EO =+0.2 V

C2+ + Ze ---+ C EO =+0.5 V

D2+ + Ze ---+ D EO= -0.4 V

ioU'hl1:: A, B, C U":: D dj'Ufll'IJ"U::i"Ufl11In'Uff11,,::mtJ .u''Vifl~fll'lf"U::il.iffflfl~V'U

n. uel"U\PIIII

II. 2- - 2- EO = +2.01'l2 SPa (aq) + e -)- S04 (aq) V

III. 'l2 02(g) + 2H+(aq) + 2e- -)- Hp(l) EO = +1.23 V

IV. 2Hp(l) + 2e -)- H2(g) + 20H'(aq) EO = -0.83 V

fl. UV1"UflIII U~ l'Ylfl IV 'IJ. u61'Ufl II Ufll'Vlfl IV

19. Lrlm11f)11LWfl"""ltJfflHl:"1t1 N~S04 ~ijJ1LiI'U~'J'v11"::"lU~1tJm::LmhHh'!v ifl
" "~v 't1uufffl~fl111nfltlfimul'n\lflvi'v~Vi1Lv 1'UflU":U~ l'Ylfl

I. Na+(aq) + e- -)- Na(s) EO = -2.71 V

'IJ. \PI:~lthmv 1'Ufl
~. iflyHhm:u""~HitJi'Uf)1'j'VtJ
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2+ 3+'.:.I.Mn (aq) ~ Mn (aq) + e

2+ •
fl. Zn(s) ~ Zn (aq) + 2e

2+ .fl. Zn (aq) +2e ~ Zn(s)

'U. 2Mn02(s) + H20(l) + 2e' ~ Mnp3(s) + 20H'(aq)

'" , 11) •• 1 .. "" d 'i 11) .. ;II ,,I '" I25. lC}f~~m'U rn~leJlJtJmfllY1'j 1~~11J'U'UtJ.:.I~H'I'1J'j::'H11'1NH4Cl ('Jf'U), ZnC~ U~:: Mn02 lJUYI'I

11mivJ~l~'UUfllY1~ 'llBmtJ1~~1~1Jl~'U~-:I.utJ 'l~

.d
'I. 'V~YI4, 3, 2,

. d .
fl. ~~'Vl 4, 2, 3, 1

'U. ~~fi2,4,1,3.d .
fl. ~~YI 1,2,3,4

oJ ,d
'U. 'V~YI1,4 fl. 'V~'Vl4,3

.d
fl. 'V~'Vl1, 3

,...
'VVlYl4

"'1'ja::a1[1 NaCllii~m-3

Mg

.. .
o ...
'U1oa'U

"fl1'jYl~~V'I'I.h~::~ l~'H::Ylv'IU~'1 U~::~1~U1Jflill;f.l1J 1Jl~V~'1~'ll 4 'V~ ~V i'llil

"~'1Yi~l'HUlfll'jYl~~V'IYitJ L'llilu~1~v'U~lm1J .,rV23 - 24

. "
'U.~::~fiYitlf)'U.u1~'U'Uv'lcilUi'VhneJ

-:I. ~::~~'lhi'll~h'Ufl1'w:: 1-ui~GJf
. "

fl. ~~~li9lVfimr1~'lJfl

'J/ '1 '" I .1 d 'J/ .d22. ue ~lf1~m'jfjmv'U'Uv~~:: 4nH'If1'UtJtJYltJ~

fl. ~::~~11~ln'Umfl1fl'
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Ufll'Vl~ = S042-

Ufll'Vl~ =Cu2+

Ufll'Vl~ =Hp
U~1'V1~=S042•

fl. UV1'Vl~=Cu2+

'\I. ut:ll'Y1~ =Hp
R Ut:ll'Vl~ =Cu2+

~. UV1'Vl~=H20

20 V

08

•

odd d 'wi'" ~ .,K ~ I 1

27. 'Wl1fl"~I'I"'m"fl"l'\lV~ CuS04 5H20 n91Hfl~flm~'\IV~m:::~lflmV~'lfWlf~11~t:I~1J'WUI'I'U

m:::~fl iff u~l~l'Um:::uff"wfh~lflU'IJ91t91vi

~. 1,5,2,3 1m:::4

'\1.2,3,4, 1 LA,,:::5

~. 2,4, 1,3 UCI:::5

fl. 2, 1,3,4 U"::: 5

" !II
fl1'J~ tJ~,h~1J,j'U91t:l'Wi 'Ufl1'J1'I~911C111~U1Jflilt1tJ1J~lmh'Vl:::m 'lfvi~\lfl~V~

'JI
4. 'J:::ll1tJUl1~

5. UtJfl~ltJi'VHh

"2. t~lJffl'n':::mmu'ffCl~i'UtlTYI~m

3. m~'~ 1~'J~Clt:I~ml1iJamtJln1J Mg(OH)2

. .
!II !II !II

26. ~~Yi~l'HU1,j'W9H)'W'1'Wfl1'JI'I~91iCll1::UlJflihCMtJ1J~lml1'Vl:::m~t:I1iJil
1. vh Mg 'l,rt~'W'\IV~mCll
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\I.

.. rN

Q lfllflUfl~ H2

Xlnfllfl~flVlJL~'U

.. rN
Y 1flIflUfl~ n,
R tnfllfl~flVlJl~lJ

Y lnfllfl~flVlJl~'U

'\I.

fl.

.:J.UV1'Y11fl= Hp Ilfll'Vl'fl = S042•

29. f11~lU~tJlJmJ{l\l~Lnlfl~lJ~U~{l~,f1 i-w~h

Ufli'Vl'fl=X,Rfl. UVi'Vl'fl=Y,Q

, .d ~ ddY.1
'If)\I~~tJ~l1ml1lJ.:J~lHI~mtJ~VtJ''l '\11Q ~~1J~l'il

28. ,f1i-w~h X,Y,R U{l~Q 'IfltiJlJl'i1l1,rl~LtJlJ,f1UV llJIflU{l~U~ 1'Y11fl

fl. UV1'Y11fl= Y,R Il~ 1'Y11fl= X,Q

'\I. UV1'Y11fl= X,Q U~1'Y11fl= Y,R

8A

1.0 mol/dm3

R

a'1'nl:::a1U AgN03

0.1 mol/dm3

Qyx

~f---O __ -----,

'" , 'iI J',.. 0 ,..

~.:J~~l'HUlf11~'YI1n'lV.:JIflV&'t.j,.JU{l1IflVtJ'fIl(l11J'UV28 - 29

uf-ItUll't'H9fmH)t~fll'Y1~ i{lY1~~vv'\ffl':i1JnlJ ii,T1 x ueev LtJlJL~lJ(Ag) ~hlJ,T1 Q

U{l~ R LtJlJ'YIV.:JUIfl'l(Cu) i.:J~u
. -
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J
ltVi.'Ii.'IlII

l,----------"E F

~ ~
.oV'~~:;'lJ,r1 'vJYllU1flU"'~"'U'\ItJ~,r1 ivJYll i~\lfl~tJ~

fl. A = lJ1fl B = 11U C = 11U

D = 11U E = inn F = 11U

'\I. A = 11lJ B = U1fl C = 11U

D = lJ'lfl E = l1U F = U'lfl

fl. A = 11lJ B = lJ1fl C = 11U

D = 11lJ E= inn F =U1fl

fl. A= nu B = 11U C = 11U

D = U1fl E = inn F = U1fl

,
ltV"" ((

C D

una:;,ntJ MSO 4

0.5 molldm3

1 molldmJ ...------,

Ul'U'I:;i.'Il£JAgN03

0.5 molldmJ

..
30. ,r11vJ~h F vll'illfl hl1~M ,T1'vJ~h A, B, C, D u"'~E vll'illfUL'Y'mvhT1JP Lm~ Q t~tJ

,T1'vJYll'\lV~UlJ1l11l~;~ lrlVvll~h~fla~'ff'il~ '1I"'l1~M !~1JllllJ~,T1 'vJYll E
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!II IV ",,"!II 1 "" .!
Vl1£JUHlA'ilVl01 1! 1£JlAlUlJ'lJ !fI1-!J-!JllA1'Y1£Jli'lltTVI 1

, ""
,jel.;J 'rJrhiflij 1'tfl1f1ij j;fll'1jlJ'irm~£JlA.ulA,r1iulJftmniHl 4/4

.fllfl~lA1f) 'il

UlJ'l.HHllJ tnlJfl11lJ.w-!J'Wel1 'illijel-!J'irm~£JlAviel01 1~Vl 011 '~£JlAJ

e •



dQ.l rI Q.I

('U1~rr11mnl9l'U ll~ f-l1)

Unffn'l:llmruuni'Vl ffl'IJli'l11i'YlVlft'lrrl91'Jffmn
" OJ

~:::~l.If1:::U'U'U1 l11l1tJil~ ljfl111lVl~VlVi 'ilvvi'U ~:::~1.ILl11l1:::rrlJti'vtJ~rr~" .
.. 0' 9 " .. do", ::'1 9 .1'" il v ...

3. n1W11'il1'JWU'1::: ~l1f111lJfI~Ll1'Urr1l1'Jl.Il1J'UU'U1'Vll~~'Ufll'J1J'JlJ 1~UlJlJ~1UUf-l'U'il~nn

n fl'U~~Lti''U01~vr~'U1in'l:l:::01'Jfl~,f'U rr~ Aiv~ 'l'I~hlfllj nri:urr1~ :::fll'Jn U'U~i'VlU1ft'lrr\Plf
tV cu q qJ

~'UlT1Wllftn'l:lliJ~ 4 ~ i,r~~~~'Ui'U1vnl'n'9itl'tI

~ 0' OJ QI,x
UlJlJ'lJtl~'11f1m'Vl (Likert) 5 ~:::~1.I~~'U

~:::~l.If1::::u'U'U5 l1lJltJ~h ijfl111lVl~VlVi 'iltlvi'U 'j:::~\J1l1111:::rrll'lJln~rr~" .

,f'Urr~ 1itl~'l'I~hlf1lj nrimn~:::01~L~u'U~i'VlUlfflrrl91f ~'UlT1iUllffn'l:lliJ~ 4 i'Uu9i'1:::" . "
'l.h:::L~'U 1~ulj~:::~1.I fl111lVl~VlVi'illi1'UUlJl.IlJll91~T,h'U,j~:::lJ1Wri1 (Rating Scale) 191111

, " ,
i" '" .,."..v w '" .. '" <!I ~ •• I.?!I ..'l1Uf-l'U'il~O1'H'JU'U~'Vlt'U'Ufll'JVl1JJ'Ul'Vln'l:l:::fll~ fI~'lJ'U\l ~ 1H)~ U'H'i11f11l

nu'Ufl'Yltl1ft'lrrl9lf ~'UlTliUllftn'l:l1iJ~ 4

2. ~l9lv'Uu'Ul.Irrv'UmlllH',rni~u'Ul~U'UlfliV~l1lJ1U -J '1~i'\.J'lfV~~I9l'J~nlJ'J:::~lJ fl111l~~

<S i' q"" OJ .d ,.,.d. 91 Q.I QI
UlJlJrrVl.lmllfl111lVl~'YW 'ilI9lV01~1~U'UHI1UUf-l'U'il~rm 1'JU'UHit 'U'Ufl1'jVl~'U 1'Yln'l:l:::O1'J

" "
,.. I "t "

fl~'ti'U\l~ i1V~il'l~htfllj n~llrrl'j:::01~nu'UfJyW1ft'lrrl9lf i'UlTliullffmniHi 4 iltil'Uul.IlJ

'l.h:aii'U~lPi'v~01~ ,j~~aii'UfI111lVl~VlV i'il'lJv~unntl'U~'UlTliUllffmntJ~ 4/4 ~nu'Ui~u

1.

... ..,.
fll'lf'l'i)~

. .
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................, .

...................................................................................................................................................

G: "7 G:~(tjj~ c:: ~ w (tjj~
-'liS;: ~ c:: ~ -liS;:

'11tlO1'11Jl~AijlA
c:: ~ ;:s: ;,.;: w~ ~ <D~ -;:l ;,.;:s:

5 4 3 2 1
v ... v

1. mlA~l'1:::01'111tllAl

.l... , 11.1 A'I.HHn1Jfl111JlJlfflJ "

1.2 Lilmn'lltnn ill~'U~VlJ ~llJl,rl1"~lV

, i""'''' d " "i 14 .. '" i" .M1.3 'l$1V 'I1\.Jn1·WlJ1Jfl111J~Url:::l't11" 'Wt'jV~'VH'HJU~1Jln'tllJ

v "" "'"2. m'j.HHlfl'ntlO1'11'jtllAl

2.1 tTnl1 fJ'W'lfi'11fJU~'h1JtlUlrJU mi1Jijfl111J<J11vt'l1fim~Vnm)U... ..
"'''' "'1 ~ "i"''' '"2.2 Un1'jtJlJ1J Vfllffffnlllf1111J'i ~~1fJ\9l11V~...dig), d" .do t do2.3 nmn 'l$ lJ ms l'HJlJ~ "ln~~fll'j l'WUU\9lrl:::<Jj~1Jfl111J1'I11Jl:::'CY1J

, i"Q ~~"2.4 'l$1fJ 'I1m~fl111Jm:::\9lV'jmu

v Q.J' 1.1 Q q \I
3_ f11'Ufll11VlUt'I::: 1:::n,Jl!HDfll'.i!'uml

3.1 ijfll'j H'~fll'j1~Url:::'l.h:::dJw·Hl~'mnnmnv

4.c:::\o1d Q,I d" .c:.
3.2 lJ1T5fll'j1~r-Irl'YI1UlJ'CYml'l"'j~

w d ""1 , "iJ Q 43.3 unrsuun Vfll'CY~ 'j:::l1JUr-Irl~lU\9llJ1V'IUrl:::'llU'tIfl~tl'lVU

v ~ v..s tl \J ... "4. VlllAfll'1 'ti~6 6 mw seneurm l'1tllA'lq OJ

4.1 ~Vijfl11lJ\hffU 11Iv11i~ff~f1 iUfll'jl1VU
4.2 Avn'CY1'j'tIlJl~i1flnll'jmlJl:::'CY1Jff:::~1n~Vfllnll' '!J1i'

'!J w .l 44.3 ~ ml'l1'l1lJl:::'CY1Jn'UtUfl!'j~N

4.4 lTnl1tJu 'fi'i''U'!J'j:; ltJ'l$tJ"lm~f)~~~TU

o v .. ,,, "lliJ "i""4.5 Ulf111lJll1 ~"lf1fl1'lmU 'j:::~n\9l 'l$n'U\9lU1V'I

> •
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, .,
<v .ot 'V .ot 'V <v 'V "" <V

flWill~"tl.:JUN'U 01'1 'i)~ flll1l£J'U lYU'U'Um1~ wt'U1'YI OlJ~msn~'U'U'tJ.:J
q 'IJ 'IJ,

"" lIJ ft.l~1 .ot "" .ot11tl.:J nn"lllfllJ 1'tJllfllJ

illflN'U10 'il



I <:I
f1:::&lUU1:::'H1H&1t1U

<v <:I SI.,j 'v1~ <:I
fl:::U'U'U. UN'Ufl1141Vlfl11&1t1'Ul&18~ llfllJ OJ <:I<:I

U;l'U'n . 'H~~l1U'U
<:I ..:t ..:t

&IN'U'n1 l&N'U'n2 UN'U'n3 11lJ

30 fl:::U'U'U 30 fl:::U'U'U 30 fl:::U'U'U 90 fl:::U'U'U 30 f1:::U'U'U

1 28 27 28 83 29

2 22 21 21 64 24

3 18 19 17 54 20

l1lJ 68 67 66 201 73.
I <:I 22.67 22.33 22.00fll&<Q~U 67.00 24.33

S.D. 5.03 4.16 5.57 4.30 4.51

SI 75.56 74.44 73.33 74.44 81.1118t1~:::
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, q

fl::UUln::1'I1Hl'WU
, fl::UUU

OJ q SI "'I 'yj~ q
.,t UflUfll'i;lVlfll'l1'lfJUl 11M l1fl'JJ 11'JJ

OJ ...

m'U'YI , , l'I~Fl1'nJ'U... q .,t
UUU'YIl 11UU'YI2 UUu'YI3

30 fl::UUU 30 fl::UUU 30 fl::UUU 90 fl::UUU 30 fl::UUU

1 27 26 27 80 28

2 26 27 25 78 27

3 27 28 22 77 29

4 18 19 17 54 25

5 17 15 18 50 22

6 18 18 19 55 24

7 15 16 15 46 20

8 16 12 13 41 19

9 14 13 14 41 18

11'JJ 164 161 156 481 194
,, "" 20.50 20.13 19.50 60.13 24.25fll1U'tU.I

S.D. 5.21 6.08 4.84 15.72 3.69

SI
68.33 67.08 65.0010£.m:: 66.81 80.83



, ..
fl::UUU'i::'t11HI'UJU

IIJ.IUill'i.nVlfll'il~fJ'UlI1M 'wfhlflij
fl::uUU't1a-3

cO nu ...
1"'Ull l'itlU

I 2 3

30 30 30 30 30 30 180 30

1 11 25 21 24 14 27 122 23

2 17 25 16 28 15 24 125 24

3 12 26 18 24 16 26 122 24

4 17 26 18 27 17 26 131 25

5 12 24 12 26 21 28 123 26

6 10 24 14 24 16 27 115 24

7 10 27 18 26 18 26 l25 23

8 5 25 IS 28 18 25 116 17

9 7 28 II 27 19 25 117 24

10 7 24 17 25 15 24 112 26

II 8 25 15 26 18 25 117 25

12 8 26 18 24 18 29 123 26

I3 10 24 15 24 II 20 104 26

14 14 29 18 24 17 22 124 27

15 7 24 19 28 12 22 112 24

16 8 24 21 29 17 26 125 20

17 15 28 21 26 12 23 125 26

18 17 29 21 27 10 26 130 23.
19 6 26 24 26 10 25 117 25

20 5 25 13 29 5 21 98 25

21 5 26 16 28 7 25 107 26

22 12 24 18 26 7 27 114 26

23 8 23 14 24 8 29 106 24

24 8 26 19 26 8 27 114 24

'ilU 239 613 412 626 329 605 2824 583
, ,..

9.96 25.54 17.17 26.08 13.71 25.21 117.67fllltl"fJ 24.29

S.D. 3.84 1.67 3.20 1.69 4,53 2.34 8.35 2.16

" 33.19 85.14 57.22 86.94 45.69 84.03'iiHHI:: 65.37 80.97

•

, ,
lid 'd Q.I ~ q 91 OJ' d ",-=:1."

m1H'YI '0.3 f1::11'I.JtJfltl'lJl·HJ'Wl1"::l1Ml·W'I.J'\Jtl~m'j'Vl~HH)~1'}j'UH'l.Jfl1'j~f1fl1'jl'jtJ'I.J~'YI1'I.J'l.Jfl1'j

~~'l.Jll1fl'l:J::fl1'jflfl fl1'j'YI~n'1tl~fl~lJi1tl~1~
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•

d

f)1~'t1TU~~if't1n.fll'W'lJtHU1J1J't1Vl~n:I1J"lVlN~iflJq't1n't11~mji~tI'U

.fllflN'U1f) 'lS



I '" Q, , S1..i fllVl'l$US1Q S1Q
51 ..i ~1'lf[Jl'l$l~ Ii-II'l$tll'l$lW ~I'lftll'l$l~.. " 51

Q'l'l.1li-1a"t'I'fI ..i ..i ..i flll'-JQ't'lViflaM
nun 1 flU'fI 2 flUYI 3

(IOC)

1 1 1 0 0.67 1fl11
2 1 1 0 0.67 lfl11
3 1 1 -1 0.33 1fl~'¢i'
4 1 1 1 1 lfl11
5 1 1 1 1 lfl11
6 1 1 1 1 ifl11
7 1 1 1 1 1fl11
8 1 1 1 1 1fl11
9 1 1 1 1 1"*1¢i'
10 1 1 1 1 1"*111
11 1 1 1 1 1'l1l~
12 1 1 1 1 1"*111
13 1 1 1 1 1"*111
14 1 1 1 1 1"*111
15 1 1 -1 0.33 ifl~ll11
16 1 0 -1 0 tfl~'¢i'
17 1 -1 -1 -0.33 1fl~'¢i'
18 1 0 -1 0 ifl~'¢i'
19 1 1 1 1 ifl11
20 1 1 -1 0.33 1fl~'11
21 1 1 1 1 1.fl¢i'
22 1 1 1 1 i.fl~

..

•
fl11'Hl'l.11~i'flfi.fll""'''tHU'U'U'fIVI'H)'lJrVlmra'-Jq'flfi'fll-!lfl111~[JU

... Q ~ ILI~I Q
l'l$llfl'-J l~t'I-!I&l1nlAfm
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, IV co
t

".,j
, fl1~VU"CO "CO

" .,j
~'V[J1Vl'Y ~'V[J1Vl'Y ~'V[Jl'nty " altJ~nl'\l~n .,j .,j fll1'ila~~tUl~-:iconun 1 nun 2 nun 3

(Joe)

23 1 1 1 1 Hi¢i'
24 0 1 1 0.67 l..rl¢i'
25 1 1 1 1 '1'ifl ¢i'
26 0 1 1 0.67 '1'ifl~
27 0 1 1 0.67 '1'ifl¢i'
28 I 1 1 1 'l'ifl~
29 1 1 0 0.67 '1.rt~
30 1 1 0 0.67 '1.rt~
31 1 1 0 0.67 Hi¢i'
32 1 1 0 0.67 '1.ri~
33 1 1 1 1 '1.ri¢i'
34 1 1 1 1 'l.ri¢i'
55 1 1 1 1 'l.ri¢i'
36 1 1 1 1 'l.ri~
37 1 I 1 1 '1'ifl~
38 1 1 1 1 1'l11¢i'
39 1 1 1 1 '1'ifl¢i' .

- - 40 1 1 --1 0.33 - ii/~hj'~
41 0 1 1 0.67 '1'ifl¢i'
42 I 1 1 I '1'ifl¢i'
43 0 1 1 0.67 'l.rt¢i'
44 0 1 1 0.67 l.ri¢i'
45 1 1 1 1 l.ri~
46 1 1 0 0.67 'l.fM
47 I 1 0 0.67 i.f1~
48 1 1 0 0.67 '.rl~
49 1 1 0 0.67 i.ri~
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•

, .....Q

y..,j y..,j y..,j fllVl'l1U
, ~''l1tJl'l11t] ~''l1tJl'l11~ ~''l1tJl'l11~y Q Y

tflUJlfi;1"U011 ..; , ..; fllUJtf0V1f1U0~.ct
flUlI 1 nun 2 flUfl 3

(IOe)

50 1 1 1 1 'l~M
51 1 1 1 1 'l;t~
52 0 1 1 0.67 'l;t~
53 1 1 1 1 'l;t~
54 0 1 1 0.67 'l;t~
55 0 1 1 0.67 'l;t~
56 1 1 1 1 1;t~
57 1 1 0 0.67 1;t~
58 1 1 0 0.67 1.rtf1
59 1 1 0 0.67 'l.rt~
60 1 1 0 0.67 'l.rt~
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!I .J. U'lhU'H'Ifltum'W'U6~
Utlt'lfHl ei,u'~Hhuuf) utln~t'I

q

'U611 munnn Sig.
!I
'U6tnl1.J

1 0.57 lfl~ 0.43 * 0.0166 l.n~ 'lfl~
2 0.80 i.n~ 0.47 * 0.0080 1.n~ ifl~

1.rt~
.. ..

3 0.30 0.34 0.0699 "" 11i'u111~11~6f1~11~m

4 0.73 ifl~ 0.50 * 0.0053 i.rt~ ifl~
5 0.57 ifl~ 0.48 * 0.0078 i.rt~ i'lf"M
6 0.47 ifl~ 0.64 * 0.0001 ifl~ ifl~..

ifl~ 11~ 11 '" ~.£...
0.00667 0.83 'Yl~ 0.49 * su 1~l1':i'Ml~'Yl'l

8 0.57 ifl~ 0.69 * 0.0000 ifl~ ifl~
9 0.53 i.rt~ 0.49 * 0.0061 'lfl~ i.rl~
10 0.37 'l.rl~ 0.62 * 0.0003 'l.rl~ ifl~
11 0.43 ifl~ 0.50 * 0.0054 1.rl~ lfl~
12 0.47 i-rM 0.42 * 0.0217 'l'lfi~ l'lfi~
13 0.53 i.rt~ 0.50 * 0.0050 ifl~ ifl~
14 0.53 i.rt~ 0.59 * 0.0005 i'lfM 'lfl~

i.rt~ .£ 11fu111'l1116i~vr~IS 0.53 0.36 0.0518 'Yl~

16 0.47 i.rt~ 0.50 * 0.0053 i.rt~ lfl~
17 0.53 1.rl~ 0.48 * 0.0075 lfl~ i,rM
18 0.60 ''lf1~ 0.58 * 0.0007 i'lfl~ 1.rl~
19 0.40 Hi~ 0.44 * 0.0153 i'lfl~ i'lf1~

,.rt~ .f ..
20 0.67 0.15 0.4265 'Yl'l 11fuUl ~111t)i~Vl'l
21 0.27 i.rt~ .f U1UU1'l11~6i~vr~0.16 0.3998 'Yl~

22 0.70 'lfl~ 0.59 * 0.0007 i.rt~ 'lfl~
23 0.43 i.fM 0.37 * 0.0447 l.fM i'lf1~
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, UU~UH'IfJtlUll'Vf1IfH
II "" UUtUHI th'Ulfl~lU'Ufl UUt'lNt'I .1Itl'YI rmumn Sig. II

1ItHHI1J

24 0.43 ,(l~ 0.42 '" 0.0203 i(l~ 'l(l~

25 0.63 irl~ 0.52 * 0.0031 i'l1i~ irl~
i.rt~ " "26 0.50 0.29 0.1188 ij.:) ui'mJ l:rl't1t)i~n.:)
i,rM " U'" 11 .ot "'.!27 0.23 0.35 0.0605 lj.:) ~'U C':)'Mlt)91~'VI':)

28 0.33 Hi~ 0.53 * 0.0024 Hi~ 1(l~

29 0.53 1.rt~ 0.49 * 0.0055 Hi~ Hi~
30 0.60 irl~ 0.43 * 0.0167 i.r1~ i.rt~
31 0.27 irl~ 0.40 * 0.0294 irl~ icfl~
32 0.27 icfl~ 0.68 * 0.0000 i'lf1~ irl~
33 0.33 irl~ 0.50 '" 0.0049 i~M i'lf1~
34 0.33 irl~ 0.43 '" 0.0184 i'lf1~ i,rM
35 0.37 Hi~ 0.50 * 0.0052 i'lf1~ irl~
36 0.33 Hi~ 0.52 '" 0.0031 'l'lf1~ i'lf1~
37 0.60 'lrl~ 0.54 * 0.0023 'l.rl~ irl~
38 0.50 '1rl~ 0.43 * 0.0190 'l.rl~ 'l'lf1~
39 0.40 i'lf1~ 0.36 * 0.0476 'lrl~ irl~

i'lf1~ " II

40 0.50 0.16 0.4060 n.:) 11i''Ul1c':)'M1t)i~n.:)

41 0.70 icfl~ 0.56 * 0.0012 'lrl~ 'l'lf1~
0

'lrl~ " u" U .ot .. .!-42 057 0.32- ~0.0862 ...''VI,:) ~'U C':)'M~t)91~'VI':)

43 0.70 ifl~ 0.58 * 0.0008 i'lfi~ i'lf1~
" " ui''U111':)'M1t)i~.vf.:)44 0.17
..

0.16 0.4091 n.:)'VI,:)

45 0.57 icfl~ 0.40 * 0.0275 lcfl~ icfl~
46 0.37 'lfl~ 0.38 * 0.0394 icfl~ 'lcfl~
47 0.43 ifl~ 0.37 * 0.0415 'lfl~ 'li"1~
48 0.40 irl~ 0.49 * 0.0064 'lii~ 'l.rl~

'lcfl~ " 11'" U .ot "'.!49 0.37 0.28 0.1317
..'VI,:) ru c.:)mt)91~'VI':)

50 0.47 Hi~ 0.45 * 0.0129 1.rt~ Hi~
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1 'U~tl~'I.JVlfHWmW"YI 45

2
v d, I , 0'
'U~tlV'I.JVI lJf-lTtHnW"YI 15

ntl 60

I ,J 0 !iI
mfIJ1:Ut'VltJ'I'fI1'W1ru~lfJtr~l Alpha - Conbach coefficient

f11f111lJtVifJ'I(Reliability) = 0.9373

~lt)l'Wl'il1ilU'Wf)fil'Wlru'illf)tr~l Item Total Correlation

, .
mfl111Hnf)'fI1'W1ru'illf)tlm P=r/n..

v 4
IItlt1f1t1 ijl'UHI~llllm Utlllflll

inlt1fIt1fltuill'Yt 'Utl-l
'Utl'YI fl11tltnO Sig. v

'UtliYtlU

51 0.67 '1.rt~ 0.49 * 0.0059 '1.n~ ifl~
H"M .t "52 0.60 0.25 0.1853 lH tli''I.Jtl1~111vi~n~

53 0.73 i'lfM 0.52 * 0.0033 i.n~ i~~
.! " "'" tli''I.Jtl1~mlf)i~n'l54 0.17 VI'I 0.16 0.4091 'YI.:J

55 0.57 i'lfM 0.40 * 0.0275 i~~ i~~
56 0.37 i~M 0.38 * 0.0394 i.n~ i.rl~

i.n~ .! "57 0.47 0.30 0.1099 'YI~ tli'mJ1 .:J111f)i~n'l

58 0.43 Hi~ 0.41 * 0.0261 ii'i~ H"M
'.rl~ .! "59 0.50 0.30 0.1121 VI.:J ,ji''I.Jtl(.:J111~i~n.:J

60 0.47 ,rM 0.45 * 0.0129 irl~ H"M
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B-index < 0.2 l1lJlt1t:l~'Y1-3

!II ..
lI,jaNtl

!II ..
B-index lI,jtlNtl !II .. B-index U,jtlNtl'II0l'! B-index 'II0l'! 'II0l'!

'fl~
..

ifl~0.10 '" 41 00431 0046 21 'YI~

2 0.29 ifl~ 22 0043 'i1~ 42 0.30 ,.n~
3 0.37 ii'M 23 0049 'fl~ 43 0043 ,.rt~
4 0.38 'i1~ 24 0049 'i1~ 44 0.24 i.rt~
5 0.46 Hi~ 25 0.52 ifl~ 45 0046 iii~
6 0.76 Hi~ 26 0040 i'lf'M' 46 0043 '.rl~
7 0.24 H'~ 27 0.30 i.rt~ 47 0049 iii~
8 0.62 ifl~ 28 0.48 H'~ 48 0.38 iii~
9 0.51 i'lfM 29 0.35 ifl~ 49 0.27 ,.rt~
10 0.75 H'~ 30 0041 ii1~ 50 0.29 iii~
11 0049 iii~ 31 0.41 ii1~ 51 0.32 l'lfl~
12 0044 ifl~ 32 0.57 Hi~ 52 0.25 1'J51~
13 0.67 lfl~ 33 OA8 ii1~ 53 0.38 1'J51~
14 0.67 ii1~ 34 OA8 cHi~ 54 0.24 i'J51~
15 0.35 i'lf'M 35 0043 ifl~ 55 0046 ifl~
16 0.29 lii~ 36 0.48 ii1~ 56 0043 i.rl~
17 0.51 ii1~ 37 OA1 ii1~ 57 0044 i.rl~
18 0.57 ii1~ 38 OAO ifl~ 58 0.33 l'lf'M

ii1~ " li1~19 0.54 39 0.08 Vi~ 59 0.24
"f ifl~ H'~20 0.16 'Y1~ 40 0.38 60 0.29
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~ Q,

.,; '" Q ~
H'I'Un Iflt! %pre %post I c (g).... I

'", ... <= =neu 11tH Q. =~ -Q

30 fl:::IIUU 30 fl:::IIUU

1 11 28 36.67 93.33 56.67 63.33 0.89

2 17 28 56.67 93.33 36.67 43.33 0.85

3 12 26 40.00 86.67 46.67 60.00 0.78

4 17 27 56.67 90.00 33.33 43.33 0.77

5 12 24 40.00 80.00 40.00 60.00 0.67

6 10 25 33.33 83.33 50.00 66.67 0.75

7 10 23 33.33 76.67 43.33 66.67 0.65

8 5 19 16.67 63.33 46.67 83.33 0.56

9 7 20 23.33 66.67 43.33 76.67 0.57

]0 7 18 23.33 60.00 36.67 76.67 0.48

11 8 19 26.67 63.33 36.67 73.33 0.50

]2 8 24 26.67 80.00 53.33 73.33 0.73

13 10 25 33.33 83.33 50.00 66.67 0.75

14 14 28 46.67 93.33 46.67 53.33 0.88

15 7 21 23.33 70.00 46.67 76.67 0.61

16 8 23 26.67 76.67 50.00 73.33 0.68

17 15 27 50.00 90.00 40.00 50.00 0.80

18 17 28 56.67 93.33 36.67 43.33 0.85

19 6 20 20.00 66.67 46.67 80.00 0.58

20 5 26 16.67 86.67 70.00 83.33 0.84

21 5 24 16.67 80.00 63.33 83.33 0.76

!
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30 tl~u'U'U 30 tl~II'U'U

22 12 27 40.00 90.00 50.00 60.00 0.83

23 8 25 26.67 83.33 56.67 73.33 0.77

24 8 26 26.67 86.67 60.00 73.33 0.82

Mean 9.96 24.21 33.19 80.69 47.50 66.81 0.72

SD 3.84 3.19 12.80 10.63 9.23 12.80 0.12

Max 17 28 56.67 93.33 70.00 83.33 0.89

Min 5 18 16.67 60.00 33.33 43.33 0.48
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10 0.94 10

11 0.91 11

12 0.95 12

13 0.95 13

14 0.90 14

15 - 0.92 15

fll1H~ ty.2 fi161'1.,mnllu'W o'Utl.:JU1111fftl11tl1lJfl11lJ~ 'rrm, 'iJ U"'~f111lJl~mr'W U1111fftl11tl1lJ

f111lJ.w"l~tl h'UtNUOllV'W'fltlf111iStJ'W ~U11111m.:J,n'W1'YlVlfflff91{l~tl.:J lvHhlf1ij..
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fl111l'W-3.. .. - SD11fJfl1'lmY'fl~fl111lfl'flI'l1'U X
'Yia"O

" ... "1. ~1,.nn1::fl1111fJ'Ul

.l d , 11.1 lUfl111lJfI1111lmnJ ~ 3.95 0.57 111fl

X,' " ... " '''i' 0.571.2 1U6111 umn 11CJflJc)ffl'UfJ1Ul'Ul ll"llfJ 4.05 111fl

• '1" ... d d " "'11.,j d", i" .J1.3 'b'1V l1Ufl1'HJU11f111lJ~Hn::1'Ul'" um)"I'I'1LnIU 'fllJ1fl'UtJ 3.92 0.59 lJ1fl

v 4 .c:t tI
2. ~1'Un'l)fI'j'lllfll11'ltl141

"
2.1 l1'fl11UUilP1'11~J'W!~1lJOU11JUfl~lJiifl11lJ'lhml1~tH~mJn nu 3.89 0.65 111fl

... '" "'1.<!1 "i v v ...2.2 Ufli'HJUlJ 6fllffflfl'l:llf111lJ'j 'fl'fl1fJ1I11fJ"I 3.71 0.69 mfl...
2.3 11m~1~ lUfln11fJ'1.J~1l1fllllJlJNfl'Vifl'l:l::U~mm'ilJ iifl11lJ l11lJl::ff11 3.76 0.75 111fl

'"
, , SlQ. ~ ~ SI

2.4 'b'1t1 l1lfl'flfl1111m::916'j6'jU 3.74 0.69 lJ1fl
tI v tJoQ .:::tSl

3. ~l'UfllnVllltl::: 1:::11I'Ufltlfll111t1'Ul

... ,,_. ... '11 '" d

3.1 urns 'b'11iflln'flUn:: 'j:::I11UHn'l'111rnfll1t11fJ 3.58 0.64 111fl
d~ Q.o' .d 9J Q

3.2 lJ11iflln'flHn'l'11lJlHYm'W~H 3.71 0.69 lJ1fl

...... "'1 i"'11 '" .,j3.3 unnuun erne 'fI 'J::llJUHn'l1'U1I'UIfJ"Il1n:::'11'U'U6'11'V'l6tJ 3.66 0.53 lJlfl

" i""; tl <ltl ... v4. Vll'Uf)l':i ,nYtl ~ fl':iQ.! ':i::fl6Ufl1':i&':i[J'U3

4.1 ~6iifl11lJll1'tYlJ'l1ll'i1i,.rff'ifl '1'Ufll'J11V'U 4.00 0.57 111fl

4.2 'U'Ul'fl~llJ1Ul1,rl ~lTe)fl'l:l'Jiill1lJ1:::'tYlJff:::'fI1fli6fllnl1 i'11H' 3.97 0.54 111fl
'11 ... .l .,j4.3 ~ fllVlll1lJl::ff11fllJIUtH'J6"1 4.03 0.49 111fl

... d \1 "... 11 1 " .,j d,4.4 'Ufll'JU'U 'fl'j1J 'J:: U'b''U1l1fll'J6''1'1'1'V1U 3.97 0.49 111fl

o "di" 'i'11'11 '" ",...4.5 'Ulml11~'1'1 'fl1l1flfll'J'Vl'U 1::Qfl1l 'b'fl1J9llH'V"I 3.97 0.49 lJ1fl..
nlllilntl 3.86 0.39 lJlfl

ftl'n~~ oQ.l fl111JW-1'Wfl'1~'Ufl-1l!flil tllJ~flfll~ ~'flfll~ ~ tltJlmnJ 1ns "I"IltJ1'Y1t11f'iltY'fIl

titJ.:j hHhfln 1'lfltfln
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.:t odQ 4.1 "a ~"1mnn {J.2 1~'Vlff'Wl'jfl~ potato battery 'U'Uff'jl~mlJjff'W ~

iIl'W~ {J.t 1~hirY1.ri~fl~ How to charge an i-pod with fruits J'Wff~1~f111Jjff'U1~
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fI~'lfl'U1tyfl1:i (ffl'\l11'lfl!fllJ)

1H~ tI'W~Wlmru :il'lf1'Y1t11rl'VlJflCfl1'111:i
o .., A' d ~ .., <9
ffl'Ufl.:Jl'UL'\lIPl'W'U'YIfll:il'lfl'l:lllJ1itllJfI'fllll L'\l1Pl22

o QI A ci ~ Q.I &
ffl'Wfl.:Jl'UL'\lIPl'W'U'YIfll'H1f1'1:11lJ1HJlJfffl'l:l1 L'\l1Pl22
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!'YI':iffl'lvl 08 - 6252 - 0435

rI~ rlff.l

IH~tI'W 'ilWlmru'jl'b'1'Y1t11fttllJn~1'I11'j• •

l'l.fl'. 2550 - i1'il~U'W

h~11tI'W'ilWlmW 'jl'b'1'V1t11fttllJnm'Hl'j. .

Q CI ~ ~ tltI!!l
1'Y1tllfflff91'j lJ 'I11UWCVI91(1'Y1 tllffl fflP!'j ffn1:l1)

ffl'IJ11'lf1IVntrlij

"" '" .,.m111'Y1t11~tI~U~'jl'b'1l1'W, TI.fl'. 2550 - 2552

... '" ealJ'Hl1"'HJ1~tI~U~'jl'b'1l1'W, 'Vtfl'. 2545 - 2548

1'Y1t11fl'lff91'j,jru cYilP!(Irlij)

m111'Y1t11fttl'IJfl'WUO'W,'W. fl'. 2549

~'j~nlfl'UtlUIP!'j1'b'1;TIrI~
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