


'S 106 &'( #H)*H&( 1S 1% H&* #$#,) $-() +-(,+(.

U
1960 0 ##, 12
- (+&!

+( &-%3 &H& &'-. &'(-. H#&-Y%-(. #3$ &'( (4B(& #. # &'(-. %! &
)(6 (1% #&( 1% +-(,+(

T
1960 0 15(
#) 1% (# &5(,&

- &) H(&-%3 &H& T('H( (#) &-. &'(.-. #, ) &H& -, ¥ 1A -& -,
%*$$3 #)(4*#&(8 -, .+! (#,) 4*#$-&38 #. # &'(.-. %! &'()(6 (% #.&( %
+-(,+(

M
.-.&0 1%0 0 $- 2

* (]
9#5-,-,6 155-&&(( (5:( .
40 160 0 -$#$ <#=- -"08 > [l I
.-.&0 1%0 0 $- 2 < 8 > i 1
40 1960 0 #9%* ( < 8 > 1 1
-80 1%0 024#$(@ A < 8 > i 1

0 ('5(& < 8 > i



"((:3)(+$# ( &H#& #$$ -, %! 5H#&-], -, &'-. )I+*5 (& '#. :((, :&#-()
#) (&0 -, #++))#,+( 7-&' #+#)(5-+ *$(. #,) (&'-+#$ +!)*+&0
#E.))(+$# (&'#&B #. (4% () 3 &'(.( *$(. #,) + 1)*+&8 '#'( %*$$3 +-&()
#) (%( (+() #$$ 5H&(-#S #,) (*$&. &H&# (! &!-6-#$& &-. 7' BO
#5(8 #.& #5( C #B-

-6,#8&* ( C



(D5#,8 #B-
008 (#&5(,& 1% (+1)#3 +-(,+(#,) #H& (5H#&+ L )HHE&,
*("1C .-&0 1%0 0 $- 2

(&(5:( 8EFE #6(.

'(5#-, * 1L(1% &-. .&%)3 TH#. & )("($! # & ( (&( &(.& %!
#.(-6 & 6#)( &)(& 5-H+L+(&),. #I& 5H( (B(+& -+
+- %80 (%- .& &( 1% #, -&(5 !, &'( &(& (. (& #, !)-# 3 5*$& $(
ek ( 45(.&1,8 &'(.(+) & ((& # (& 1% @#.),. % &( (1.(

6-"(, &! &'(%- .& &-(8#,) &'( &) &( 4*(&-! ,.-% (9H5-((. # (+,%)( &
% &(- (1.( & &(%- .& &7! &-(.0 '(.&%) 3 TH. +# -() -, I$H&SGS
&'( -66(.& *&$3-,6 )-.& -+& 1% +# -&#HS BHHO | &'( $-6'& 1% &'( ($#&()

$-&(#&* (8 - &("(7. T(( +)*+&() 3 &( (.(# +( 1 # &) HIS(+&

- %! 5#&1, #1%& &*)(& *)(.&#)-6 1% .-53%( ($(+& -+ +- +%-&.0
((:38 # $-.& 1% 5-++(&),. TH. #+4* () #,) - & 7#. *() %!
)('®-6 # 1 ()0 A& H#- (0 (9&8 &'( 4%( & H#(TH.
(O#5-,() 13 &7! '3+, &EH+'(. #) #, -.&*+& % 15 %l
(&#:$--,6 +,&(,& "H#$-)-8&30 '( 4*(.&, #- ( T# . #)5--.&( () & HH
& 6 H#) (&%) (& #) &' (. 1.(. 7((+#&(6! =) -, &( * 1(



1% )(&(5--6 &( )-&#+&(. 1% &'( & ((&( &( .&I &( -5$( $(+& -+

S+*& HB1&+ (&< >0 & $#.88 &( 7H#.)("($ () #,)
#)5--.&( () & EJ -,& 6 #)( .&*)(,&.0 '( "#$-) &3 1% &'(  TH#
(&#:$-() :3 5(#,. 1% 4*#,&-&#&-"( 5(&"). -, #)) “&-1, &) &'( A*H$-&HE-"(

5(&1).0 1-&"(+ ($#&, +1(%%-+-(& TH#. (&  5H#&() :(&7((, .&)(.&
AL #) HL,9%)(H( $('($.8 &HE -8 F++(.%*S . &%)(& !, &

7((5' (+,%)(& %! &(- (. 1,.(. &%, * *++ (.%*$ .&*)(,8.0 *-.
(*$& 5(#,. &'#& & 7'B. 1($38 %! (9#5$% (8 .&%)(,&
6(,(#$$3 *)(.&11) &'( -&(5. #) %*) &(- (% -6 #51,6 &

)-.& #+&( .0 $.18 TH& -&(5. 5EH* (T#. -"(&-6#  &() 13 5(#,. 1% %ott+&!
##$3.-8 #) & (( IS %#+& . T(( :&#( )0 *&(5!(8
L&, 1% %#S.( L-&"(. #,) ,(6#&"(. 7(( (& 5H&() #,) %I*) #.
EFOJF K #) EOL K8 (. (+&"($30 . 7($$ #.8 |1  #+ #$'# ($-#-$-&3
H(%%-+-(& 1% .&*)(,& .+l (. T#. (&5H#&() #. OMH8 *& &'( ($-#-$-&3
H(%%-+-(& 1% .&*)(,& 5-++(&!, .+ (. T# (& 5#&() # ONNO
1,.(4*(,&$38 & HLCO#(HS) #) (B $( 5@* (1%
&¥) (& AHS-&H&-"( *)(.&H#)-6 1% -5B( (B(+& -+ +-+*&.| 17("(8
5-+1,+( &1, .+ (. 5#3 & :( ($-#:$(0

(371).C '3.-+. ()*+#& 1,8 +-(+( ()*+#&1,8 5-. +,+(&1,.8 -5 $(
($(+& -+ +- +%-8.8 )-#6,.&+ &(.&8 5-.+1+( &), &(&8 & (( &-( &(.&



12

2 1A
1@ ;@
(D5#,8 #B-
OB.(B -#,8 &#PQ (&5 (,"( #&(5#&-B $# St G Q-&-5- P$0O50

(= P,(&+.-C JO'IRO 0% 2

3%0% 8 EFE .#3%#

* RESGD5#,G, #.G$ #5#+G )IB*=*+* .G,G% P@-( -,-, #.-& ($(B& -B
)(" ($( - '#BBG,)#B- B#" #5 3#,G$6GS$# G,G P$R5(B-FOR #.#5#B$G - &(.&

6($-D& 5(B&-0 (.8&(B- - 1** -+ #H#HQ G .G#H)#, - RIB&H,
(R5($- 1 * *#8 -B- +- H#HSHB i - +- #HSHQH "(-$(, +("# -R-, -
6* ,0(, *#8 "( ORO,+O #.#5#B PQ (,+3$(-, -$B -B- #H5HQH

"()-BS(- +("# $# -R-, (5-, !$* 1$5#)GBS$# G,G .!6  *$# 0 @#$GD5# #DB(,&
B##,G, (, :030B )GD -$R(.- I$#, I$#&$G)# 3# GIG0 $6-3- $-&(#8&0 O,
GDGQG,)#8 PQ (,+-$( -, #.-& ($(B& -B )(" ($( -,-#8 #3GD$# G #BBG,)# :-$6-
& $H5HB #5#+G3$H# # #D&G 5#+G SO$#BHESH 6( R(BS(DR3S(+(8 -
B#" #5 3#,G$6GH# G $-.&(.- ($)( ()-$)- "( #RGB *R$*.G #" 6($-D&- 5(B -R-,
B*$$#,G$)G0 |, #8 .G #" -B- %-=-B PQ (&5(- "( :)(, - PQ (&5 O3(.-

&# #%G ), B#t #5 6(R($-Q-- H#QSH5HB -R-, -,+($() -0 G#" )IB*=* +*
.G,G% HH PQ (,+-3( *36*$#,)G "( |,$# G, +("# $# G OR.#5#BSG &(.& !$#,
#.-& $(B&-B (" ($(- #.G (& - < >.(R ((BS( -- :($- $(5(B

Vi



#5#+G3SH BHE(6! -$(( #3 G$)GO 1*)#8  6($D & -$)- "( )IBr=* +*

G,G% EJ PQ(+3( *36*$#,)G0 -, B(R($-Q- ,-&($ 3P,&(5$(-,
3#,G,)# ,—+($ 3P,&(5$( $( H#Q$#,)G0 1Q (,+ *#,$# G "(P=60"(, .("-3($( -
##.G)# 1=-&% - Bl ($#.3!, '(#$#,)G0 #,-8 )(B- :#D# G$G

PQ (,+-$( "()-B$(- +("#$# -R-, B(,)-$(-,(#D#  G.G=PQ (,+-$()(, )##

RIB 60"(,5-D$()-0 * .I*R .-, )IQ * )O=60, R#$GD&GQG #,$#5G #
6(5-0 (($#8 PQ(,+$( 6((P)( .1*$# G #$#5GD "( 6( (BR($(--
(R((BS( # #.G)# *$5*D$# )G 0 #B&P #$-=- # #+GSGQG3$# .| *$# G, ,(
P$R&OBS( - )( # #D&G G$)G "( OR 5#,&GB$G YHGERM ($$# # (B I$# #B8
3#,$GD .(:($- )!IQ*$# G, "()IQ * .(:( $- 3#,$GD$# G , | #,$# G '(# $#,)G

"( .G #.G3%# K EF8JF "( KE 8L $# #B *$*)*0 *$ ## -$#"(&(,8 PQ (,+-

B! $# G,G, 60"(,-$-B B#&#3G.G OMH !$##B '(#388 %#B#& PQ (,+-
B#" #5 3#,G$6G$# G .B! $# G,G, 60"(,- $-B BH#&.#3ONGI 1$# #B '(# $#,)GO
I*R I$# #B8  B!$# G PQ (,+$(-, #.-& ($(  B&-B )(" ($(-- ,-&$
#$#54#%# G,G, 6(R($- "( 60"(,-$- - PSRO&KO)O &B#& B#" #5 3#,G$6GS# G
B! $# G 60"(,-$- 1$5#3#:-$- 0

He&H#H  ($-5(3(C -=B (Q-&5-8 %(, (Q-&5-8 B#" #5 3#,G$6GH# G8 :#.-&
($(B& -B )(" ($( -8 &#,G &(.&-8 B#" #5 3#,G$6G.&-8OR #.#54B$G &(.&

vii



1 3 #(,&

viii



- & 1% #$$8  TH& & &#,B 53 * ("1 ..-.&0 1%0 0 $- 3G$5H#=
[+ (. HSTH3. 6, B( (%S )R+ !, & '(.&%3 #)
1")() 7-& 1"( +15-,6 #$$ -..*(.0

(98 T#,8 &) &'#,B 53 7-%(8 #&5# %! '( #& (& #).* | &0

#$.! &#,B 53 # (& .5#$ #) #.(5-, (D5#8 5 3 $I"($3 .-.&(
2(3,(8 #,) 53 )(# :1&( ,*0 (3 '#'( #$T#3. ((, # +,.8#,&
(1% * L& #) -,. - #&), %! 50 S'(("( 5 (& &(58 &(3

#$T#3. 6-"(5( &'(-+(,&"( &! +1,&*(0

- H$$38  TH& & &#,B 53 % -(,) #.-, *&$H3 %! - ¥ 1&0 *-,6
&'(.8*)38 7(.'# () #$$ 7'#& 7(B,170



0000000000000000000000000 MINININIBIBIDBDO0000000000000000000068600000

0000000000000000000000000CIDONODODODODODODDO00000000000000000000800000
12 00000000000000000000000VCCONVOCOCCOCVCCVCCOCVACEMO0000000000000000000000
0000000000000000000000000000COCOOCOOCOCOMO000000000000000000006000000(

S 0000000000000000000000000000000000000000000000000000@0000000000000!
000000000000000000000000000DENEEEEO0000000000000000000000000000000¢
0000000000000000000000000000000000000000000000000000000000008000000C
0000000000000000000000000000000000000000000000000000000000®I0000000
0000000000000000000000000000000000000000000000000080000000000000C(

EO 00000000000000000000000000CLNMCOCLTBHA@O0000000000000&00000000000¢

EOEO(.(# +' *(.&-!,.0000000000000000000000000000000000000000000000000000000C

EOEOEOQ( 5#-, !:$(50000000000000000000000000000000000000000000000000000

EOEOO '(.*: !:$(5.000000000000000000000IIPIITVIIITIHIO0000000000000000(

EO 0 (%-,-&-!, 1% 5! &#,& ('5.0000000000000000000000000000000000000000000000C

EONG6,-%-+#,+( 1% &'( &*)3000000000000CNXTOXTTRATDO000000000000000000000

0 S 00000000000000000000000000000GMO00000000000000000000000000000

OEO (&"). %! -#6,!.&-+ "#$*#&-!,00000000000000000000000000000000000000000000

OEOEO ,&( "-(7.00000000000000000000CIITRXICIITDRRTTDAD 00000000000000

OEOO *$&- $( +'-+( &(.&.0000000000000000QTOCTOCTOCTOATBDO000000000000000

OEONO 7! &-( &(.&. 0000000000000000000CTTNRCCCCTTTRRAXATO00000000000000(

0E0JO ' (( &-( &(.&.000000000000000000000000000CC00OO0O0000000000000000(

00 -+L+(&!,. #:1*& -5$( $(+& -+ - +*-&.00000000 000000000000000000000000000(

ONO!+( !,+(& ,"(,&' 30000000000000000000000000000000000000000000000000000(
ONOEO ("($! 5(,& 1% &'( ! +( ,+( & ,"(,&!' 300000000000 00000000000000 F



NO

JO

ONO O I5( !+(,. #1*& &'( ! +( !,+( & ,"(,&! 3 00000 0000000000 H
0JO *55# 3 0000000000000000000000000000000000000000000000000BE0O00000000C
000000000000000000000000000000000000C0C0C0CCM00000000000000BV0000000
NOEQ *$#&-!, #,) #5 $(0000000000000000000DXTRATRATAATLO00000000000000000000C¢
NOEOEQ#5 $( 6 * %! -,&("-(7.0000000000000000000000000000000000000000000C
NOEO O #5 $(6 * %! &'( (, ,)O *(.&!,,#- (000000000 000000000NL
NOEONGt5 $(6 I %! &'( 0000000000000000000000000000000000000000000000
NO 0# -#:$(. 00000000000000000000000CCOCCCOOCCOOCCCOOCAD000000008BH00000000
NONQ.& *5(,&. 00000000000000000000000000000000000000000000000000000000000C¢
NONOEQ&( (.&#,) 9 (-(,+( *(.&, #- (#:!1*& $(+& -+ -&300000000J
NONO 0,&( "-(7. 00000000000000000000CLLLIIITIVRRRILTTTBADO00000000000000
NONONO(, ,)() *(.&-!,,#- (00000000000000000000WIWITDO000000000000000000C
NONOJO-5 $( $(+& -+ - +*-& -#6,!.&-+ (.& 000000000000000000000000000000000J

NO0JO !+()* (000000000000000000000(LNIITTIIRTTLTTTBBXEEO0000000000000000000¢
NO 0,#$3.-. 1% #&#00000000000000000000000000000000AMC00000000000000000000C

NOMOQ*5 &-!,. 000000000000000000000000000000000000000000000000000000000000
000000000000000000000000GH

I REym 000000000000000000000

JOEO,#$3.-. 1% &'( ,&( "-(7.00000000000000CIRLAAATTTDO00000000000000000000000(
JOEOEO-,B 5!)($00000000000000000000(IIIIIIIIIIIINRIIIITID 0000000000000
JOEO 0 &&(,*#&-!, 5!)($00000000000000000000000000000000000000000000000000
JOEONO# () +* (,& 5" ($0000000000000000000000000000000000000000000000000
JOEOJO $#.-,6 +* (,& 5!)($ 00000000000000000000000000000000000000000000000
JOEO O 5 - -+#$ *$( 5!)($00000000000000000000COHOOCVOOVOG0000000000000000
JOEOMO! & +- +*-& 5-.+!,+( &-!,00000000000000 QIIIITTTIID 000000000000000000!
JOEOFO!7( .* $3#. # +!,.&#,& +* (,& .I* +(00000000000@O0O0000000000000000 F
JOEOLO# #$3($ +- +*-& 5-.+!,+( &-!,0000000000000000CCOOAQ@0O0000000000000000C

JOEOHO(4*(,&-#$ (#.!,-,6 0000000000000000

0000000000000O0C00000000000000000(
JOEOE 0+#$ (#.!,-,6 0000000000000000000DXVCCVCLCLTATABAO000000000000000

Xi



JOEOEEN* -1, :(&7((, +* (,& %$!7 #,) 7#&( %$!7 000000 00000000000000ME
JOEOE 0: #&-,6 &*,6.&(, %-$#5(,& 00000000000000000000000000000000000000000
JOO #$3.-. 1% &'( (, ,)() *(.&!,# (000000000000 000000000000000000000000000C

JO OEO #&(6! -=#&-1, 1% (.1.(. -"(, & &( (, )0

*(.&!,#- (00000000000000000000000000000000000000000000000000000C
JOOO #$3.-. 1% &'( +#&(6! -(.0000000000000000000000000000000000000000000¢
JONO#$3.-. 1% &'( 0000000000000000000OTNAVABABBHO00000000000000000000000
JONOEO#$-)-&3  ($-#-$-&3 1% &'(  000000000000GGO0000000000000000000ML
JONO O (*$&.1% &'(  0000000000000000000000000000000000000000000000000
J0JO*55# 3 1% &'( (.*$&.000000000000000000000000000000000000000000000000000(

8 00000000000 00000000000000000H
0EO0"( "-(7 1% &'( &*)300000000000000000000000000000000000000000000000000000
00 !,+$*.-1,.000000000000000000000000000000000000000000000000BEDOO0000000
ONO-.+*..-1, 1% &'( (.*$&.000000000000000000000000000000000000000000000000000
0J0 ,&( #$ #$-)-&3 1% &'( &*)3 00000000000DEDIBIBVIBO0000000000000000000000¢
00 9&( #$ #$-)-&3 1% &'( &*)3 0000000000 IIIHHIIIIID00000000000000000000000
OMO5 $-+#&-1,. 1% &'( &*)3 0000000000000000000000000000000000000000000000000
OFO (+!55(,)#&-!,. %! *&'( (.(# +00000000000000®O000000000000000000000000000
0000000000000000000000000 CIINEIEIINEITD 00000000000000000000&3900000

0 T
0000000000000000000000000000000000000000000000000000000&3800000

0 S 000000000000000000000000000000000000000000000000&EIDO00000000
0 S 000000000000000000000000000000000000000000000000&ED0000000000
0 0000000000000000 000000000000000000000000000000000
0

000000000000000000000B@@O0000000000000000000000000&0R000000000
0 0O000OE M

Xii



0 0 000000000000000000000000000l

0 S 000000000000000000 0000000000000000000000000000000000C¢
0

00000EM
?0 S 000000000 0000000000000000000000000000!

Xiii



#:$( OE (+(,&#6(.1% -1$163 1, #U! . #,) #U L. ($(+&-,6 (#+

(L. 15:-#&1, %! &GN, “%%*.-1, #,) .5!.-.

-#6,1.&-+ (.&00000000000000C0O0O0000000000000000000000000000000ERO00!
#:$( NOE -.& 1% &'( ,&( "-(7((. 000000000000OABABO000000000000000000008HAO00000000
#S(NO &%)(,& #'-.6 #B(, &( ( )0 *(& -1, #- (00000000000000000NL

#$(NON &*)(,&. #'-,6 #B(, &( 0000000000 0000000000000000000000000000000000
#B(NOJ -#6 #5. 1, &'( ,&("-(7 #) % 15 & ($#&() -&( #&* (00000000IN
#S(NO ))-&1#$ &B5.1, &( (, )0 *(.&! ,#- (00000000000000000000000JJ
#S(NOM  (&&-,6.%! #+& #$3.-.0000000BDO000000000000000000000000000000000X
#:$( JOE *55# 3 1% #&(6!-(. %! #+ &(5!, & ( ()0

*(.&-!,,#- (000000000000 GHNEIEIID00000000000000000000000000000008000!
#$(J0 1 ($H&,. (&T((, + (. #) 1.%-)( +( ("($.00000000000000000000MH
#S(ION  *&*& '7-6 #,) #&B&&. (. £0000000000000000000000000000¢
#$(J0J  *&*& '7-,6 155* #$-&-(.000000000  00000000000000000000000000000000
#$(J0  *&*& '7-,6 &'( 1&H&() 151,(.& #& -90000000000000000000F
#S(IOM &( (&H#&-),. 1% &'( #+&! . 9& #+&() % !5 #:$(JO 0000000000000000000F ]
#B(JOF (*$&. 1% #+&! #$3.-. 7-&' *++(.%* $ &%)(&.

-+1,+( &1,. J 0000000000000000000000000000000000000000000000008EV0000
#$(IOL "(#$$ (+ - &"( &#&-.&+.000000000000000000000000000000000000000000000!
#S(JOH -+ -5-#&1, )(9(. 1% (#+' -+, +( & L #.0!, $$

' (( -( . 000000000000000000COABA0000000000000000000000000000000000RENC
#:$(JOE *&*&1% &(  000000000000000AIHEIIDO00000000000000003DO00000000000!

Xiv



6% ( OE O#5 $(1% $(+& -+ - +*-&. :3 &*)(,&. 1$)-,6 $(+& -+ -,B.00000

6% (0 71 )(&+#S$ *$. T+ # (-, (-(.0 000000000000000000000000000000000C
-6% ( ON $(+& -+#$ - +*-& .() %! ..(.5(,&! % &'( (4*(,&-#$ 1)($ 00000 N

6% (0J - +*-& .() %! $-+-&,68&("1& - +*-& -+ +( &1,000000000000000 J

6% (0 *(.&!, .():3 ($$( #,) -$(3 <EHH >0000000000000000000000000000000(

-6* (NOE +! (. E #++!)-,6 & 1,$3 &'(%- .& &( .1, &( 00000000000000000000J

-6* (JOE #7-,6. ( (.(,&.6 &( &*)(.&. !, +&-1,.00000000000000000000000000
6% (JO -#6#5-, &( -N(% 15 &( ,&("(7 7-& @#Q G00000000000000000000
-6* (JON -#6 #5 -, &( -1)(% 15 &( ,&("-(7 7-& # GB 00000000000000000000 M
-6% (JOJ -#6 #5 .() %! .(.-6 1& - +*& -.+1,+( &1,000000000000000 F

6% (JO -#6#5. .) %! .(.-6 7( * $3# H8H&

* (,& !* +(000000000000000000000000000000000000000000000000000000000

-6% (JOM #7-,6 .0 %! ..(.-6 #H#SS(S - + *.& -+ +( &-!,00000000000 L
-6% (JOF #7-,6 .0 %! ..(.-6 (4*(.&#$ ( #.1,-,6 00000000000000000000000000!
6% (JOL -#6 #5 .() %! ..(.-6 1+#S (#.!- ,6000000000000000000000000000000
-6% (JOH -#6 #5 .() %! ..(.-6 * (& H#& ?* +&-1, -"-)(000000000000000000 ME

-6% (JOE +#&&( 6 #51% +! (. ".0 1,%-)(,+( ("($.00000000000000000000000000000(
-6* (JOEE -.&16 #5 1% +! (. N#,) -.+!+( &1, J00000000000000000000000000000
-6% (JOE -.+1,+(&,. -, &(5.1% 3 (1% & ( .&00000000000000000000000000000C
-6* (JOEN ! (+& (. 1,.(. -, &(5.1% 3 (1% & (.&0000000000000000000000000000!

XV



Cl+( L, +(& (& 3
C #)( -+#).,
C (+'#,-+. #.(3-.( (&
C (+'#,-+. -#6,1.&+ (&
C -5%( $(+& -+ - +*-& -#6,1.&+ (&

XVi



(- (98(.-"( $-&(#&* (!, &'( Y%H+& &# & .&*)(,& +5( & &'(-
+$#..(. 7-& #, () 5. "#-(&3 1% (+!,+(&!,. 5! & 1% T+ #(
#HA*- () %15 &(- $%( (O (-(+( < (8 EHLHI  #$$™ V (.&((.8
EHL| #55(8 EHHMI 3&$(8 >0 ("(&($(.8 $( &3 1% (+!,+(&"..

) & SH&F T-& +-(,&%-+ ++(&,. #) *+ ( ++( &1, #(
51.&$3 #5() 5-.+L,+(&-1,.0 #$$!*, #) (&(L(. <E HL>8 #)
+(5!&8% <EHHE> (5'#.-=() &#& '3.-+. -, .&*+&, +#,1& ($
&N(&  *)(.&#) &(  A(&Y%-+ + (&, T7-& *§&  &#B-,6
5o+ +( &1, -, & #++1* & ((+#*.( 5-.+,+( &, 5! &$3 +, ("(&

&)(& %5 #++(&,6 &( .+-(&%-+ +,+(&1,.0 , 1&( 7!).8
5+l (&1, #( "(3 (-&"( & +."(,&1#$ -, & *+&-11 &'( (%! (8
+HE(%*$ ((#+ 1, #.(.-6 5+ +( & - (+( #3 %! 1"(+15-,6
&(5 & 6'"& &'( -,.& *+&-1,0

CE+(. '#'( SHH#6(0) '#) & )('($ )#6 L&+ &N, %!
S#.* -6 &%) (& *)(.&#)-6 1% +,+(&,. %! # $1,6 &5(0 (
51.& +I55!, *() )-#6,1.&+ &N$. +#, :( $-.&() #. S&(-(7. #)

5*$8&- $( +1-+( &(.&.0 #+ &U$ -. ($(+&() %! 15 (#)"#,&#6(.0 ,&("~(7.

#( &' #)"H#,8H6( 1"( 5*$&- $( +1-+( &(.&. -, &( 5. 1% %$(9-:-$-&3 #,)
& 1% &( -"(&6#&!, <(-+,(8 EHHJIl . ( V -$:(&8 EHL>0
17('( 8 -, &("-(7. +#, :(+,)*+&() 7-&' # $-5-&() 45:( 1% .&*)(,&.



%! 6(,(#$-=H&-!, #) &'(3 +,.*5( $(,&3 1% &-5(0 L &'(1&( '#)8
5+$&- $( +'1-+( &(.&. +#, (H)5--&( () &I #S#6(  *5:( 1% .&*)(,& %!
6(,( #$-=H&-, #,) (#.-$3 :( ##$3=() #$&'16' &'(3 +#,1& -,"(.&-6#8&( &'
&¥)(,& (1,.(.)(($30 18 (-+,( <EHHI> (! &( ) &'#& &'(-)(#HS +1* (
106 #+&-1, -. & *.(:1&' 1% &'(.()-#6,1.8+ &I$. -, &'( 5*$& $( +1-+( &(.&

)C($!5(,& +(.. %! 5-,-5-=-,6 &'( )-.#)"#,&H6(. 19 (#+ &S0 , %o#+&8
[(%! ( (-+,( <EHHJI> (5 #.-=()8 - &("-(7. '#) #$ #)3 :((, +,)*+&0)

S & (L 1% )(U($! -6 # 5*&- $( +1-+( &(.&0 I (9#5 $(8 -, &
)(-6, 1% (+'#,-+. -#6,1.&+ (&8 7'+ TH. (! &() :3 #$S!¥, #,)
(&G(. <EHL>8 -&("(7. #) ((, +.)*+&() %! &'( "#$-)-&3 #,)

($-#:-$-&3 +1,+(,.0 1&( &3 ( 1% )-#6,1.&+ &I $ - &( &7'&( &(&
7+ TH#. %- & )("($! () :3 (#6*.& <EHLL8 +-&() - , #38 I'8 “#8V
(#6*.8&8 >0 , # &7' &( &(.&8 &'( %- .& &( (.(,& # 5*$& $( +'-+(
+1,&(,& 4*(.&), #) &(.(+) &( ((& # .(& 1% (#.1,. %! &'(6-"(,
#,7( -, &(%- .& &(0 $.! -, &()(.-6, 1% &- . &3 (1% )-#6,.&+ &!!$8
S&( (7. # () +&() & %! 5 # $-.& 1% 5-.+1,+( &1,.8 7'+ #(*.()
#.)-&#+&( . -, &'(.(+]) &(0 , #++1% & 1% &  ( %H+& &'H#& "(3 . (+-#$
H&&(,&-, T#. #-) & %-,) #,3 .&%)3 (! &-,6 # &7! &-( &(& #:1*& '3.-+.
& -+ -, &( ($H&() $-&(#&* (8 -& -. ,(0) & (5 '#.-=( &#& &'((# (%(7
&7 &-( &(.&. +,+(,-,6 '3.-+. &! -+.0
L&($(..8 -%%t#) #,) S#)(.( < E> +$# -5() .15( ,(6#&"(

#. (+&. 1% &7! &-( &(.&0 '(3*.() # &7! &( &(.& &#& #) :((, )("($! ()

'3 #.$45 #,) (#6*.& <EHLF8 +-&() -, -%%#)V S# )(.(8 E> -,
&(- .&%3 #) +-&+=() -&0 '(3 +$#-5() &#& & ( -,.&*5(,& -&(5.
HH&MHSS3 )#6,1.( - ISHE() (. -, # +L+(&*HS % #5(7!B #&'( &#,
1* & HW'( &'(-( (+#.( &'( &(.& -&(5. 7(( : #.0 1, (& %-+#$$3
+(+& 11-&1,. %15 &'( ++(& 5# T+ '#) :(( %0 - &
)(-6, 1% &'( &(.&8 &'#& -.8 &'( # &+-#,& T((,! & #$$!7() & 6-"( &'(-
@), -, &( &(&0 '( ((#+(. #$.! (5'#.-=() &H#& &'( &(& (*$&.



1"( (&-5H&( &'( (+(,&HB( 1% 5-.+1,+( &-1,. :(+#*( 6# -, B,1I7$()6(
<$#+B 19 B,I7$06(> +#,1& :()-.+ -5-#&() % 155- .+ +(&1,.0

(+#*.( 1% &'( 15( 5(,&-1,() +!,+(,.8 3G$ 5#=#) O5($ < >
)O@O # & (&( &(.& & #.(. .&*)(& 5-+ L+( &, +1+( -6
"H& #,) &(5 (H&* (0 . # (*$& 1% &'(.&*)38 -& + #, ((#.1$*&($3 #-) &'H#&
& ((&( &(& '#'( &( #)#.&#6( I"( &( &7'&  ( &(& -, &(5 1%

)+ -5-#&-,6 .&*)(,& $#+B 1% BI7$()6( % !5 &'( - 5-+,+(&,. :3
5(#,. 1% &'( &) &( -&(5. 7'+ #..(. 17 +1.% (& &( .&*)(,&. # (
& & (- (1. %! &(%- .&#).(+) &-(. 0

1,.(4*(,&$38 &'( 5#-, * 1.(1% &-. .&%)3 T# &S # & ((

&( &(& %! #.(.-6 & 6#)( .&*)(,& 5-.+! (&, #1F& -5 $(

($(+& -+ +- +%&.0 '(.(+],) * L(T# & #.(. , -&' 6 #)( .&%)(,&.
5-+L+( &, #*& 5 8( ($(+& -+ +- +*-&0 '( & =) <L T7#. &
(O$! ( 7+ )-5(.-1,. 1% .-5$( ($(+& -+ +- +*-&. 7(( #.(.00 (
%! & * L(T# & +I5# (&( !!8&,. 1% 5-.+1 + (&, #++1)-6

&11,$3 &'( %- .& &-( .8 &( %- .& &7 &-( .8 #,) $$ & ((&(.8 (. (+&"($30 (
$HE& * 1( 1% &( .&%3 TH. & +H5H#( &( &, 19 + (+&
#,7(. %! (#+ -&(5 <)-%%-+*$&3 $("($.> #++! )-,6 & 1$3 &'( %- .& &-( .8 %- .&
&7! &-( .8 #,) #$$ &' ((&(.8 (. (+&"($30

EOE(.(# +' *( &,

CC#HC.('(H#S (#HA+ A&, T+ T7( ( -"(&-6#&() -, &
*1(.19 &'-. .&*)30 (3 +#, :(+$H#..-%-() #. & 5#-, L$(5#,) .*:
1:$(5.0



EOEOE '( #-, 1:$(51% &(.&*)3
'(5#-, L$(5 - "(&-6H&() -, &-. .&*)3 T# % &( -5 $( (B(+& -+
o8 )HE L&+ &(& < > - # HS) #) (B #:$( &(& %! #.(.-6

&6 #H)(.&¥)(,&. 5+l +( &, #:1%& -5 $( ($( +& ~+ +- +*-&.0

EOEO '(.* 1:$(5. 1% &'(.&*)3

& ((#+ 45(&,. -"(.&-6#&() -, &'( .&%)3 +#, :( $-.&() #.
($!7C
EO S#& # ( &( 5-+L,+( &, 7'+ -& 6#)( .&")(,& L 1$) #1&

S5 B((B(+H& -+ +- +*-&.X

0 (&((#3*B,17, 5+ +(&1,. - &(.&*)(& | *$#&-1 X

NO S#& # ( &( !!&1,. 1% $#+B 1% B,17$(6( %! (#+ &(5 #) -,
#'(#6(X

JO SH&H# (&'( 11&1,. 1% %HS.( 1.-&-"(. #,) Yok$.( , (6#8&-"(.X

0 17 &( &), 1% &( .&%)(& '#"-,6 # 5-. 4+ &),

+H#,6(7'(, 1,93 &'(%- .& &( .8 &'(%- .& &T! &( .8#,) #$$ &' ((&-(.# (
(- (+&"($3 &#B(, -,&! #++!* &X

MO 17 )I(. &( !!&, 1% .&*)(,& 6-"-,6 + (+& #, T7(. +#,6(
7'( 1,93 &'( %-.& &(.8 &( %- .& &7! &-(.8 #,) #$$ & (( &(. #(
(. (+&"($3 &HBY(, -,&! #++1* &X

FO S-$$ ($#&() -&(5. !, &'(  3-($) #,3 #++( &#:$( VoH+&) . #. # (*$&
1% %#+&! #,#$3.-.X

LO S-$$ ($#&() 5-+!,+(&,. .&"(,&. "1$) 3-($) #,3 # ++( &H:$( Yott+8&! .
#.# (*$& 1% %#+&! #,#$3.-.X



EO (%-,-&!,1% 5! &#,& (5.

I5( 1% &'( -5 &#,& )(%-,-&,. 1% &'( &(5. -, &= .&M3 +#,
(&0 #. :($!7C
I+(& C Y#, #.&#+& | 6((#$ )# -%( 0! )(-"0 % 15 . (+-%-+

&H#AH(Z< $( +&IH#3[\8 >0

A&, C ("(#$)(%--&!,. #( ((&) 3 &( < > 8 #,) &(

%I$$!7-,6 )(%-,-&-!,. # (& (51.&# | -#&(1,(.0

EO &'(+ (#&!, 1% .!5(&'-,6 -, &'( 5-,)8 #,)

0 &('7( ! %#+*$&3 1% # ('(,)-,6 1% %! 5-,6 #, -)( # -, &(5-)l
&(17( 1% (+#$$-6# #.& . H#&!, 1 (+( &),

-+ (&, C & - )%-,0) # #, -+ (+& + +(&!, | # 7, 6

*)(.&#,)-6 3 &( < >0 (.-)(.8 #55( <EH HM> $-.&() .15(

HHHA&( &+ 1% 5+ +( &, #. %I$$I7C

EO -+1,+(&!,.#(.&!633'($)8

0 '(3)-%%( %!5(9(&+!,+(&!,.8

NO '(3 #%%(+& -, # %*,)#5(,&#$ .(,.( 7 .&*)(,&. *,) (.&#,) H&* #$
'(I5(##,) . +-(,&%-+ (9 $# #&-!,.8 #,)

JO '(35*.&:(!"(+!5(%! .&*)(,&. &' #+-("((9 (& *)(.&#,)-,60

#6,.&+ &(.& C -#6,1.&+ &(.& #( *() %! #.(.-6 (.~&(& !

(+* -6 $(# -6 )-%%-+*$&-(.8 *+ #. 5-++(& I1.< 1$*)V -8
EHH >0
#$.((64&-"(._C #$.(,(6H&-"(. +#, :()(%-,() #. &'(-+ (+&#  ,.7(.&#&

#( 6-"( 3 .&M(& 71 #'( &( + (+&8 .A+-(,&- %-+ +,+(&!, %!
#,7(-,6 &(4*(.&!, < (.&(,(.8 S($$. V 7#+B'#5( 8 EHH >0

#$.( 1-8&"(.__C #$.( 1-&"( +#, :()(%-,() #. &( + (+& #,.7 (. &H&
#( 6", 13 .&%)(& 7)) & H'( &( + (+&8 A &Yo-t +! +( &1,
< (&(,(. (& #$08 EHH >0



EON-6,-%-+#,+( 1% &'( &*)3

C(H#CC(HS (@ %! (9$#--,6 & . -6,-%-+#,+( 1% &'( .&*)30
- & 1% #$$8 -& -. "(3 -5 &#,& & #.(. .&N)(& + (&, 1% ($(+& -+
b ARG ) BHE H, - & & (S -T( &Y (& 6# &( .+(,&%-+
A&, 1($30 & -. ,1& )-%%-+$& &! (+1*,&(  .I5( .*66(.&,. %!
#, (%Y%(+&"( -,.& *+&-1, &I I"( +15( &'( .&*)(,& 5- .+ +(&1,.0 17("(8

#.(.6 .&*)(,& +,+( &-,. :3 5(#,. 1% # )-#6,1.& + &S - - ("-&H:$( &)

F+4(() -, "(+15-6 &( 5-+L+(&1.0 'H& -8 " #$-) #,) ($-#:3(

)-#6,1.8+ &US. # (,(+(.# 3 & #..(.. .&*)(,& 5- AL+ &, 1($30
L("(8*.-6 # & ((&-( &(.&-. 5! (+, "(-(,& &'#, 1&'( &3 (. 1%

)-#6,1.&+ &US. #.() |, &'( 6 (H& #5!*,& 1% )-.+* el &(B-8(#8* (

H1%& * (1% (H+ )-#6,1.&+ &S0 , 1&'( 71).8 - &("-(7. # ( B1) #&

12,6 .&%)(,& #,.7(. & # 6-"(, 4*(.&-1,1 "17("( 8 -& -. "(3 )-%%-+*$&
#) &5( +,%5-6 & +)+& -&("-(7. 7-& # $# 6( *5:( 1%

&%)(,&0 ,1)( &! ($-5-H&(&-. )-H)"HE&HB(B  5*B&- $( +1-+( &(.&. #'(
(%0 %! )-#6,1.8+ * 1.(.0 17("(8 5*$&- $( + 1t &8 +)1&
#.(. &*)(& #,.7(. )($3 -, .-&( 1% 5*+' *(-I 83 < (-+(8
EHHI>0 7'&-( &(.& #'( :((, #.750) & :( # 6 ( #8 -5 I"(5(,& -,

)-#6,1.&+ #..(..5(,& :(+#*.( &'(3 '#"( &'( #:-$-&3 18 1,$3 &! #)5-,-.&(
& # $#6( *5:( 1% .&M(& *& #$.! & ( &( &N(,& #,.7(.0
17("(8 &(( - I5( -5! &#,& + -&+-.5 #:1*& & . &3 (1% )-#6,.&+

&US.8 &0 3G5H=#) O5($-< >8#) -%%# )#)SH#)(.(< E>
+ -&-+-=() &7 &-( &(.&. 7-& I"( (.&-5#&=,6 &'( % #+&1, 1% 5-+1 +( &I,

&H)(,&. "$)0 H& -8 #, -+ (+& #,.7( %! & ' &(. 5#3 () &
(-&( # 5-+1,+( &I, | # $#+B 1% B,17$()6(0 17(" (8 & ((&( &(&.
(& #:-$-&3 &! )-.&-,6%-. 5-.+ +(&1,. % !5 $#+B 1% B,17$()6( :3

5(#,. 1% &) &-( . 7'-+ #.B-,6 .&*)(,&. -% &'(3 #(+1,%-)(,& #:1*& &'(-
#,.7(. % &(%- .&&7!&(.0



L .&%)3 #$.! 7-$% +,& -&( &! %-$$-,6 # 6# -, &( $-&(#&* (0 ,
HE+I% & 10 &'( YoH+& &'H& "(3 . (+-#S HRE&(&-!, TH.#) & %-) #,3 .&%)3
(186 # & ((&( &(.& !, '3.-+. &l -+. -, & ($#&() $-&( #&* (8 &'( (
7(("(3 $-5-&() *5:( 1% & ((&( &(.&0 ,1&  '( 71).8 )(%-+-(,+3 1%
& ((&( &(&.!, '3.-+. & -+ S#B(. &-. &3 (1% &H)-(,(+(# 3)%(&!
&(* (- -&-(. 1% & ((&( &(.&.0



, &' +# &(8 %-,)-,6. % 15 &'( ($H&() $-& (#&* ( (-(7#( ((&0

-, %0 (+&1,8 (. (+&"($3 -,+$*)-,6 5(&1). %! )#6,1.&+ ("HSH#&-1,8
B+l +( &, #:1%& -5 $( (B(+& -+ +- +%-&.8 &'( %!  +( +,+( & -"(,&! 38
#,) &'(.*55# 3 1% &'( $-&( #&* ( ("-(70

OE (&1). %! -#6,1.&+ "H$*H#&-!,
L& #& 1% &(.&%)38 I5( )-#6,1.&+ (" #EH&-!, 5(&1). *+ #.

- &("(7.8 5*$&- $( +1-+( &(.&.8 &7!&( &(& #, ) & (& ( &(.& #(
(&0 -, %* *: (+&1,.0

OEOE ,&("-(7.

(#) -$:(& <EHL> (!&() # &(+',-4* (& (98! (.&4)(&.
"(7. 1% & ( 7! $)0 '( &(+',-4*( -. # B-,) 1% -,&( (71 &'( - &(-(7
#:1%& -, &, +(.0 , &-. B-)) 1% -.&("-(78 &( -," (.&-6#8  (.(,&. .I5(
). 1, T+ %#5-$-# -&*H&,. # ()(-+&() %! &'( -,&("-(7((0 (

+#). 5#3 | 5#3 1& - +$*)( -,.&#,+(. 1% # +,+( &8 #,) &'(.&*)(,&. # (
#B() & &-B #:1%& % &'( (- #, -.&# +( 1% +!,  +(& !, &( +#)8 &((:3
($-+-8-,6 &'(.&*)(,& +1,+(&1,.0 '( ((#+(.# $1 (&0 4 (#)



$-5-&HE&-,. 1% &'( -, &( "-(7 #:1*& -,.&H,+(.0 )"#, &#6(. +#, :($-.&() #.C

EQ &-. # $-+#S$(I"( # 7-)( #,6(1% #6(

0 &-. (UIB#S(%! -&("-(7( #,) -&("-(7((

NO &'#. #)"#,&#6(. 1"( 7 -&&( #,.7( . -, &(5.1% %$(9--$-&3 #,) )( &'
19 &'( -,"(.&-6#&-,

JO $#..-%3-,6 -.&# +(. - 5! ( (&,(,&#,) (,(& #&- 6 &'#, #.B-,6 %!
#)(%-,-&-),
0 &- +L,+(,0) 7-& &(.&")(,& . "-(7 #&'( &%, 5( ($3 (9#5-,-,6 -%

&(.&*) (& '#. & (+ (+& +-(,& %+ "-(70
) I5( $-5-&#8&-),. +#, :($-.&() #.C

EO '(( -. &( "$5 % +1.-6 # $5-&() *& #)(4* #&( (& %
-,.&#,+(.0
0 (') '% -,.&%#,+(. 5#3 -,%%5*(,+( .&*)(,& (. !.. (.

NO ,&("-(7.8 #,) &( & #,.+ --,6 #,) ##$3.-. 1% & #.+-8&8 #( &5(
+!1,.*5-,6
JO ((#(&()-%%-+*$&-(. #.1+-H#&() T-& - &("( 7. #) & (#H#$3.-. 1%
&( -, &( "-(7 YH&H8 (060 )-%%-+*$& &' (! & *++-,8$30
O&E&( #,) 1+"(#) <EHL> +1)*+&() +$--+  #$ -&("(7. 7-& J
(6-((-6 .&I(& (,'$$0) -, -&)*+& 3 '3.-+ Lo (&
*)(.&#,) &'(- +L,+H(&#HS )-%%-+*$&-(. !, ($(+& -+ +-+*&0 ‘(3
S&(HT() T-& (' &F)(& -,)-")HSS3 #,) (+) )0 #$$ &'( (. 1,.(.
L # ") &# (0, &(-,&("-(7.8 &'(3 6#"( & (( 7- (8 #, *,5* &()
B H#) #O&H)H ) YoSH.'$-6'& HE&&(3 & &(-& ("-(7((8 #,) &(, #.B()
%! $-6'&,6 * &'(:*$:0 %&( +!5$(&-,6 &'(-&(  "-(7.8 &'(3,!&+() &7!
+155), -+ (+& 7--,6 $#,.0 (988 &( (.(# +(. *() &(( &7
5-&HB(. #. # #- %! #7-&&(, & 4*-=8 7'+  &B#)5,-&(() & F

% (.'5#, $("($ (,6-.(( -6 .&*)(,&.0 , &'( ##$3.- 1% &'( (*$&. % !5 &'(
45(.&-!,# (8 &( (H+(. %+~ I, # (#$( & 5-.++(&1,8
($(+& -+ .-,BO



0(&&( #,) $(5(,& <EHLE> .&# &() &'(- 7! B +,+(,&#& 6 |, & ((
+$-+#S - &("-(7. &3 'H) +1)+&() (%! (0 $$  &( .&Y(& &(3 ¥

S&(T0 7O (-(+0) - &'( & -+ 1% ($(+& -+ -&30 '( ((#+(.
J&H() &'( M & +- +*-& B+ +( &1, -, &'( - &( ".(7.0 %&(7#).8 &(3
%IS$I7() & ((.&(. & 1(&'(- -,"(&-6H#&-10 - &8 &'(3 #)5--.&( () #
7 -8&(, 4*(.&-!, #- (& F % ('5#, (,6-,((-6 .& (& 71 7(( - &

%- .& .(5(.&( #) '#'(, & 3(& .&*)-() ($(+& -+-&3 +*.(0 EJ % F .&*)(,&.
7(( '"$)-,6 &( 5-.+,+(&!,0 (+)8 &'( (.(#+ (. +1)+&() E
#))-&1,#$ - &("-(7. & #-.( &( ,*5:( 1% -,&(" (7. & E #,) l:&#-,
BI( -.-6'& -,& &( )(& 1% &( +,+(&*#$ )-%%-+*$ &30 1% &( E

S&(T(C 7(( 1$)-6 &( 5-+,+(&10 )8 &( ((#+(.
#)5--.&( () #,1&( *& -5-$# 7 -8&(, &(.& & E (.6-,((-,6 .&*)(,&.

71 H) +15 $(&() # +1* (-, ($(+& -+-&3 #,) 5#6,(& -5 &L ("% &(
5+l +( &1, #) ((, "(+5( #%&( &( +*.(0 J &¥)(,& 7((
'19)-,6 &'( 5-.++( &1, #,) &'( ((# +'(. +,+$* ) &HE -& -. )-%o%-+*$&
& 1"( +I5( &'( 5-+1,+( &1, %! I5(.&*)(,&. ('(, H6&( # +1* (0

0E0 *$&- $( +1-+( &(.&.

#5- <EHH > *66(.&() &#& 7'(, 5*$& $( +1-  +( &(.& # (*.() 7-.($38

&(B #( (9+G8(& & )(&%3 .&¥)(& +,+(&!,.8  -+$9-6

5o+ +( &1, )(. -&( 1% 6 (H& #51* & 106 + -&-+-50  15( +'# #+&( -.&+. 1%

5¢$&- $( +1-+( &(& 7(( (.(&() #. %I$$I7C

EO *$& $( +1-+( &(.& (5-& +"(#6( 1% # 7-)( #,6 (1% & +. -, #
($#&-"($3 .1 & &-5(0

0 '(3+# :(*.0) & BEH.* ()-%%( (,& $("($. 1% $(# -,60

NO '(3# (LU(+&"(-, &(5.1% .+1 -6 #,) & ( (%! (5! ( ($-#:$(0

JO (3 #( (#.-$3 #,) 4*+B$3 .+ () #) $(,) &(5.($ "(. & S#+-(
+1-,60

10



0 '3 #'-) *U*&%-() (#$&(. & .&%(,& 7' B! 7 &( *UMF&
5H&&( *&# (11 7-&(.0

MO ‘(3 # ( *-&#:B( %! -&(5 #,#$3.-. :3 7'+ "# -I* L H&& -*&(. +#, «(
)&(5-,() *+ #. T+ -&(5. |, # &(.& # (& (# 38 7+ 7( (&
)8 7'+ # (#5:-6*1*.8 (&+0 < ()6(.8 EHMMI S(.5# 8 EHFES #. +-&()

-, #5- 8 EHH >0
'8 3!, #,) #-(3 <EHLN> +1)*+&() ,*5( - &( (7. 7-&
&F)(,&. #& " 1% $("($. #,) &'(3 %) .("(#$ 5 (& &V:((3

% (4*(&0 (+#*.(1% &'( H&* (1% -&("-(7.8 &( .+ (#,) &(,*5:( %

&( .&*)(,& T +# :( -"(&6H&() #( (& -+&() 0 18 &( (.(#+(.
J#)0 & (-6, #,) #H)5--.&( # 7 -&&(, 4*(.&, H (&) #$( &
HISS(+& 5! ( -,%! 5H&-!, #:1*& &'( 5-.+1,+( &-1,. % 15 # $# 6( ,*5:( 1%
&¥)(,&.0 '(4*(&-1,. T(( A*HS-&H&-"( #&'( & 4% &-&H&-"(8 (+#*.(
&( (#+(. )FSH() &H#& &N)(& 'H#'( )-%Y%-+*  $&-(. -, AHS-&H&-"(
44 &, -, .-&( 1% &(- 51.&$3 + (+& (.!.(. &1 A% &-&H&-"(
4%(.&1,.0 '(3 #)5--.&( () &'( 4*(&-!, #- ( & E J &%(& #) E
&H+(.0 '(.&N)(& T((% !5 M &7($%&' 6 #)( +$  #..(. <HM .&*)(,&> #,)
&(3'#) $(# () (B(+& -+-&3 #,) 5#6,(&-.50 '(( 7 ((#$.! &7! #))-&-1 #$
+$#..(. <IH .&*)(,&.>8 L,( 1% 7'+ T#. ($("(&' 6  #)(#,) &'(1&( TH#.
6-%6&() ,-,& 6 #)(.0 '(.(&7! +$#..(. 7( ((9 ( ( 40 -+ %88 &

J& -, (B(+& L.&H&+.0 (, 5*$&- $( +1-+( 4*(.&),.  #) %* 1(, ()0

A&, T(( -+$90 - &( 4%(&L# (0 '() & H#HH&(. T((
)(-6,0) & ((,& .&*)(,& +! (+& ! -+ (+& +! H(&,. #) #
++( &, TH. ((&() 7-& 5! ( &#, 1,( 4%(.&!1,0 (1 ()0
45(.&-),. T(( 5.8$3 4 &-&H#&-"( <*5(-+#$> & | ("( &( J$*&,
7#3. &'( .&*)(,& *.(0 $.18 %!$$!7 * - &("-(7. 7( (+1)*+&() 7-& EJ
&) (& T 'H#) &HB(, &'( 4*(.&,#- (& :( #:$( &l *)( .&#,) T'H#&
&'( (#.),1% &'(- #,.7( ., &(4*(.&, #- (T# .0

11



X ) M <EHLF> )(&%-() (+ *-$ H (&, #I&
)- (+& +* (& (B(+& -+-&3*-6#6 ¥ 106 H &%) (,&0 ! :(#:$( &I #..(..
&'( (%%(+& 1% &(#+'-,6 &'(3 %I$$17() &'( (1$*&-1, 1% &'( +!,+( &!,. % I5
&'(:(6-,-6 1% .(+1)#3 +1$ * & &'( %! &' 3( # 1% *,-"( -&30 '(
(HEHC >0 # (SH#) #( 45(&) H (-+$ %)-6 JJ -&(5.0 %
+x (8 18 #$S 1% &'(-&(5. # (*.() %! # ('S ! % .&¥)(,&.8 *& &'(3 #)
HE&(,&-, &I *.(#& $(#.& #$$ 1% &'(-&(5.8 7'+ "#) 1((, *.() #& # $("($8 #& #
L6'( $("($0 , #$$ -&(5.8 &'( - &( #$ (-.&#,+( . 1% H#H&&(-(. 7(( -6, ()
& (6#) #. +1,.&H,& "1$&H6( 6(,(#&! .0 '( (.(# +(.*.() &7! B-,). 1%
45(&-,. -, &'( 4*( &1, # (8 (9(+-.(. 1% )(+$# H&-"( ) (H&HS
H&X (0 9(+-.(. 1% )(+$# #&-"( H#&* (#.B() .&*)( & & 6-"(&'(- !--,
H& (B(+& -+ ("(&.0 9(+-.(. 1% | (#&-1#S # & (,(00 &'( .&")(&.
& #H#83=( &'( ((#" 1% '3.-+#$ 5#6,-&%)(. -, ($ (+& -+H#$ +- +*-&. -,
)-#6#5 %1 5.0 (3 %!5() 6#'-+. %-6%-6 I*& & ($H&,.-
(&T(( &' (+(,&HB(. 1% +! (+& #,.7( . #,) )-%%( (& +1$ $("($.8 &™.
&( ((#+(. +8) 1("( &'( (%%(+& 1% &@H+-, 61, &'( +,+( &, 1%

&N(&0 . # (*$& &( ((#+(. +.%- 50 & 5+ +( &1,.
I(&-%-() 3 1&'( #*& . #,) +,+$%)() &'#& .I5( 19 &'( 5-.+1,+( &,.
+#, (1" +15(:3 &(#+-,68 "17("(8 I5(# ( (- &#,8 & +#,6(0

L &L( (& #$0 <EHLL> +# -() P& # ((#+ .&%3 &! -"(.&-6#&( &

(&S *)(.&#)-6. 1% &¥)(& % !5 6$#,)8 #+(8 &(
(&'($#,).8 70(, #,) S(& (5#,30 (3 #.*5() & | %-,) I*& .15(
-6,-%-+#,& )-%%( (+(. -, .&*)(& *)(.&#)-6. 8 (+#.( 1% )-%%( (&
&#+-,6 # WH( - &L(+*&-(0 % -& TH# & (+#.(8 1"-1*$3 &(
51.& #)"#,&H#6(1*. # W+ +1%6) #$.1 :( -)(,&-%-()0 6(. 1% &'(.&*)(,&.
% 15 #$$ %-"( +1* & -(. 7( (-, &( #,6(1% E EF0  &&(,&-!, TH#. #-) &! &(
(B(+&1, 1% (#+ #5$( & ( ((& (#+ +1%,& 3 :3 (#+ #&10 (3
* () # &(.& -+$%)-6 EN 5*$&- $( +1-+( #,) & *( %# $.( 4*(.&1,.0 '((
45(.&-1,. T( (($(+&() % 15 &'( 4*(.&-!,. *.() :3 &(#& .-, &

12



(1% .&%)-(.0 #+ -&(5 -, &'( &(.& TH. #..(.-, 61,$31,(! #& 5.&
&T! #. (+&. 1% ($(+& -+-&30 %&( ##$3=-6 &'( ($& 1% &'( &(&8 &(3
+A$%)() &'H& )-%69%( (+(. #51,6 +1* & -(. 7(( #& '(5#$$ -, . -&( 1%
)-%%( (,& &(#+'-,6 # #+'(.0
+(51&& #,) '#%%( <EHH > (9#5-,() .&*)(,& )-%%-+*$&-(. -, )-"( .(
&+, 1% '3.-+.8 1,( 1% 7'+ -5$( ($(+& -+ +- +* &0 (3 .&# &() &(-

- (&-BHE&-L, 3 1) &6 - )-")HHS )(5!,.& HE-! L -&("-(7.8 T+
(" # BS( )BL.&HE, # # H- W # )-HSI6 (&7((, #,
S '(&-6H&! #) # &%)(,&0 (#$ (4*-5(&. # ( **# $$3 *.() -, &'((
S &("-(7. *& I5(&-5(. +I5*&( -5rSH&-,. +H, #$ L %00
CHE+(. ()0 &(-&("-(7. 1, #, #%)-1&# (0 #$3=-6 &'( (+).
&'(3 +# #+&(-=() .&*)(,&. +,+( &*#S *)( .&H#)-, 6.0 . # (*$& 1% &

%-,)-,6. % 15 &'( -,&("-(7.8 &(3 %! 5*$#&() 7 -&&  (, 4*(.&!,. #,) &'(3
#)5--&(() & $#6( *5:(. 1% .&%)(& :(%! (8 ) *.6 #) #%&(
L& &0 3 &('(S 1% &'()(+-&"( #H#$3-8 &G0 &(-
*)(.&d)-,6. 1% &*)(,&. )-%%-+*$&-(. #,) #5.! ( 9&()() &'( .+ (1% &
- "(&-6H&-1,0 . # 1 -(% *55# 38 &'(3 .-%&() &'( - 4*(.&1-,6 5
%15 - &("-(7. &ITH#) 7 -&&(, &(& #. &(- *)( &#)-,6 1% &*)(.&
)-%%-+*$&-(. 6 (70

(-+,( <EHHJ> *66(.&() # 5)($ %! )("($!- 6 #) ##$3=-,6 #
)-#6,1.8+ &(& -, *H"(-6 .&*)(,& )-%%-+*$&-(.0 ( --&H#$$3 5(,&..

#1%& - &( (7. #) 5*$& $( +1-+( &(&0 &("- (7. #( (3 *.(%*$ -,
-6 &( #,7(. 1% .&%)(,& & &'( (.(#+( . 4%(.&-1,0 17("(8
&'(3 ,(() & 5%+ &-5( %! +1)*+&-,6 & $# 6( ,*5 (. 1% &%)(,& #,)

#,4#$3=-60 & &H& 1-,88 5*$8& $( +1-+( &(.&. # ( "( 3 *.(%*$8 :(+#*.( &(3
+#, 1 (#.-$3 #)5--.&( () & $# 6( ,*5:( . 1% .&*) (.&. #,) #,#$3=()8 &'*.
T(+# 6((#$-=(1* (*$&.0 (-+,( <EHHI> *66  (.&() &'(+!5:-,#&-!, 1%
- &("-(7. #,) 5*$&- $( +'1-+( &(.&.0

13



& - 1(,(%o-+-#$ & %l++. |, &'( 1+(.. 1% &( .& )("($! 5(,& *66(.&() :3

(-+',( <EHHJI>#.: -(%$3 #. !..-:$(0

EOQ | S*$H&( # $-.8 1% . (+-Yo-+ LUM+&"(. #%&( (+16:=-,6 &( ,(() %! &
&(.&0

0 # 3 1'& # -$1& .&%3 %! &( $#.& "(.-, 1% &(  $-.& 1% . (+-%-+
LU+&"(.0 <:U@H&"(. 7+ ,(# $3 #$$ .&%)(,& . *++(() -, 5*.& (
(51"()8 :(+#*.( &'(#-5 1% &'( &(.& -. &! *+1"( &N (& )-%%-+*$&-(.8
1& &'(- #+-("(5(,&0>

NO .B!(, ()0 4*(.&,. 1% # 6 I* 1% .&*)(,& &' )( &(5-,(&(5.&
% (4*(,&$3 # (# -6 5-.&#B(.0

JO S-&( & ((-&(5. %! (#+ LUHE"( & N+ &(& (& 3 *-6 &(

5-.&H#B(. %) -, &(1(, ()() 4*(.&-,. #. )-. & # +&( .0 < &(5. 543
(((S(H&() %15 I5( &) IF (.8 F+ #. &(9& 11B.8 4%(.&-,
#,B.8 (&+0>

0 | 50)-%3 .("(#$ 1% &( 4*(.&!.8 #)5--.&( & && & E E
&%)(,&.0

MO | (.&#:$-" &( +1,&(,& "#$-)-&38 )-.& -*&( &( (") &(.& & .I5(
O+#&! . #) 1%(.1.0 '(8 #.B &(5 & +I5$(&( &( &(.&8
+H55(,& 1, &'(# | H&((.. 1% &'( LUMH+&"(.8 +-& ~+-=( &'( -&(5.8
#,) 5#8&+' -&(5. & :U(+&-"(.0

FO )5--.&( &'(&(.& & # #5$( 7'.(.-=(-. (,!*6' 0

LO 1)*+&#, -,.& *+&-| #$ #+&"-&3 &I &'( #5$(1% . &*)(,&.0

HO 6#-, #)5-,-.&( &'( &(.& &! &'( .#5 $(#%&( # $-&8& $( 5!)-%-+#&-1,0

E O #$+$#&( &( (#.,, 1)*+&5I5(,& + ($#&-!, & (9#5-,( % &
&7 &(.& "( -1, # ( -5-$# <##$S($ %!5>0 &(. F8 L8 HBE -)-+#&(
(4*-"#$(,& %! 5. 5(&1)0

EEO#S+S$H&( # #- () #5$( & &(.& & $IIB %! -% &'( ) -%%( (,+( (&7((,
S, +1(1% (#) L.&&(&-. -6,-%-+#80 .  -6,-%-+#&$3 -+ (#.(
L &(5(#, A1 (- &(()(+( 1% "#$-)-&30

14



(-+,( <EHHI> #)5--.&( () &( &(& & J  .&%)(,& H%&( +!,.& *+&,6
LS #) (BB &(& & FH"( &%) (& )-%%  -+$&-(.0 #$3.-. % I5 &"-.
Y&# ("(#S() &H& &'( &(.& -. +( &#-,$3 *.(%*$ %! )-#6,1.&+ * L(. #,)
) ('S WS H ((#+ &S0
BSH)& #) (+.( < 3> )G 0 &( (&(5--,6 #,)
&( (&6 (-.&"( $(+& -+ -+*& ' +(& (& < > & #.(.
&) (& *)(.&#,)-,6. 1% # "# (&3 1% )- (+& +* (&< >0 '(- 1+(.
1% &(& )("($!5(,& .&H#H&() 7-& +,.&*+& 6 # (& 1% - .& *+& | #$

LUGH&"(. 3 # )(( (9#5-#&!, 1% &( -6' .+1$ #) *-"(.-&3
&(9&:IIB. #) $#I#&I3 S#*HS. $*. - %! 5H&-"( )- RER &%
L& & %6 &(( (0 '3 (&0 & LUMH&E-"(. &1 # #,($ 1%
DOG& (9 (& &6 (W ( &H& || -6,-%-+#,& U (+&="(. '#) ((,

6,000 ,1)( & (#$( & )&HE& &'()-& #+& (. %! &'( 5*$& $( +'1-+(
%! 5#& 1% &'( &(.&8 &3 %-.& )("($'() # !'(, () ) %!5#8&0 (

(H+(. &-() & +,.& *+& .("(#$ -&(5. %! #, LU+&-"( *.-,6 )-%9%( (,&
5. 1% ( ((&#&10 (8 &3 )("($! 0 EO #,)
#)5--&(() & EEN .&%)(,& % !5 -6' +1$. #,) * " -&-(.0 '(3
* () #"(3 $# 6( #5$( & ()*+( &( #5%-,6 ( ! 0'3 ((&0)#

&HS( N7-6 &( )(+-&"( &H& &+ #) # %-6* ( N7-6 &
)-& -*&-1, 1% &'( 41 (.0 '( )-.& &, 1% & A(TH 1-&-"($3
B(7() -,)-+#&-,6 # )-%%-+$& &(.&0 (9&8 &'(3 +,)+&() %I$$I7 * -&(

"(7.&1-5 I"(&'(- %- .&"( -], 1% &'( &(.& #)) &! -+ (#.(&'( ($-#:-$-&30
%&(7#).8 &3 )("($ () EOEO '( %-#$ ( ST,
#)5--&(() & MH %15 6 +1$. #) *-"(.-& (- ##H8
(5#,38 #,) &'( -&() &H&(.0 '( %-#$ "( .-!, + 1L.&#-,() H -&(5. 7-&'
%-"( +1-+(0 '3 #6#, ((&0) &( )(+-&"( .& #&-&+. #) &(
)-.& -*&-1, 1% &'( 41 (.0 '()-.& -*&-], 1% +] (. TH#. #6#-, 1.-8&"($3

B(700 , &( )(+-&"( ##$3.-. &(3 (&5#H&() &  '( I"(#$$ 5#.8
* M -&35(#,8'-6' +11$ 5(#,8 I"(#$$ #,6(8 * -"( .-&3 #,6(8 -6

15



4N$ #6(8 *)(  -+H#)), < >8 #'(#6( - & i-.(-#$
+($H&-), < ($-#:-3-&3 1% # .-,68( -&(58 #,) &'( #'(#6( - )(.- () & i(
(4*#$ | 5l ( &%, 0 >8 #'(#6( )-.+-5-#&, -, )O #) #'(#6(
)-%%-+*$&3 - )(90 '( "H$*( <OFE #) OF > %! :1& "(.-L,. 7((
$-8&B(#1"( OF 8 7'+ -, &'(#++( &HS("#$*(0 | +#*.( &-. $17 ($-#-$-&3
"HE*(8 &'(3 +$H#-5 &'( BI7 )-+ 5-#&1, -)(9 <0  M#) ON> #) '-6'
)-%%-+*$&3 $("($ <OJH #,) OJE>0 '(3 #$.! +$#-5(08#& &( $I7
)t 5o #&-1, -)(9 SH3 ( #, - )-+H&, 1% &H& &  (&(.&-)(() *+"( .
&*)(,&. 5-+1,+(&1,0 '(3'H) (&H#:$-() &'( +! &(,& "#$-)-&3 1% &'(
&(& - &((#$3"( -, 1% &'(&(&0 '3 (&H#$ -'() &'(+,.& *+& "#$-)-&3

13 %6 WH+&! H##$3.-. #) WISSI7 * - &("(7.0 17("(8 &(3 1,$3

- %! 5%, 7-& &'( ,*5:( 1% %#+&! . %! &7!"( .-! .01 "(.-1, E0 &(3
%I*) H %#+&! . #) %! "(.-l, EOE &(3 %!*) EE % #+& .0 *&8 |
- %! 5H&, -, 6-"(, #:1%& &'( - &( (&H#&-), 1% & Uort+&! ##%$3.-. (*$&.0

'3 *.() &( -&("(7. & ($-5-#&( &'( 4*(.&, #5:-6%-&(. #,) &I
*V(.&#) % &N(& *)(.&#) TH& #) (( -& 00 - &(
44(&1,.0 (1% &&(& #)  T((*( & )(&( 5-,( % &'((
7( ( -6,-%0-+#,+( )-%%( (,+(. :(&7((, "# -1*. 6 * | 1% .&%)(,&. 7' '#)

&#B(, EO #,) EOEOQ '(3 %!*) # .-6,-%-+#,& )-%%( (,+( :(&7((,

6 AU #) %83 .&F)(,& %! & (-] .8 &'H#& -.8 *-"( .-&3
&H)(,& *& (%! 5() -6' +11$ .&*)(,&.0 (3 #$. | 961%)) # -6,-Yb-+#,&
)-%%( (,+( (&7((, SHS(. #,) %(GHS(0 #$(. 1*& (%! 5() %(5#$(. #,)

51 (5-.+1,+( &1, 7( ('($) :3 %(5#$(.0

OEON 7! &-( &(.&.

%68 - #) - < >)(($ () # &7 &~( )-#6,1.8+ &(.& &! ($-+-&
6 NS &Y)(& 5oL H( &, #1*& &'( %! 5# &1, 1% -5#6(. :3
$H#,(5- | H#H# #E&I%SH6( (. F"(3.&4)3 - #E$ FU+& +,&(&

16



B 1% 4+ - #THO ( (# (. WISSIT( ) # 5(&1)$63

)(+-:() :3 (#6*.& <EHLL8 #. +-&() -, '*,68 -, 8V -8 >0 -.&8&(3
+1,.& *+&() # +,+( & 5# :3 5(#,. 1% #,#$3.-. 1% &'( ‘Bt +F HHGED
& (#(# $.& 1% !'1.-&!#$ B,17$06( .&#&(5(,&. 8 7+ #( &(

&H&(5(,& *.() %! $-B-6 &( B3 7!). -, # ++ (& 5#0

11-&1#$ B,17$06( .&H&(B(& #( (00 %! +, +( &S
*)(.&#,)-,6 1% &'( 5(+'#,-.5 1% %! 5#&!, 1% -5#6 (.13 $#,(5- 1.0
' 1L-&1#S &H&(5(,&. T(( (9H5-,() 3 '3.-+. 19%(..l . &

(&S &'(+,&(,& "#$-)-&30 S'(, &'("HS- W&, TH. (&H#:$-'()8 .15(1%

&( 11.-&1#% &H&(B(,& T(( ($-5-#&() | +#.6 00 #() !, &(
11-&-1#S &#H&(5(,& &( (#+(. )((®'() # ', ()0

4%( &1, #- (&) (#:3( &! -)(,&-%3 5-.+1,+( &-1,. 7+ TS (*.() #.

)-.& #+&( . -, &'( -, &()() 5*$& $( +1-+( -,.& *5( &0 %&( #)5--.&( -6

&(4*(.&1, H#- (8 &'(3 #S.! +1,)*+&() %ISHIT * -, & ("-(7. T0( (*$&.

759) (%0 £ (((+H( %! &( %-)-6. 1% &( 4*( &1, #- (0
%&(7#).8 &3 )("$! () &'( &7! &( &(.&D '( %- & &( -. # 5*$&- $(
(458, (BH&() & &'( ! 1.-&-1H#HS &H&(5(, & #) &( +,+(&
5#0 '(.(+1) &(  ((& # +(&%-+ (#, #) A5( 54 +( &1,
(-0 %15 &C G ()0 4 (&L H#(#) &( - &("-(7.0 (

((#+(. (&5H#&() )-+-5-#&, -)(98 )-%%+*  $&3 $("(S #) &
L+ #S'# <%!  ($-#:-$-&3>0 .&-5#&() "#$*(. 7(( -, & ( #++( &#:%(

#,6(.0 -#$$38 &3 (.(&() # &#:$( 17-6 (+( &HB(. 1% .&*)(,&
CL( % 1,83 %- .& &( #) %! &( +I5:- #&- L 1% %- & #,) .(+1)
&(.0 '3 6#)) (1.( 7N( (+(,&#6( 7#. 5 | ( &#, EK #.

L.-:$(5-.+,+(&1,.0

&( .&*)-(. #1& &7 &-( )#6,1.&+ #.(. 5(,& *( &( .#5(
1+()* ( *66(.&() :3 (#6*.& <EHLL> & )("($' & &(.& <)I5 V
# 178 EHHI #8 '8 '“#V (#6*.&8 | #- vV '8 >0

#)-&-1,8-& - (! &() &H& &'( Yo .& +1,&(,& &-( '#. &T!1 &' ((+1-+(.

17



#) &(.(+1,) (), &( 'H. %* | %-"( +1-+(. 0)5#,) # 17

<EHH > (.(,&() # &#:$( 17-6 +1-61, # &7 & - &(& &(3)("($! ()

%! 5(#.* -6 +1$$(6( -1$!63 .&*)(,&. *)( .&H#,)- 6 1% )-%%*.-1, #,)
151.-. <#:$( OE>0 '( (.(# +(. #)5--.&(() & '(&(.& & E N .&*)(,&
(, 1$$() -, # .1, 5#U! % ('5#, -1$163 +1* (#,) EEF .&%)(,&. (, 1$$()

-, # 5#U! % ('5#, -I$163 +1* (0 , &'( &#$(B M EOLK 1% &'( !, 5#U! .
FLO&(+ (+& +1,&(,& <%- .& &-(>8 *& 1,$3 EOEK +'1.( &'( +!5:-#&-,

106 &'( +! (+& +1,&(,& #,) (#.,0 ,1&( 7!).8 MEOLK 1% &'( ,!, 5#U! .
(5 & *)(.&#,) &( +,&(,& #++!)-6 & 1,$3 & ( %-.& &(8 7'( (#
18 &' Y- & #,) (+])) &-(. ) & -)-+H&( & #5( 11&10 ,$3

EOEK 1% &'( .&%)(,& (5 & *)(.&#,) &'( & -+ # ++1)-6 & &'( %- .&
&7 &(.0

#:$( OE (+(,&#6(!% -1$!63 !, 5#U! . #,) #U! . ($(+&-,6 #+'
(1.(15:-#&1, %! &(BN!, -%%*.-,#,) .5 l-. -#6,1.&+
(&
41, &( (#.1
1&#S$
%- .& &-( # : + )
LOH ELOF  JOH OF NLO
I, 5#U! .
LOH JOE FOM  EOE~* MEOL
OE E OL OE oM oM
#U! .
EOF NOJ HOE JO~  FJOJ
A4 (& #,.T( #H+)-6 & #,.7(. %! &(% -.&#,) .(+!) &(.

(+# #) 3G$5H#= < J> () &'( $-&(#&*  ( %-)-6. & %! 5 .I5(
45(.&-1,. 1% &'( )-#6,1.8+ &(.& #,) I5( 4*(.&-!,. 7(()- (+&$3 & #,.$#&()
S & *B-"0 '(4%(.&,. T(( &7 &-( () 4%(.&-! 0 (%- & &-( TH. #
+$#. + 5rB&- $(+H1-H( 4H( &), T-& #+ (+&#,.7  ( #) I5()-.& #+&( .0

18



'CL(H) &( 1) I5( (#1,. %! &'( 6", #.7( % &( %- &
&(0 (1. T(( +,-&0) 1% # + (+& (#.! ,#) 15
5-+1,+( &-1,. %! 5() :3 &'('($ 1% &'( $-&( #8&* ( ("-(70 , #))-&-1,8 &(
4%(.&,. T(( &7 B-). 7-&-, &( &(.&8 &(I (&+  #$ #) (5--+#$

4%(.&-1,.0 '(&'(! (&+H#S$ 4*(.&-1,. T((&1.( 7" +#) 5 (( -, & ()
Y -6 &( +H*.(8 #) &( (5--+#$ 4*(.&!,. 7(( #.0 1, &(
(O (-(+( 7-& &'( ($(+& —+#$ )("-+(.0 '( #5 $( T# . +1,.-.&() 1% EMFL

& 6#)( .&%)(,& <HEJ %(5#$(.8 FMJ 5#$(> % !5 EN -6' .+1$. -,

B##8 *B(30 S'(, ("#$#&-,6 # .&*)(,&8 I,( !-.& TH#. #..-6,() &
(#+ 5-+L+( &), '($) :3 &'(.&*)(,&0 'H& -8 # . &*)(,& 7-& #'-6' .+ (
%) 51 (5-+,+( &), &%, # .&*)(,& 7-& # $I7 .+ 1(0 %&( ##$3=-,6

&'( (*$&.8 &'(3 %!*)) &#& 51.& 1% &'( .&*)(,& '  #) 5#,3 5-.+,+( &-!,.0

| #)-&-1,8 -& TH. 1.("() &#& %(5H#S$(. '#) 5! ( 5+ +( &1, &4,
SHS(0 17("(8 -& TH#. #$.) 1.("0) &#& &( (&+ #$ 4%(.&,. 7((
#,.7(0 5! ( + (+&$3 &%, &( (5- -+#$ 4*(.&!,. 0 '(( 7#

)»-%%( (+( (&7((, %(GHS(. #) 5HS( %! &( &(( = &+H#$ 4*(.&1.8
7'( (#. %(5H#$(. #) 5! ( )-%%-+*$&3 -, #,.7(-,6 &' ((5- -+#$ 4*(.&-),.
&'#, 5#$(.0

0E0J ' ((&( &(.&.

3G$5#= #,) O5% < > ("G 0 # & ( &( &(& & #.(..
&¥)(,&. B- (&1, |, (#&#,) &(5 (#&* (0 ( 3 .&# &() &'(- .&*)3
13 1,6 &()(%-,-&1, 1% 5-.+1,+( &-1,0 , &( .& %)38 -& T#. (5 '#.-=()
QHE 5+ +( &1, # (+,+( &, &H& # (#+4*- () % 15 &'( (9 (-(,+(.

#) +,%$+8& 7-& &( +(&%+ %#+&0 $.18 5-M(&. #( #
+1I&HE&-!, 1% (18 *& 1& #$$ (!, #( 5-.+), +(&1,.0 15( (!.
543 :( )*( & $H#+B 1% B,I7$(6(8 #,) -& -. # %ott+& %I5 &'( )(%-,-&-1, 1%
B+ +( &, &#& 5-+1,+( &1, # ()*( & 15( +, +(&1,. %15

19



(9 (-(+(:8 1& )*( &! .I5( $#+B 1% B,I7$()6(0 17( "(8 -, &(HU+&"(
&(& #$$ 71,6 #,.7(. #( & (H#&() #. 5-+ +( &, 0 - -&MHE&!,
4*(.&-,. &'( "#$-)-83 1% 1U(+&-"( &(.&.0 , &'( &' ((&~( &(.&.8 &'( %- .& &-( -.
# +$H. .+ 5°$&- $( +1-+( 4%(.&1,0 '( .(+1,) &<( ((& I5( (#.),.

%! &'(%- .& &(0 )8 &'($#.& &( #.B. &(.&J(,& 7'&'( '(.'(-. .* (!

1& %! &'(6-"(, #,.7(.0 % &'( .&)(& #,.7(. &  '(%- .& &( -+ (+&$38
(9& 6-"( &'( (BH&() (#.), %! &(#,.7(8#)%  -#$$3 &'(.&*)(.&-. * (
HI& &(#,.7(. %! &(%- & &7 &(.B&(, 7(  +# (9 (+& &'( .&*)(,& &
#( # 5-.41,+(&1,0 3G$5#=#,) O5(%- < > ) &(5-,() # EH-&(5
&(& 1, (H& #,) &(5 (#&* (8 #,) &'(, &'(3 %! 5 &'( & ((&( &(.&0 '(3
#)5--.&(() &'(&(.& & FF - & 6 #)( .&*)(,& % 15 $+#$#,) -"#&('-6'
4. -, H#$6H&S B##8 *B(30 & &( ()8 &(3 +H5# () &(
(+(,&H#6(. 1% .&*)(,&. '#"-,6 # 5-.+,+(&1,8 (. (+ &-"($3 #++1)-,6 &!
1.$3 &'(%- .& &( . 1% -&(5. !, &'( &(.&8 &'( %o- & &7! &( . 1% -&(5. !, &'( &(.&
#,) #5$ &' ((&-(.1% -&(5. 1, &( &(.&0 '(3 %!*, ) &#& IMK 1% &'( .&*)(,&.
H) -, #(H6(H& $(H.& |,( 5.+, +( &, #++!)- 6 & &'(%- .& &(.8 FK 1%
&¥)(,&. 'H) #& $(#.& 1,( 5-.+!,+( &1, #++1)-,6 & &'(%- .& &7 &-( .8 #,)
ELK 1% &'( .&%)(,& #) #& $(#.& |,( 5-++( &, #  ++)-6 & #$$ & ((

&(.0 15 &(( (*$&.8 &( ((#+(. +,+$%)( ) &#& #.(.-6
5o+l +( &1, 7-& # 1(&( &(.& I"((&-5H&(. & ( (+(.&#6(. 1%
&¥)(,&. 'H#'-,6 # 5-+L+(&1,8 #) & (#& #$$ 7!, 6 #.7(. #. #
5-+1,+(&1,0 , %#+&8 #$&'1*6" 15( 1% &'.( -,+! (+& #,.7( . 543 «(

Y*( & # 5-.+1,+( &-1,8 .15( 1% &'(5 5#3 ,1& :( )*( &! # 5-+1+(&1,0
& 71).8#. (-1%.$3 5(,&1,()8 .I5( 1% -,+ | (+& #,.7(. 543 «(

UottS.((BH&-"(. T+ # ( -+ (+& #,.7(. -, . -&( 196 +1 (+& (#.,.8 #,)
I5( 5#3 :()*( & #,)15$3 6-"(, #,.7(.0 ))-&!, #$$38 .15( 1&(

5#3 1( )*( &! $#+B 1% B,17$()6(0 , &'( $-6'& 1% &'  -. (9 $#,#&-1,8 EHK 1%
&( .&*)(,&.8 7'+ -. %I*) :3 *:& #+& 6 FK %! 5 JMK8 6#'( -,+! (+&
#,7(.:35-8#B(! +#,+((+#.( ($H&() (*., 1% &'(-H+ (+&
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#.70. 700 & +1.0 Y &(.(+) &(. 1% & &(.&0 , &'( .#5(
5#,,(8 HK 19 &'( .&*)(,& 7(( & +1,%-)(,& #:1*& &(#,.7(. %! &
%-.& &7 &-(. !, &( &(.& #$&'6' &'(- #,.7(. % | &( %-.& &(. 7((

+1,-.&(,&0 'L.( .&*)(,& 6#'( -+ (+& #,.7(. ) *( & I5( $#+B 1%
B,I7$06( #&( &%, .J5( 5-+1,+(&1.0 .8 &( (@#+( .
HA$() &H& & ((&( &(&. #..(. 5-+1,+( &, . Bl ( "#$-)$3 &,

L(&( ! &7 &( &(.&.0

0 -+ +( &, #:1*& -5 $( $(+& + - +*-&.

1& 1% ((#+ .&%)-( #'( (( +.)+&0 L%# -, 1) &
- (&-6H&( &'( .&*)(,& *)(.&H#)-6 1% (B(+& -+ + - +5-&0 (. .&*)-(.
H( (CHS) &H& &¥)(,&. 5l.&$S3 +#,1& )-.&- 6% ! #516  ($#&()
(& F+ # +* (&8 (,(638 "IS&HB(8 (&0 .*  5-,6 #HE&(3 #. #
HL&H& (& T (- #, (OH5S( 1% +%*, &T7((, (S(+& -+#$
+* (& #,) "IS&HB(0 1&'( (95 $( -. &'( +,.*5 &- 1, 1% +* (& :3
(B(+& +#$ )("+(. T-&-, # +- +5& (+H( 1% &(  +,%*-1, (&7((,

($(+& -+#$ +* (& #) ((63 <#5#8 V )#5.8 EHH | +(5&&8 V
"H%%( 8 EHHI '-.&1,(8 EHLL>0 '(.( &7! 5-+1+(& -I. #( &( 5'.&
+1550, #) (-.&#,& 5-.+1,+( &, #5,6 .&*)(,&. # ++1)-6 & &

($H&() $-&(H&* (0 % +1*.(8 &(( #( 1&( 5+ L+(&L. - &(
$-&(#H&* (8 #,) &((%! (B #$$ &(5-+,+( &, #  ( ((&() .(##&($3 .

&'H& &'(3 +#, ( (#.-$3 *)(.&1)0

-B5N)($ C $3# .-68( 7- (+,(+&, :(&7((, &'( 7( * $3 #,)
&'( ($(+& —+#$ )("-+( -. #.55() &! $(& &'( (B(+& - + +* (,& %S$!7 % 15 &
17( * $3 &' &'( (B(+& —+4$ )("-+(8 &™*. *,-,6 - &0 &*)(,.&. 7' '#'(

&'-. B-+l+( &1, 5#3 +1,%*( &'( (B(+& -+ %7 7-& ' &( 1&( %$!7
BI($. *+ #. (& %$178 TH&( %$I7! 6 1%)() ($ (+& -+ %$170 < ()(&&(V
4" (#)8 EHL >0 -6* ( OE )(5!, & #&(. &7 1% "# -1 ($(+& -+ + +*-&.
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7+ # (#.%5() :3 .8%)(,&. 1$)-,6 &"-. 5-.+1,+( &1, ) &H& &'( *$:

$-6'&.*0
"""\-\.\_‘___\_'_'_,_,.,-F" ‘H—Hq_‘_—___,,-ﬂ"
+ +
EATTEET BATTERT
\"_"‘-——.;—o—'-"'_’; —
-6* ( OE 9#5 $(. 1% $(+& -+ - +*-&. 3 &*)(,&. 1$)-,6 $(+& -+ -,B.0

&&(M&1, 5)($  C , &- 51)($8 &'( (B(+& -+ +* (&8 T+ &#'($ . I*)

#(B(H& —+HS + +%& -, I,()- (+&-1,8 - #£.45() & )(+ (#.( 6 #)*#$$3

[(H5.(1% &'( +1,.%5 &1, 1% -& 3 &'( (-.&!. 7- &'-, &'( +-+*-8&0 S'(,

&Y (& #(#B() & #B &7 )(,&+#$ *$:.8 7-  + #(- (- # -,

6% ( 08 7-& (. (+& &! &'(- : -6'&,(..8 &'(3 (6#) *$: #. :-6'&(

((H( &'(3 &-,B &H& *$: T+ (+I1%,&(. &( ($(+8& -+ +* (& %- .&
* (% I5( 1% &'( +* (& #) $(. +* (& #.( & TG g

<+ (51&& V '#%%( 8 EHH | - .&!,(8 EHLL>0
#(O+* (&5NS  C - 5I)($- (3 .-5-%H# & &'( H&&(*H&-, 5!) $

-, &H& &( $H'-6 +* (& -. Bl ( &%, &( (&, -6 +* (&0 *&8 &
)-%%( (,+( -. &H#& -, &'-. BI)($ &'( ($(+& +#S$ +* (& -. #.%5() & (
SH () (AHSS3 3 (B(+& -+#HS )+ & ((%! (*$ . #,) -, 6%(0
#(#.75() & :((4*#$ -, 1 -6'&,(.. <'- .&!,(8 EH LL>0
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6% (0 71 )(&+HS *S T+ # (-, ((.

(A*(&H#S 5N(S C S( *-$. #(#B() & (+& T#& '# (.. & &(

1-6'&,(.. 1% &( *$: -, -6*( ON -% (-&( £ ! .. +'#608 5#,3
8+ HE( &HE& +H,6(-,  H%NY%(+&. &'(: -6'&,(.. #,) +'#,6( -, (. &
H%%(+& &'( 1 -6'&,(.. 1% &'( *$:0 H& -.8 .&*)(& . #.*5( # +#,6( #& #

- & -, &'(+- +*-& &! #Y%%(+& %! T# ) -, &'()- (+&, 1% &'( ($(+& -+ +* (,&8
1& #+BTH#) <*-, V ?U*#8 EHLFI +(5&& V '#% %(8 EHH I
- &!,(EHLLI '-.&!,( (& #$08 EHLL>0

HEREED O

Eq Eq

6% ( ON $(+& —+#$ - +*-& () %' ..(.5(,&! % &'( (4*(+( )($

$#-6 +* (& 5SS  C &M)(& 7! #'( &-. BI)($ #.*5(. &H&

1-&-"( ($(+& ~+-&3 #,) ,(6#8"( ($(+& -+-&3 % 15 & 17( * $3 5((& #&
# (B(+& +H#$ )("+( #,) +$#.' &'((8 &*. *,,-6 &'( ($(+& —+#$ )("-+(0
<'#5:(.V ) (8 EHHF>
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5--+#$ *$(5N(S  C &%)(,& 7' '#'( &-. ++( &), ($-("( &'H& &

%* &'( #7#3 &'( *$: -. % !5 &'( :#&&( 38 &'()-55 ( &'(*: <($$( V
-,$(38 EHH >0
1& +-+*-& 5-+L+(&-!, C S-(. 7-&M*& #,3 ($(+& -+#$ )("-+(. #(

6,1 () :3 &(.&*)(,& 7' '#'( &-. 5-+1,+( &, #. &'(3 #,#$3=( &
+ +%-&0 <'#5:(.8 V) (8 EHHFI ()(&&(8V $(5(  ,&8 EHLE>0 -6* ( 0J -.
1:&#-,() % 15 &'( .&%)3 1% ()(&&(#,) $(5(.& <EH  LE>-, &( * .(1%
(95 $-%3-6 .1& + +*& 5-++(&10 &"(& 7' Lo &
-+l +( &1, -6, ( &( 7-( H&' +#*-6 # 1& +- +5& #) &3 &
#,4#93=( &'( (B(+& —+#$ ("(& & 1*6' &'( #&&(38 &'( (-& #) &(

+H #+-&) #. -, &'(%-6* (0

Fesistor

Caparitor

6% (0J - +*-& .() %! $-+-&,68&("& - +5.& -+ +( &),
I7(_* $3 #. # +1.&H#.E& +* (& 1 +( 5N)($ C " 5+l +( &),
(3,6, &! &'( .&¥)(,& (6#)-6 # HE&&(3#. #+ &H & (S(+& +#$ +* (&

I H&'( &H, (B(+& +#$ ((63 I +B THE(T  ( &'(+- +*& & - %$17()
-, <I'(, (& #$08 EHLNI *-, V ?I'*#8 EHLFI + (5 188 V '#%%( 8 EHH |
- .&!,(8 EHLLI - .&!,( (& #$08 EHLL>0
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#HSH(S +- +*-& 5-+1+(&), 5NS  C &)(& (6#) # (-& # #,

I &HB( &I +* (& %$IT #,) &'(3 +$H#-5 &H& &'( &) &HS (-.&#,+( 1% # +- +*-&
GG &5 1% (&1 T #( -, # #$$($ -+ (.(.
<'#5:(.8V ,) (8 EHHFI I'(, (& #$08 EHLNI + ( 51&&8 V '#%%( 8 EHH >0
I+#$ (#.1-6  C % # 5)-%-+#&, - ),( -, # #8& 1% #, ($(+& -+#S$ +- +*-&8

&¥)(,&. 7' H'( &-. 5-++( &, & 3 &! ##$3=( &-. SI+#HS # & #)
&(3 -6,1 ( 6$1:#S +#,6(.0 17("(8 -& -. (4* () & ##$3=( & &
BI+HS #,) &'(6$1:H#S +#,6(.0 | (95 $(8# (-.&! L (H&() -, #HSS(S
&1 #6-"(, (& 8&(&(+* (,&-.)")() i( &7((, &'( (-.& .8 & &
5106 &'((+* (& - & (4*H$ &) &'( (1.5 #6,-8%)( 1% &'( +* (,&

#& &'(1 -6-#$ +- +%-& (%! ( &'(5!)-%-+#&!, <! *(, (& #$08 EHLNI *-.&!(
(& #$08 EHLL>0
N($. 1% U* +&-1,. - # #S$($ + +*-& C ($8( #,) - $B <EHH> (1 &() L

)-%%( (& (.1,.(. %! &'(4*(.&1, .17, -, -6*( 00

ac. Compare the amount of current in
the wires at points 1, 2 and 3. Explain
YOUr reasoning.

6% (0 *(.&,*.():3 ($3( #,) -$(3 <EHH >

'(%!$$!7-,6 $-.& .17. )-%%( (,& &3 (. 1% &  (6-"(, #,.7(.0 '(6-"(,

#,.7(. T(( +H&(B! -=() #++1)-,6 & -% &( U*+& |, T#. (+16,-=() !
180 '( %- .& %I #,7(. #( &(#.7(. -, T+ ' &'(U*+&-1, )-")(
T# & (+16,=() #,) &'( (& 1% &'(#,.7(. #( &(#,.7(. - T+

&(U* +&-1, )-")( T#. (+16,-=()0
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EO '(+* (&-. &'( H5(#& #$$ 1-,& < £ _ v i(+#(&(+ (& 'H.
18 3(& (#+'() &(:*$:.0

0 '(+ (&- &($H6(& #& 1-& :(+#.(1% (- 6 &(+$1.(.& &! &
(6#&"( 1$(0 '(+* (& #& - & N -. 6 (H&( &%, H#& 1-.& E (&I &(

)-. &t +( & &'(,(BH&"( 1$(<  n 20
NO '( +* (& #& !-& E #) #( (4#S$ :(+#*.( &( 3 #'( & 3(&
(#+0 #,3 7$:0 (+* (&#& &N - &($(#. & (+#.(&(+ (&
#((*(0)- #.-6& 6" &'(:*$. #,) < e 0
JO '(+* (& #& 1-& E #) #( (4#$ (+#.( &( 3 '#'( )& 3(&
#HH0 &(*$: 0 '(+* (& #& -.& N -. $(#.& (L &(+ (&

%WBIT. #1%) &'( +- ++-& 7-& &( % (%! ( -& %$!7. & 16" &'
+ 458 T8 &(*$ < e w0

0 '(+ (& #& 1-,& E #) N #( #1*& (4430 $-6  '&$3 $(. +* (&
%$!7. )17, &( #&' & & < e N >0

MO '( +* (& #& 1-,& E -. &( $# 6(.& (+#*.( -& '#. 1& 3(& . $-&0 (
(& H& & - $H6( &# &(+* (& #& - & N :(+#%.( 5! (
(& %SI7. & M6 &(+S1( #&'< & anN | 0

FO '(+* (& #& 1-,& #)N#('#5% 1% &'(+* (& #& 1-,& E ((+#*(

& )-")( ("($3T( &'( . $-& I+ . < e aN _ w0
LO '(+* (& #& L& E- &(.*51% &'( +* (,& #& & #,) NO (
(& H#& 1-,& #H& 1-& #,) N # (& #5( (+# (51 (+* (&
%$!7. & 16" &'( #& 7-&' $(.. (--.&#,+(0 -,+( &'( #&' #'( &(
H5( (- &H#+(8 &'(+* (& & I*6' (#+ #H&'# ( &(H#5(< e a W
>0

ON !+( 1 +(& ,"(.& 3

.6 &( $-&(#&* ( ("-(78 &T! %-)-6. #& & #+& #&&(,&1,0 - .&8 &'((
#(%(7 &7V &( ! & ((&( &(& !, '3.+.0 (+  1)8&((#(.15%3
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((#+ &%)-(. %+*-6 1, &( 0 1& 5#B( - "&t$( & ("-(7 &(
(H+ &)-( L& 0'( - ((&0:3 &7! .(+&1,.0 '(%- .&
(&), - #1%& -&. )("($! 5(.& #,) !*$#-&30 '( % I$$17-,6 .(+&-!,
((& J5(.(-1*% ++(,. #:& &( 0

ONOE ("($!5(,& 1% &'( ! +( ', +(& ,"(.& 3

(HE (& - # -5 1"0) (-l 1% &( (H'#,-+. -#6,1.8+
(& <#$$!*, V (&((8 EHL>8 -& -. %- .& ,(0) & .&93 &( 0
HSSI*, #) (&G )C®'O &( & HA(&H-, &¥)(,&.
AH$-8H&"( +1,+( &, 1% B(+#-+0 '( ((#+( L #&HBHE() &(
)(-6,8 "#$-)-&3 #,) ($-#:-$-&3 1% &'( &(.& +$(#30 (3 .&# &() )("($! -6

&( &(& 3 ($(+&,6 4*(.&,. - 1)( & :( #$( & #.(. .&%)(&
AHS-8H&"( + +( &, #) -)(,&%3 +I55!, 5+ +( &1, L:&#-()
%15 &'( $-&(#&* (0 %&(7#).8 "#-1*. 1(, (,)( (1,8 7+
(4*(.& 7 -&&(, #,7(.8 7(( #)5--.&(() & 5! &#, E  +$$(6(
&*)(,&. (,1$$-6 -, & )*+&! 3 '3+, +1* (. % I 5( &#, & ((
3(#.0 . # +],.(4%(+(8 &( 5!.& +I55!, 5.+ +( &- 1. 70 (5)(,&%-()

#) %) #)-&H&(. - &( %-#$ 5°8& $( +1-+( (., 1% &'( &(.&0
#ESI*, #,) (&(( (&#S$-'() &'( Yort+( #,) +1,&( & "#$-)-&3 1% &'( &(.&
S % )-%9%( (& TH#3.0 -.&8 &( (H+(.'H)  # 5 1% '3+
19(..) . #,) 6 #)*#&( .&*)(,&. (I#5-,( &'( (# $3" (-1, 1% &'( &(.& #,)
&(3 -+ 1#&() &( *66(.&,. -& &( %-#$ "( -0 (+1)8 EE
6 #)*#8&( .&*)(,&. &IIB &'( &(.& #,) # +I5$(&(#6 ( 5(,& 7#. #+( !,
&( + (+& #,.7(. & #+ 4% &, -, &( &(.&0 )8 &'( (.(#+(.
&) - &( (7. 7-& - & I)*+&! 3 '3+, .& *)(,&. 7' '#) &#B(,
&( &(& (%! (#,) &3 1.("() &H& #$$ &'( 4*(. &, #,) #B&( H&"(
#,.7(. 7((*)(.&!1) +$(# $3 :3 &'(.&*)(,8.0 ! &8 &(#,7(. 1% NE
&N)(&. T (+(-"0) 6#)(- ,-"(.-&3 '3.-+. 7( (+# (%*$$3
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(9#5-,0) -, 1 )( & )(&(+& #,3 L:#:$( +155!, 5-* )(.&H.)-,6 )*(
& &'( %! 5*$H#&-1, 1% &'( 4*(&-),. -, &'( &(.&#,)  &(3 %!*) I 1,(0 !
(&#:$--6 &'( ($-#:-$-&3 1% &'( &(.&8 #$$!*, #,) (&(,(. <EHL > & 1,$3
* () 4%H,&-8H&-"( JH&H % 15 &'( &(.& (*$&. & #$ .1 &'(3 *.() 4*#$-&#&-"(
V& #.() 1, &'(-,&("-(7. T-&' # #5 $( 1% .&*)(, & 7' 'H#) &#B(, &
&(&0 , &'( () 1% &'( -&("-(7.8 &3 1.("() & #& &'(#,.7(. 1% &(
&¥)(,&. 7((-)(&-+#$ 7-& &'(#,.7( . &'( .&*)(, &.'#) 6-"(, -, &( &(.&0
*&'(5! (8 &( ((#+(. *.() &( #&# % !5 &7! +15 # #:$( 6 1* .
&(&() #& )%%( (& &5(. & (&5H&( &( *)( -+ 'H#)., ($-#-$-&3
+H(%%-+-(& %! (&(& #,) 1.8&&(.& *.(0 '( (% %-+-(,& 7(( OLM %!
(&(.& *.(#) OLH %! 1.8&&(.& *.(0 ++!)-6$38 & '(.(***#$ #,) '-6'
"SR 5(#, &H& &'( -.-6'$3 ($-#:3$(0

 EHH 8 (.&(,(.8 S($$.8#,) 7#+"#5( )(.-6 0&( T+ - #
510 (L 1% &Y #) +SH#-5() &H& &'( -, (&3 * $-(. #
51( .3.&(GH&+ #) +I5$(&( 1%-$( 1% &( 5-+.+(&  -L,.0
(HE+(. )"0 &( (T&L#, %l+( +H +(& - & -9+ H( &S
)-5(,.-L,. #) 6 1% () &( 5-.+1,+( &1,. -, .-9 5#U! +#&(6! -(.0 #+'
44 &1, -, &'( -"(&'3 ((& # (7&,#, ++( & #) &(

5-+1+( &1, #.)-.& #+&( .0 (&((. (& #$0 <EHH > #)5--.&( () &'( &

E -6 +1$ &%(& #) 5 (&#, *-"(. -&3 .&*)(,&. 7-& #,

#++15 #,3-6 &(.&8 &'( (+#,+. #.($-( (& #() L, 15 .1$"-,6

B-$$. #,) ##$3=() &( &(.& (*$&0 ‘(3 #$.! +,  )+&() .I5( -,&("-(7.

%! (&H#:$--6 &'( "HS)-&3 #,) ($-#:-$-&30 (" &'($(..8 (&((. (& #$0

<EHH > # &-+*$#&() &'H#& &'(3 )-) ,J& (9 (,) #. 5*+' (%% & #. 1, &(

%! (&d$--,6 "HS-)-&3 #,) ($-H#:-$-&3 (+H#.('  #$% 1% &'( 4*(.&,. -, &
#(&( H5( 4%( &, - &(  TN( (*$&. ($-+#8&() 5#,3

&5(. :31&'( (.(#+(.0 *.8 &(3 #$$(6() &H#& & TH* (H(H#3 &)

&'( #5( %! 5#S ##$3.-. #6#-,0
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(B8 1% &'( (+#+ #.($( (& *. 0 7-& &(  7((
(1&() 3 (&(( #,) S($$. <EHH >0 '( 7#.)( -6,0) &! :(*.() #.
(&(& #) 1.8&&(.& %! #..(.-6 .&*)( & 4HS-&H& -"( *)(.&#,)-6 1%

(78,4, +,+( & (%! (#,) #%&( &'( -,.& *+&1,0 '(#.($-( &(.& TH.
#$.0)(-6,0 - 1) & #.(.. .&N(& A HS-&H& (%) (.&H#)-6 1%
S(+#,-+.8 *& -& (4* (. 1:$(5 .1$"-,6 #+4*- () - - & 8 8 &HE -8 -&

(%) H&( &'(-,.& *+&, #. # 1.&8(&0 '( ((#+(. +$#-5() &'H&
&( *( 1% & &(.& +#, 3-($) # +5S&( #..(.5(, & 1% .&%)(&.
*)(.&#,)-,6 1% 5(+'#,-+.0 17("(8 &( 5!.& -51 & #.& - %( (,+( TH.
&H& &( ((#+(. -)+H&() &7! & (1%). %! &  '(  *-6 #
(&3 1&&(& "0 H#.($-( 1.&&(& AHE&(B6H#50  (&((. #) S($S.
)-GO M K-, & %!+ +( &*HS &' (19) (H# (&%) (,&. ($7
&-. 41 (#(5.&$-BG3&I6&($17TM K- &(  #.($,(&(.&OL K-, &(
TH. - )-+H#&() #. & (19) %! 5H#.&(3 1% #.+ (7&),#, +.+( &.8
[+ (1,83 &(.&¥)(& #I'(L K-, &(  +#, A(#M(L K-,
&'( #.($-,(&(.&0

ONO I5(+!+(,. #:1& &'( 1 +( 1, +(& ,"(,&! 3

*06065#, #,) ($$( <EHH > (1 &() .15( +!,+( . H& &'( 0
C#+(. +)+8&() # Yott+8&! ##$3.-. *-6 &( VHEHS &'(3 1:&#-()
3 #)5-,-.&( -6 &( &(.& & EJ -6' +1$ #,) F * " -&3 .&*)(,&.8 -,
) & #,7( TH& &(  #+&#$$3 5H* (0 *% %5#, #) ($9(
<EHH > (5-))() &#& &'( %! +( +1,+(& 7#. )-"-)() - & -9+ +(&HS
)-5(,.-1,.0 | &-. (#.,8 # %#+&! ##$3=() Y& T1*$) 3-($) (-&(

1$3 1,( +(,& #$ %H+&! | -9 )-%9%( (,& %H+&! . -+$¥)-,6 #$$ &'( -&(5. -, &
0 ("(&($(..8 &'(3 %!*) # 7-)( "#-(&3 1% #5: -BHI*. YoH+&! . #)

1.$3 %(7 #++( &H#:S( %oH+&! .0 (%! (B *%%5#, #,)  ($B( +$#-5() &'H&

&(-&(5. -, &(  #( (33 ($H&() & (#+ 1&  '( #) &3 ) &
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S(#.* ((-&'( # .-,68( %! +(+ +(&! -9)-5(.. 11,196 &'( %! +( +,+( &0
(& TH %I$$I7() 3 I5(1&( # (.1, &(+ L+(,.0

(&G(. #,) #$$!* <EHH> #) &#& TH#& &  ( 5@#H*(. - #
A&, #1%& +1,&(,& "H#$)-&30 , 1&'( 71).8 &  ( l#:-$-&3 1% %#S$.(
1-&-"(. #,) %#S.( ,(6#&"(. 5*.& :( (.&-5#&()0 %  #$.(,(6#&"( - )(%-,()
#&( -4 (+& #,.7( 1% # (7&),-#, &-B( #) # %#H$.( 1-&"( -.
)(%-,() #. &'(+ (+& #,.7( 1% # 1, (7&),#, & -B(0 (&( #)
HEBI*, <EHH > &#&() &H#& &'( 1#:-$-&3 1% %#$.(6#&-"(. TH. $(.. &%#,
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'3 &16'& &H& &'( &*,6.&(, Y%o-$H5(,& -, &'( $-6' & *B: " #&(.8 &™.
$-6'&-6 *0 '-. (#!-6 5#3 :( :(+#.( 1% # 5-.- &( (&H&, 1%
+$#.-,6 ($(+& 1. -, &*,6.&(, %-$#5(,&0

JO #$3.-.1%&'( (, )0 *(.&',#- (

(#4883 1% &'(1(, ()0 4*(&L.# ( - (9--&() :3 5(#,. 1%
&7 %1 (+&-1,.| +H&(6! -=H&-1,8 #,) #,#$3.-. 1% +#  &(6! (.0

JO OE #&(6! -=#&-1, 1% (.1,.(. 6-"(, & &'( (, )0 *(.&1, #- (
%&( #)5-,-&(-6 &( 1 (, ()0 4*( &, #- (& HH .&%)(,& #)
H$P(+&-,6 &'( (*$&.8 (#+ &%) (& (. ,.(T# #. 6,0 &I # # | -#E&(

+#&(6) 3 #++1)-,6 &! .-5-$# -&(. -, 5(#,-,60 #&  -.8 5(#,-,6%*$$3 .-5-$#
(1.( &V #, -&(5 %! 5() # +#&(6! 31 &*. (*$&- 6 -, .("(#$ +#&(6! (.
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%! #t' -&05 -, &( 4 (&L#( <( ()9 >0 #:$( JOES8
F55# -=-6 &'( +#&(6! -(. %! (#+' -&(58 7#. )(.-6 0. &(C* (1%
#1-)-6 &'( #)( !1-67-& &()(&#S$.-, () 90
#:$(JOE *55# 3 1% #&(6!-(. %! #+' &(5!, & GO
*(L&#- (

g >
= § Cate Titl %
LEJ g gory Titles ;,')_

S [

S

A piece of wire must be connected from the negative
1 | terminal of the battery to the upper metallic sifi¢he bulb 78
so that current passes through the bulb
2 | The battery and the bulb are in contact
3 The positive terminal of a battery can light upugbh but not )
the negative terminal
! 4 | The negative terminal of a battery produces etgiyt 4
A wire must be connected from the negative termifidhe
5 | battery to the upper metallic side of the bulbtsa t+” and 2
“-" charges meet in the bulb
6 Deficient or not meaningful 2
2 - None of categories was revealed
3 1 | The current in the branch leaving the batterydeis into 6
other branches in such a way that the same ambentrent
passes through each bulb because three identitel &re in
parallel combination
2 | After the current divides equally into two braastat the firsff 24
junction, the current again divides equally int@tliranches
at the second junction
3 | The further away the branch is from the batttrg,smaller 3
the amount of the current
4 Deficient or not meaningful 40
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The currents with the same amount from the bastdras not

been consumed yet in both of the figures

14

In both of the figures, potential differencesdigd by the
batteries are the same, but the equivalent resistarthe

second figure is bigger

Current in the first figure is smaller becauseréhis one bulb
in the first figure, whereas there are two bulbthimnsecond

figure

Current in the first figure is bigger because twibs in the

second figure share the current

16

Currents in both figures are the same becausentus

constant at any point in circuits with serial condiion

Deficient or not meaningful

28

Currents at all points are the same and bulbsdABaare the

same in brightness

30

The further away from the battery, the less theunt of

current and the brightness of a bulb

I:>1,>13 and Bulb A is brighter

11

I,=1,=13 and Bulb B is brighter due to being closer to the

battery

I:>1,>13 and Bulb B is brighter due to being closer to the

battery

I:>1,>13 and Bulbs A and B are the same in brightness

Deficient or not meaningful

15

It is bigger in Figure 6 because there are mateshin Figure
7

28

It is bigger in Figure 7 because the equivalesistance in

Figure 7 is smaller

Both currents are the same in both figures becausents
leaving the batteries with the same amount havbeen

divided into branches yet

39

Deficient or not meaningful
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7al| 1 | I>=l, 44
2 1>1>13 11
3 Deficient or not meaningful 11
7.b 1 Bulbs A and B are the same in brightness bedhgssame 47
amount of current passes through bulbs A and B
2 Bulb A is brighter because bulb A is closer te ltattery 14
3 Bulb B is brighter because current first pasbesuigh bulb B 6
4 Deficient or not meaningful 1
8 1 Bulb A in Figure 8 is brighter because all of therent is 37
consumed by only bulb A in Figure 8
2 | They are the same in brightness because cusréitidled 7
into two branches in both figures
3 Bulb A in Figure 7 is brighter because currerg¢ginot pass | 28
through bulb A in Figure 8
4 Deficient or not meaningful 4
9 1 | Two terminals of the battery are connected tdotlhib 41
2 | The bulb takes electricity from both of the pesitand 18
negative terminals
3 | A connection between a bulb and the negativeitaiof a 1
battery is enough to light up a bulb
4 | A connection between a bulb and the positive iteahof a 1
battery is enough to light up a bulb
5 Deficient or not meaningful 1
10 1 It changes in the first case, but not in the sdamase because 17
only R, affects the bulb
2 It changes in the second case, but not in teedase because 1
only R, affects the bulb
3 It does not change in both cases B
4 Deficient or not meaningful 10
11 1 R« >Run 33
2 R =Rwn 4
3 R <Rwin 1
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12 1 | Yes, itlights up 51
2 No, it does not light 28
13 1 I:>15>1, because most of the current passes straight the 10
branch at which point 3 is on
2 I:>1,=I;because current divides equally at the junction B6
3 Deficient or not meaningful 2
14 1 Bulbs A and B are the same in brightness | 6
2 Bulb B is brighter 22
3 Both bulbs do not light due to short circuit 4
4 Bulb B lights, bulb A does not light due to shairtuit 25
5 Deficient or not meaningful 5

JOO #$3.-. 1% &'(+#&(6! -(.

((#( M +#&(6!-(. %! &( %-.& -&5 !, & '( ()0
45(.&-1, 4 (0 '( &-) #,) %! & +H&(6! (. # ( $#&() T-&' &'( .(+)
+#8&(6! 3 #,) &'(- % (4*(+(. # ("(3 .5#$$0 ( (%! (8 &'( %- .&8 .(+1))

#) %-%&' +#&(6! (. 7((*.0 -, )(.-6, 1% &'( %-  .& -&(5 -, &'( & (( &<(
&(.&0 (% (4*(,+3 1% &'( %-%&' +#&(6! 3 T#. "( 3 .5#$$ &I ,("( &'($(.. -&

7H#. %) ((+#.(1% &'( (9&(,.-"( $-&( #&* (#,) ( $8. 1% &'(-,&("-(7.0
') &G &G ()0 (-, S ) & H#(
#,7( () 13 5.8 1% &'( (9#5-,((.0 15('#) & -() & 1 #,7( :35(#, 1%
%! 5*$#.1 17("( &(3 +1*$) 1& H#"( F++(()() :(+ #.(&'(1$%81, 1%
&(A*(&-1, (4% (L # ++( &S *)( .&#)-,6 #& ' &H, # AH &-8HE"(

I$&-10 #-$-&3 &) 1$"( &'( 4%(.&, 543 :( i . 1% '#'-,6 :((,

SI&-"#&() &! #STH3. I$"( *+ 4*(.&,. ($H#&() &! (4*"#$(,& (.-.&#,+(
:3 5(#,. 1% &'( %! 5*$#. )* -,6 '3.-+. -.& *+&1,0 '((%! (8 &'(3 +1*9)
18 *.(&(B,17$(06( &H& #))-6 # (.-.&H#,+(T-&' L AR #HES(S
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)+ (( &( (A%-"#9(,& (-&H#+( - 1)( & 1$ "( &'( 4*(.&10 . #
(*$88 &'( -&(5 )-) & ("(#$ #,3 +#&(O6! (. :(+#  *(&((7(( ! #3
1($36-"(, (.1.(8#) .18 &-. -&(5 7#. & -, +$%)() -, &'( &' ((

&-( &(.&0

((#( % +#&(B! (. %! &'( &-) -&(5 1, &'( 4*(.&-!,#- (0 (

(+1,) +#&(6! 3 -. %t +I551, &'#, &'( %- .& +HH#&(B! 3 7+ - &(+ (+&
(1.0 '( &-) +#&(6!3 H#. # "(3 $17 % (4%(+ 30 17("(8 &(
% (4*(+3 1% &( %! &' +#&(6!3 -+$9-6 )(%-+-(& ! 5(#-6%(.
(1.( H&& #+&. #&&(,&10 S'(, -"(.&-6#& 6 & (L= &
+#&(6!3 -, ()9 8 -& .((5. & :(:(+#*.(1% # + I551, +(#&-,6 )*(
& ('#.:(-6"(3)-%%-+*$&0

| &'( %! & -&(58 &(( #( & (( +H#&(6! -( . 7-& # -6' % (4*(,+30

I7('(8 I,( 1% &5 -. #6#-, &( +#&(6!3 -+$)-, 6 )(%-+(& !
5(#,-68(. (1.0 %&( # 1%*) - "(&-6H&! , 3 5(#,. 1%
(,)-9 8-& .((5. & :( !, #++1* & 19% $#+B 1% B,!7 $(6(0 $.18"(3$!7

% (4*(,+3 1% +#8&(6! 3 H&S& #+&. #8&E&(,&-!,0
'(-6'(.& % (4*(,+3 %! &'( %-%& -&(5 :($! 6. &! +#&(6!3 E 7'-+'

A8+ (+& ((1,.(0 I - &- 4%(.&18 & '( +#&(6! 3 -,+$%)-,6
)(%-+-(,& ! 5(#,-,68(.. (.1,.(."#. #'-6' % (4*%( +38#,) -& .((5. &! i(
V(& -+, - &(,& +!,+( &-1,. | $#+B 1% B,17$()6( 0

| &(#.H$3.-. 1% &'( +#E&(6! -(. %! -&(5 H8 1,$3 &7! 5#-, +#&(6! -(. # (
1.("00 ,( 5#3 :( #.%5() &! - +$¥)( + (+& (9% #H8&-1,.8 #) &(
1&'( 481 (1.(. -)-+H&6 +$H.-6 +* (& 51)($0 '-. -&(5 7#.
9+$9)0) %15 &( & ((&( &(& .((-6 &#& &((  7(( & (6
+H&(B! (. #,) &'( SH&&( +#&(B! 3 TH. #$.11.("( )- -&BEO

L -&(5 E8 &(( - ) #,3 +H#&(6!3 1% + ( +& (1. #) 1&(
HH&(B! (. -)-+H&( .(A*(&H#$ (#.1-60 $.18 &(  ( #( $& 1% $#B
(L. # T(S$ # # -6 % (4%(+3 1% &'( +#&(6! 3 1% )(%-+-(,& !
5(#,-,6%(.. (.1,.(.0
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&(5 EE ("(#$0) #, -&( (&6 (*$&0 $5!. & #$$ 1% &'(6-"(, (.!.(.

7((+ (+&0 17("(8 5! ( &#, 'H#$% 1% &'( .&*)(, & '#) )& 6-"(, #,3
(.1,.(.0 '#& -.8 .&%)(,& 7' B,I7 &'( (4*- () % | 5*$# 196 (4*-"#$(,&
(-.&H#,+(8 +1*$) I$"(&'( 1S5 !($38,("( & $(..8 &(1&'( . +1*$)

180 (%! (8 &'-. -&(5 TH#. #$.! (9+$9)() % 15 &' (& ((&( &(.& :(+#*(
& (5. & #.(. %H+&HS BITS06( #&'( &#, # ++H( &FHS
*)( .&#,)-,60

JON ,#$3.-. 1% &'(

&(& '#. &T) -51&#,& +H H#+&(-.&+. #. "# $)-&3 #) ($-#-$-&30
H$-)-83 1% # &(.& -. **H$$3 (&H#:$-.() :3 A*HS-&HE"( &(+' -4*(.8 HBE&*'
&((#( # %(T 4*# &-&HE&"( &(+ -4*(. %! (&H#$- -6 "#$-)-8&30 , &-.
&%)38 I5( 4*# &-&HE&-"( &(+,-4*(. T((*.0 &! (. &#:$-" &'( "#$-)-&3 1%
&( - #)-&, &1 I5( A*H$-&HE&-"( &(+'-4%( 0

JONOE #$-)-8&3 #,) ($-#:-$-&3 1% &'(

&% L(1% &HE&-.&-+HESS (&#:$--6 & '( "H$)-&3 1% &( 8

5#-,$3 &' (( 44, &-&H#&-"( &(+'-4*(. 7( (*.00
- & 1% #$$8 &'(+! (BH&,. (&T((, .&¥)(, & 41 (.1, &'(%- .& &7! &~(.

<+ (> #) %) S !, &( &-) &(. 7(( -"(.&-6#&()8
(HEE(-& - (O (+&() L # 1 ($37!B-,6 &(.& &H#& &*)(,&. 7-&' -6'(
AL # (B (+,%)(& #I& &'(+! (+&,(.. 1% &(- #.7(. <% &3

L($3*)(.&#,) THE &'(3 (#) |, # &(& <@H&HSIQ  $*8 >0

#:$(J0 7. &(+ ($H&, (&T((, ! ( L #) +,%)(+( $("($.0
(( - # -6,-%-+#& + ($#&1, <0 L> :(&7((, &(& (. #)
+1,%-)(,+( $('($.0 & 5(#,. &'H& .&*)(,&. T-&' -6 41 (L 6(,(#$$3 #'(
6 +,%-)(,+( $('($. &#, .&*)(,&. T-&' $17 .+! (.0
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Confidence Levels

Scores-2  Pearson Correlation .508**
Sig. (2-tailed) .000
N 124

**. Correlation is significant at the 0.01 level

17("(8 &( + ($H&!, +(%%-+(& -. )& . | -6 HI&I6' -& -.
-6,-%-+#,80 . (#.), +#, :(-,"(&-6#&() *.-,6 &'( +H&&( 6 #5 1% .+ (.
"0 +1,%-)(,+( $("($. -, -6* (JOEO , &( %-6* (8 ,*5:( 1% .&*)(,& #&

#+ OHS +#, ((1.("00 #+ -68( 0#S ( ((, & 1,( .&*)(,&0
("(&($(.8 &'(( # ( #$.! I5( *%S$I7(. <# (# $ #,) &7 1 51 (

$-,( #1%) &( OHS> ## & % 15 &'( (#$.0 & &( *$I7( .8 (#+ $-.(

( ((& L(.&¥)(,&O0 | (9H5 $(8 # .* %$!7( 7-&' & (($-( #1)-&
S)-+HH&( & ((.&*)(,&0 & &'( -6'& 1&&I5 -)( 19 &'( 6 #'8 &'(( # (

I5( &%) (,&. 7-& -6" +1.%-)(,+( $("(S. - . -&( ! % &(- $I7 +1(.0
(&%) (& # ( 5#-,$3 &( (#.!, 1% 5()-*5 +! ($H&-1, +1(%%-+-(,&0
(&K (&. # (+1,%)( & #I& &(- T 1,6 #,.7 (.8.15(1% 7'+ # (

5-+1,+(&1,.0 )08 -& -. # -6, 1% &#& J5( .&  *)(,& "$) (-.&"(

5o+ +( &1, #. 7($$ #. I5( .&*)(,& 71 #,.7( () &( 4*(.&1,. :3
HHA0 & (], %! &(5()-*5 +! ($H&-!, + 1(%%-+-(,& -. ($#&() &!
&(.&*)(,&. #& &'( -6'&* ( .-)(1% &(6#'0 ' (&9 (& T #'(

4%-&( -6 A+ (. <HI(L># ()& (9 (+&#S(%! & ( (+#.(&@3

#( 4%-&( #1"( &( 5(#, .+ ( <OHN>0 ))-&1#$$3 8 &'( $!7 .$! (1% &
$-( -, &'( %-6% ( -)-+H&(. &H#& .&¥)(,& +.%)( ,+( S('(S. # ( 6(,(#$$3
51 (&%#, &'(- +! (.0
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Scores-2

(u]
-
0 D = D = T T =) T T T
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Confidence Levels
-6* (JOE +#&&(6#51% +! (. ".0 1,%-)(,+( "($.
(.(+)) 4%, &-&H#H&-"( &(+',-4*( %! (.&#:3$- /-6 &'( "#$-)-&3 1% &(
-89 (0 &7 %#+&! ##$3.(.0 '( %-.& %H+&! #H#$3.-. TH#.
+)+&() (R 1% &H&  ($H&() 4*(.&!,. T!*$) (*$& -, .15(
H+( &H#:S( Y#+&! . 3 5#,. 1% &'( +! (+& (. !,.(. & #$$ &' (( & (.

<AHL(N>O '(.(+]) %H+&! ##$3.-. TH. +1)+&( ) & S#B( !.-:%(
($#&() 5-+1,+( &, (*$& -, #++(&#S$( Y%H+& . : 3 5#. % &(
5-.+1,+( &, #++!)-,6 & #$3 &' (( &-( . <5-.+!,+ (&!,.N>0

S, &( + ($#&!, 5#& -9 1% &'( %#H+&! #H$ 3.-.8 T+ TH

+1)*+&() *.-,6 .+ (N8 7#. (9#5-,()8 E 1% L +! ($H&, +1(%%-+-(,&.
7((1("0 & (" ON -, 1,(-)(1% &'()- #61#$ -, &'( 5#& -90

#:$( JON 7. 5@E*( 1% #5%$-6 #) #&S(&& . &(.& 1%
C(+-&30 '( -)-+#&(. # 5(-&I-*. "H$*(8 OLELO )8 &

#:-$-83 #..14-#&() 7-&' &'( # &B(&& . &(.& 1% . '(-+-&3 < "HS*(> -. $(..
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&, &(-6,-%-+#,+($('(30 (+(B-&-. (U(+&() &H& &'(+! ($#&-!, 5#& -9 -.
#, )(,&-&3 5#&-90 '-. (*$& 5(#, &'H#& &(& -&( 5. #( 6(,(#$$3 &
))& % 15 (#+1&'( 0

#S(ION  *&*& '7-6 #) #&S&&. (. &

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy. .818

Bartlett's Test of Approx. Chi-Square 221.565

Sphericity df 28
Sig. .000

$.18 #,&- -5#6( + ($H&-!,. T(( -"(&-6H#& () .| &H& #$$ &

S#.* (L 1% #5$-,6 #)(4*#+3 %! (#+ "# -#$( 7(( 6 (#&( &%#, 0 8
7 - & SH.& #++( &HS( "HSHO # -#$(. T-&' "H*(. $(.. &'#,
0 7(( (5"(0) % !5 &'( #,#$3.-.0 '*.8 -&(5. H #)E 7(( (50

% 15 &'( #,#$3.-.0

(988 (#+' -&(5 . +155* #$-&3 "H#S*( TH#. -,"(. &-6#&() &! :( 5! ( &#,
08 #) &5 E 7'.( +I55* #$-&3 7#. 0JJ T#. (5 ") % 15 &
B H$3.-.0 $.18 H5rSH&"( (+(,& 1% "H# -H#+( H++1*  &() %! TH. # #6()
#.FK 3 +#,6-6 &( (-6(,"#$*( % !5 E & OHO %  &(7#).8 -&(5 T#.
(5I"() ((+#*.(-& (5#-,() #$L,( -, 1,(1% J 3-($) () %#+&1 .0 & &'( ()
106 &'( ##$3.-8 &( +HH&"( (+(& 1% "#-#+( TH MK #)
+I55% #$-&-(. 1% &'(+15 $(&() YoH+&! ##$3.-. 7((  #..17, -, #3$(J0JO

C#(F$88 & (((YH+&! . T(( L&#-,() #++ )-6 & #$(J00 , &(
&H#:B(8 "HS*(. $(.. &#, O #(,1& 17,0 &(5.-  , (#+ %#+&! <+I51,(,&>
+, (#) & i (SH&() #HH )6 &1 &'( WH+&! #  #$3.-0 | (95 $(8
“&(5.L8 J#) E # ( ($H&() #++!)-,6 & &(##$ 3.-0
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Communalities

Initial Extraction
Iltem 3 1.000 .649
Item 4 1.000 .664
Iltem 5 1.000 .698
Iltem 6 1.000 .669
Item 7 1.000 .578
Iltem 8 1.000 .719
Item 11 1.000 .670
Item 12 1.000 .564

Extraction Method: Principal Component Analysis.

#$(J0 *&*& '17-,6 &'( 1&H#&() 151,(,& #& -9

Rotated Component Matrix 2

Component
1 2 3

Item 8 .822 197
Item 4 791 191
Item 12 .691 276 101
Iltem 6 .215 787
Iltem 11 .238 779
Iltem 7 .460 .599
Iltem 5 .186 -.196 791
Iltem 3 .332 731

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 6 iterations.

(%! (5(,&!,-,6 #:1*& &'( )(&#-$. -, -, &( (&H&1,. 1% &'( Yott+&! .8 -& -.
(((Yo-+-#$ & (-(7 &'( '3+ &O&IB8 -& 6# ) .&)(& (#)8 %!
)(&(+8&-,6 &'( A*HS-&H&"( )-5(,.-,. 1% -5 $( (B(+& -+ + +*&0 15 &
("-(7 1% &'( &(9&:!IB :3 #$3!+* #,) @#B5HB < 8 0 HF> #,) -, &(
$-6'8 1% &'( $-&(#8&* ( ("-(78 %!$$!7-,6 %-"( 4#$&H&-"( )-5(,.-1,. < >
7( ()(&(5-,00 '(3 # (#. %I$$I7C
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EO )(,&%3-,6 +15 $(&( +- +*-& < &(5. E#,) E >
0 )(,8&%3-6.18&+ +*& < &(5.L#) E >
NO ,)(.&#,)-6 &'( YoH+&! . #%%(+&-6 &'( (- &H#,+( 1% # +1,)*+&!
JO )(.&#)-6 '5. #7T<&5.N#,) >
0 ))(.&#)-,6 +* (,&-, (B(+& -+#$ +- +*-&.

#0 * (&~ .(~(. +- +*-& < &(5. I8 H>

0 * (&-, #HES($ +- +*-& < &(5F>

+0 % (&~ SH-,  # A H#) #HSH(S : #,+(. < &(5. 8 M #,) EE>
'((4HS-&H&"( )-5(,.-,. 1% -5 B( (B(+& -  + +-+*-& (5-&&() &
(H+( & -&( (& &( 3-($)() %#+&! .0 1,.(4*% (,&$38 #:$( JOM T#.
(#0# & ((&&(-&( (&H&,. 1% (#+ % #+&! 0

H(*$&8 I 1% A*H$-&H&-"()-5(.-L. #  (#.(.03&( O,
6(,(#$8 -& +#, | #-) &'H& 51.& 1% .&*)(& 4*H$ -&H#&"(*)(.&#,)-,6 1%
5 (B(+H& -+ +-+*-& - #.(.(0 3 &( O 88 -. &'-. #..(.5(,&
$-#$( (F6'X , 1)( & #,.7( &-. 4*(.&1,8 &( 1:#+ #HS '8
7oA - # -8 HS ($H#:-$-&3 +1(%%-+-(,&8 TH. (.&-5H&() *.-,6 .&%)(,&
(& #, T( . #H+] )-6 &IHSS & ((&-(. <+ (. N>#,) -& TH#. %I*) &! (
OMHO 18 -& +#, :( #-) &#& #& $(#.& MHK 1% "#(#% &I&#S$ .+ (. N -. 17-,6
&! &'( &*( AV ( "H-#4( <#98 EHHL>0 #& -8 &'( .+ (. #(
($-#S( 5H* (1% &%)(,& A*H$-&HE&"( *)(.&#,  )-6 1% -5 B( (B(+& -+
+ 8.0 , 1&( 71).8 6 4( !, &( &(.& 5 (#, -6 AH$-&H&-"(
*)(.&H#)6 1% 5 (B(+& -+ + +*-&8 #) $I7 .+ (. 5@#, $!7
A4$-8H&-"( *)( .&#,)-,60
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#S(IOM &( (&H#&-),. 1% &'( #+&! . 9& #+&() % 15 #:$(JO

&(5<.> #+&) #5(< &( (&H&>

&(5. L #) E (4% ( .&)(& & -)(,&%3 &
N& H-+%-& %! 6-"-6 + (+& #,.7(. < >0
&G J (4% (. *)(.&#)-6 +* (& -, # .((.
58 < H>0 'HE& -8 -& -. (H.HS( &H& -&(5. L
E | L8BJBE

#) E (& &( #5( %#+&I0 *&8 -& -. &
IS &H& &5 I (&(. &-. WH+&I 0 (
Li# HS'H ($-#-$-&3 %! -&(5. L #) E -
OMHO

&(5. M #,) EE #..(.. .&%)(,& *)(.&#,)-,6 1%
+* (& -, S#-, #) #HHSSS #H+( < +>0
&5 F#..(.(. .&*)(& *)(.&#)-,61% +* (&

#+&! .

M8 EE8 F
-, HHSH(S +- +*-& < >0 "(, 18 &-. WH+&! -,

(3 VS (R #) + #(
5+ ($#&()0

&(5. N #) (4* (*)(.&#)-6 '5. #7

1($3 %! 6-"-6 &( +! (+& #,.7(. < J>0
-+& L (+&L #( (-( #) #HSH($8
(. (+&"($31 "17("(8 &'(3 :1&' (4*( #,B-,6

N N8

4 (& H#& &T! )%%((,& +-+*-&0 '#& -8 &-.

VoH+&) - #S.N # (#.)H$( Yo#t+&) O

H(*$&8 I 1% AH$-&H&-"()-5(.-L. #  (#.(.03&( O,
6(,(#$8 -& +#, | #-) &'H& 51.& 1% .&*)(\& 4*H$ -&H#&"(*)(.&#,)-,6 1%
5$( (B(+& -+ +-++-& - #.(.0 3 &( O *&8 -. &'-. #..(.5(&
$-#$( (F6'X , 1)( & #,.7( &-. 4%(.&1,8 &( 1:#+ #S '8
T - #, - &(HS (3583 +I(%%-+(,&8 T#. (.&-5H&() *-6 .&*)(&

HO(F&H,T( . HHH )6 &I HSS &' ((&(. <+ (. N>#)-& T#. %) & :(
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OMHO 18 -& +#, :( #-) &H#& #& $(#.& MHK 1% "#(#% &I&#S$ .+ (N -. 17-,6
& &'( &*( A ( "H-#4( <#98 EHHL>0 '#& -8 &(  +1( #(
(S-#S$( 5H* (1% &%)(,& A*#$-&H&"( *)(.&#,  )-6 1% -5 B( (B(+& -+
+-+%.&0 | 1&( 71).8 6" +1(. |, &( &(& 5 (#, -6' 4H$-&H&-"(
*V(.&H#)6 1% 5 (B(+& -+ + +*&8 #) $I7 .+ (. 5@#, $!7
4H$-8H8&-"( *)( .&H#,)-,60

L("(8 -& -. i(,(%-+#$ & (&-BH&( &'( (  $-#:-$-&3 1% (#+ %#+&! 3
5(#,. 196 |:#+ #5'H0 '( ($-#:-$-&3 +1(%%-+-(& . 7(( (.&-5H#&() &! i(
OF 8 OFN8 #,) 0J8 ( (+&"($3 %! &'( %-.&8 #(,) #,) &-) %#+&! .0
(H5.(-&(5 J -. &'1%6'& &) :(- ($("#.& % 15 &( %- .& Yb#+&! 8 &'( ($-#:-$-&3
H(%%-+-(,& 1% &'( %- .& %ott+&1 TH#. ((&-5H&() #68-,1& -, +$%)-6 -&(5 J -,
&'-. YoH+&! #,) -& TH. %) &1 :( OMHO '( +1(%%-+-(,&. -,)-+H#&( &H#& &'( *.(
196 &'( %- .& %ott+&! <-&(5.L#,) E > %! #..(.-,6% .&*)(,& +#, -)(,&%3 .1 &
o5& 3(8). ($#B( (*$&.0 $.I8 &'(*.(1% &'(.(+!,) %oH+&! <-&(5. M8 F

#,) EE> %! #..(..-6 .&%)(,& *)(.&#,)-,6 1% +* (& - #HEH($ +- +*-&.
3-($). ($-#:3( (*$8.0 , &'(1&'( '#,)8 &(*.( 1% &'( $#.& Yott+&! <-&(5. N
#) > %! #.(.-6 .8&%)(& *)(.&#)-61% '5 L HT(. & 3-($)

B (SHS(#. (*$8.0 17("(8 -, &-. - .&H#H+B  -& '1*$) & :( %! 61&&(,
&'HE& &'(*5i( 1% &(.& -&(5. +#, H#%Y%o(+& &'( ($-#:$-&3 (.&-5#&(.0 'H& -.8 %- .&
&7! %ott+&1 . 3-($)() 4*-&( B1) ($-#:-$-&3 +(%%-4:&. #S&'1*6" &'( (# (

| N -&(5. -, &'(.( %#+&! .0 17("(8 &( (#.), 1% $I7 ($-#:-$-&3 +1(%%-+-(,&
543 1( &'(.5#$$ *5:( 1% -&(5. -, &'( SH.& WH+&! 0 * (F&#) * (+'&
<EHLN> (!&() &( %!$$!7-6 (#5#, 17, %! 5*$# %! (.&-5#&-,6 #
(7 ($#:-$-83 +1(%%-+-(,& -, +.( 1% # '3 1&'(&-+H#S -+ (#.( -, &'( ,*5:(

1% &(.& -&(5.0

re fr
1+(f - Dr
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L &'-. %! 5*$#8 - &'( ($-#-$-&3 1% &'( ! -6-#$ &(.&8 -. &'( ($-#:-$-&3
106 &'( &(.& $(,6&'(,() :3 # Y%oH+&! 0 ! (9#5 $(8 -% # %! &3 -&(5 &(.& -. #))()
E -&5.8 &(,  :(+'5(. 190 -6 &-. %!5*$#8 # (7 ($-#-$-&3
H(%0%-+-(,& +#, :( (.&-5H&() -, +#.(1% # '3 1&'(&+ #S$ -+ (F-.(-, &'(,*5:(
16 -&(5. -, &'( &-) %#+&! 7'.( - 0J0S'(, E -&5. # (#)() -, &(
Yo#+&! '3 1&'(&-+#$$38:(+!5(. MO )8 - HHSHSHE() #. OMMO '#& -.8 &'(
SH$S *5:( 1% &'( &(.& -&(5. -, &'(&'-) %o#t+&!  5#3:(&'( (#.), %! *+'
#$17 ($-#:-$-&3 +1(%%-+-(,&0

L(1"( 8 # Y%H+&! ##$3.-. TH. +1,)*+&() *.- 6 &'(51.& *++(.%*$
&) (& A ( (. (&G( #,) HSS!, <EHH > *66(.&() &'H#& Yott+&!
#,#33.-. &! 3-($) (&&( (*$&. *.-,6 F++(.%*S . &*)(,& .+ (.0 '7("(8
&'( #&B(&& . &(.& 1% .'(-+-&3 %ott-$() & (U(+&,B$ '31&'(-. &H#& &'(
+ ($H&), BH& -9 -. #, -)(,&-&3 5#& -9 < 0 E>0 18 Wo#+&! ##$3.-. +1*$)
J& (+!)*+&()0

TH#. (1793 5(,&1,()8 # Y#+&! ##$3.. TH#. #$.) +1)5+&() %!
&'(.&*)(,& 5-+L+(&1. 1 &'(  <5-+1+( &1,.3>0 17("(8
(1% &'( # &B(&& . &(.& 1% . '(-+-&3 TH#. (& SH#&() #. 0 N <5! ( &'#,
0 E>l &((%! (8 &( ,*$$ '31&'(-. &#& &'( +! ($#&-!, 5#& -9 -. #,
)(,&-&3 5#& -9 +#,1& :( (U(+&()0 '#& -.8 #$$ 5-.+1,+( &-1,. %!*) &! i(

()& % 15 (F#+ 1&'( 8 #,) #,3 %tt+&! . 7( (! & L&H- () #. # (*$&

19% &'( Y%oH+&! ##$3.-. 7'((#. 5( 5-.+,+(&!,. 5 #3 ( &16'& &I
($H&() #++1)-,6 & &'( $-&(#&* (0 | (WH5$(8 ' - .&( (& #$0 <EHLL>
(1&0) &'( 17( * $3 #. # +1, &#,& +* (& .1* +( 51)($ &! :( #,
(O#5 $( 1% &'( BIH+H#S (H.-,6 :(+#*.(1% %l+*-6 | # 1-& -, # + +*&
#)-6,1-6 TH&("( # (.. ($.(7'((0 $.18 & it ($-#:-$-83
T#. (&-5#&() %! 5-.+1+( &, I "7("( 8 -& TH. %!I*) #. ONNO '#& -.8
1,53 NNK 196 "# -#,+( 1% &I&HS 5=+ +( &1, - 17-, 6 & "# -#+( 1% & *(
5-.++( &1,.0
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L &($-6'& 1% &'( *66(.&-!,. 1% (&((. # ) #$$!* <EHH >8 # %#+8&!
B H$3.-. +1)+&() *.-,6 &'( 51L& F+(.%*$ &), & 5-+l+(&,. &
6(& (&&( (*$8.0 & 3-($)() &'( (*$&. -, #:$( JOFO *B*$#&-"( (+(,& 1%
(9 $#-,() "# -#,+( T#. FNO MKO

17("(8 &'((Yott+&! . # (& #. (9 (+&()0 $ &6 5-.+1,+( &, L
#) #( .&H&-&-+HSS3 4%-&( ($H&()B #,3 A*HS-&HE ($H&-!,.- (&7((,

&(5 -. & (9 (+&()0 ,)8 5-.+!,+(&-!,. EE #) E . (5 & :(-"(.($3
($H&() .&HE& &+H#S$30 ("(&(B(.8 # 1-&"( ($H&!.- -. (9 (+&()
AH$-8HE-"($3 1(+#*.( .&*)(,&. "19)-,6 ,(! &' 196 &'(.( 5-.+!,+( &1..
Uolar, |, # 1-& -, &'(+- +*-& #,) 6,1 ( TH&("( # (.. (3.(7°( (0

#:$(JOF (*$& 1% #+&! #$3.-. 7-&' *++(.%*$  &*)(,&.
- H (& D

Rotated Component Matrix 2

Component
1 2 3
M8 914 .083 -.006
M5 .825 -.290 .058
M11 -.054 -.861 .145
M10 -.287 .729 .225
M3 -.117 .256 -.791
M2 -.078 .339 .739

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 4 iterations.

Note:

M2 : Attenuation Model

M3 : Shared Current Model

M5 : Empirical Rule Model

M8 : Parallel Circuit Misconception

M10 : Local Reasoning

M11 : Confusion between Current Flow and Water Flow
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$.18 5-+1+( &1 N#,) #( ($H&() .&H&  .&-+#$$30 *&8 &'-. W#t+&! -.

1& (BB (-&(0 . - .&,(<EHLL> (1&0)8 &  '(.(5-+!,+( &, #(
#$51.& &'( #5( (9+(& %! &'( )-%%((& .&*)(& &1 *6'& #HI& &(
-6'&,(. 1% -)(&+#$ . -, (-(0 . (-I% $3 5(,&1,08 &
($-#-$-8&3 1% 5-+ +( &1, J -. "(3 $170 '#& - .8 -)((8 5-.+,+( &,

AR %! &(%R+&! ##33.-0 ) 1& 1*)$3 ( (& &*( .&)(&
5-.41,+(&1,.0 '(.( *,(9 (+&() %#+&! . 5#3 :( 3-($) 0 )*( & )(%-+-(,&
#58(.-=(-, &'(#,H#$3.-. <1,$3 .&¥)(,&>#,)* , ($-#:8( 5-.+,+( &,
41 (.0

)8 &( 11 &1, 1% %oHS.( 1.-&-"(. #,) Yot $.(,(64#&"(. 7( ((9#+&$3
(&-5H&() *-6 &( (*$& 1% &'( 0 (+#*.(8 (&G( #,) #S$*,
<EHH > (1&() &#& %#+&! ##$3=-6 &(& (*$&. - ($#&() & +,&(&
"H$-)-&3 1% # &(.&B8 #,) #,1&'( TH3 %! (&H#:$--, 6 &'(+),&(& "H#$-)-&3 -. &!
5--5-=( &( l#:-$-&( 1% %HS$.( 1.-&"( #) ,(6 #&-"(.0 ‘(3 *.()
%I$HI7 * -, &("-(7 (*$& %! 1:.("-,6 &'( l#:- $-&-(. 1% %#$.( 1.-&"(.
#) (6H#&"(.0 17("(8 -& -. # %oH+& &'H& )& 1,$3 - &("-(7-,6 #$$ &
&¥)(,&. 7' H'( &HB(, &'( &(.& *& #$.! - &( (7 -6 #, (,1*6' *5:(

1% .&%)(,& %! 6(,(#$-=#&!, #( "(3 )-%%-+*$& #) &5( +!,.*5-,60
(% (8 &( & ((&( &(& #'( # -6 #)'#&#6  ( %! (.&5#&,6

L&, 1% %HS.( 1-&"(. #,) ,(BH&"(. :(+#*( 1& 1,$3 &%) (&
(L& &(%- & &( & #$) &(- (#.1-6 #(HH-$HS(% 15 &'( &(&
(*$8&.0 ™8 &( &, 1% %HS$.( -&"( #) (6#&"(. 7((
(&-5H&() *-6 41 ((E <#,.7(.> #) + (. #0) 1 1,$3 .(+1) &(.

<(#.1,.>0 H& -8 % # &Y)(&. #,.7( %! # %- & &( -. <+ (+&> |,

ALCE8#) - T'( (B, - E<Hl (+&> 1], .+ PC#0 ) L83 .(+)

&(8 &(, -& T#. +)() #. E %! -)-+#& 6 %#$.(, (6#&"(0 , &( .#5(

5#,(8E #.7((+)0)# E %! -)-+#&,6 %#$  .( 1.-&"(.0 $$ 1% &'(.(
H(.C7(OL(:3*-,6 9+($0 '( (& 7#. &! (&-5#&( (#+ .&*)(,& .

%otS$.(,(6#&"(. #,) 1.-&"(.8 (. (+&"($3 :3 .*55-, 6 (#+ .&*)(& . E
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"HEH(.0 '*.8 *5 106 #$$ .&¥)(,& YoHS.(,(6H&-"(.  6#"( &'( &I&HS *5:( 1%
%HS.( L(BH&"(.8 #,) *5 1% #$$ .&%)(& %WHS.( - &"( 6#( &'( &I&H$

F5:( 1% %oH$.( 1-&"(.0 -#$$38 &( !18&1,. 1% %ott$.( 1.-&"(. #,)
(6H&-"(. &1 &'( &I&HS *5:( 1% #,.7(. 7( ( (&5 #&00 '( ! &1, 1%
%ott$.( ,(6H&"(. TH. (&-BH&() #. EOLKO - -. #,  #++( &#:$( "#$*( %!
+1.&(,& "H#$-)-&3 (+#*( (&(( #,) #$$* <EHH > *66(.&() &'( %o#S.(
(6H&"( #,) 1-&"(. & ( $(. &#, EKO '( (# 1, %! %#S.(,(6#8-"(.
+#, (183 )% & .&F)(& -H&&(&, |, &'( &(.& (5. 1% 17(%*$
)-.& #+&( . +*$$() % 15 &'( - &("-(7. #,) &'( ! (, ()0 4%(.&, #- (O
17('(8 &( 1 &1, 1% %#S$.( 1.-&"(. TH. (&-5H& (O #. EFOJFKO %

H* (8 -& TH. - (-&HS( & %-) ' # (FB& ((+  #N( .&N(& H( #
FH (& 6-"( (L 1.( #,)15$3 -, #$$ 5*$&- $( +'! +(&(.&.0
ES(IOL (& &(I"(H#$S)(+ - &"(.&H&  -&+. #.() !, .+ (N#)

5o+l +( &1, .+ (I8 (. (+&"($30 '( B#, 1% & 41 (. -. OHN #)
&H ) )(H&, < >8 T+ - # 5(#.* (1% & . (#) 1% .+ (.8 TH.
%!1*) & :( ON O (-)(.8 .&#,)#) (! 1% &'( 5( #, %! &(.+1(.-. OE8

&'HE& -8 -& +#, ((HK +1,%-)(,& &'#& & *( 5(#, 1% &'( .+ (.- (&7((, OE

#) NONJO )8 .&#)#) (! 1% &'( 5(#.* (5(,& < > -. EONES &#& -.8 -&
H, (H K +1,%)(,& &H#& & *(.A+1 (1% # *U(H& 7 'L( .+ (T#H F 1, &(

&(.& -. :(&7((, JONL #,) HOM O '( 5(#, 1% &'( 5-.+ |,+(&!, .+ (. 7.

OLN8 &'( 7# EOM 8 &'(.&#)#) (! 1% &'(5(  #, T#. OEJ8 #,) &

7#. EONEI *&8 &'( .5#$$ ($-#:-$-8&3 +1(%%-+-(, &M, +( &-1,. J #&& #+&.

&'( 51.& H&&(,&, #& %- & 6%#,+( #. (-1*$3 5(, &1,(00 SH& # ( &(
(#.),. %! *+ # SHSS +1(%6%-+-(,& %! 5-.+,+(& 1. J#. + (N 3-($)()

# BO(H&( "HS(X (( H#( ((HS WH+& . HNW(+& 6 &( ($-#:-$-&3
+H(%%-+-(,& *+ #. &(.& $(,6&'8 '1516(,(-&38 . (# ) 1% .+! (.8 )-%%-+*$&3 1%
&(&8 hU(+&-"-&3 < 1,$*)V -, 8 EHH>0 , &( *  1.(1% (9 $#-,-,6 &"-.
4%(&-1,8 %- .&8 +I5#-6 &) )(-H&),. TH. &  '6'&0 17("(8
5#9-5*5 +1 (. 5%.& :( &'( #5( .1 #. &)1 -&0 '( (%! (8 .+ (. N#)
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-+ +( &1, J 7( (& #,.%! 5() -.& &'(- (+(,&# 6(.8 (. (+&"($38 .!
&'#& 5#I-5*5 "#$*(. 1% :1&' 7((5#)(E 0 (8 .& #)H) )(-HE&,.
7( ((.&-5#&() #. ELOL #,) ENOF8 (. (+&"($30 '#& -.8 &'(. (#) 1% .+! (. -.
$#6( &#, &(. (#) 1% 5-+,+(&1,.0 - 5#3 ( #, (9 $H#,#8&-), %!
&(5-+,+( &1, 5#$S ($-#:-$-&3 +!(%%-+-(,&0

#S(JOL "(HSS (+ - &-"( &H&-.&-+.

N - A& ]
I 1% &%)(& EJ EJ
1% &(5.] -.+,+( &L,. E EE
*, OHN OLN
&) ("-#&), ON EOM
&) | 1% &'( (# 8E 0EJ
H K 19%-)(+( &("#$ %! (#, 7(___OE 0
( NONJ NOEE
# -#,+( 0 0
B(7.(.. OF OEJ
*&l.-, OF oM
-,-5*5 0 0
#9-5%5 EO FO
0-#, NO NO
($-#:-$-83 < 1(%%-+-(,& $'#> OMH ONN
&) | 1% &( (#* (5(.&< > EONE EONE
(+1,)8 #$% .&%)(,& T((!)(() - # T#3 & #& .8*)(,&. 7-8& -6'
A T((#& &( & #) .8%)(,& T-& $17 .+ (. 7((#& &'( :1&&!50
(988 (#+' 5-.+1,+( &, ! &, 1% FK 1% &'( .&*) (& #& &'(&! #,)
(#+ 5-41,+( &1, 11&, 1% FK 1% &( .&%)(& # & &'( :1&&!5 7( (
(&-5#&()0 '(,8 &'()-%%( (,+(. 7( ( (.&-5#&() #,) &B7((#. -, #:3(

JOHO -(%$38 &'( &(+',-4*( %! (.&-5#&,6 &'()-.+-5-#&-), -,)(9 T#. *.()0
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#:B(JOH -+ -5-#&1,. )(9(. 1% (#+ -+, +( & A #Q)! $$

H(C-(-
)O(
M1 : Sink Model OH
M2 : Attenuation Model ON
M3 : Sharing Current Model oM
M4 : Clashing Current Model OEF
M5 : Empirical Rule Model OH
M6 : Short Circuit Misconception oM
M7 : Power Supply as a Constant Current Source Model 0J
M8 : Parallel Circuit Misconception 0
M9 : Sequential Reasoning OEE
M10 : Local Reasoning 0J
M11 : Confusion between Current Flow and Water Flow OEJ
CHO(FP&B #3$ 5-.+LH( &), (9H(& (" & #,) &(,&' 5-.+,+( &-!,.
#( +!55!, #516 #$$ .&*)(,&0 !7("(8 &'( .("(.& #,) &(,&
5-+L+(&!,. #(.* -.-,683 5! ( +!55!, #51,6 .* ++(..%*$ .&*)(,&.0
&' T71).8 &( A5 $( (5. & 15I6((M*. 7 & (L (+& &' &(
5-4+1+(&1,.0 '-. 5#3 :((&'( (#.!, %! .5#%$$ ($ -#:-$-&3 +1(%%-+-(,&0
-6* ( JOEE .17. &'( -.&!6#5. 1% .+!(.N #,) 5-.+!,+(&!,.J0

6'& .B(7,(.. 1% &'( %- .& -.&16 #5 5(#,. &'( )-% %-+*$&3 1% &'(
((+#*( 51.& 1% &'( .&%)(,& 6!& $I7 +1(. 1, &( &(.&0 '( .(+)
" &I6 #5 - +$1( & &'(,! 5HS )-.& -*&-1, i(+# *(51.& 1% &'( .&*)(,&.
5-+L+( &, # (#:1*& &'( 5(#,0
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50

)
g
[
Std. Dev =2,34
Mean =2,9
N = 124,00
Student Scores
30 AN
&
g
I
Std. Dev = 1,60
Mean = 2,8
N = 124,00
Misconceptions-4
-6* (JOEE -.&16 #5. 1% +! (. N#,) -.+!+( &, J
L("(8 #:$( JOE 6-"(. &( (*$&. 1% &' -&(5 #,#%$3.-. #.() !,

AT(NO | &( &#S(B 10 | (+& - &'( )-%%-+* $&3 $("($ T+ - &(
11&1, 19 + (+& (.1,.(.0 )8 1-&:-.(-#$ <
HO(SH&, (&T((, &'( )-+1&I5. &(& -&(5. <+!

(1 &L (#+ -&(5> #,) &'( &I&HS .&%)(,& .+ (. < (-+,(8 EHHJI>0 &

-&(5 &I&#H$> - &'(
(+& ! -+ (+&
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6-"(. #$$ &'( -,%! SH&, &H#& )-+ -5-#&!, -)(O IO -+ -5-#&!,
2)(9 - &' ()-%%( (+( (&7, &'()-%%-+*$&3 $("( $. 1% * ( $("($ .&*)(,&.
#) $17( $('(S &(,&0 , #)-&18 * ( $('($ .& (8 #( * 553
)(&(5-,0) :3 FK 1% &'(.&*)(,&. #& &'( & 8 #,) $I7( $("($ .&*)(,&. # (
* 54$$3 )(&(5-,() 13 F K 1% &( .&%)(,& #& &' : 18815 1% #, 1)( ()
&¥)(,& (. <* (F&V * (+'&8 EHLN>0 -%%-+* $&3 $("($. # ( :(&7((,
0EM #) OJH 7-& #, #'(#6( 1% 0JJ0 & 5(#,.  &#& -&b5. #( "(3
)-%%-+*$& -, 6(,(#$0 )8 &'( 1-,& -.(#S$. # (4 *&(!"( 0 (9+(& % 5
&(5 7-& #, #'(#6( 1% 0JLO '#& -8 -&5 +# , :( (5"() % 15 &

0S'(,-&5 -. (508 &'( ($-#-$-&3 1% &' ( -+ @&
OF #)5(#, 1-&-.(#$ -+ #( & 0 L #$&' 16" &'( )-%%-+*$&3 $("($
(. )& +#,6(0

#$(JOE *& *& 1% &

Item Statistics Altern ative Statistics
Seq. Scale Prop. Point Prop . Point
No. —Item Correct Biser. Biser. Alt. Endors ing Biser. Biser. Key

1 01 0371 0588 0460 1 0.37 1 0.588 0.460 *
2 0.62 9 -0.588 -0.460
Other 0.00 0 -9.000 -9.000
2 0-2 0.258 -0.007 -0.005 1 0.25 8 -0.007 -0.005 *
CHECK THE KEY 2 074 2 0.007 0.005 ?
1 was specified, 2 works better  Other 0.00 0 -9.000 -9.000
3 0-3 0.089 0.619 0350 1 0.08 9 0.619 0.350 *
2 091 1 -0.619 -0.350
Other 0.00 0 -9.000 -9.000
4 0-4 0282 0874 0656 1 0.28 2 0.874 0.656 *
2 071 8 -0.874 -0.656
Other 0.00 0 -9.000 -9.000
5 05 0.016 0612 0.196 1 0.01 6 0.612 0.196 *
2 0098 4 -0.612 -0.196
Other 0.00 0 -9.000 -9.000
6 0-6 0.387 0.789 0620 1 0.38 7 0.789 0.620 *
2 061 3 -0.789 -0.620
Other 0.00 0 -9.000 -9.000
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Table 4.10 (continued)

tive Statistics

Item Statistics Alterna

Seq. Scale Prop. Point

Prop
No. -Item Correct Biser. Biser. Alt. Endors

. Point
ing Biser. Biser. Key

7 0-7 0492 0913 0.728 1 0.492 0.913 0.728 *
2 0.50 8 -0.913 -0.728
Other 0.00 0 -9.000 -9.000
8 0-8 0.210 0934 0661 1 0.21 0 0.934 0.661 *
2 0.79 0 -0.934 -0.661
Other 0.00 0 -9.000 -9.000
9 0-9 0.169 0582 0392 1 0.16 9 0.582 0.392 *
2 0.83 1 -0.582 -0.392
Other 0.00 0 -9.000 -9.000
10 0-10 0.097 0.340 0.197 1 0.09 7 0.340 0.197 *
2 0.90 3 -0.340 -0.197
Other 0.00 0 -9.000 -9.000
11 0-11 0.306 0.814 0.620 1 0.30 6 0.814 0.620 *
2 0.69 4 -0.814 -0.620
Other 0.00 0 -9.000 -9.000
12 0-12 0.250 0.850 0.624 1 0.25 0 0.850 0.624 *
2 075 0 -0.850 -0.624
Other 0.00 0 -9.000 -9.000
Mean P

Mean Item-Tot. 0.458

JONO (.*$&. 1% &'(

-6* (JOE 7#.)(-+&() *.-,6 5-.+!,+(&!,. E

5-.+1,+( &1,. NO

(#H#&($3 *.-6 1,$3 %-.& &(. <5-.+!+(&!, E>8
<5-+L+( &, >8#,) #$$ &' (( & (. <5-.+L+( &,
S'(, &'( %-6* ( (9#5-,08 -& -. # # (,&$3 !:.(

(#+ 5-.+1+( &),

&( %-.& &7 &(. (9+(& %! &'( %! & 5-.+,+( &
11 &1, 1% 5-+1,+( &1, -. #8.! I"( (.&-5#&() :3 &
7-8 ((+& & #$$ &' ((&-( . ## & % 15 &'((-6'&’

&, 1%

- 1" ((&-5H#&() :3 1,$3 &'( %- .

(#+ 5 +( &,

T#.

8 5-.++(&!,. #)

(.&-5#&()

&( %-.& &7' &(.

N>0

") &HE& 11 &1, 1%

& &-(. 7-& (. (+& &

0 *&(5! (8 (#+

'( %-.& &7 &-( .

5-+1+(&-!1,0
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ONLY FIRST TIERS
FIRST TWO TIERS
ALL THREE TIERS

]
] T

M6 M7

M9 M10 M1

M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8 | M9 | M10 | M11 [ Mean

ALL THREE TIERS | 5% | 4% | 11% | 26% [ 4% | 16% | 9% | 2% | 4% | 15% | 8% 9%

FIRST TWO TIERS | 11% | 6% | 15% | 35% | 7% [22% [13% | 2% | 8% | 18% | 13% | 14%

ONLY FIRST TIERS | 47% | 20% | 24% | 0% | 16% | 34% | 27% | 33% | 24% | 36% | 28% | 26%

M1 : Sink Model

M2 : Attenuation Model

M3 : Shared Current Model

M4 : Clashing Current Model

M5 : Empirical Rule Model

M6 : Short Circuit Misconception

M7 : Power Supply as a Constant Current Source Model
M8 : Parallel Circuit Misconception

M9 : Sequential Reasoning

M10 : Local Reasoning

M11 : Confusion between Current Flow and Water Flow

-6* (JOE -.+1,+( &, -, &(5.1% 3 (1% &'( ( &

I5( +! (+& #,.7( . 5#3 :( )*( &' .I5( 5-.+! (&0 - - 1&

B, (%! # &TI&( 1 & ((&( &(& :(+#.(  &( (#1-6 +#, (

L&H- () #) Yo # + (+&#,.7( ), &(%- & &( - (& &(+ (+& (#.,
+#, (*)(.&IN0 17("(8 -& -. & &'( +#.( 7', 1.$3 &'( %- .& &-(.
7(((#$*#&O0 '( 11 &1, 1% -& #++1)-6 & 1,$ 3&'(%- .&&( .- =(!

(L (&(%- & &-(.#..(..-6-&# (+ (+&#, 7(.#)-&+#,,1&(
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B,17, 17 5%+ (+(,& 1% + (+& #,.7(. -. }*( & &'#& 5-+1+(&1,0
)8 I5( -+l (+& #,.7( . 5#3 (()*( &! +! (+& #.1,.0 S'((#. 1(
&-( &(& H'( & &'(#:-$-&3 &I 1"(+I5(&'((-  .*(B&TI&( ! & ((&(
&(.& )10 #& -8 &(3 +#, #..(. Yo + (+&#,7( . #( #$$3 (& + (+&
#1,.81 % 716 #.7(. #( (#$$3 -+ (+& (#.,.0 1,.(4*(,8$38
&7 &( &(& #,) & ((&(.&. # (5! ("#S$-) &%, 1( &-( &(.&.0

-+ +(&!,. N8 J8 M8 F8 E8 #,)) EE .(5 & :( ("#$(,& #5!,6 &
&¥)(&. (+#.( &'(- 1&I. #(#I*) EK < (, (& #$8 >0
$#.-6 +* (& 5I)($ <J> - &(5.& ("#$(,& 5- AL+(&1,0 , &(
1&'( '#,)8 # HEH($ +- +*-& 5-H +( &, <L>- &  ($(#.&0

J&( (*$& - &'H& #:1*& EK 1% &( 5(#, &, 1% &(
-+ +( &1, )-# (#. # &'(&3 (1% &'( &(.& +#,6 (. %15 &'(1,( &(
&(& & &'( &71&( &(&0 1.& 1% -& -. &'( 11& !, 1% %#S$.( ,(6#&"(.0
()8 K% 118&1,)-# (#.# &(&3 (1% &( &(.& +#,6(. % 15
&( &71&-( &(& & &'( & ((&( &(&0 & -. &'( 1&!, 1% $#+B 1%

B,17$()6(0

6% (JOEN (.(,& &( !!8&", 1% + (+& # V70 %! (#+ -&(5 -,
&(5.1% &3 (1% &'( &(.&0 )(()8 &'(.( ! &, # (&'()-%%-+*$&3 $("($.0
O#5--,6 &'( %-6* (8 5(#, &, #( JLK #,) NE K .(# #&(33 %!

&(L(&( &(& #,) &'( &7T! &~( &(.&I &'#& -.8 &'(( -. # EFK )-# (#-,6
S 7'+ (. & ( ((,& #,3 5-+1,+(&1,.0 &-. &( 11&!, 1%
Uolt$.( 1.-&"(. T+ TH#. (&-5H&() & :( #1*& EFOJ  FKO '( )-%%( (,+(
0JFK -. )*( &! &( 1*)-,6 ( 10 ))-&!#$$38 M K- &( 118&1 1%
$#+B 1% B,I7$06(8 ("#$() % !5 &( &) &(.0 & +#, :( +,+$*)() % !5
&(( (*$&. &'HE 5*$8&- B( +'1-+( &(.& #,) ('( &7 1 &( &(.&. !"( (.&-5#&(
&( 11&1, 1% &*)(,& 7' #'(&(+ (+& 4*#S$- &H&-"(*))( .&#,)-,60
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ONLY FIRST TIERS

FIRST TWO TIERS
ALL THREE TIERS

=
N
[

11 12 13 14 15 16 17 18 19 110 | 111 | 112 | Mean
2% | 39% | 49% | 21% | 17% | 10% | 31% | 25% | 25%
40% | 28% | 31%

ALL THREE TIERS | 37% | 26% | 9% | 28%
FIRST TWO TIERS | 40% | 37% | 12% | 35% | 2% | 50% | 60% | 22% | 28% | 12%
46% | 51% | 41% | 23% | 69% | 69% | 38% | 35% | 28% | 60% | 40% | 48%

ONLY FIRST TIERS | 77%

-6* (JOEN ! (+& (.1,.(. -, &(5.1% 3 (1% (. &

'()-%%( (,+( :(&7((, &( 1 &1, #.() !, &'( %- .& &7! &-( . #))
#$$ &' ((&-(.6-"(. $#+B 1% BI7$06( !1&-1,.% | (#+ -&(5 !, &( &(.&0
| (OH5 $(8 *&#+&-1, 1% NFK %15 JK 3-($). NK8  7-+ - &(

11 &1, 1% $#+B 1% B,I7$06( %! -&(B EO . # (*  $&8 !1&-l,. 1% $#+B
1% B,I7$()6( %! -&(5. 8 J8 M8 F8 H #,) EE #8&& #4%&(,&-1,0 &(5. 8 M8 F #))
EE #.(.. .&%)(,& A HS-8H&"(*)(.&#)-61% +*  (&-, #H#$H($ + +*-&.0

)8 -&(5. J#,) H#..(.. .&*)(,& A*HS-&H#&-"(*)) (.&#)-6 1% +* (& -,

(-(.+-+*&.0
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OE *55# 3 1% &'( (.*$&.

'O (*$&. 1% &'-. .&*)3 +#, (($-.&(0) #. %!  $$I7C

EO '(( 7#. # .-6,-%-+#,& + ($#&!, (&7((, .+ (. #,) +,%-)(,+(
$('($.0 , 1&( 71).8 .&%)(,& 7-& -6' +I(. ! C&(C T((
51 (+1,%-)(,& &%#, &'(.&*)(,&. 7-& $I7( .+ (.0

0 #+&1 ##$3.-. 7-& (N 3-($)) N %#+& .8 #, ) &( -&( #$
($-#-$-&(. < L:#+ #S'#> 1% &G 7(( OF8 0 FN #) 0J8
(. (+&"($30 1("(8 #$$ &(.& -&(5. !, & #.(.J 1%
AH$-8H&"( )-5(,.-1,. 1% -5 B( (B(+& -+ +- +%-&8 #,) &( :#+
HS'H ($H#-$-83 1% &(  TH# (&BH&() #. OMH 0 '#& -8 #& $(#.&
MHK 1% "# -#+( -, &( &I&HS +1 (. -. 17-6 & &'( "#-#+( -, &*(

410
NO '( ($-#:-$-&3 196 5-+1,+( &-1,. J T#. (&-5#&() #. ONNO '#& -.8 1,$3
NNK 196 &'( "# -#,+( -, &I&HS 5-.+1,+(&1.J .+ (. (& &(

"t 4, +(1% & *(.&*)(,& 5-.+1,+( &1,.0
JO #+&! #H$3.-. 7-& 5-+1,+(&1,.J 3-($)() ! Wott+ &.0 '#& -8 #$$
5o+ +( &1, (5 & :(-)( ()(.& .&H&-.&-+#$$30
0 11&1, 1% %#S$.( (6H&"(. T# (&5H#&() #. EOL K8 #,) &
11 &1, 19% %#S$.( 1.-&-"(. TH. (.&-5#&() #. EFOJFKO

MO -%9%( (,+( :(&7((, &( 5(#, 5-+!,+( &1, 118&1, ! % &'(1,( &=(
&(& #) &( 11&), 1% &( &7! &( &(.& 7#. EKO )8 )-%9%( (,+(
(&7((, & (5, 5-+,+( &, 118&1 1% &(&7' & (&(&#,) &(

11&1, 1% &'( & ((&( &(& T#. KOEEK 1% EK  7#. %#$.( 1.-&"(.0
$.18 K 7#. &'(5(#, &1, 1% $#+B 1% B,17$()6( 0
FO -%9%( (,+(:(&7((, &' (5@, &, 1% +! (+& #, 7(. & &(%- &
&(. #) & &( %- .& &7! &(. T#. EFKO )8 )-%% ( (,+( :(&7((, &
S#, 11&1,. 1% + (+& #,.7(. &! &'( %- .& &7! &-( . #,) & #$ &
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& ((&(. 7T#. MKO '#& -8 EFK 7#. &( !!&, 1% %#$.( 1.-&"(.
#) MK 7#. &'( 11 &1, 1% $#+B 1% B,17$(6(0

LO ‘(" 3-(3)() M 1% EE 5-+,+(&!,. 7'l( !1& A1 7((
#:1%& 1 1"( E KO

HO 11&-,. 1% $#+B 1% B,17$()6( %! -&(5. 8 J8 M8 F8 H #,) EE #&& #+&
#&&(,&1,0 &(5. 8 M8 F#,) EE #..(.. .&*)(,& 4% #$-&H&"(*)( .&#,)-,6
1% +* (& -, #H#SH(S +-+-&0 )8 -&(5. J #) H #.(. .&%)(&
AHS-EHE"(*)( &H#)-61% +* (&~ .(-(.+-+  *&0

EO '( 5.& +!55!, 5-+,+( &, 7#. +$#.'-6 +* (& 5 NS < J>0
((+&"($38 1&( +I55!, 5-+L+(&!,. 7(( & o &
5-+1+( &1,8 SI+#S$ (#.1-,68 # () +* (,& 5!)($ 8 17( * $3 #.

# o+ &H,& +* (& 1*+( BI)($8 #,) +,%*.-1, 1% + * (& %97 7-&
T#H&( %$!70
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L &( 1% &'(.&%)3 - (.(&() :3 5(#.. 1% .("(, .(+&1,.0 (
%- & (+&, -. #:1%& &'( I"("-(7 1% &( .&%)30  , &( .(+!) .(+&!8
A %15 &'(.&%)3 #( ((&00 -.A*.-l, 1% &'( (*$&. -.
(9--&() -, &( &-) .(+&1,0 ,&( #S$ #,) (9&( , H$ "H#$-)-&3 -. #++1* &() %!

-, &(%!* & #,) %-%&' .(+&1,.8 (. (+&"($30 '(  -9&' .(+&!, (.(& &
5 $-+#&-1,. 1% &'(.&%)3 #. &'( (+I55(,)#&-,. %! %* &'( ((#+ #(
- +$9)() -, &'($#.& .(+&-1,0

OE "("-(7 1% &'( &*)3
&(F (1% #.(.m6 -, & 6 #)(.&%)(,& . Bl (&, #1&

B B((B(+& + +- +*-&.8 # &' ((&-( &(.& T#.)("( $! () #,) #)5-,-.&( () &!
EJ -& 6#)( .&9(& -, I$HE&SGB &'( :-66(.& ¥  &$3-,6 )-.& ~+& 1% +# -&#$

BH#HO0 18 &-. .&*)3 - #+ .. (+& 1 #$ *"(3 &%)30
(-6 &M(& 5-++(&,. - "(3 51& #& %! (%%(+&-"(

'3+, & *+&-10 17("(8 -5 1 &#,+( 1% &'( .&*) 3 - ,1& )(&(5-,0)

1$3 7-& -& (+#5.( 1,( 1% &'( 5#-, +# #+&(-&+ . 1% &-. .&%)3 -. &(

)(-6, #,) *.(1% # & ((&-( &(.&0 ! (I"(8"(3 $-5-&() ,*5:( 1% & ((

&( &(&. 1, '3+ +1.&(,& (5 H#.-=(. &(-5! &# +(19% &'( .&%)30
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I5 $(&($3 . (+-#S #E&(,&, TH. #-) %! )("($! -68&( 0 -.&8
S&((7 T((H)HE0) -, &($-6'& 1% &'($-&(  H&F ( (-(7 & L(#)

6# .&9(& +,+(&1.0 (+1)8 (*$& %5 &( $ -&(H&* (#) &(
“&("(7. (0 & (HEHC O &GO ) 4(&L# (0
"(45(.&), #- (TH. 6-"(, & (9 (& %! +&(,& "H$-)H&-1,0 %&( TH#).8

-& T#. #)5--.&( () & HH .&%)(,& %' )(&(5-,-,6 &()-&#+&( . 1, &(

-0 & ((&( &(&0 )8 &'(  7#.)("($ 1() 3 5(#,. 1% &
-&(5 .&(5. 1, &'(1(, ()0 4*(.&), #- (#) ("(# $(0) )-& #+&(. % I5
&(1(, ()0 4*(. &, #- (0 6#-,8 +,&(,& "#$-)-& 3 7H. (&H#:$-'() #))
&(  TH. #)5--8&(() & EJ *U(+&0 )8 & ( (& -+$%)(.

&H&- &+ #H$3.(. ((,&() -, #&( JO

0 1+$*.-1,.

*.6 &( -&("(7.8 .&)(& 7(( ("0 & *( ++(&
&(HHBHS3 A+ # (B(+& -+-&38 (,(638 +* (, &8 "I$&HB(8 1&(,&#$
)-%%( (,+(8 (&+0 & 5(#,. &H& .&*)(,& 'H'( )-%%-4$&3 -, *-6 '3.-+.

&( 5-,1$!630

$.18 .&*)(,&. 6H#"( $1&. 1% 7 1,6 #,.7( . )* -6 &(-&("(7.0 '(3
7(( :(+#.( 1% $#+B 1% BI7$06( & 51.8&$3 5-+,  +(&!,.0
I55L,,(.. 196 I5( 5-+1,+( &-),. #&& #+&() H&&(,& TV
*$3 . H# +L&HE& +* (& S +( 5)($8 MN& + + *.& 5-+1+( &8
HR&( &, BI)($8 (5--+#$ *$( 5I)($8 #) $l+#$ (#.,-,60 &

5-+1,+( &1, 7( (+!55!,8 &I *& # HSS($ +- +*-& 5-++(&10 1.&
19 &'(.&*)(,&. 6#"(7 1,6 #,.7(. %! &'(4*(.&, )(-6,0) %! #..(..-,6
&'H& 5-+1,+(&1,0 17("(8 &( (#.!, %! &'.( -, +(+& #,.7(. TH
1& # 54 +( &), (+#*.( &(3)-) & B17 (-.& #A( D (A*HS(&
(- &#+(0 15( B,(7 &( +,+(&I *& &(3 +7$) , 1& #,7( &
A&, (+.( &'(B T( (A HS-&H&"( 4*(.&-,. # ) &%) (& 7( (&
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*() & 6-"-6 A*HS-&H&"( #,7(.0 'H& -8 &-. 5 -+ +(&, TH. &

+I551,8 #,) &-. T#. * 1&() :3 &( (*$&. 1% & 0 '(, (& #$0
< > 6H"(H#H8&(&), &I #,.7( . &H#& 5! (&#, EK 1% .&*)(,&. 6#"(0 '(
H5( ("HSH&, TH.),(8 #,) E 1% EE 5-.+!,+( &I, ST &
{(+155!,0 $.18 &'(5!.& +!55!, 5-.+1,+( &1,. 7( ( 17( * $3 #.
#+ .&#,& +* (& J*+(5N)($#,) . & +- +*-&5 -+1+(&-1,0

((TH # -6, -%-+#,& + ($#&, (&7((, . (L #) %)+
$("($.0 ,1&( 7!).8 .&*)(,& 7-& -6' .41 (. ! L& ( 7((5!(
+,%-)(,& &#, &( .&*)(,&. 7-& $I7( .+ (.0 - S H# L& & (SHE()
()(+( %! "#$)-&3 1% &'( 0 ( !!&,.! % %#S$.( ,(6#&"(. #,)

1-&"(. <EOL K #,) EFOJFK> # ( +1.&(,& ($#&() (" -)(+( %! "#$-)-&30
L("(8 &'( &(.& '#) :((, (9#5-,0) 3 #, (9 (& %! (&#:$--6 &
+1,&(,& "#$-)-&30

#+&! ##$3.-. 7-& AN 3-($)) N %#+&! .8 #) &( -&( #$
($-#:-$-&-(. < LHHH#SH> 1% &B7(( OF8 0  FN#) 0J8 (. (+&"($30
HE -8 &'(Y%- & #) .(+]) Wott+&! H#.(. ($#  $3TH& &' (3 #..(.0 *&8 &
HE(+HE18 ( #) %! &(&-) Wot+&I 8 T+ -+ $9(. -&(5. N#,) 0 (
5SS *5:( 19 &'( &(.& -&(5. -, &'(&- ) YoH+&!  SH3 :(# (#.), %! *+ #
$I7  ($-#-$-83 +(%%-+-(,&0 #& -8 E |  -&(B.#.(.-6 &( #5(
A4H$-8H&"( )-5(,.-1,8 -&(5. N #,) #..(..8 +#, ( "0 - & &l
(& ($H-$-83 1% &'( &-) %H+&I0 (I "(8 #$$ &(.& -&(5. !, &(

#.(.d 1%  A*H$-&H#&-"( )-5(,.-1,. 1% .-5%( (B(+& —+ + +*-8.0
$&*6' 51L& A*H$-&H&"( )-5(.-,. 1% .-5$( ($(+& 58 #(
#.0.0 3 &( 8 ! N -&5. +# ( #)) %! #.(.-6 &

AHS-8H&-"( )-5(,.-, <YoH+&!. HUW(+&-,6 &( (-&+(> T+ -. &

#.0.0 3 &( &(.&0 , #)-&1,8 &( ! #+ #$' #($-#-$-83 1% &(
7#. (&-5H#&() #. OMHO |, 1&'( 7!).8 #& $(# & MHK 1% "# -#,+( -,
&(&I&HS 4! (- 17-6 & &("H##+(- &*(.  +(0 ,.-&(1% .I5(
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5(,&1,0 )(Yo-+-(+(8 &( .+ ( #("#$) #) ($-#$(5@#.* (1%
&X)(,&. AHS-&H&-"(*)( .&H)-,6 1% -5 $(($(+& -+ +- +*-&.0

'(LHE HS W ($#-$-&3 TH. (&5H&() % | 5-+l+( &1, J8 &II0
17("(8 -& TH#. %!*) #. ONNO '#& -.8 1,$3 NNK 1%  &'( "# -#,+( -, &I&#S
B+l (&1, (- )& &'(H (1% & X( 5-.+1,+( &1, .41 (.0
&H)H) )(-HE&,. 1% &I&HS I (N #,) &I&HS 5-. + +(&1.J 7((
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$.18 &'( )-.+ -5- #&-1, -)(9 1% 5-.+!,+( &, E 8 7+ - #$.) #.(.0)

3 -&(5 8 T# 0J0 '#& -8 *++(.%*$ &%(& . (5 & '‘#'( &-.
5-+1+( &1, 51 ( &#, .&*)(,& 7-& $17 +1 (.0 3 (5!"-,6 -&>5 8
&-. L:$(55#3 :(I"(+5(0
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&(& #) &( 11&, 1% &( &7!1&( &(.& 7#. EKO )8 )-%%( (,+(
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&', (& #,) &7 &-( &(.& %! #..(..-,6 .&¥) (,& 5-.+!,+( &1,.0
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&(. #,) & &'( %- .& &7! &-(. T#. EFKO )8 )-%% ( (,+( :(&7((, &'( 5(#,

L& 19+ (+& #,.7( . &! &'( %- .& &7! &( . #,) &1 #5$ &'( & ((&(.
7#.MKO '#& -8 EFK 7#. &'( 11&-!, 1% %#$.( 1.-  &"(. #,) MK 7#. &

11 &1, 1% $#+B 1% B,1I7$()6(0 '(.( (*$&. -,)-+# &( &#& &' ((&( &(.&.
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ELEKTRIK KONUSUNA KARSI iLGi VE TECRUBE ANKETI

Bu anket elektrik konusuna kars! ilginizi ve alandaki tecribenizi ortaya ¢ikarmak Ozere
hazirlanmistir. Latfen her soruyu dikkatle okuyup size en uygun secenedi carpi ( X ) islareti

ile belirtiniz.
1) Ad ve Soyadiniz:

2) Cinsiyetiniz:

DKIZ
[JErkek

3) Dogum tarihiniz: _ / (ay { yil)
4) Babanizin meslegi:

5) Annenizin mesledi:

6) En son dénem aldiginiz karnenizdeki fizik notunuz:

D{Jyadm
[Jeyadas
[J¢yadas

7) En fazla ilgi duydugunuz ders:
a) Fizik  b)Kimya c)Biyoloji  d) Matematik

8) Fizik dersine ne kadar ilgiliSiniz?........cocoove i
9) Fizik dersindeki elektrik konusuna ne kadar ilgilisiniz?..................
10) Cocukken elektrikli oyuncak ve aletlerle ne kadar ilgiliydiniz?.......
11) Su anda elekirikli oyuncak ve aletlerle ne kadar ilgilisiniz?............

12) Cocukken elektrikli oyuncak tamiri ve alet tamiri isleri ile ne
Kadar ilgiliydiniz? ... ... e e e e

e) Diger

O OODOO soiyim
O OOQOoQ iiym

D D D D D Ilgisizim
O O0OOoQ coxigisizim
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13) Ne kadar siklikla bilgisayar kullanirsimiz?.........ccccccoeeeevececeeeeeeeees

14) Daha &nce ilkégretim ckulu ya da lisede elektrik ile ilgili
deney YaptinZ MI7 ... e

15) Daha 6nce hig pil ve tel kullanarak lamba yakmayi denediniz mi?

16) Daha 6nce hig elektrikli oyuncak ve aletleri agip incelemeyi
denediniZ MI? ..o e

17) Daha tnce hig elektrikli alet tamir etmeyi denediniz mi? ...........
18) Daha 6nce hi¢ oyuncaklarinizi tamir etmeyi denediniz mi? .........
19) Daha 6nce hig pil sarj ettiniz mi? ............oii i
20) Daha énce hig sigorta dedistirdiniz mi? ...

21) Elektrikle ilgili deney setlerini kullanarak birseyler tretme
SANSINIZ OlAU MUT Lo e e et e

22) Eve yeni alinan elektrikli ev aletlerini kullanmay1 égrenmek igin
caba gosterir misiniz? ...

O O doood g O e
U O ODO0O0O0 OO L0 Nede
O O O0O000 OO0 O swsk
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APPENDIX B

INTERVIEW CARD

MULAKATDA KULLANILAN ELEKTRIK DEVRELERI

Sekil 1

SEKIL A

Rz

SEKIL B

Sekil 1 Sekil3
SEKILC
A s s
1 2

i

Rad 4 \Ng
- R, |

f-12a
SEKIL D SEKIL E
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APPENDIX C

INTERVIEW GUIDE

1. Guc Ceken Ak nModeli (Sink Model)

Pil ve telleri kullanarak ampulii yakabilir misin?
Pil ne amagcla kullan | r?

Elektrik ak m nedir?

Elektrik ak m devreden ayr Id ktan sonra ne olur?
Elektrik ak m bir ampulle karla t nda ne olur?
Pil veya ampulde potansiyel fark var m d r?

ouklhwpnE

Carp an Ak mlar Modeli (Clashing Current Model).
Zay flayan Ak m Modeli (Attenuation Model).
Payla lan Akm Modeli (Shared Current Model).
Empirical Rule

PR

wekil 1

7. Elektrik ak m n n yonina sdyleyebilir misin?

8. ekil I'deki 6zde A ve B ampullerinin parlakl klar n kada t rabilir misin?

9. Elektrik ak m pilden ayr Id ktan sonra ne olur?

10. 1, 2 ve 3 noktalar ndaki elektrik ak mlar n n biyiilerini kar la t rabilir misin?
11. Ozde A ve B ampullerinin iizerlerindeki potansiyel faaklkar la t rabilir misin?
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12.
13.

14.

15.

16.
17.
18.
19.
20.

1. Srasal Diilnce (Sequential Reasoning).

A
R R
w— ;

Elektrik ak m n n ydnini sdyleyebilir misin?

R; direncinin yerine daha kicuk bir diren¢ lasak, A ampuliiniin parlakinda
de i iklik olur mu?

R, direncinin yerine daha kugctk bir diren¢ ksak, A ampuliinin parlakinda
de i iklik olur mu?

=

Gulg¢ Kayna n n Sabit Ak m Kayna Olarak Alg lanmas (Battery as a
Constant Current Source)

K sa Devre Onyarg s Modeli (Short Circuit Precopiien Model).
Bolgesel Dlunce (Local Reasoning).

Carp an Ak mlar Modeli (Clashing Current Model).

Zay flayan Ak m Modeli (Attenuation Model).

Payla lan Akm Modeli (Shared Current Model).

oukhwhN

ekil 1 ve ekil 2'deki 1 noktalar ndaki elektrik ak mlar n rugtkliklerini
kar la t rabilir misin?
A ampuliniun ekil 1 ve ekil 2'deki parlakl klar n kar la t rabilir misin?
ekil 2'de A ve B ampullerinin parlakl klar n kafa t rabilir misin?
ekil 2'de 1, 2, 3 ve 4 noktalar ndaki elektrik aktamn kar la t rabilir misin?
A ve B lambalar n n tzerlerindeki potansiyel farklgar la t rabilir misin?
A lambas n n ekil 2 ve 3'deki parlakl klar n karla t rabilir misin?

1. Bolgesel Dlunce

2. Paralel Devrelerde Be er Direng Onyarg s

3. Gug Kayna n n Sabit Ak m Kayna Olarak Alg lanmas
4. Zay flayan Ak m Modeli
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A
Ly 2 3

{4 \S

L iR, =R,

21. Elektrik ak m n n yoninua séyleyebilir misin?

22. 1, 2, 3 ve 4 noktalar ndaki elektrik ak mlar n kéa t rabilir misin?

23. S anahtar kapat|rsa, A ampulinin parlakida dei iklik olur mu?

24. Anahtar kapat Id ktan sonra, 1,2,3 ve 4 noktalalka@dk mlar kar la t rabilir misin?
25. Anahtar kapat Id nda toplam diren¢ dé ir mi?

5. Bolaesel Diiiince

i=12 A

26. ekilde i, i; ve s ak mlar kag amperdir?
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)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Acik Uclu Sinav

BASIT ELEKTRIK DEVRELERI

ADISOYADI:

OKULU :
SINIFI ;
CINSIYETI : [0 Erkek

O Kiz

=

Yinergeler
Sinava baglamadan tnce yukarida verilen kisma adinizi, soyadimzi, okulunuzun ’
adini, simfimz yazarak, cinsiyetinizi isaretleyiniz.

T:

2

yazmay: unutmayimz.

Devrelerde kullamlan pil ve ampuller zdestir.

. Butiin sorulara cevap vermek icin gayret gosteriniz. Cevaplarimzi sorularin hemen ’
altinda verilen bosluklara kursunkalem kullanarak yazimz. Cevaplanimzin sebeplerini

Devrelerde kullamilan piller ideal pillerdir. Yani, pillerin i¢ direngleri Snemsizdir. '

Sinavda Kullamlan Sembaoller

r[:g. FiL :'_'-’|

Fil

v
@

Lambalar

_nW'\(.L
Direng

&,

Ampal tabed duy
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SORULAR

1) ekil 1’de gosterilen devredeki ampulk verir mi? Cevab nz n
sebebini ac klay n z.

R o
i

Sekil 1

2) ekil 2'de verilen devre pargas nda, K-L uclar aras ndatteesr
diren¢ 10 ohm’dur. Rve R, direnclerinin buydkliklerini ede er
direncin buyuklut ile kar la trn z? Cevab n z n sebebini a¢ klay n z.

3) ekil 3'deki elektrik devresinde ana koldaki ak m 1,2 A olarak
verilmi tir. Buna gore, 4, i> ve k ak mlar n n buyukluklerini yaz n z.
Cevab n z n sebebini a¢ klay n z.

13E}

1
s1=124 ) @
£ 9
Seldl 3
1= e, A b= ....... A B= ovvnnnn. A
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ekil 4'de verilen bir elektrik devresinegkil 5'de gosterildii gibi
bir B ampull ekleniyor. 4 ve 5. sorular bu bilgiye gore
cevaplandrn z.

41'[@ Pl =EJ.}7 4[[151 PiL _ 3

ekl 4 ekl 5

4) ekil 4 ve ekil 5'deki 1 noktalar ndan gegen elektrik ak mlar n n
blyukluklerini kar la trn z? Cevab n z n sebebini a¢ klay n z.

5)
a. ekil 5'de 1, 2 ve 3 noktalar ndaki ak mlar n buyukltklerini
kar la trnz? Cevab n z n sebebini a¢ klay n z.

b. ekil 5’de A ve B ampullerinin parlakl klar n kaka trn z.
Cevab n z n sebebini ag klay n z.
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ekil 6’da bir elektrik devresi verilmiir. |k 6nce bir B ampuli ekil
7'de gorulda t gibi devreye ekleniyor. Daha sonra B ampuli
devreden ¢ kar larak ve onun yerine bir tel kullan larakil 8'deki
devre oluturuluyor. 6, 7 ve 8. sorular bu bilgilere dayanarak
cevaplay n z.

—
—
® [0

@

wekdl & ekl 7 wekdl 5

6) ekil 6 ve ekil 7’deki 1 noktalar ndaki elektrik ak mlar n n
blyukluklerini kar la tr n z. Cevab n z n sebebini a¢ klay n z.

7)
a. ekil 7’de 1, 2 ve 3 noktalar ndaki ak mlar n buyukltklerini
kar la trnz. Cevab n z n sebebini a¢ klay n z.

b. ekil 77de A ve B ampullerinin parlakl klar n kata trn z.
Cevab n z n sebebini ac klay n z.

8) ekil 7 ve ekil 8'deki A lambalar n n parlakl klar n kata trn z.
Cevab n z n sebebini ag klay n z.
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9) ekil 9'da verilen elektrik devresinde ampuk vermektedir. Ampulln
k vermesini salayan nedenleri a¢ klay n z?

Seleil 9

10) ekil 10’daki devrede birbirinden bams z iki durum varsay n zlk
durumda sadece 10 ohm’luk Rirencinin yerine 20 ohm’luk bir direng
ba lan yor. kinci durumda sadece 10 ohm’luk Birencinin yerine 20
ohm’luk bir direnc balan yor. Ik ve ikinci durumlarda ampulln
parlakl nda dei iklik olur mu? Cevab n z n sebebini ag klay n z.

Ik Durum: kinci Durum:

R,=10chm . R,=10 ohm
Lo v
AL

—dﬁ:- Fi ;3}7

Seleil 10

11)R; ve R direncleri ekil 11 ve ekil 12'de gdsterildii gibi
ba lanm tr. Buna gore K-L uclar aras ndakikRe de er direnci ile
M-N ucglar aras ndaki Ry e de er direncini karla trnz. Cevabnzn
sebebini ag klay n z.

E,
AP
Rl RE
K s ——Afit—s L, hs—] — I
E,
AR
Sekil 11 ekl 12
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12) ekil 13'deki ampul k verir mi? Cevab n z n sebebini a¢ klay n z.

Seleil 13

13. ekil 14’de verilen devre parcas nda elektrik ak m n n yonu ok ile
gOsteriliyor. Buna goére, 1, 2 ve 3 noktalar ndaki ak mlar n
blyukluklerini kar la tr n z. Cevab n z n sebebini a¢ klay n z.

14. ekil 15’de gosterilen devrede A ve B ampullerinin parlakl klar n
kar la trnz. Cevab n z n sebebini a¢ klay n z.

JT @, @,

S ) 1:1}7

Sekeil 15
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BIS# )IB*,)* *$.#3)G #5 *$ 3#,# 0

JO  3)G$#&5#=0 @O,BO a 30B$O BIS# )IB*)* *$* B(, b 3 OBSO BIS$# )IB*,)* *$5#5GD0 ),
#5*$ GDGB "( 5(=0

0 (5(=0 @0,BO8 %#BH&S $#B-,8 #5# .(:(:- #5 *$ a 3#:#Q$G 1$)*Q* -R-, GDGB "( 5(=0

MO #3G 0 @O,BO -$-, a &# #%G3%# #Q$#,5#BE&H)G RMBHNG, )# #Q$G 1$5#.G 6( (B- 0

FO DGB "(5(=0 @0,BO b B*&:*)# -$(&B(, &($ 3!B&* 0

LO DGB"(5(=0@0,BO b B*&:*,)# -$(&B(, &($ 3!B&* 0 (! #)#, #BG5 RGB5#=0

HO (5(= @O,BO $#5:#,G, )-Q( B#:$!.* b )(Q5(5-DO0 (B “R$# #5 *$ 3#,54#=

NO ; (&(+- b B*&:*# )# #Q$#,5#)GQG -R-, #BG5 6(R5(=

NEO ; (&(+-, b B*&:* # J# #Q$#,5#)GQG -R-, #BG5 6(R5(=

NO ; (&(+-, b B*&:*# )# #Q$#,5#)GQG -R-, #BG5 6(R5(=

NNO ; (&(+-, b B*&:* # J# #Q$#,5#)GQG -R-, #BG5 6(R5(=

NJO ; (&(+-, b B*&:*# )# #Q$G I$5#)GQG -R-, #5 *$ GDB"( 5(=

NO ; (&(+-, b B*&:*# # #Q$#,5#)GQG -R-, #BG5 6(R5(=

NMO; (&(+-, b B*&:* # # #Q$#,5#)GQG -R-, #BG5 6(R5(=

NFO 5+*$0, 3#5#.G -R-, ($(B& $#G, #(B(& (((B # BGS5 !$*D&* 5#.G 6((B-0 !5#$)(
($(B& I, $# G, # (B(& ()(:-$5(.- -R-, $#5:#$# -$- ,a"(b *R$# G,G, # #.G,# #Q$#,G 0 ,+#B :P3%(
- D(B-$)(3#,# 0 (-$(, D(B-$)(B- $#5:# 3#,5¢=

NLO 5*$0, 3#5#.G -R-, ($(B& $#G, #(B(& (((B #  BG5 I$*D&* 5#.G 6((B-0 !5#$)(
(3(B& I,$# G, # (B(& ()(:-$5(- -R-, $#5:#$# -$- ,a"(b*R$# G,G, # #.G,# #Q$,G 0 +#B :P33(
- D(B-$)(3#,# 0 (-$(, D(B-$)(B- $#5:# 3#,5¢4=

NHO ; (&(+-, b B*&:*# )# :#Q$#,5#)GQG -R-, #BG5 6(R5(=

JO ; (&(+-, b B*&:* # )# #Q$#,5#)GQG -R-, #BG5 6(R5(= 0 #5:# 3#,54=

JEO ; (&(+-, b B*&:* # J# #Q$#,5#)GQG -R-, #BG5 6(R5(=

JO 5% GDGB "(5(=0 @O,BO #5*$0, GDGB "(5(.- -R-, #5*$0, '(5 <> (B.- '(5 )( <a> # &G
B*&* $# # #Q$#,54.G 6( (B-0 P3B($-BS('(5 #5*$  3## W#BH& -$ )( 3#"#D 3#"#D P& $(D- "(

((U-"((5(=0
JNO #5#=0 @0,BO #5 *$0, O (&(+-, '(5 a'(5 )( B*&*, # #QS$H#,5#.G 6( (B-
JJO 5*$ GDGB "(5(=0 (" (-, &#54#5$#,54.G 6( (B- 0 5*$0, - )( b 3P,( &($ *=#,5#B

JO ; (&(+-, b B*&* # )# #Q$#,5#)GQG -R-, #BG5 6(R5( =
JMO (5(= @O,BO #)(+(a 3# #Q$#,5GD
JFO DGB "(5(=0 @O,BO b *+* # :#Q%$#,5#.G 6( (B-
JLO DGB"(5(=0 @O,BO #5*$ -$-, #)(+( a*+*# #Q$# ,5GD
JHO DGB"(5(=0 -$-, b *+*# :#Q$G )(Q-$ <&($-, &(B->

0 DGB"(5(=@0,BO#5*$ -$-,:- B*&*#)(Q-3!
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EO DGB"(5(= @O,BO #5 *$)- (B& -$("(a*+*# #Q$ #5GD&G

0 DGB"(5(=#5 *$ b *+# #Q$#,5#5GD

NO (5(=,()(,-C #5 *$ b *+# #Q$#,5#5GD&G

JO  (5(=0 @O,BO #5 *$ b *+# :#Q$#,5#5GD

0 (5(=0 @0,BO b *+# #Q$#,5#5GD

MO (5(= @O,BO b 30B$O )(" ( :#Q$#,5#5GD

FO DGB"(5(=0 @0,BO b *+# #Q$G B#:$! I$5#)GQG WRY, &#5#5%#,5#5GD&G

LO (5(=0 @O,BO #5*$ #)(+( a *+# -$(&B(, &($$( :#Q$ #,5GDO 5 *$0, 3#,5#.G -R-, b "(a *R$# #
&($ #QS$H#,G 8 #5 *$( H#Q$#,5#$G

HO DGB "(5(=0 @0,BO b 30B$0 1$5#)GQG -R-,

MO (5(=0 @O,BO #BG5 b B*&* &#, 6(R5-3!

MEO DGB "( 5(=0 @0,BO #)(+( a *+# #Q$G)G

MO DGB "(5(=0 @O,BO #5 *$0, 3#,5#.G -R-, -- a B*&# - )( b B*&:# #Q$G I$54.G 6( (B- 0 * #)#
H#)(+(a 6 *# #Q$G 1$)*Q*,)#, GDGB "( 5(=

MNO DGB "(5(=0 @0,BO (5 a'(5 b :#Q$#,5#$G0 5*$(:  #Q3$G :- &($ )( bf 3(#Q$#,54$G

MJO (5(=0 @O,BO #BG5 a )#, bf 3()IQ *)* 0 5# #5 *$ (a*R #Q$#,)GQG,)#, GDGB "(5(=0 3 G+#
&($-, - *+%%, b 1$5#.G 6( (B- )-0

MO DGB"(5(=0 @0,BO &($-,)-Q( *+* -$-, b *+*# # Q$G )(Q-$)-

MMO ( 5(=C @0,BO b *+# )# :#Q$#,54$G

MFO DGB "( 5(=0@0,BO b 30B( )( :#Q$#,545GD

MLO DGB “(5(=0 @0,BO'(5a'(5)(b -, #Q$#,5#.G6(  (B-0

MHO 5 *$ GDGB "( 5(=0 @O,BO b 30B$( :#Q$#,5#5GD&G 0

FO #3G GDGB "(5(=0 #5:# #)(+( a *+# #Q$G0 1$#3GG3$# ($(B& -B #BG5G 3!B&* 0 BG5 !$5#.G -R-,
'( -B- *+# #Q$#,5#.G 6( (B- 0

FEO (5(=0 @O,BO #5 *$0, B#:$1.* -$-, '(5 #DG #'(5 )(#$8G # &#BG$5#.G 6( (B- 0

FO (5(=RO,BO#BG5 3IB

FNO (5(=0 @0,BO b *R&#, &($ RGB5#5GD0 (" ()(, #BG5 B.-$5-D0 BG5 &#5#5%#,5#5GD0 (B *R
B*$$#,G$5GD0

FJO #5#= @0,BO #5 *$( :#QS$#,#, a 1$)*Q* -R-, 3#,54= 3#,5#.G -R-, a"( #Q$#,54#3G * D(B-$)(
IS54$G

FO DGB"(5(= RO,BO)IQ * :#Q$#, 5#5GD&G 0
FMO DGB "( 5(=0 @0,BO #Q$#,&G 3#,$GD&G 0 3 GHOBRE+HB - ##8&# 3IB&* 0
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FFO DGB "(5(= &(B !$# #B a B*&* &#, GDGB "(5(= < >*&**, )# B#:$I3%# #5*$0 # 5#B 6( (B
#,+#B <a>"( < > B*&* &# B#:$! 135#.G 6( (B

FLO DGB "(5(=0 5*$0, *+* #)(+(a BG.5G#)(Q)--$- 3!0 5*$0, a BG.5G,G, O=(-,( B#$L* b
BG.5G#)(Q)- -$5(3-)- 0

#&(6! 3 <'(H&&(3#,)&'(*$:# (-, +,&H#+& >

EO DGB"(-0@O,BO !=-&% *+*# &#BG$G)G 0

0 (B-$)(#5*$ GDGB "(- 0 @O,BOI # &G "( (B.- -D&$( -38( :* $# G #,$#3# - =0 &G I$#, 3(- GDGQ#
-$(& 0 B.- I$#, 3( - -$(&5(= 3#,- 3#B5#=0 @0,BO B.-$(# &G - - -,- R(B( 0 * #3()( #5 *$ 3#,# 0

NO 5*$GDGB "(-0@0,BO ($(B& -B #Q$#,5GD&G 0

JO (-0 (:(-RO,BO -$-,a3(-,(#5*$ #Q$#,5GD& G :*30=)(,)(" ()(B- #5*$ GDGB "( - 0

0 DGB"(-8RO,BO -$&#BGS$G !$)*Q* -R-, GDOB "( -

MO "(& GDGB"(-0 @0,BO -$(:#Q$G)G 0 -$)(, YaBIB# #B #5 *$0, GDGB "( 5(.-,- #Q$# 0

FO (-0@O,BO#5*$a30B$0 -$( #Q3$G !$)*Q* -R-, -$ GDGB "( -

LO -$=#3G%.# 3#,5#=0 (Q-$.(3#,#0

HO "(&0 &G 30B&(, RGB#, #BG5 $#5:#3G 3#B#:-$-

EO0 "(&0 &G 30B&(, RGB#, #BG5 $#5:#3G 3#B#:-$-

EEO 5*$ GDGB "(- 0 @0,BO b 30B$( a 3G R(B(0 *)("0()( b "( a 30B$( !$)*Q* -R-, :- :- $( -,(
H#QS$G 3#,- -$-, *R$# G - - $( -,()(Q)-Q- =#5#, GDGB 3#,#

#&(6! 3N <'( 1.-&"( &(5-#$ 1% # H#&&(3 +#,  $-6'& * # *$:8 & 1& &'(,(6#&-"( &( 5- #$>

EO DGB"(-0 DGB"(5(--, .((-)($#5:#a30B(  #Q$G)G 0 b 30B( #Q$G I$#3)G GDB "( 5(=)-0

0 DGB"(-0 @O,BO $#5:#3G # &G3# #Q$#)GQG -RHIBBGB "(- 0 #5:#3G b 3( #Q$# #B S$#5:#
GDGB "( 5(=0

#&(613J<'(,(6H&"(&(5-H#S 10 # #&&(3 1)  *+(. (B(+& -+-&3>
EO #3G "(5(=0 @O,BO b B*&:*)#B- ($(B& |.$# # (B( & (&5(=0
0 ;(&+ b)-0 BG56(R5(=0 *30=)(, GDGB "( 5(=
NO ;(&+-b)-0 BG56(R5(=0 *30=)(, GDGB "(5(=
JO ;(&+-b)-0 BG56(R5(=0 * 30=)(, GDGB "( 5(=

#&(6!3 < 7- (5%.& :(+1,,(+&() % !5 &'( ,(6#& S &(5-H#$ 1% &'( H&E&(3 & &(* ( 5(&H#$S-+
(1% &' ) &HE& YAZ #)Y Z +H#6(.5(& -, &(F$>

EO DGB "(5(=0 @O,BO $#5:#,G, 3#,5#.G -R-, ‘G a'(5  )( b 30B$( 6((B-0 (B-$)(B- #5 *$(
#)(+(a 30B #Q$G0

0 #3G GDGB "(5(=0 @O,BO a8 *R$# G)#, #5*$( (B& -B "(-$5(.- $#=G50 #)(+( a 30B GDGB
"(5(=0 a *R&#B- #BG5G, b *R&H, #B5#.G 6( (B-
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#&(6! 3M < (%-+-(,& ! ,1& 5(#,-,6%*$>
EO #5:#GDGB"(-0 (:(-)(a8 )**5*)#3#GDGB  "(-0
0 5*$GDGB"(5(=0@0,BO)(" ((, - - ,(6#&% 1$)*  Q*-R-,0

*(.&!,
L(1% +#&(6! (. T#. ("(#$00

*(.&-!, N

#&(6! BE <'(+* (& - &(: #+ $(#"-,6 &(: H&&(3)")( -, &I I&( : #A( -, o H THI & #&
&'( H5( #51%,8& 1% +* (& #.(. & 6 (#+ % (& (( (&S S # (-, #HS(S
+15:- 481>

EO 0J8 0J8 0J0 @O,BON-_EO -.(-_ 0J

0 0J8 0J8 0J0 @O,BON-_EO -.(-_ 0J

NO 0J8 0J8 0JO # #$($ BIS$# J#B- #BG5G, &! $#5CB($$# )#B- #BG5# (D-&&- 0 *,-R-,E0 CN

JO  0J8 0J8 0J

0 0J8 0J8 0J

MO 0J8 0J8 0J0 ##$($ )" ($()( ## BI$)# 6(R(, #BG5 &O5 )- (R$()(, 6(R(, #BG5$# G,
&! $#5G3%# *$%,* 0 0J 9N _EO

H&(6!3 <W&( &'(+* (& )"-)( (A*H$$3 - & &  T! i H#+( H& &'( %- & U +&-1,8 &'( +* (& #6H#-

))( (AHH$$3 - &1 &T) - #,+'(L #& &'(.(+1) U¥, +8&-1,>

EO OM8 ON8 ON

0 OMS8 ON8 ON

NO OM8 ON8 GN(- &! $#5G £-"(- 0

JO  OMS ON8 ON

0 OM8 ON8 ON

MO OM8 ON8 ON

FO OM8 ON8 ON (" ( ##$($ I$)*Q*)#, )I$#3G #,# BIS)#, 6(R(, #BG5 # #$($ BISS# # 6(3-+( B#R
&#,(B#:S$! "# #1# 6P ((D-& - D(B-$)( #3 G$#+#B0 *B# G)#B- D(B-$)( 6P.&( 5-D I$)*Q*5 6-:-
# #$($ B#:S$!)# #BG5 :P$0,50D&0

LO OM8 ON8 ON

HO OM8 ON8 OMBO--+- 3( # #$($ I$# #B #Q$G)G

EO OM8 ON8 ONO OM I$* 0 @0,BO EO -B- BI$# #3 G$5GDGI-ON I$* 0 @O,BO OM )# -B- BI$# #3 G$G 0

EEO OM8 ON8 ON

EO OM8 ON8 ONO BG5 ##$($ I$# #B J#QGS$5GD B #BG5)#e_#BGHG, 3# G.G,G <OM> #$5GD8
)-Q( 3# G )# B(,)- # #$# G )# -B-3(#3 G$5GD "( M] _+8-_ ON #$5GD&G 0

ENO OM8 ON8 ONO - #BG5G E0  D-))(&-3$( 6(R( B(B!B# #3 G$G 0 * ,()($(-c_EO ] _OM I$* 0 -Q(
BI$)# -B- BI$# #3 G$)GQG )4, 3-,(-B-3(:P$(-=@ - _OM]_ON1$*0

EJO OM8 ON8 ON
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EO OM8 ON8 ON

EMO OM8 ON8 ON ,# BI$ #BG5G -$B P,+( -B-3( #3 B$G 04 0.8&(B- &($)(, 3(#3 G$G 0

EFO OMS ONS ON

ELO OM8 ON8 ON BG5 3# G 3# G3# #3$#DGS$G ¢ 4$(30

EHO OM8 ON8 ONO @O,BO #BG5 -B-3( #X@BGEG, 3# G.G,G #$G 0 #$#, #BG5G n(# #$($ 1$)*Q*
-R-, #3$#DG $# 0

0 O0M8 ON8 ON

EO OM8 ON8 ONQ- n # #8($ :#QS$G)G B)('( -, # #$($ #Q$G)G 0

0 O0M8 ON8 ONO

NO OM8 ON8 ON

JO OMS8 ON8 ON

#&(6! 3N <'(%* &'( #7T#3 &'(: #,+'-. % 15 &'( #&&( 38 &'( .5#B$( &'(#5!%,& 1% &'(+* (,&>
EO -=- "-n
0 =- "-n

NO - - *-n"( OH8 OM8 ONO @O,BO 3*B# G3# RGBG$)GBRA@RSEES 0 1Q* $*B #,4# BI$)#HG

#8(6! 3 < (%-+(,&! ,1& 5(#,-,6%*$>

EO 08 0J8 HON

0 08 0J8HON

NO J08J08J00@O0,BONaE0_JO <N #3 G BIS ISR -
JO EO08 OM8 NOMO @O,BO '( .--, R# G5G

0 0M8 0J8 00

MO NO8 OES OE

FO OMS8 0L8 OL

LO EE8JL8 HM

HO 0J8 0J8 0J

EO 0J808

EEO EO 8 EOESE

EO JO8MO0J8LOJ

ENO - _+g<8 -a - EO 8- 0J 0 *)#,)I$#3G 0L80 0J8 0J
EJO - _+g<8-a N-_EO8-_0J 0 *)#,)I$#3G 0L80 0J8 0J
EO - _+g8-an £N- EO8- 0J 0 *)#,)I$#3G 0L80 0J8 0J
EMO 0L80 0J8 0J

EFO 0L80 0J8 0J

ELO 0L800J8 0J

EHO - _+g<8 -a N-_EO8-_0J 0 *)#,)I$#3G 0L80 0J8 0J
0 -_+gB8-an eN-_E08-_0J 0 *)#, )I$#3G 0L80 0J8 0J
EO - _+g<8-an £N-_ EO8-_ 0J 0 *)#,)I$#3G 0L80 0J8 0J
0 -_+g8-an eN-_E08-_0J 0 *)#,)I$#3G 0L80 0J8 0J
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NO - _+g<8-aw N-_EO8-_0J 0 *)#,)I$#3G 0L80 0J8 0J
JO -_+gB-an tN-_EO8-_0J 0 *)#, )I$#3G 0L80 0J8 0J
0 -_+gB8-an eN-_E08-_0J 0 *)#)I$#3G 0L80 0J8 0J
MO - _+g<8-a~ £N-_EO8-_0J 0 *)#,)I$#3G 0L80 0J8 0J
FO -_+g<8-aw «N-_E08-_0J 0 *)#,)I$#3G 0L80 0J8 0J
L0 M8NS8N @0,BO'( #BG5 -B-3( #3 G$G3!
HO ON8 ON8 OMO
NO ON8 ON8 OMO
NEO EO 8 OM8 OMO Y-Z )(, 6(R(, #BG5 -B- BI$# #3 B$éi#)( )#'# .|, #-  "(- n6-&5(B&()-
NO EO8EO8EDO BG5$# G *$5#B -R-, (.-~ )( EO !$5#.G 6( (B-
NNOEOS8 E08 E0O (B-$)(B- )(" O( -$ !$)*Q* -R-8 # #&# B##$G 1$)*Q* -R-, #BG5 :030B$OBS( -
#3,G)G 0 @O,BOI #BG5 #3,G )IQ *$&*)# '(-,(:-)(,  30B$(- 0
NJO 0J8 JOL8 HOM
NO 0J8JOL8 HOM @O,BO *$# :- - -,( # #$($ |$# #B+Q$#,5GD&G
NMO 0J8 JOL8 HOM
NFO 0J8 JOL8 HOM @O,BO )(" (.0 (B$- # #$($ I$# #B@50D
NLO 0J8 JOL8 HOM
NHO 0J8 NOMS8 JOL
JO 0J8 NOMS JOL

(&1, J

#&(B! 3E <'(+* (& 7-& &'( #5(#51*,& % 15 &'(HE&(-(H#. 1&((, +,*5() 3(& -, 1& 1%

&'(%-6* (>

EO (B-$J)(, 6(R(, #BG5 D(B-$ )(B- #BG5# (D-&&- ®O,BO -$)(, RGB#, #BG5G - )( .(B E )()(-
I$# #B B#$G3! 0 3,(, D(B-$ )()(- !$# #B B#$G3! 0

0 $(B&-B#BG5$# G (D-&&- 0 @O,BO #BG5 #3,G 3B,J% B(B-$)( 6(R( 0

NO $(B& -B #BG5$# G #3,G)G 0 (B-$)( 6P 0,)0Q0,( 6P )(Q-D-B$-B 3# G$5#5GD&G 0

JO  $(B& -B #BG5$# G,G, :030B$OBS$( - #3,G)G 0

0  3,G D-))(&$(#BG5 6(R(0 @O,BO ## BI$)#, 6-)(0 &B-$(,5(=0

MO )" (()( 30BS$( -, #BG5 D-))(&$( - #3,G)G 0

FO (B-$ )(B-#BG5#=)G 0 @O,BO ! )# &#,(#BG5"# -$)(, 6($(, #BG5 3(#3 G$G3! 0 (B-$
J)(B-D##BG5 (B-$ )(B-)(, %#=$# RO,BO ! }# E #BG5 "# 0 -$)(, 6($(, #BG5 ‘(.- (B-$J (
6(3-3! 0

L0 (B-$JO,"( (B-$ - #BG5G :(,+( (D-&& 0 @O,BO-$-, (,( U-.- -$B E ,IB&#.G,)#, 6(R5(B&()- 0

HO O30B$O0B #3,G)G 0 @O,BO E ,IB&#.G,)# #BG5 '( -BBE)()()- (,R$( B# DG$#D5#=0

EO BGS5'( =#5#, a)#, bf3()IQ *)* 0 EO IB&#H$# J#B-  #BG5$# - :- -,((D-&&- 0 @0,BO -B- D(B-$)(
)O- (R EO IB&#3# B#)# 31B&* 0

EEO (B-$J)(B-#BG58 (B-$ )(B- #BG5 #3,G)G 0 5# OB-$ )( #5 *$ I$)*Q* )#, #BG5 -B-3(
'P$0,0 0 # $#BSGB D(B-$ )()## #=)G 0
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EO0 E.IB&#$# G)#, 6(R(, #BG5 a )#, bf3()IQ *6-)-31 0 (B-$J_D(B-$0 @0,BO #BG5 E ,IB&#S$# G,)#,
1, #)#QG$G3! 0

ENO (B-$J_D(B-$ 0 @O,BO a B*&* &#, RGB#, #BG5 :ID)(&E( 6- (0

EJO (B-$J"(D(B-$ )(B- E |B&#$# G )#, 6(R(, (3(B& -B #BG5$# G (D-&&- 0 @O,BO #BG5 '(,0= #,#
BIS)#, 6(35(B&("(-Ri- (,6($$(3#,-)- (RS$(B#  DG$#D5#)GQG -R-, '(,0= E ,IB&#$# G,)#, 6(R(,
#BG5 :- :- $( -,( (D-&&- 0

#&(6!3 <, 18 1% &'(%-6* (.8 1&(&#$)-%%( (+(..* $-():3 &'(HE&&(-(. # (&'( #5(8 & &
(A*-"H$(,& (-.&H#,+(-, &'(.(+),) %-6* (- :-66( >
EO ;(&RS$(- 6(-$-5$(- -.(DB-$JI-R-, - 0 <( $#5#G,)- (+- B#E*$(0-$-31>0 e ] -(

D(B-$ -R-, _-0 3#-- _] _- d!$0

0 ;(&R$(- 6(-$-58(- -(DB-$JI-R-, - €0 <( $#5:#,G,)- (+- B#*$()-$-31>0 e ] -(
DB-$ -R-, _-0 3#-- _] _- €1$*0

NO ; (&(R$(-, 6(-$-58(- -(DB-$JI-R-, - 0 <( $#5#G,)- (+ B#*$()-$31>0  e_] -(
DB-$ -R-, _-0 3#-- _] _- ¢ I$*

#&(B1 3N <* (,&-, &'(%- .& %-6* (-. SHSB(  (+#*.(&'( (- 1,(7*$: -, &'( %- .& %-6* (8 7'( 3

&'((# (&7 :*$:. -, &'(.(+!,) %-6* (>

EO0 (B-$J)(B- #BG5 )#'# BOROB&O 0 @0,BO - )(" ( :#Q$#,5GD&G 0

0 EO0#BG5 &(B #5 *$ 1$)*Q* -R-, J#'# #= 6(3- 0 5# 0 D(B-$)(-B- #5 *$ 1$)*Q* -R-, 0 D(B-$)(B-
#BG5 EO D(B-$)(B- #BG5G, B#&G I$54$G)G

NO (B-$J)(($(B& -B #BG5G J## #=)G 0 (B-$ )( (XB& -B #BG5G )#'# %#=$#)G 0 @O,BO %#=$# I$# #B
#5 *$0 (B$(,-3! * 30=)(,d

JO  (B-$J)(E,B&.G,)#, 6(R(, ($(B& -B #BG5G (B-$ )(B-,)(, J## #=)G 0 @O,BO (B-$J )(E &#(
#5 %5 IS)*Q* J#, "( (B-$ )( &#,(#5*$ 1$)*Q* -R-, (B-$J (6P ()## %#t=$# (,( U- 6( (B- O
(B-$J)(#BG5 #=8 (B-$ )()## RIBO

H&(BI3I<* (&~ &(%- & %-6* (- -66( 1  (+#-.(&T!$:. - &'(.(+],) %-6* (# (&'(+* (&>

EO E)(B-)## 30B.(B& 0 @O,BO #BG5 :P$0,50D

0 (B-$J)(E,!B&H.G)#, 6(R(, #BG58 D(B-$ )(B-,) (,)## :030B&0 0 @0,BO D(B-$ )(#BG5G -B- .-
#3$#DG3! 0

NO (B-$J)(E ,B&#.G,)#, 6(R(, #8G58 D(B-$ )(B-) (, )#'# :030B&O 0 @O,BO D(B-$ )( #BG5G -B-.-
#3$#DG3! 0

EO BG5G, :030B$OBS( - (D-& )(Q-$)- 0 @O,BO D(B-$ "(( #5 *$$( - 3#,5#B&#)G 0 #,- D(B-$
J)(B- #BG5 )## :030B&O 0

0 E,IB&#.G,)#, 6(R(, #BG5 )## :030B&0 0 @0,BO #5 *$ :- &#,()- 0

NO (B-$J)(B-)## :030B&0 0 @O,BO ($(B& -B .#)(+( = 3()(! &#3# RGB&GQG -R-, J## #= ($(B& -B
B#3:0(0 ,*, -R-, D(B-$ J }## :030B&O 0
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J0  (B-$J)()##RIB($(B&-B"#)G0@O,BOE#5*$ "#)G 0 (B-$ )( #5*$!$)*Q* -R-, ($(B& -B
#BG5G )## BOROB&O 0

0 (B-$J)()##:030B&0 0 @O,BO &(B #5*$"#)G 0

MO (B-$J)()##R!B ($(B& -B"#)G 0 @O,BOE#5*$ "#)G 0 (B-$ )( #5*$!$)*Q*-R-, ($(B& -B
#BG5G )## BOROB&O 0

FO (B-$J)(($(B& -B #BG5G )## :030B&0O 0 @O,BO BB ES "#B(, )( S"#)G 0

LO (B-$J)(B-E ,'B&#.G,)#, 6(R(, ($(B& -B #BG5G D(BS )(B- E ,!B&#.G,)#, )## RIB ($(B& -B #BG5G
6(R(0 @O,BO8 (B-$J :#DB# :- ,IB&#)#, 6(R5()-Q- -R-,0 (B-$ )( :#DB# ,|B&#$# "( #5*$"#0
$(B& -B RIB '# +# 0 E ,|B&#.G,)#, #= ($(B& -B #BG5 6(R( 0

HO (B-$ )(B-,!B&#S$# )#, J## RIB#BG56(R-3!8 (B -$J)(-.(E &#,(#BG5 6(R-3! 0

EO (B-$ - ($(B&-B)(" (- )##:030B&0 0 @O,BO ( B-$J)(E &#,(#5*$"#0 (B-$ )( &#,(:*
Y (B-$ -, ($(B& -B)(" (.- J## :030B&O 0

EEO (B-$J#BG5G :030B&0 0 @O,BO -B--,-, -$$( -,-Q30B$OQO #3,G #5# JO D(B-$)( E $#5:# 0 D(B-$)(

&#,($#5:# "#)G 0 30=)(, J )(#BG5 :030B&0 0

EO0 #)(+( !$)*Q*=#5#, -$)(, 6(3(, B*"(& #)(+( YH#Z #5 *$0 B*$$#,G3! )*0 (B-$ )(-.(
#5 *$$( -B- &#,(1$)*Q* -R-, "( -$ #3G.G # &5#)G QG -R-, -$)(, 6(3(, #BG5 "( #5*$$( -
##.G,)# #3$#DGS5#BEH)G 0

ENO (B-$J)()##:030B0 @0,BO (B-$ )( "(N#BG5$ # G )#"#)G 0

EJO ( -B-)("O()($#5#,G, E ,'B&#.G a B*&* )#, R GB5GD&G 0 S#E0 @O,BO (B-$ )(#5*$
#3G.G RIB&* 0

EO0 (B-$J)()##R!B& 0 @0,BO#BG5 6-)(, 3( )### =)GO

EMO (B-$J)( ($(B& -B #BG5G J#'# %#=$#)G 0 @O,BO };QBP ()## #= #5 *$ I1$)*Q*# 6P ( J##
%#=$#)G 0

H&(BI3 <* (& -, 1& %-6* (\# (&( #5(: (HE (4% (&= +) &t & HEH#,3 1- & -, +- +-&.

7-&' (H#$ +I5:- #8&-1,>

EO (B-$J"( )(, #3,G :030B$OB&( #BG5 6(R( 0 @O,BQ - #Q$G )(" ($( )(#BG5 #:-&&- 0

0 B--)()((D-&& O (- #QSH5H)# #BG5'( IB&H) # #3,G D-))(&$( 6(R(0

NO 3,G)G0@O0,BO .-)(.(-:#Q$G)G 0

JO  (.-#3,G)G0@O0,BO .(-#Q$G)G 0

0  B-D(B-$)()( E ,IB&#S$# G,)#B- #BG5$# #3,G)G 0 B0 .( - #Q$G )(" ($( )( (D-& 5-B&# )# #BG5
6(R(0

#&(6! 3M < (%-+-(,& ! 1& 5(#,-,6%*$>

EO (B-$J)(B-#BG5 )##3,G :030B$OB&()- 0 (B-$ )(B--$()(#3,G)G 0 +#BD(B-$ "( I$# #B
-B-3(:P$0,0 0 ,+#B .( - #Q$#,)GQG -R-, #BG5 #3,6R( 0

0 D-&& 0 @0,BO 0,!B&#H)# EQ#BG5 .1# ( (0

NO D-&&-0 @O,BO 0 ,IB&#H)# E0 #BG5 .1# ( (

JO E IB&#S# G,)#, 6(R(, #BG5 (D-&&- 0 @0O,BO $#5:#%8 #3,G )- (R&()- 0

0 E,B&#S$# G,)#, 6(R(, #BG5 (D-&&- 0 @0,BO  $#5:#%8 #3,G )- (,R&()-
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MO (.-#3,GGDGB"(-0 (B-$a"( )( )##3,G

FO (.-#3,GGDGB"(-0 (B-$a"( )( )##3,G

L0 D(B-$J D(B-$ 0@0,BO (B-$J-Rm_ "(D(B-$ -RR o ]

HO D(B-$J D(B-$ 0 @0,BO (B-$J-Rq_ "(D(B-$ -R-R (_]

EO D(B-$J D(B-$ 0@0,BO (B-$J-Rm_ "(D(B-$ -RR o ]

EEO D(B-$J " D(B-$ 0 @0,BO (B-$J-Rq_ "(D(B-$ -R-R (_]

EO D(B-$J D(B-$ 0 @0,BO (B-3J-Rqy_ "(D(B-$ -R-R (0_]

ENO D(B-$J " D(B-$ 0 @0,BO (B-3J-Rq_ "(D(B-$ -R-R (_]

EJO D(B-$J " D(B-$ 0 @0,BO (B-$J-Rqy_ "(D(B-$ -R-R (o_]

EO D(B-$J D(B-$ 0 @0,BO (B-3J-Rq_ "(D(B-$ -R-R _]

EMOD(B-$J " D(B-$ 0 @0,BO (B-$J-Rqy_ "(D(B-$ -R-R (0_]

EFO D(B-$J " D(B-$ 0 @0,BO (B-3J-Rq_ "(D(B-$ -R-R (_]

ELO D(B-$J " D(B-$ 0 @0,BO (B-$J-Rq_ "(D(B-$ -R-R (_]

EHO D(B-$J " D(B-$ 0 @0,BO (B-$J-Re_ "(D(B-$ -RR ©_]

0 D(B-$J D(B-$ 0@0,BO (B-$J-R_ "(D(B-$ -R-R (]

EO D(B-$J D(B-$ 0 @0,BO (B-$J-Rm_ "(D(B-$ -RR ©_]

0 (R(,#BG5$# (D-&& 0 (" ($( # #$($ #Q$#,5GD&G

NO  (-$-5 )## %#=$# 1$)*Q* -R-, -B-.- -, )( :030B$OB  $( - #3,G)G 0

JO  (B-$J)()##RIB ($(B& -B"#)G 0 @O,BOE#5*$ "#)G 0 (B-$ )( #5 *$ I$)* Q*-R-, #BG5
Y## RIB&* 0

0 (B-$J)(B- #BG5 $#5:#3G )## RIB 3#B# 0 @O,BO ! ## E #BG5 6(R-3! 0 (B-$ )( ($(B& -B $#5:#3G
Y#'# #=3#B# 0 @O,BO | #)# #BG5 6(R-3! 0

MO ( -B- D(B-$)()( ($(B& -B #BG5$# G,G, :030B$OB$¢3,G )(Q-$)- 0 @O,BO #5 *$ #3G$# G %# B$G)G 0

FO (B-$J)(B- E #5 *$ 1$)*Q* -R-, ## #= #3)G,$#&G 0 (B-$ )(B--.( #5*$1$)*Q*-R-, J## RIB
#3)G,$#8G 0

LO (B-$J)(($(B& -B #BG5G )## 'G=$G #BG5 6(R( B-§ )( -.( )## 3#"#D #BG5 6(R( 0

(&),

#&(6! BE <* (& H&#$$ |- & # (&'( H5(#,) L #) #(&(H5(-, 68, (>

EO (- #QS$G I$)*B$# G -R-, (.- (D-&0 "( #$#B $GB$# G :- :- -,((D-&0

0 -:-$(-((D-&& 0 3,G # $#BSGB&H)G 0

NO $(B& -B #BG5G,G, :030B$OBS( - #3,G)G 0 @O,BOBMBESH )#, #3,G #,)# &O5 #5 *$$( (6-)( 0

JO E__NO (" ()(B-#BG5$# (D-&&-0 _0 3,G 3##0

0 BG5:030B$OQO #3,G)G 0 (- #Q$G $)*Q* -R-,0 5*$$( -, # $#BSGBS# G #3,G)G 0 ( -
HQSHGHSH )# #3,G 5-B&H# )# #BG5 6(R( 0 *30=)(, # $#BSGBS$# G #3,G)G 0

MO (.-#3,G)G 0 @O,BO .(- #Q$#,5GD&G 0 ( .- #3,G # $#BSGBE&H)G 0

FO ( N)(#3,G)G 0 @O,BO .(- #Q$G)G 0 BG5'( 3( )(, (D-& 6(R(0 # $#BSGB$# )# #3,G)G 0

L0 (-#3,G)G0 3,G # $#B$GB&H#)G 0 @0,BO .(-)- 0
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HO (R(, #BG5$# #3,G)G 0 @O,BO #BG5 #3,G )O=$0B&(3% 0 (R(, #BG5$# #3,G 1$)*Q*# 6P (
#5 *$$( )(#3,G GDGQG "(- 0 #,- # $#BSGBS# G;)#%# B 3IB&* 0
EO E__NO@O,BO (- #Q$G I$)*Q* -R-, '(-)(, 6(R(, #BG5 (D-&&- 0 # $#BSGB$# #3,G)G 0
EEO (- #Q$G)# #BGS5 D-))(&- (D-&&8-0 "( #5*$$( - ,( (&B- ()(, #BGS5 (D-& '$)*Q* -R-, # $#BSGBS#
(D-&&- 0
EO0 E__N)O0@O,BO)("(.(1)-0 _)-0 ("0(.6 (R(, #BG5 (D-&&- 0 (" (.(-)- 0
ENO E8 8 N ,|B&#S$# G,)#B- #BG5$# G, :030B$OBS( - M@ O0,BO .( - #Q$#5#)# #BG5 '( 3()(
#3,G)G 0 #BIS)#, 6(R(, #BG5 '( -B-#5*$)()(#  3,G !$)*Q*)#, # $#BSGBS$# G #3,G)G 0
EJO E8 8N (D-&& 0 a B*&:* )#, RGB#, #BG5 bf3( #(B$)(6-)(0 _0
EO E8 8N (D-&& 0 aB*&*)#, RGB#, #BG5 bf3( #JBE)(6-)(0 _0
EMOES 8N (D-&& 0 a B*&:* )#, RGB#, #BG5 bf3( #(B$)(6-)(0 _0
EFO E8 8N (D-&&- 0 a B*&:* )#, RGB#, #BG5 bf3( #J&B$)(6-)(0 _0
ELO E8 8N (D-&&- 0 a B*&:* )#, RGB#, #BG5 bf3( #(B$E)(6-)(0 _0
EHO E8 8N (D-&&- 0 a B*&:* )#, RGB#, #BG5 bf3( #J&B$)(6-)(0 _0
0 EB8 8N (D-&&- 0a B*&:*)#, RGB#, #BG5 bf3( #IBE)( 6-)(0 _0
EO E8 8N (D-&&- 0 a B*&:*)#, RGB#, #BG5 bf3(#JB$§)(6-)(0 _0
0 EB8 8N (D-&&- 0a B*&:*)#, RGB#, #BG5 bf3( #IBE)( 6-)(0 _0
NO E8 8N (D-&&- 0 a B*&:*)#, RGB#, #BG5 bf3(#JB$)(6-)(0 _0
JO E8 8N (D-&&- 0 a B*&:*,)#, RGB#, #BG5 bf3( #3B$)( 6-)(0 _0
0 E8 8N (D-&&- 0a B*&:*)#, RGB#, #BG5 bi3( #IB-E)( 6-)(0 _0
MO E8 8N (D-&&- 0 a B*&:* )#, RGB#, #BG5 bf3( #JB$)(6-)(0 _0
FO E8 8N (D-&& 0 a B*&*)#, RGB#, #BG5 bf3( #JB$)(6-)(0 _0
LO (- #Q$G)(" O( #)(+(:- #BG5"#)G 0 ('( , IB&H)# #3,G 1$* )(Q(-h)-0 5 *$%( -,
# $HBSGQG -.( O=( $( -,)(B- 6( -$-5( :#Q$G)G 0 5*$$( )(, #3,G #BG5 6(R( 8 )- (R$()(#3,G
1$)*Q*-R-C _ 8 _ I$0 (-$-5(D-& !$)*Q*)# # $#BSGBS# )# #3, GI$*0
HO (- #Q$G)(" O( #)(+(:- #BG5"#)G 0 ('( , IB&H)# #3,G 1$* )(Q(-h)-0 5 *$%( -,
# $HBSGQG -.( O=( $( -,)(B- 6( -$-5( :#Q$G)G 0 5*$$( )(, #3,G #BG5 6(R( 8 )- (,R$()(#3,G
I$)*Q*-R-.C _ 8 _ I$*0 (-$-5(D-& I$)*Q*)# # S#BSGBSH )# #3, G I$*
NO E__NO (-:#Q$#5GD&G 0 3,G # $#BSGBE&H)G 0

#&(6! 3 <'(%* &( #HTH3 % 15 &'( #&&(3B &'(  $(.. &'(#5*,& 1% +* (& #,) &'( 1 -6'&,(.. 1% #

*$>

EO (B-$ )(N O, #BG5G )#'#:030B&0O 0 )(-.(N)(, - #=#=#$G 0 E )( -.(:- #= )#'# #=#$G 0 @O,BO N
-$()#'# 3#BG,)G 0 -Q( $( - 6-&&-BR(#=#$G 0 #%HO )#'# # $#B&G 0 @0,BO (,( U- )- (B& 6(3- 0

0 N E )()## #$#B0 BG5 )#,)- (B& 6(R&-Q- -R-,0

NO , %#=$##BG5 N )(, 6(R5(B&()- 0 , #=#BG5E)(,6 (R5(B&()-0 , # $#B #5+*$0)0 0

JO N -$(3#BG, 1$)*Q* -R-, #BG5 )#'# %#=$# 6(R( "(( :030B&0 0 8 E #BG5 )#'# #= 6(R(0 -$ J#'#
*=#B1$)*Q* -R-)- 0 -$( 3#BG, "(#BG5 W# RIB  1$)*Q* -R-, '# # SHB 3#H# 0 )#'# *=#B
"(#BG5G, #'# 3#"#D 6(R(+(Q- -R-, # $#B 3#,5#=0

0 NE
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MO

FO
LO
HO

N' "E0 @O,BO ($(B& -B #BG5G,G, 30BO b 1$)*Q* -RY( M30B8 )( -.( P,+(#5 *$ *¢* J*Q*
-R-, L # "(E-, P,0)()(-B- &#,(#5 *$ *$*, )*Q* -R-,0

N' "EO @O,BO N -$()## 3#BG,)G 0 )## # $#B&® @O,BO -$()#'# 3#BG,)G 0

N EQ # $#B 3## 0

N E

#&(6! 3N <-£- ° n#) *$: -1 -6&(>

EO

NO

Jo

MO

FO

LO

HO
EO

* #BG5)# )-3($-5 E IB&#.G E #BG5 #$G3! # ,IB&#.GE8N IB&#.G #BG5#$G 0 I$#3G.G3$# E

#BG5G '( =#5#, #BG5 J#'# YoH=$# #$G 0 -$-, #BGBBP +( )#, 6(R&-Q- -R-, )## # $#B 3## 0

E (,:030B8 E)(, BOROB8 N (, BOROBO ,!&&#, 6($(,( U- E #BG5G,)#, 6(R( (B "(N ( 6(R-3! 0
BG.5G,#a 6(3(, 30B 3G )##RIB #$#&G 3(6 (R(0 )(,)##RIB #$G3! 0

EO ,IB&H)# #BG5 %#=$#8 0 ,|B&H)# E (6P ()#'# #NB)( -.( #BG5 )#'# #=0 @0O,BO EO ,IB&#)# 3#

6($-)-Q-)( - 5-B&# #BG5 * #)# B#SG 0 NO IB&#)# 3( 6($)-Q-,)(:- 5-B&# #BGSE)# * #)#

B#$G 0 )## # $#B&G 0 @0,BO 6(3(, -$B #BG5 *#3Q #)GQG -R-,0

E N0 )(, )## # $#B&G 0

E''NO @O,BO E ,|B&H.G )# '(,0= (,( U-"(-$5(5-D0  ,|B&*H.G )# (,( U-.- E $#5:#3# "( -$5-DO N

IB&#.G )# (,( U-)ODO O$50D&0 0 #5*$0 )#'# # $ #B&G 0 @O,BO (,( U-.- (, 30B.(B I$#, E

IB&#.G)G 0 #5*$0,0, # $#BSGQG )## #=)G 0 @CR,( U- #=#$5GD&G 0

E''NO @0,BO E )( #BG5 R )- (,R$( B# DG$#D5#5GREBGS5 )- (,R$( B# DG$#D5GDO N )( #BG5

)- (R$( B# DG$#D5GDO

E )(B- #BG5 )## :030B&0 0 @0,BO #BG5 -$B I$# #B)¥, 6(R-31 0 )#'# # $#B&G 0 @0,BO -$B

#D&H# # $HBSGB | #)#, 6(R-31 0

E )(B- #BG5 )## :030B&0O 0 )(, J## # $#B&G 0

E #BG5 )## 30B.(B& 0 )## # $#B0 @O,BO BI$)# &8 #DG # 1$)*Q* -R-,0

, :030B #BG5 E )()- 0 @0,BO -R:- )- (,R$( B# DGHD5#=0 ,IB&H.G,}# )- (,+-.)(, 6(R(+(Q-

-R-, #BG5 #=#$G O N ,IB&#.G,)# "( )- (R$(-)(, 6(R(+(Q- -R-, #BGB )## )# #=#$G 0 #,-C E' "NO
)(, J## # $#B 3#.4#0 @O,BO )#, 6(R(, #BG5 )(, 6(R(, #BG5 D-))(&-,)(, )#'# %#=$#)G 0

EEO ,:030B #BG5 E )()- 0 @0,BO '(,0="-R:- )- (R$(  B# DG$#D5#5GD&G 0 0 #BG5 EQ #BG5)#, - #=

)## BOROB&O 0 @O,BO )- (,+-3%( B# DG$#D5GD&S (1¢-,- 6(R(:-$5(B -R-, (,( U-

# +#5GD&G 0 NO #BG5 -.( )(, )( BOROB&O 0 @OBE3# (5 '(5)( )- (+-- 6(R( (B

6($5-D&- 0 * 30=)(, )-Q( $( -,( 6P ()## RIB (,( U-'# +#,5GD&G 0 #5 *$0 #5 *$0,( 6P (

Yi# # SHB 3#,# 0 @0,BO  #5 *$0O JH'# %H=$# 6(3(, #BG5G B*$$#,# #B GDGB "( 5(B&()- 0 5#

#5 *$0 B*$$#,G$5GD $#, #BG5G "( * 30=)(, #=#$5GB#, #BG5G B*$$#,# #B J## #= GDGB "( (-$- 0
5# #5*$0 -$( #5*$0 3( )(Q-D&- -$- .( ), YHH # SHB 3 H 0 * X, (- )(H#= P +(

($- &5-D I1$)*Q*5 .(:( $(#3,G)G 0

#&(6!3J<-£ - _n#) *$: -1 -6'&( (& (-6 +$L( & &( HE&( 3>

EO
0

BG5$# G, :030B$OQO #3,G)G 0 ,-, # $#BSGQG WH=$#)G 0
BG5$# #3,G)G 0 )## # $#B&G 0 @O,BO #5 *$ -90 (&(R # #.G,)#B- 5(#%( J## #=)G 0
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H&(6!3 <- £- N#) *$: -1 -6'&( )*(&! (-6 +81.( &I &( HE&( 3>
EO  -$-, #BG5G P,+( )#, 6(R&Q- -R-, E'"NO #5*$0 )## # $#BSGB 6P.&( - 0 -$( )#'# 3#BG,)G 0
#&(6! 3M <£- ° n#) *$. #) #(&(H5(- : -6'&(.>
EO EO,B&# )##RIBS . # 0 ,1B&H)## .|, #N0 B &#0 @0,BOI -$)(, RGB#, #BG5 P,+( EO ,|B&#3#
*Q#8.,# #5*$0,("(#BG5 - #=#=#$G 8.1, # 0 ,B&H)#, 6(R( #5 *$0,(6($- 8 #BG5
- #= ) #=HSG "(NO IB&H#3# 6($)-Q-,)( -R BH#$5 #3#+#B BH)# #=#$G 0 "( #5 *$$(- #3,G
# $H#BSGBE&H)G 0

#&(6! 3 F < (%o-+-(,& ! )& 5(#,-,6%6*$>

EO E8 8N ,B&#$# G,G, #BG5$# G :030B )(Q-$0 @CBRASH *=#B0 "( #5 *$O 3#,5#5#B&H)G 0
@0,BO -$-,'( -B-#5*$0 :-)(, 34B5#.G =1 *30  =)(, )## RIB "1$& 6( (B- 0

0 (B-$ )(($(B& -B#BG5G '( .-,- (D-& 5-B&# )# 3#B# 0

NO _N'E_0@O,BO _NO,##.G,)#B-5(#%(E_ -, ## .G,J#B- 5(#%(3(6P ()###=)G 0 G,

# $#B$GQG )## RIB&* 0 @O,BO -, "()-Q- GDGB# #Q)#, 3#,.G 0

JO E#BGS5 (,:030B&0 0 _N)O 0 @0,BO -B-.-)( )(# #} E#5*$"#)G 0 #5*$0 J#'# # $#B&G 0

0 E)()###=0 )()##:030B&0 0 @O,BO $#5:### .G,)# B#SG 0N )(3-,()###=)G 0 B--,-, )(
# $#BSGB$H G #3,G )-3()ODO,03! *50 @O,BO -$)(BBG5G -B-.- )( #3$#DG3! $# 0

MO E_'N _ I$##B#BG5)IQ*I$##B6(R(0 ,G,"( .- # $#BSGBS$# G (D-& 1$* 0

FO 3,G)GO0 )## #$#B&G 0

LO (.- (D-&&- 0 BG5 BI$S$# # #3 G$5G3!1 0 #5*$0 )# '# # $#B&G 0 @0,BOd

HO E__N)OO (.- ##$($ #Q$#,5GD&G 0 # $#BSGBRH(D-&0 (" ( # #$(30

EO E8 "(N (B&#S$# #B- #BG5$# #3,G)G 0 @0O,BO (X, )(#3.G )- (R 6(R-31 0

EEO N:- "( )(,#=)G 0 ,3#BG, 1$)*Q*-R-0 -)(  ,#=)G OE'(.-,)(, RIB&* 0 , *=#B 1$)*Q* -R-,

EO EO0#BG5RIB&* 0 #4# .1, ##5*$(6(R( "( 0,/B&#  3#*$#DG 0 0,IB&H)# #5 *$0,( 6(R( "(NO
IB&H3H BH)# 6($- 0 *# #)# # #5 *$$( 3#H# 0 3(6P ()###= # $#B&G 0 @O,BO #5 *$0
3#,)GB&#, .|, # #BG5 #5*$0,(BH#)# 6($- "( #5 *$0,)(B- # $#BSGB #=#$G 0

ENO (.- (D-&&- 0 BG5 BI$$# # #3 G$5G3! 0 )## # $ #B&G 0

EJO E 2 0 (:(:- #BG5 | #)#, 6(R5(3( #DS$H# 0 0 E03(! #,$# - #= %H=$#)G 0
N)((, %#=$#)G 0 BG5$# N )(&! $#,G 0

EO BGSE)(, 3(B#)# )## %#=$#8 )(, N O(J## %#=$#)G 0

(&1, M

#&(6! 3E< & -.:-66( -, -6* (M :(+#*.(&'(( # (5! (:*$:. -, -6*(F>

EO (B-$ M )#B- E |B&#.G,G, #BG5G )#'# %#=$#)G 0 @QBU- %#=$# :P$0,5()(, 6($- 0

0 (B-$M)#B- .(-!$)*Q* -R-, #BG5 )#'# :030B&0 0 (B-$ F )(B- -.( # #$($ 1$)*Q* -R-, #BG5 #=)G 8
)## BOROB&O 0

NO (B-$ F)##BOROB&O (B-$M)#,0 @0,BO (B-$ FH}BG5 -B- BI$# #3 G$)GQG -R-,0

JO  (B-$F)##BOROB&O (B-$M )#0@O0,BO (B-$ FH}BG5 -B- BI$# #3 G$)GQG -R-,

0 (B$M (BSF
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MO (B-$ M )#B- )## :030B&0 0 @O,BO (B-$ F )(B- ($6B8-B #BG5 N (:P$0,03! 0
FO MFO@O,BO (B-$ F)()## %#=$# #5 *$ "# )G 0

L0 MFO@O,BO (B-$ F)($#5:# #3G.G RIB I$)*Q* -RU$&H#U )OD(:-$- 0

HO  (B-$ M )# #BG5 J## %#=$#)G 0 @O,BO )- (,+- #=)AB-$ F )( #BG5 J## #=)G 0 - (,R %#=$#)G 0
EO (B-$M)#B-#BG5 (B-$F)(, )## :030B&0 0 @O,BOH#)H#B- $H5:# JH'# %ot=$#)G 0

EEO (B-$ M )#B- )## :030B&0 0 @O,BO D(B-$ F )(B- #BGBBGE)#, 6(R-3! 0

EO (B-$M)#E &#,(#BG5 1$)*Q* -R-, (B-$ F)(, #BG5 :030B$0QO :030B&O 0

ENO (B-$ M )#B- )## :030B&0 0

EJO (B-$M)# )##:030B&0 0 @0O,BO (B-$ M )#)IQ *)#, 8 (B-$ F)()!$#3$G #BG5 "# )G 0

EO (B-$ M )#B- ($(B& -B #BG5G (B-$ F )(, :030B&O0,BD (B-$ F )( 6($(, ($(B& -B #BG5G R(D-&$-

BISS# # #3 G$G 0
EMO (B-$ M )# -$ E #5 *$(#BG5 "()-Q- -R-, )J## RIB& *0
EFO (B-$ M )# )## :030B&0 0 @O,BO (B-$ M )# :- 8 X -B- $#5:# "# )G 0
ELO (B-$ M )#B- E ,IB&#.G,)# #BG5 )## :030B&0 0 @O, BOS#5:#3# :#Q$#,5GD&G 0
EHO (B-$ M’ (B-$F
0 (B-$M (B-$F
EO (B-$M (B-$FO @O,BO (B-$M &(B #5 *$( #BG5 "( 13 (B-$ F -B- #5 *$(#BG5 "(-3! 0
0 MFO @O,BO #3$&G,+G D(B-$)( #BG5 #3,G)G 0 F&B@ $-3( #3 G$G 0
NO M'FO @O,BO #$&G,+G D(B-$)( #BG5 #3,G)G 0 F#BES$J-3( #3 G$G
JO  (B-$ M )#B- #BG5 )## :030B&0 0 @0,BO :0&0, #BBK+( - #5 *$)(, 6(R-3! 0 (B-$ F )(B-
#BGSE)(, .1, # 3(:P$O,(+(BO *)#, )I$#3G #BG5  3# G3#-,(0

0 -$)(,6(R(, #BG5 (B-$3M)# 3#6-)(0 (B-$F)( "( )#'# BOROB&O 0 @0,BO #BG5 -B-3(
:P$0,00

MO -$)(, 6(R(, #BG5 (B-$ M )# 3#6-)(0 (B-$F)( "( )## BOROB&O 0 @0,BO #BG5 -B-3(
:P$0,0

FO -$)(, 6(R(, #BG5 (B-$M)# 3#6-)(0 (B-$F)( "( )## BOROB&O 0 @0,BO #BG5 -B-3(
:P$0,0

LO (B-$ M )#)##:030B&0 0 @O,BO (B-$ M )# E #5 *$(#Q$G)G 0

#&(6!13 <&-.:-66( -, -6* (F :(+#*.(&((4 *HS( & (-.&H, (-, 6% (F -. 5HSS( >
EO #DG$#D&G )GQG5G=)# (B-$ F ,-, #BG5G )#'# %@=$#)G

0  (B-$M)#B- ($(B& -B #BG5G,G, :030B$OQO #=)G 0

NO (B-$F)()##:030B&0 0 @0,BO'(5 '(5)(N(# BG5"((-$-3!0

JO  (B-$F)(B- E,IB&*.G,)# #BG5 )## :030B&O0 0

0 (O (& 6(-$-58(- "($#5:#)- (R$(- -. (C B-$SM)# _ e8 £ ]_-1$%0 (B-$F)(
©'( ©])0#-8 e ]_-1$%0

MO (O (&(+-, 6(-$-58(- "($#5:#)- (R$(- - (C(B$SM# _e8 e ]_-1$%0 B-$F)
_ " ©]1)»0#8 e ]_-1$0
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FO (O (&(+, 6(-$-58(- "($#5:#)- (R$(- -. (C (B$M)# _ e8 £ ]_-1$*0 (B-3F)(
_ o' ©]1)-0#-8 & ]_-1$0
#&(6! 3 N <1& +* (& # (&'( H#5( -, :1&' %-6* (i (& (™6 &'( HE&( (. T-&" &
HE(H51* & '#'( 1& ((,)-")0 - & #,+( 3(& >
EO O30B$OBS(- #3,G)G 0 BG5 -$B E ,IB&H.G,)#, 6(R5E()- 0 * ,()(.$( ($(B& -B #BG5$# G,G,
:030B$OBS( - (D-&&- 0
0 B--)(#3,G)G 0 @O,BO #3,G ! #,)# #3,G E ,IB&#.G)# B(.-D5-D "( E ( ,|B&# BI,*$5*D&* 0 *)#
##.G,)# - :030B$OB 3IB&* 0 #,- #3,G)G 0
NO 3,G!$*0 BG5 -B-3(#3 G$G I, # - $(D- 0 B-.- )(:- - -,((D-&&- 0
JO BG5S$# #3,G!$* 0
0  O30B$OBS$(-#3,G)G 0
MO (B-$M"(F)(B-E ,|B&#)#B- ($(B& -B #BG5G (D-B&LO,BO -B- D(B-$)( )( E ,|B&#.G # # BI$)#
g% %31 0
FO  (+( )(" 0()(30B$( - (D-&&- 0 @O,BO )(" ()( )(-$B :#D&# 6(R5-DO
LO  (B-$M"(F)(#3,G:030B$OB&()- $(0
HO $(B& -B #BG5G,G, :030B$OBS( - #3,G)G 0 @O,BOF (B#BGS5 "( )(, 6(R- &(B # ## BI$)#
- $(D-31 0
EO #BI$)#, 6(R(, #BG5 #3,G)G 0 @O,BO -B-.- )( #BG5G 6(R&-Q- -$B B!$)* 0
EEO BG5$# (D-&&- 0 @0,BO -$)(, RGBH#, #BG5 -B-.-,)(¥3,G 3()()- 0
EO D-&& 0 @O,BO #BG5$# B# DG$#D5#5GDEG 0
ENO 3,G)G 0 @O,BO -B-3( :P$0,5()(, 6-)-3! 0
EJO E ,!IB&#$# G,G, #BG5$# G #3,G)G 0 @O,BO -$)(, REH5 (D-&&- 0
EO 3,G)G 0 @0,BO #BG5G, #3 G$#+#QG -R:- BI$ 31B&* 0
EMO 3,G)G 0 @O,BO (B-$ F )(B-,)( E )(#BGb5 )## BI$$# # #3 G$5#5GD&G 0
EFO B- D(B-$)()( #BG5 E ,|B&#S$# G # )- (B& 6-8&&-Q; :A30B$OBS( - #3,G)G 0
ELO E ,|B&#$# G )# #BG5 (D-&0 @O,BO E ,IB&#S$# G,)#, #,)- (R$( ( *$#DG3! 0
EHO $(B& -B #BG5$# G #3,G)G 0 @0,BO #BG5 )## #3 GEINGG "(#3,G )0=$0B #BG5 -$( $( 0 BG5$# )#
%# B 3IB&* 0
0 (B-$M_(B-$F0 @O,BO #BG5 -$)(, RGB# RGB5#BE#S$# G # *$#D5GD&G 0 * 30=)(, E
|B&#S# G,)# #BG5$# G, :030B$OBS( - (D-&&- O
EO D-&& 0 @O,BO #BG5$# B# DG$#D5#5GDEG 0
0 D-&& 0 @0,BO (B-$F )(#BG5 E ,IB&#.G,)#, 6(R(B# "(N ,IB&#$H G # )#QGSG 0 (B-$ M )# -$B
P,+(E ,IB&#.G,)#, 6(R(0 B- D(B-3)()(6(R(, (3(B & -B #BG5$# G #3,G :030B$OB&()- 0
NO M_FO a B*&:*,)#, :ID &($$( E ,'B&#.G # 6-)-3! 0
JO  M_F0 aB*&:*)#, :ID &($$( E ,|B&#.G # 6-)-3!
0 M_F0 aB*&:*)#, 1D &$$( E ,|B&#.G,# 6-)-3!
MO M_Fe0 a B*&:*,)#, :ID &($$( E ,|B&#.G # 6-)-3!
FO M_FOa B*&*)#, :ID &($$( E ,|B&#.G # 6-)-3!
LO M_F0 a B*&:*,)#, :ID &($$( E ,'B&#.G # 6-)-3!
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HO M RO a B*&:*)#, :ID &($$( E ,|B&H#.G # 6-)-3!

NO M RO aB*&*)#, 1D &($$( E ,|B&.G # 6-)-3!

NEO M._F0 a B*&:* )#, :ID &($$( E ,|B&#.G # 6-)-3!

NO M RO aB*&*)#, 1D &($$( E ,|B&H.G # 6-)-3!

NNO M._F:0 a B*&:* )#, :ID &($$( E ,|B&#.G # 6-)-3!

NJO M RO a B*&:* )#, :ID &($$( E ,|B&#.G # 6-)-3!

NO M RO aB*&*)#, :ID &($$( E ,IB&#.G # 6-)-3!

NMOM R0 a B*&:* )#, RGB#, #BG5 )- (B& E ,|B&#.G,)#, 6(R-3! 0
NFO M_F0 a B*&:* )#, :ID &($$( E ,IB&#.G # 6-)-3!

NLO M_F0 a B*&:* )#, :ID &($$( E ,|B&#.G # 6-)-3!

NHO (B-$ M "( F )( ($(B& -B #BG5$# G #3,G)G 0 @O,B0--)- (,R$( B# DG$#D5#5GD$# )G 0

#8&(6! 33 < (%-+-(,& ! ,1& 5(#,-,6%*$>

EO  (B-$ F)()## %#=$# 1$#:-$- 0 (:(-)(.(- #Q$ G 1$)*B$# G -R-, I$#:-$- 0

0  B--)((D-&& 0 @O,BO #5 *$ &# #%G,)#, B*$$#,A35G

NO E $#5:# 3#)GQG -R-, )#B- )## # $#B&G 0

JO  E 'B&H.G)#, 6(R(, #BG5$# - - - ((D-&& 0

0 E,B&H.G)#, 6(R(, #BG5$# :- :- -,( (D-&&- 0 @O,BO #BG5$# E ,|B&#.G# BH#)# #BG5$#
B# DG$#D5GD&G 0

MO (B-$M’ (B-$FO @O,BO-$B)(" (.(-8)-Q(- # #¥$0

*(.&1, FO#

#&(6! 3E <-£- _+>

EO  "(N:-:--((D-&&-0E)( "(NO,& $#5G# (D-&& 0

0 E_N

NO E _N

JO E)((,:030B)## .1, # Y# . ##N&OO () (-)(" 3., #)#, #5*$0 (BS(,5-DO

0 E B&#.G,)# #BG5 D-))(&- :030B&0 0 @O,BO ## BIgB0 -$(N)(:- :- -,( (D-&&- 0 @O,BO -B- BI$#
#3 G$G3! 0 * #)# (D-& - D(B-$)(#3 G$G 0

MO E "(N(D-&

FO E N

L0  -$-, (,( U-- P,+(E)(, 6(R&Q- -R-, E (, :030B&O 0 "(N (D-& I$#:-$- 0

HO E' _NO BG5$# E IB&#.G)#, 6(R( "( -$(N ()#Q GS$G 0

EO0 E _NO BG5'-R:- 3((*Q #5#)#, E )(, 6(R&Q--R- , (,:030B #BG5 6(R(0 "(N)(E )(B- #BG5
-B-3(#3 G$G 0

EEO E'_NO BG5 -R:- 3( (*Q #5#)#, E )(, 6(R&Q--R- , (, :030B #BG5 6(R(0 "(N )(E )(B- #BG5
-B-3(#3 G$G 0
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EO0 E _NO BG5"-R:- 3((*Q #5#)#, E )(, 6(R&Q--R- , (,:O30B #BG5 6(R(0 "(N)(E )(B- #BG5
-B-3(#3 G$G
ENO E'_N)O 0 @O,BO E ,IB&#.G,)# (,( U-,-, &#5#5G 3( #$5#B&#)G 0 "(N |B&#S$# G,)# #3 G$# #B
-B-3(#3 G$5GDS8 E ,IB&#.G,)#, #BG5 "(N ( 3# G &8# #QG$5GDE&G 0
EJO E'_NO
EO E _N!$*0 BG5E)(, 6(R&-B&(, ., #-B-3(#3 G$G O #,- #BG5 -B- BI$# :P$0,0 "(-B- BIS)#, )#
#3,G D-))(&$( 6(R( 0
EMOE’ _NO E )(B- #BG5 :030B&0 8 RO,BO &#5 !$# #B 6IR[( N )( #BG5 3# G3# -,( 0 @O,BO -B- &($)(,
6(R(0
EFO E'_NO BG5 E ,IB&#.G,)#, .1, #-B-3( #3 G$G3! 0
ELO E'_NO BGS5 E ,IB&#.G)#, .|, # -B- BI$# #3 G$G3! 0
EHO E'_NO "(N,!B&#$# G,)# -B- &#,(#5*$"# 0E)- (B& #BGS5 #$# #B J#QG$G3! 0
0 E _NO@O,BO "(NO,B&#$# # 6(3- B(, #BG5 -B-3@ G$G3! 0
EO € ° nEO,B&H)# #BG5 :P$0O,5(5-D0 EO IB&#)#, I, # 0" (NO IB&#S$# # (D-& #3$#DGS5GDEG 0
0 E_NO
NO E’_NO
JO E _NOE )(B- #BG5 :030B&0 8 RO,BO &#5 I$# #B BJR{( N )( #BG5 3# G3#-,( 0 @0,BO -B- &($)(,
6(R(0
0 E _NO@O,BO "(NO,B&#$# # 6(3- B(, #BGS5 -B-3B3 G$G3!
MO E'_NO BG5'-R:- 3( (*Q #5#)#, E )(, 6(R&Q--R- , (,:030B #BG5 6(R(0 "(N)(E )(B- #BG5
-B-3(#3 G$G 0
FO E _NO BGS5"-R:- 3( (*Q #5#)#, E )(, 6(R( "( "(N)(-] 1$#+#B D(B-$)( #3$#DG$G 0 EO.- -.(
-)-0
L0 e an-( € _ N0 @O,BO#BG5 -B- BI$# #3 G$G 0
HO E’_NO
NO -£- _ ##$($ BIS$# )# )- (R$( P=)(D8 #BG5$# (D-& I$HB #3$#DGSG 0
NEO -£- _ # #$($ BIS$# )# )- (R$( P=)(D8 #BG5$# (D-& I$#B #3$#DGSG 0
NO -£- _ ##$($ BIS$# )# )- (R$( P=)(D8 #BG5$# (D-& I$HB #3$#DGSG 0
NNO -£- _ # #$($ BIS$# )# )- (R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
NJO -£- _ # #$($ BI$$# )# )- (R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
NO -£- _ ##8($ BIS$# )# )- (R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
NMO-£- _ # #$($ BI$$# )# )- (R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
NFO -£- _ # #$($ BI$$# )# )- (R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
NLO -£- _ # #$($ BI$$# )# )- (R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
NHO -£- _ # #$($ BI$$# )# )- (R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
JO £- _ # #5($ BISSH# )# )- (RS( P=)(D.(8 #BGE$# (D-&$# #B #3$#DGSG 0
JEO £- _ # #$($ BISSH# )# )- ((R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
JO £ _ # #$5($ BISSH# )# )- (RS( P=)(D.(8 #BGE$# (D-&$# #B #3$#DGSG 0
INO £- _ # #$($ BISSH# )# )- ((R$( P=)(D.(8 #BG5$# (D-&$# #B #3$#DGSG 0
JJO £~ _ # #$($ BISSH )# )- (RS( P=)(D.(8 #BGE$# (D-&$# #B #3$#DGSG 0
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#&(6!3 <- £- -n>

EO EO)(" O()##RIB8 0)(" ()(,! 54$8 NO )(" ()( -.(31B)(,(+(B B#)# #=)G 0 @0,BO #BG5
BI$S# # #3 G$5GD&G 0

0 E"( )##:030B&0O 0 @O,BO -$B #BG5G |,$# 3# GBI

NO E"( )##:030B&0 0 @0,BO #BG5$# -$B P,+(1# 6%- 0

JO ENOL+(#BG5E)(8)## . # "()##.,# N)(, 6(R(0

0 E#BGb )## %#=$#)G 0 #BG5 ! 54%)- 0 N J#'# #=@0,BO )- (,R$( - #=0

MO E -, #BG5G )## %#=$# RO,BO (,( U-)- (B& )(:- # J## #=#$G 0 ,(U-E)(, .1, #6($- O N )(-.(
YH'# #=#$G 0 @0,BO (,( U- E"( 3(*Q #5GD&G 0

FO E °NO -$()#4# 3#BG, J## .1, # 8.1, #)#N)O 0

LO E"( ,IB&#$# G,)# #BG5 )#'# :030B&O 0 @0,BO #BGBB | $# # 6($-3! 0

HO E 'N)OO

EO E 'NO,B&#

EEO E* "NO ,|B&#

#8&(6! 3N < (Yo-+-(,& ! ,1& 5(#,-,6%*$>

EO E__NO@O,BO)(" ()(B- #BG5$# "( #5*$$(-,((  D-& 5-B&# )#"(-$-31 0

0 BG5$# G, :030B$OBS( - #3,G8 '( .- #3,G :13)#)G 8'( .- #3,G :030B$OB&()- 0

NO (B-$F)(#BG5$# G, ( .- (D-&&- 0

JO E__N@O,BO)(" ()(, 6(R(, #BG5 :- - -,((D-&0 -$ -, "I$&HUG,)#, )I$#3G )(" ()(, #BG5 5-B&# G
#3,G 6(R(0

0 E8 8N #BG5$# G,G, :030B$OBS( - #3,G)G 0

MO E__NO BG5$# (D-& #3 G$)GQG -R-,0

FO E"( )(B-#BG5 (D-&0 @0,BO .( - #Q$G)G 0 N Y J#'# #=)G 0

LO E"( )(#BG5$# )## %#=$#)G O N )(-.()## #=)G

HO  # BISSH )# )#-5# #BG5 %#=$#)G 0 E "( %#=$# N#=)G 0

EO EO,B&# N0 ,IB&# 0 B&#

EEO0 E'N' 0 @O,BO#BG5P,+(E .|, #N)## .., # 6)( 0

*(.&-1, FO:

#&(6!13 E <*$.. #) #(&( #5( - 1-6&(. (& HE( HE1*& 1% +* (& #.(.
& 6 S #) >

EO D-&& 0 @0,BO "( :-:--( ##%($)-0
0 B--)(#3,G 3## 0 @0,BO -B-.- )( #3,G ($(B& -BJ-0
NO D-&& 0 @O,BO * #)# "( #5*$$(-:- - -,( # #$($ 1$)*Q* -R-,0

JO  B---, )( # $#BSGQG #3,G)G 0
0 D-& # SHBSGBE&H 3#,# 0 # #5($ HQSH5H)G 0

MO D-&& 0 @O,BO "( #5*$$(- - :--( ##$($)- O

FO (- #$#B$GBS$# G #3,G0 @O,BO #3,G :13)#8 #35 :030B$OB&( 1$)*B$# G -R-,0
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LO 3,G # $#BSGB&H)G $# 0 BG5 &#5 -B-3(:P$0,0 0
HO  "( #5*$$(--, # $#BSGBS# G #3,G )-3()ODO,03 ! *5 @0,BO # #$($ #QSGSH# 0
EO ( -B--)(#3,G3##0 @0,BO ($(B& -B #BG5G '( .- - #3,G 3#B# 0
EEO0 "( (D-&& 0 @0,BO "( 3(#3,G #BG5$# 6-)(0
EO B--- )( #$#B$GQG (D-&&- 0 - :- -,( B# DGEBBHGB "( - $( 0
ENO # $#BSGB$# G #3,G0 3,G #BG5 6($- 0
EJO D-& #BG5 6(R& Q- -R-, (D-& # $#BSGB&H)G $# 0
EO - (R$(-"(-$5()-Q--R-, &#5:- #3G"(-$5(5-D & #5# "( #5*$$(- -, # $S#BSGBSH G
#3,G)G 0 @O,BO # #$($ )(" (3( #Q$G)G $# 0
EMO - (R$( - "(-$5()-Q- -R-, &#5 :- #3G "(-$5(5-D & #5# "( #5*$$( - -, # $S#BSGBSH G
#3,G)G 0 @O,BO # #$($ )(" (3( #Q$G)G $#0
EFO - (R$(-"(-$5()-Q- -R-, &#5 :- #3G"(-$5(5-D & #5# "( #5*$$(- -, # $#BSGBSH G
#3,G)G 0 @O,BO # #$($)(" (3( #Q$G)G $#
ELO _)-0@O,BO "(N #BG5$# G,)# (,( U-$( (D-&&-0
EHO B-.-)(#3,G # $#B$GB&H)G 0 @O,BO #BG5 -B- .- (.G #,)# 6($- 0
0 _ )-0 ##5(S H#QSG #5 *$$( #BGES# (D 1$)*Q*) #, #3,G D-))(&S( 3#.# 0 <P=)(D -.(>
EO "( )(#BG5 3# G3#)OD&OQO -R-, -B-.- )( (D-&&0 3,G # $#BSGBE&H I$* $# 0
0 "( #5*$$(--, # $HBSGBS# G#3,G)GO ("()(,  6(R(, #BGE)H, )I$#3G
NO "( #5*$$(-,)(, #3,G #BG5 6(R&-Q- -R-, # $#B$ GB$# G #3,G)G 0
JO D-&&-0 3,G #BG56(R-3!0
0 #S$H#BSGBS# #3,G)G 0 @O,BO ( -B--,()( #3,G #B&S- 0

MO "( #5*$3$(-#3,G # $#B$GB&# 3#,5GD&G 0 EO ,!B), .|, # #BG5 (D-& !$# #B #3$#DGS5GD&G 0

FO D-&& 0 3,G #BG5 6(R-3! 0
L0 _ )-0@O0,BO-B--)(, )( 6(R(, #BG5$# (D-&&-

HO 5*$$(-, # $#BSGBS# G #3,G)G 0 ;=( $(-,)(, 6(R( , #BG5$# (D-&&- 0
NO D-&& 0 3,G #BG5 6(R-3! 0

NEO _ )- 0 @0,BO -B-.-)(, )( 6(R(, #BG5$# (D-&&-

NO _)-0@0,BO-B--)(,)(-] $-B#BG56(R(0

NNO D-& # $#B$GB&# 3#,# 0 @0,B0 O=( -,)(, 6(R(, #BAD-&&- 0

NJO "( S$H5#$# G,G, # $#BSGBS# G #3,G)G 0 @O,BO J(# #$($)- 0

NO _

NMO _

NFO _

NLO _ #BGS5 (D-&

NHO _ #BGS5 (D-&

Jo

JEO

Jo

JNO

JJo
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JO " #HS($!9)*BS# G -R-, 6(-$-58( - (D-&& 0 *)#, )I$#3G # $#BSGB$# G (D-&&- 0
IMO "( ##$5($19)*BS# G -R-, 6( -$-58( - (D-&& 0 *)#, )I$#3G # $#BSGBS# G (D-&&-
JFO "( ##$5($19)*BS# G -R-, 6(-$-5%( - (D-&&- 0 *)#, )I$#3G # $#BSGB$# G (D-&&-

H&(BI3 <*$: - -6'&( (H*(7$ - +$ L( & &'(H#H&&( 3>

EO  #5+*$0 J## # $#B 3## #57$0,(6P (

0  3(6P( #$#B&G O

NO  #5*$0 )## # $#BO E "( NO #BG5$# * #3# *Q #)G QG -R-,0

JO  S$H5:#.G)##RIB # $#B$GB 6P.&( - 0 @0,BO -$(}# RIB 3#BG,)G 0

0 ), #$#B&G 0 @O,BO -$)(, RGB#, #BG5 P+( # $G )## .|, #-.( #$G 0

MO )## # $#B&G 0 3( 6P (#BG5 %#=$#)G 0

FO )## # $#B&G 0 @O,BO)(" ()((, RIB#BG5 1)#,6  (R(

LO  #5*$0 J## # $#B&G 0

HO )#B- GDGB # $#B&G 0 )(B- GDGB -.(J## #=)X:0 )#B- #BG5 )#'# H=$#)G 0 #'# Wo#=S$#
# $#BSGB 6P.&( - 0

EO ) )## # $HB 3##

EEO #5*$0 #5*$0,)(, # $#B&G 0

EO )## # $#B&G 0 -$()## 3#BG,)G 0

ENO )(,)## # $#B&G 0 @O,BO #BG5 -$B P,+( 3#.1 ,# 3(6(3-0

EJO )(,)## # $#B&G 0 @O,BO #BG5 -$B P,+( 3#. ,# 3(6($-

#&(6) 3N <*$: - -B'&( (+#.(+* (& %- . & #.(. & "6 ¥ >
EO  #5*$0 J#'# # $#B&G 0 @O,BO #BG5 -$B #D&# |,)#,6(R-3! 0
0 )( # $HBSGB ## %#H=$#)G 0

NO )## # $#B&G 0 @O,BO #BG5 -$B ! # 6($-3! 0

JO  SHSH.G SHSH.G)H HH # $#B&G 0 (" (), 6( $(, #BG5 -$B I$# #B ,IB&#.G )#, 6(R( 0
0 #5*$0 )## # $#B&G 0 @O,BO (, :#D&H #BG5 )4, 6(R-3!0
MO #BG5G ## # $#B0 @O,BO -$B :#D&# #BG5 | # 6(b-

#&(6! 33 < (%-+-(,&! ,1& 5(#,- 6%*$>
EO #= # $#B&G 0 #BG,)G 0 )#'# # $#B&G 0 =#B&G

(&1, L

#&(613 E <*$: -, 6% (L - : -6'&( 1(+#*( #$S 1% &'(+* (& - +1,*5() :3 1.$3 *$:

-6* (L>

EO # $#B$GBSH G (D-& )(Q-$)- 0 @O,BO (B-$ F)GES# )G 0 # #$($ #Q$G)G 0 (B-$ L )(-.(#)(+ (
- #5%$"#)G 0

0 (B-$L)(B-$#5:#)## # $#B&G 0 @O,BO &(B $#5:## 0

140



NO (B-$ F)(B- $#5:# #= 3#,# 0 @O,BO -B- )(" (1$)*Q* -R-, $#5:#.G %o#=$# 3#,5#=0
JO  (B-$F)()###=8 RO,BOI -B- &#,( $#5:# 1$)*Q* -R -,0
0 (B-$L))##RIB # $#B$GB "(- 0 @O,BO E8 N 6-,!B&#$# )#, 6(R5()-Q- -R-, RIB # $#B$GB "( - 0
MO FO D(B-$)(B- $#5:#,G, # $#B$GQG ## #=)G 0 @OMEBE L )(B- #BG5 #)(+( $#5:#.G,)#,
6(R-3! 0
FO FgL
LO (B-SL)($#5:# )## # $#B&G 0 @O,BO |, )# &(B:- $#5:#"#0
HO (B-$L)(B- $#5:#.G)## # $#B&G 0 @O,BO #DB#5 *$ 1$54)GQG -R-, J#'# # $#B&G 0
EO0 (B-$L)(B-:030B&0 0 @O,BO D(B-$ F )(B- #BG5@5:#4G )# B*$$#,G3! 0 (B-$ L )(#BG5 )- (B&
$#5:#.G#"(-$-3'0
EEO FO D(B-$)( )## #= 3## 0 @0,BOI #BG5 3(#3 G$B)0-.( #)(+()!Q * 6($- "(6-)(0
EO (B-$F)B-)###=3##0 (B-$L-3-3##0 (:( :- (B-$F S($(B& -B!$54#.G D(B-$L)(ES
($(B& -B #BG5G "#)G 0
ENO (B-$L )(:030B8 D(B-$ F )( BOROB&O 0 @0,BO BB-B#,( #5 *$ B*$$#,G$5GD0
EJO (B-$ F)(#BGS -B- $#5:#3G 3#B&GQG -R-, # $HBSIENE #B#& D(B-$ L )(#BG5 #)(+(:- #5*$0
3#B&GQG -R-, D(B-$ F )(, # $#B&G 0
EO0 (B-$L)()## # $#B&G 0 @O,BOD(B-$L)( #5 *$ O B#$B5GDO
EMO L )## # $#B&G 0 @0,BO ($(B& -B 30BO )## %#=0#)G
EFO # $#B$GB$# G (D-& )(Q-$)- 0 @0O,BO D(B-$ F )(*$3# )G 0 # #$($ :#Q$G)G 0 (B-$L)(-.( H(+(E
#5*$"# 0
ELO (B-$F)(B-#5*$)## .P,OB3##0
EHO F )(B- $#5:# L )(B- $#5:#)#, )#'#t # B )(Q-$)- 0
0  (B-$L)(&B#5*$1$)*Q*-R-, )w# #$#B3##-  $0
EO LgFO @O,BOF )(#BG5 $#5:#.G#)#6-)-310 +#B L)( #)(+( $#5#.G,#6-)-310
0 (B-$L)(B- $#5:#.G)## # $#B&G 0 @0,BO #BG5 BB.(B&- 0
NO F)(B-#BG5#= #$#0

JO F)(B-#BG5#=)G 0 @0,BO D(B-$L )( $#5:#.G,# (&B)(, #BG5 )#'# RIB&* 0

0 (B-$L)()## #$#BO @O,BOD(B-$F)( #5*$:# Q$#,5GD&G 0 *30=)(, #BG5 -B-.-,()(
6($(+(B&- 0

MO (B-$L)(B- )## # $#B&G 0 @O,BO ! )## RIB GDB #$G 0 5#)-Q(-)( #5 *$0)( 1$)*Q* -R-,
3()( GDGB 6-)( "( GDGQG 3# G3# #3$#DG $# 0

FO (B-$L)(B-D(B-$F)(,)## # $#B&G 0

LO (B-$F)(#BG5)- (B& $#5:#.G,#6($5(=0 *30=)( ,L)## # $#B&G 0

HO (B-$L)(B- $H#5#.G)## # $#B&G O (B-$F)(B- $#5:#.G# 6($(, #BG5 #'# #= 1$)*Q* -R-,
# $#B )(Q-$)- 0

NO (B-$F)(#BG5-B-3(:P$0,03!0 ** -R-, J## #=  # $#BO

NEO (B-$L)(B- $#5:#.G#)- (B& I$# #B #BG56-)(0 -Q( BIS)# -.(BG.H#)(" (1$*0

NO (B-$L)( $#5:#.G)## # $#B&G O
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NNO (B-$ L )()## # $#B8 RO,BOI (- #Q$G )(" ($() (SHEHSH# # #5($ HQSG I$H $# )#, '
# $#B&G 0
NJO (B-$ F)()## #= # $#B&G 0 @O,BOF )( )# # $# B$GB ! 5#$-, 3% G.G)G 0

NO L)(B- $#5:#.G)## # $#B&G 0 @O,BO #BG5 )- (B&H($- O F )(B- $#5:#.G # #BG5 )- (B& 6($5(=0

NMO (B-$ L )(B- }## # $#B&G 0 @O,BO FO D(B-$)(-5-4 "#)G 0
NFO L )()## # $#B&G 0

#&(6!'3 <'B #( &( #5( -, : -6'&,(.. :(+#*.( +* (& - )-")() & &7! i # (. -, &

%-6*% (>

EO 3,G # $#B$GB&# I$* 0

0 #$#B$GBS$# G #3,G)G 0

NO 3,G)G RO,BO #BG5 60+0 #3,G

JO  ##5($9)*B$# G -R-, # $#BSGBS# G #3,G)G 0

0  B-.-)(#3,G0 #5*3$0 #$G,5#.G,# #Q5(,! #)# &($ #BG5G, -B-3(:P$O,5(.-,(,()(,!$*0 5*$
I$54.4 ) | #)#, #BG5 6(R( 0

MO  $#5:#$# G,G, # $#B$SGBS# G '( -B-)(" 0()((D- &&- 0 @O,BO #BG5'( -B-)(" (()( -B-3(
#3 G$5GD&G 0

FO B--)(#3,G # $#B$GQG 6P.&(- 0

#&(BI 3N <*$: -, -6* (F-. 1 -6'&( :(+#*( +O(&)( & #.. & 1%6' ¥ -, -6% (L>

EO L 3#5#=8 F 3#,#0 @O,BO D(B-$ L )(BG.#)(" (1$* 0 (B-$ F )( $#5:#$# 3## 0

0 L)(BG#)("(!$* "( 3#5#=0

NO (B-$L)(B- $#5:#.G 3#,5#=0 @0,BO #BG5)- (,+ . ("5(=0 - (,R I$5#3#, 3!$* .(R(0 (B-$
F)(B- $#5:#.G 3## 8 RO,BO8 O=(-)(, - #BG56 (R(0

JO  (B-$F)(#BG5N !B&#.G)#, 6(R((B $#5:#.G)#,  6(R(0 ,+#B D(B-$ L )(#B5G )- (,R$(
B# DG$#D5#B -.&(5(3(+(Q-)(, 3#*Q #5#=0 - (B& & ($)(, 6(R(0

0 (B-$F)(B-)## #$#B&G 0 (B-$ L )(B- 3#,5#=0 @0,BO BG.# (" (3##0

MO (B-$F)( )## #$H#B&G 0 (B-$L)(#5*$3#5# =0 @0,BO BG.#)(" (3##0

FO (B-$F)( )## #$#B&G 0 (B-SL)(#5*$3#5# =0 @O0,BOBG#)(" (34#0
LO  (B-$ F)(B- #5*$ 3#,# 8 #5# D(B-$ L )( #BG5 #5 *$  )(, 6(R5(=8 )O= &($)(, 6(R( 0 * 30=)(,
D(B-$L )(B- 3#,54=0

HO (B-$ L )(B- $#5:#3# #BG5 6-&5(= "()(" (BG.#)("  (!$*0 BG5'( =#5#, :ID &$- .(R(0 - (R$-

&($( 6(R5(=0

EO (B-$F)(B-$#5:#,G, # $#BSGQG )## :030B&O 0 @M #BG5 6-&5(=8 "( BG.# )(" (1$* 0 BG5
Y#-5# 1D &($- .(R( 0

EEO (B-$ F)(B- $#5:#,G, # $#B$GQG )#'# :030B&O 0 @M #BG5 6-&5(=8 "( BG.# )(" (1$* 0 BG5
Y#-5# 1D &($- .(R( 0

EO F'L L)(#5*$3#5#=0 BG5 :ID &($)(, 6(R(0

ENO F 'L L )(#5 *$ 3#5#=0 BG5 :ID &($)(, 6(R(0
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EJO F 'L L)(#5*$3#,5#=0 BG5 :ID &($)(, 6(R(0
EO F'L L)(#5*$3#5#=0 BG5 :ID &($)(, 6(R(0
EMOF 'L L )(#5*$3#,5#=0 BG5 :ID &($)(, 6(R( 0
EFO F 'L L )(#5*$3#,5#=0 BG5 :ID &($)(, 6(R( 0
ELO (B-$L)( #5*$0 3#,54=0 D &($)(, 6(R- 6-)( 0
EHO (B-$L)( #5*$0 3#,54=0 D &($)(, 6(R- 6-)(0
0 (B-$L)( #5*$0 3#,5#=0 ID &($)(, 6(R- 6-)( 0

EO F 'L L)(#5*$3#5#=0 BG5 :ID &($)(, 6(R(0
0 F 'L L)(#5*$3#54#=0 BG5 :ID &($)(, 6(R( 0
NO F 'L L)(#5*$3#5#=0 BG5 :ID &($)(, 6(R(0
JO F 'L L)(#5*$3#54=0 BG5 :ID &($)(, 6(R( 0
0 F 'L L)(#5*$3#54#=0 BG5 :ID &($)(, 6(R( 0
MO F 'L L)(#5*$3#5#=0 BG5 :ID &($)(, 6(R( 0

FO F'L L)(#5*$3#5#=0 BG5:ID &($)(, 6(R(0
LO (B-$ F)(B- $#5:# J#'#t # $#B 3#,# 8 RO,BOI#BG5 : ID )- (+- .(R( (B! #)#, 6-&5(B -.&( 0

#&(6!3J < (%-+-(,&! ,1& 5(#,-,6%*$>
EO (B-$F)(B- )## # $#B&G 0 - (,R #=8 #BG5 %#=40

0 |, H#SHBF.L#L)-0 ((-F .- )(" (-)## :030B !$)*Q* -R-, (, :030B F )- 0
NO (B-$F)( $H#5:#.G )## # $#B&G 0

JO  (B-$F)(B-#5*$D(B-$L)(B-#5*$)(, J## #$#  B&GO

(&1, H

#&(6! 3E< 7! &( 5-#$. 1% &'( H#&&(3# (+,(+& () &! &'(*$:>

EO a"(b*R$# )#, #5 *$0 &($ R(B-5- "(* &($$()(,# BG5 6-&5(.-

0 -$-,-B- &# #%G,)#, )# #5 *$( H#QSG &($ "#)G 0 5*$(GDGB "(- 0 - )( -$-, :-&5(5-D I$5#.G)G 0

NO @O,BO -$-, &# H%G,)#, )# H#Q$#,&G B* 5*D&* 0

JO  $(&B(, &($-, ‘(5 a'(5 )( b *+*# #Q$H,54B

0 -$-,a"(b)**5*)#1$5#.G

MO 5 *$(:#Q$G &($$( -$-'(5a'(5)(b *+#)(Q) -Q--R-, GDGB “(- 0

FO @O,BO#5*$ -$-, a"(b B*&* $# G,# #Q$G)G 0

L0 -$-, a"(b B*&:*,)# -$(&B(, &($ #5 *$ &#BGSG )*3# #Q$G)G 0

HO @O,BOa8 *R$# #)(Q-3! 8 #$-3$(3#,#0

EO0 5*$(:#Q$G :G$* #, B#SISH -8 a"(b3P.$(-,  (#Q$#5GD "(#BG5 #Q$#,5GD

EEO 5*$0, GDGB "( 5(.--, .((:- -$)- 0 -$ I$5#.#3) G #5 *$ 3#,5#=)G0

EO -$)(a*R&#, RGB#, &($-, - *+*)*3*, I$ &# #%G, #8 *R&#, RGBH, &($ )*3*%, #Q &# #%G # &#BG$)GQG
-R-, $H5:# 3#.# 0

ENO 5*$ -$-,'( -B- *+* # #Q$G I$)*Q* -R-,
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EJO *3# :#Q3$G I$#, -$$( 'Ga*+*#'(5)(b*+*#: #Q$G)G 0 ;=(-,)(, :- #BG56(R( 0 -$( :#Q3G
I$)*Q* -R-, 6( -$-5"#)G 0

EO0 -$a"(bB*&*$#)#, #Q$#,G3! "( -$)(, 6(R(,#  BG5 #5 *$0 *$#DG3! 0

EMO ($(-, a"(b*R$# # :#Q$#,G 8 -$)(, 60R #$G,5#.G)G 0

EFO ,(U-"((,:- -$-1$5#.G "()(" (($(5#.$# G,G , &#5 1$5#.G)G 0

ELO (5a'(5)(b)(" ($( -, :#Q$#,5GD&G 0

EHO 5 *$0, -B- *+** J# -$( :#Q$G I$5#.G)G 0

0 -$"(#5*$:- - $(-()IQ * B*&* $# )#, #Q$#,5 GD
EO 5*$0, -B- *+**, )# -$( :#Q$G I$5#.G)G 0
0 BG5a)#, bf3()!IQ *)* 0 *)# #5*$0, GDGB "( 5(.- ((&B(,)- 0 @O,BO * #)#B- -$)(, 6(R(,

#BG5 1=-&-%&(, ,(64#&-%()!Q *)* 0

NO BGS5 a)#, bf3()!Q *)* 0 *)# #5 *$O, GDGB "( 5(.- ,((&B(,)- 0 @O,BO :* #)#B- -$)(, 6(R(,
#BG5 1=-&-%&(, ,(6#&-%()!Q *)*

JO - O&R"# "(#5*$:* 0 (&(+(a"(bB*&*$#)  # #Q$GO *)# #5*$0, 3#,5#.G -R-, 3(&( $-0

0 BG5aB*&* &#, RGBG b B*&:# 6-)(

MO BG5 a B*&* &#, RGBG b B*&:# 6-)(

FO BG5 aB*&* &#, RGBG b B*&:# 6-)(

LO  ($3( -$-,'( -B- &# #%G # #Q$# # #B )P,60 #Q¥,5GD&G 0 5*$0, :($- $- - )- (+( #-
I1$5#.G

HO 5*$0, a"( b*+# #Q$#,5#.G8 )(" (-, &#5#5%#,5#.G

NO BG5aB*&* &#, RGBG b B*&:# 6-)(

NEO BG5 a B*&* &#, RGBG b B*&:# 6-)(

NO BGS5aB*&* &#, RGBG b B*&# 6-)(

NNO BG5 a B*&* &#, RGBG b B*&:# 6-)(

NJO BGS5 a B*&* &#, RGBG b B*&:# 6-)( 0 * 30=)(, GDGBR# 0

NO 5*$0 (&+-, -B- +*,* }# #Q3$G)G 0

NMO BG5 a B*&* &#, RGBG b B*&:# 6-)(

NFO BG5 a B*&* &#, RGBG b B*&:# 6-)( 0

NLO BGS5 a B*&* &#, RGBG b B*&:# 6-)(

NHO BG5 a B*&* &#, RGBG b B*&:# 6-)(

JO  #5#.G -R-, ($(B& |,$# G, # (B(& (&5(.- "(#BG5! $*D5#.G 6( (B- 0 **, -R-)( $#5:#%# -$-, a
"(b*+*# #Q$#,G 0 * 30=)(, GDGB"(- 0

JEO -$"#)G 0 $(&B(, &($"#)G 0 -$-, a "( b *R$# B :#Q$G #5 *$0, -R-,)( )( %-$#5#, "#)G 0

#&(B13 <'($: &HB( ($(+& —+-&3 % 15:1&" 1%  &'( 1.-&"(#,) ,(6#&"( &( 5- #$.>
EO  ( -B-B*&* &#, )# (,( U- #$G3! 0 #$G&B#, &($$((E#Q$#,5GD

0 5* -$)(,'(5a'(5)(b30B #$)GQG -R-,

NO @O,BO#5*$('(5a'(5)(b &# #%&H#, 60R 6($5(B&()- 0

J0  @O,BO#5*$'(5a'(5)( b 30B$O *R&#, ($(B& -B #$) GQG -R-,

0 B-*+%)# ($(B& -B "(5(-
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MO a"(b 30B$( :#Q$#,5GD&G 0

FO  B- B*&* &#, )# #BG5 6($5(- "( -$)- 0

LO  ( -B- B*&* &#, )# (,( U- #$5#.G

HO -$8a"(b 30B$(

EO a"(b:-:--- R(B&Q- -R-, #5 *$ ## -3- GDGB "( - 0

EEO a"(b 30B$( :- $(D( (B - (,( U- ! &#3# RGB# 8 *)# #5 *$0, -R-,)( RGB# )GQG (,( U- GDGB (,( U-.-,

)P.( 8 * 30=)(, 3#,# 0
EO -$(-, *R$# G,)#B- 30B$(
ENO ()(- -$)(, a"(b 30B #$# #B #5 *$0, GDGB "(5(.  -,-, #Q$#,5#.G)G 0
EJO -$)(B- (,( U- #BG5 B*"'(&- 3#,5#.G,G .#Q%$# 0 OBS( -$( 6(R(0
EO $(B&-B#BG5G'(5a'(5)( '$)*Q* -R-, 3#,# 0
EMO 5 *$'(5 a'(5 )( bf3( :#Q$#,)GQG,)#,8 -B- )(" ()( ,)(#5 *$( #BG5 6($- 0
EFO a"( b 30B( :#Q$#,5GD 1$5#.G
ELO (5a'(5)(b 30B$( (:#Q$G

#8(6! 3N < +1,,(+&1, :(&7((, # *$: #,) &'( (6 #&-"( &( 5-#S$ 1% # H&&( 3 -. (1*6' & $-6'& * #
B>
EO 5*$GDGB"(-8RO,BO:- -$(:#Q$G -$-, b *+*,)#, 6($(, #BG5 #5 *$0O, 3#,5#.G,G .#Q$# 0

#H&(6! 3 < +1,,(+&1, (&7((, # *$: #,) &( . -&-"( &( 5-#$ 1% # H#&&( 3 -. (6" &! $-6'& * #
B>

EO a*+# #Q$G 1$)*Q* -R-, 3#,# 0

#&(6! 3 < (%-+-(,&! & 5(#,-,6%*$>

E0 @0,B0a"(b:-:---.("50-Q- -R-, (}(B& !,*)GD  # G3#"(- "(#5*$0, # $#5#.G# .(:( 1$* 0
*(.&-1, E
H&(B) BE < & +H6(. -, &(%- & +4.(8 & 1& - , &'(.(+]) +.(:(+#*.(1,$3 EHUY(+&. &'(*$:>

(

EO _ 0 BG5'( 3()(,#3,G 6(R(0 #$,G= $( (&B-  $(0 £(&B-$( $#5:#3G RO,BOS -$B #BG5 | #)#,

6(R(0

0 _ 0BG5'( 3()(,#3,G6(R(0 #$,G= $( (&B-  $(0 £(&B-$( $#5:#3G RO,BO8 -$B #BG5 | #)#,

8(R(0

NO _ 0 BG5'( 3()(, #3,G 6(R(0 #$,G= $( (&B-  $(0 £(&B-$( $#5:#3G RO,BOS -$B #BG5 ! #)#,

6(R(0
JO  $B)**5C =#$G 0 BGS5 )## :030B :- )- (R&(, (& B-$(-3! 0 B-+-)* *5C (Q-D5(=0 5 *$O,
(&B-$(,)-Q-)- (R €0
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0

MO

FO

LO

HO

EO $B)**5C =#$G 0 BG5 )##:030B:

EEO $B)**5C =#$G 0 BG5 )## :030B:

EO $B)**5C =#$G 0 BG5 )##:030B:

ENO $B)**5C =#$G 0 BG5 )##:030B:

EJO $B)**5C =#$G 0 BG5 )## :030B:

EO $B)**5C =#$G 0 BG5 )## :030B:

EMO $B )* *5C =#$G 0 BG5 )#'# :030B :

EFO $B)**5C =#$G 0 BG5 )#'# :030B :
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APPENDIX F

Iltems
1 2 3 456 7 8 9 10 11 12 13 14 Total

M1 * * 2

M2 * 1

M3 * * * 3
2 M4 * * 2
2 M5 * * 2
§ M6 * * * 3
s M7 * * 2
o M8 * * 2
= M9 * 1

M10 * * 2

M11 * * 2

M12 * 1

Total 2 1 1 2 3 2 2 1 2 1 1 2 1 2 23

EXPLANATIONS

M1 : Sink Model

M2 : Attenuation Model

M3 : Sharing Current Model

M4 : Clashing Current Model

M5 : Empirical Rule Model

M6 : Short Circuit Misconception

M7 : Power Supply as a Constant Current Source Model

M8 : Parallel Circuit Misconception

M9 : Sequential Reasoning

M10 : Local Reasoning

M11 : Confusion between Current Flow and Water Flow

M12 : Vibrating Tungsten Filament
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SORULAR

1.1. ekil 1'de gosterilen devredeki ampulk verir mi?
(a) Evet, Kk verir.
(b) Hayr, kvermez.

1.2. Yukar da verdim cevab n sebebi;
(a) Pil ve ampul temas halindedir.
(b) “+” ve “-” yuklerin ampulde birlemesi igin pilin “-” ucundan ampulin
yan metal k sm na bir tel banmal dr.
(c) Ampulden ak m gec¢mesi icin pilin “-” ucundan ampulian metal
k sm na bir tel balanmal d r.

1.3. Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.

2.1. ekil 2'deki elektrik devresinde ana koldaki ak n2 B olarak verilmitir.
Buna gorej, i, ve i ak mlar n n bayukliklerinin deerleri kagt r?

(a) 0,6/0,3/0,3
(b) 0,4/0,4/0,4

2.2. Yukar da verdiim cevab n sebebi;
(a) Elektrik ak m ilk kol ayr m nda et olarak ikiye ayr Id ktan sonra
ikinci kol ayr m nda tekrar 6t olarak ikiye ayr I r.
(b) Ug 6zde ampul birbirine paralel b oldu undan ana koldaki elektrik
ak m ¢ ampul Gzerinden de ayn buyuklukte gecee&kde kollara
ayrlr.

2.3. Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin deilim.
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ekil 3'de gosterilen bir elektrik devresinegkil 4'de gdsterildii gibi
bir B ampull ekleniyor. 3. ve 4. sorular bu bilgiye gbre cevapland r n z.

3.1. ekil 3 ve ekil 4'deki 1 noktalar ndan gecen elektrik ak mtan
bayukluklerini kar la trn z?
(@) ekil 3'de daha fazlad .
(b) ekil 4'de daha fazlad r.
(c) Her iki ekilde de eittir.

3.2.Yukar da verdiim cevab n sebebi;
(a) Pilden gelen ayn buyuklikteki elektrik ak mlar rhiki ekilde de 1
noktalar nda henuiz kullan Imarbr.
(b) Her iki ekilde de pillerin sdad potansiyel farklar ayn amaekil
4’'deki e de er diren¢ daha buyuktdr.
(c) ekil 3'de bir ampuliin kulland elektrik ak m , ekil 4’'de ise iki
ampulin kulland elektrik ak m vard r.

3.3.Yukar daki iki soruya verdim cevaptan;
(@) Eminim.
(b) Emin de ilim.

4.1. ekil 4'de 1, 2 ve 3 noktalar ndaki ak mlar n buyiilkleri ile A ve B
ampullerinin parlakl klar n karla trn z?

Akm Parlakl k
@ i1=ik=i3 A ve B ampulleri ayn parkal ktad r.
(b) i3>i>10; B ampulu daha parlakt r.
(c) iL>0i>13 A ampulli daha parlakt r.
(d)iz>i>13 A ve B ampulleri ayn parlakl ktad r.

4.2 .Yukar da verdiim cevab n sebebi;
(a) Pile ne kadar ¢ok yak n olunursa, elektrik ak modeadar ¢ok olur.
(b) Seri bal devrelerde ak middeti her yerde ayndr.
(c) Elektrik ak m ampuller taraf ndan kullan Id igin azal r.

() v e oot

4.3.Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin deilim.
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ekil 5’de bir elektrik devresi verilmiir. Ik dnce bir B ampul ekil
6’da gorulda t gibi devreye ekleniyor. Daha sonra B ampulii devredgn
¢ kar larak ve onun yerine bir tel kullan larakkil 7°deki devre
olu turuluyor. 5., 6., 7. ve 8. sorular bu bilgilere dayanarak cevaplay|n z.

5.1. ekil 5 ve ekil 6'deki 1 noktalar ndaki elektrik ak mlar n rupiikltklerini
kar latrnz.
(@) ekil 5'de daha buyuktar.
(b) ekil 6’da daha buyuktar.
(c) ekil 5'de ve ekil 6’da eittir.

5.2.Yukar da verdiim cevab n sebebi;
(a) ekil 6’da iki ampul olduundan ede er diren¢ daha fazlad r.
(b) ekil 6'da pilden gelen ak m iki kola ayr I r.
(c) ekil 5'de pil tek ampule, ekil 6’da ise iki ampule ak m verir.
(d) ekil 6’daki paralel devrede de er diren¢ daha kiguktir.
(e) Her iki ekilde de 1 noktalar nda pilden gelen ayn blyUtdlk
elektrik ak m henuz kollara ayr Imanr.

5.3.Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.

6.1. ekil 6'da 1, 2 ve 3 noktalar ndaki ak mlar n buyiiklerini kar la trn z.
(a) i1> i2> i3
(b) i1>10x=13

6.2.Yukar da verdiim cevab n sebebi;
(a) Ak m kollara ayr | rken gidi yonine duz kola daha cok, k vr lan kola
daha az ak m gecer.
(b) Ak m kol ayr m na geldiinde ampuller 6zdeoldu undan eit bir
ekilde iki kola ayr I r.

6.3.Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin deilim.
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7.1. ekil 6’da A ve B ampullerinin parlakl klarn kafta trn z.
(a) A ve B ampullerinin parlakl klar éttir.
(b) A ampuli daha parlakt r.
(c) B ampult daha parlaktr.

7.2.Yukar da verdiim cevab n sebebi;
(a) Kollara ayr lan ak m n cau B ampuliinden gecer.
(b) A ampuli pile daha yak nd r.
(c) A ve B ampullerinden ayn buyuklikte ak m geger.

() v e e

7.3. Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.

8.1. ekil 6 ve ekil 7°deki A lambalar n n parlakl klar n kata trn z.
(a) ekil 6’daki daha parlaktr.
(b) ekil 7’deki daha parlaktr.
(c) ki ekildeki de eit parlakl ktad r.

8.2.Yukar da verdiim cevab n sebebi;
(@) ekil 7’deki A ampuliiniin Gzerinden ak m gecmez.
(b) ekil 6'da ak m iki ampul, ekil 7'de ise tek ampul taraf ndan
kullan I'r.
(c) Heriki ekilde de ak m iki kola ayr I r.

() v e

8.3. Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.

9.1. ekil 8'deki devrede bir pil, ampul ve iki direnctefu an bir diizenek
gosterilmektedir.lk 6nce_sadece 10 ohm’luk Rirencinin yerine 20 ohm’luk
bir diren¢ balan yor ve ekil 9 elde ediliyor. Daha sonrakil 8'deki 10
ohm’luk R, direncinin yerine 20 ohm’luk bir diren¢ blan yor ve ekil 10
elde ediliyor. ekil 9 ve ekil 10'daki ampullerin parlakl klar ndaekil 8'deki
ampule goére de iklik olur mu?

ekil 9'da ekil 10'da
(a) De i ir De i mez
(b) De i ir Deiir
(c) De i mez Dei ir
(d) De i mez Dei mez
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9.2.Yukar da verdiim cevab n sebebi;
(&) Ak m ampule ulamadan 6énce Rdirenci taraf ndan etkilenir.
(b) Ak m ampule ulamadan 6nce Rdirenci taraf ndan etkilenir.
(c) Her iki ekilde de ede er direnc ekil 8'e gore dei ti inden ana
koldaki ak m da de ir.
(d) Piller ayn olduundan ana kollardaki ak mlar ayn dr.

()

9.3. Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.

10.1. ekil 12’deki ampul k verir mi?
(a) Evet, kverir.
(b) Hayr, kvermez.

10.2.Yukar da verdim cevab n sebebi;
(a) Ampul “+” ve “-" yuklere dokundurulduu icin “+” ve “-” yukler
ampulde birleebilirler.
(b) Ampul Uretecin “+” kutbuna dayor.
(c) Ampulden elektrik ak m gecer.
(d) Ampulden elektrik ak m gecmez.

()

10.3. Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.

11.1. ekil 12'de verilen devre parcas nda elektrik ak myoni ok ile
gOsteriliyor. Buna gore, 1, 2 ve 3 noktalar nddkindar n biyukliklerini
kar latrnz.

(@) i1>iz>i>
(b) i1> i2: i3

11.2.Yukar da verdim cevab n sebebi;
(@) Ak m kol ayr m na geldiinde ampullerin direncleri & oldu u igin
e it bir ekilde kollara ayr I r.
(b) Ak m kol ayr m na geldiinde gidi yoniindeki diiz kola daha ¢ok
ak m, k vr lan kola ise daha az ak m gecer.

11.3.Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.
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12.1. ekil 13'te gosterilen devrede A ve B ampullerinerlakl klar n
kar latrnz.

(a) B ampuli daha parlakt r.

(b) ki ampuliin de parlakl klar dtir.

(c) ki ampulde yanmaz.

12.2.Yukar da verdim cevab n sebebi;

(&) Ak m A ve B ampullerinin aras ndaki beelden gecer.

(b) B ampuli pile daha yak nd r.

(c) Ak milk iki kola ayrld nda, ak m nyars B ampuliine gecer. Daha
sonra tekrar kol ayr m na geldinde ak m n hepsi baelden gecer ve
pile doner.

(d) ki ampul birbirine paralel oldwndan tzerlerinden & biyukltkte
ak m gecer.

12.3.Yukar daki iki soruya verdim cevaptan;
(&) Eminim.
(b) Emin de ilim.
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11) B 31) A 51) B 71) A 91) B 111) B
12) C 32) B 52) D 72 C 92) C 112) A
13) A 33) A 53 A 73) A 93) A 113) A
21) B 41) A 61) B 81 A 101) B 121) C
22) B 42 B 62) B 82 A 102) D 122) A
23) A 43) A 63) A 83 A 103) A 123) A
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Item Choices (Only First Tiers) Total
M1 1.1a,10.1a 2
M2 |4.1b,41c 2
M3 |3.1b,4.1d 3
e M4 |- 0
S M5 [7.1b 1
@ M6 [81Db,8.1c,121b 3
5 M7 |3.1c5.1¢c,9.1d 3
3 M8 [5.1a 1
S| M9 |9.1a,9.1c, 2
M10 | 2.14a,12.1a 2
M1l | 6.1a,7.1c,11.1a 3
Total 22
Item Choices (All Three Tiers) Total
M1 |[(1.1la 1.2a 1.3a),(10.14a, 10.2b, 10.3a), (10.1b, 3
10.2 b, 10.3 a)
M2 | (41c,4.2c,43a),(4.1b,4.2¢c,4.3a) 2
M3 | (3.1b,3.2c, 3.34a),(3.1a 3.2c, 3.3.a), (41d, 4.2 5
c,43a),(5.1b,5.2¢,5.3a),(5.1a,5.2¢,5.3a)
M4 | (1.1b,1.2b,1.3a), (10.14a, 10.2 a, 10.3 a) 2
wl M5 [ (41b,42a 43a), (7.1b, 7.2 b, 7.3 a), (12.1.3, 3
IS 12.2.b,12.3a)
‘g M6 | (8.1b,82hb,83a),(81lc, 82c, 83 a), (10.1 a, 4
o 10.2¢,10.34a),(12.1b,12.2d,12.3 a)
gl M7 | (3.1lc 324 33a4),(3.1a 3.2a 33a),(51¢c,52 4
é e, 5.34a),(9.1d,9.1d,9.3a)
M8 | (5.1a,5.24a,5.34a) 1
M9 |(9.1a,9.24a,9.3a),(9.1¢,9.2b,9.3a) 2
M10 | (2.1 a, 2.2 a, 2.3 a), (5.1 a, 5.2 b, 5.3 a), (12.1 a, 3
12.2 ¢, 12.3 a)
M11 | (6.1 a, 6.2 a,6.3a), (7.1c, 7.2 a, 7.3 a), (11.1 a, 3
11.2 b, 11.3 a)
Total 30
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