
Figure 1    Diffraction of a parallel X-ray beam along the z-axis.
The angle between the crystal and the y-axis is !.
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Figure 2. The cubic latice of
Potassium Chloride in which
the K+ and Cl-wons have
almost the same size.

Figure 3.  Scattering of X-rays by a powder of KCl crystals
results in the production of concentric dark circles on a
photographic plate.

Figure 1    The spaceship Atlantis (A) with a satellite
(S) in an orbit around the earth. The orbit lies in the
earth’s equatorial plane.
The magnetic field (B) is perpendicular to the
diagram and is directed towards the reader.

N3#&):"#:"0&*/":"3(&#('"#&).2055"+#8)$+"/#:"(')+#%&#":85),"+6#O#4"0:#)1#-./0,&#%&
&20(("/"+#4,#0#8)$+"/#)1#;"/,#:03,9#&:055#2/,&(05&6#EP1#2)*/&"#('"#&%C"&#)1#('"#2/,&(05&#0/"
:*2'#50/="/#('03#('"#50((%2"#&802%3=9#0G6
M20(("/%3=#)1#-./0,&#)1#$0;"5"3=('#D6?Q#3:#4,#R)(0&&%*:#H'5)/%+"#STH5U#E$'%2'#'0&#0
2*4%2#50((%2"9#&""#F%=6<G#/"&*5(&#%3#('"#8/)+*2(%)3#)1#2)32"3(/%2#+0/V#2%/25"&#)3#0
8')()=/08'%2#850("6#7'"#+%&(032"#4"($""3#('"#2/,&(05&#03+#('"#850("#%&#D6?D#:9#03+#('"
/0+%*&#)1#('"#&:055"&(#2%/25"#%&#D6DQW#:#E&""#F%=6#WG6#TX#03+#H5.#%)3&#'0;"#05:)&(#('"#&0:"
&%C"9#03+#('",#:0,#4"#(/"0("+#0&#%+"3(%205#&20(("/%3=#2"3(/"&6

+#. H052*50("#('"#+%&(032"#4"($""3#($)#3"%='4)*/%3=#T#%)3&#%3#('"#2/,&(056

BC@'(D=;$%A #J@H(>DH$@KL@>DI@;('$D;$(M@$I:N;@(='LM@>@$=G$(M@$@:>(MA

N3#Y0,#?ZZ?#('"#&802"&'%8#O(503(%&#$%55#4"#8502"+#%3#)/4%(#0/)*3+#('"#"0/('6#!"#&'055
0&&*:"#('0(#('%&#)/4%(#$%55#4"#2%/2*50/#03+#('0(#%(#5%"&#%3#('"#"0/('L&#"I*0()/%05#8503"6
O(#&):"#8/"+"("/:%3"+#:):"3(#('"#&802"&'%8#$%55#/"5"0&"#0#&0("55%("#M9#$'%2'#%&#0((02'"+
()#0#2)3+*2(%3=#/)+#)1#5"3=('#A6#!"#&*88)&"#('0(#('"#/)+#%&#/%=%+9#'0&#3"=5%=%45"#:0&&9
03+#%&#2);"/"+#4,#03#"5"2(/%205#%3&*50()/6#!"#05&)#3"=5"2(#055#1/%2(%)36#A"(#"#4"#('"#03=5"
('0(#('"#/)+#:0V"&#()#('"#5%3"#4"($""3#('"#O(503(%&#03+#('"#2"3(/"#)1#('"#"0/('6#E&""#F%=6
?G6
M#05&)#5%"&#%3#('"#"I*0()/%05#8503"6
O&&*:"#('0(#('"#:0&&#)1#('"#&0("55%("
%&#:*2'#&:055"/#('03#('0(#)1#('"
O(503(%&9#03+#('0(#A#%&#:*2'#&:055"/
('03#('"#/0+%*&#)1#('"#)/4%(6

0?#. B"+*2"#1)/#$'%2'#;05*"E&G#)1#"
('"#2)31%=*/0(%)3#)1#('"
&802"&'%8#03+#&0("55%("#/":0%3
*32'03="+#E$%('#/"&8"2(#()#('"
"0/('G[#N3#)('"/#$)/+&9#1)/
$'%2'#;05*"E&G#)1#"#%&#"
2)3&(03([



0<#. B%&2*&&#('"#&(04%5%(,#)1#('"#"I*%5%4/%*:#1)/#"02'#20&"6

M*88)&"#('0(9#0(#0#=%;"3#:):"3(9
('"#/)+#+";%0("&#1/):#('"#&(045"#2)31%=*/0(%)3#4,#0#&:055#03=5"6#7'"#&,&(":#$%55#4"=%3#()
&$%3=#5%V"#0#8"3+*5*:6

4#. \@8/"&&#('"#8"/%)+#)1#('"#&$%3=%3=#%3#("/:&#)1#('"#8"/%)+#)1#/";)5*(%)3#)1#('"#&,&(":
0/)*3+#('"#"0/('6

N3#F%=6#?#('"#:0=3"(%2#1%"5+#)1#('"#"0/('#%&#8"/8"3+%2*50/#()#('"#+%0=/0:#03+#%&#+%/"2("+
()$0/+&#('"#/"0+"/6#B*"#()#('"#)/4%(05#;"5)2%(,#)1#('"#/)+9#0#8)("3(%05#+%11"/"32"#0/%&"&
4"($""3#%(&#"3+&6#7'"#"3;%/)3:"3(#E('"#:0=3"()&8'"/"G#%&#0#/0/"1%"+9#%)3%&"+#=0&#$%('#0
;"/,#=))+#"5"2(/%205#2)3+*2(%;%(,6#H)3(02(#$%('#('"#%)3%&"+#=0&#%&#:0+"#4,#:"03&#)1
"5"2(/)+"&#%3#O#E('"#O(503(%&G#03+#M#E('"#&0("55%("G6#O&#0#2)3&"I*"32"#)1#('"#:)(%)39#0
2*//"3(9#N9#15)$&#('/)*='#('"#/)+6

2?#. N3#$'%2'#+%/"2(%)3#+)"&#('"#2*//"3(#15)$#('/)*='#('"#/)+[#E70V"#"#]#DG

B0(0^ .#('"#8"/%)+#)1#('"#)/4%( 7#]#Q9_#6#?DW#&
.#5"3=('#)1#('"#/)+ A#]#<9D#6#?D_#:
.#:0=3"(%2#1%"5+#&(/"3=('#)1#('"#"0/(#0(#('"#'"%='(
###)1#('"#&0("55%("# K#]#Q9D#6#?D.Q#!46:.<

.#('"#:0&&#)1#('"#&'*((5"#O(503(%& :#]#?9D#6#?DQ#V=

>"@(9#0#2*//"3(#&)*/2"#%3&%+"#('"#&'*((5"#%&#%325*+"+#%3#('"#2%/2*%(9#$'%2'#:0%3(0%3"&#0#3"(
+%/"2(#2*//"3(#)1#D6?#O#%3#('"#)88)&%("#+%/"2(%)36

2<#. `)$#5)3=#:*&(#('%&#2*//"3(#4"#:0%3(0%3"+#()#2'03="#('"#05(%(*+"#)1#('"#)/4%(#4,#?D
:6
O&&*:"#('0(#"#/":0%3&#C"/)6#N=3)/"#055#2)3(/%4*(%)3&#1/):#2*//"3(&#%3#('"
:0=3"()&8'"/"6

###. B)"&#('"#05(%(*+"#+"2/"0&"#)/#%32/"0&"[

BC@'(D=;$OA !M@$>=(:(D;N$;@C(>=;$'(:>A

O#L:%55%&"2)3+#8*5&0/L#%&#0#&)*/2"#)1#/0+%0(%)3#%3#('"#*3%;"/&"#('0(#":%(&#;"/,#&')/(#8*5&"&
$%('#0#8"/%)+#)1#)3"#()#&";"/05#:%55%&"2)3+&6#7'%&#/0+%0(%)3#%&#%3#('"#/0+%)#/03="#)1
$0;"5"3=('&a#03+#0#&*%(045"#/0+%)#/"2"%;"/#203#4"#*&"+#()#+"("2(#('"#&"80/0("#8*5&"&#03+
('"/"4,#()#:"0&*/"#('"#8"/%)+#$%('#=/"0(#022*/02,6

7'"&"#/0+%)#8*5&"&#)/%=%30("#1/):#('"#&*/102"#)1#0#80/(%2*50/#&)/(#)1#&(0/9#('"#&).2055"+
3"*(/)3#&(0/6#7'"&"#&(0/&#0/"#;"/,#2):802(^#('",#'0;"#0#:0&&#)1#('"#&0:"#)/+"/#)1
:0=3%(*+"#0&#('0(#)1#('"#&*39#4*(#('"%/#/0+%*&#%&#)35,#0#1"$#("3&#)1#V%5):"("/&6#7'",#&8%3
;"/,#I*%2V5,6#K"20*&"#)1#('"#10&(#/)(0(%)39#0#3"*(/)3#&(0/#%&#&5%='(5,#150(("3"+#E)450("G6
O&&*:"#('"#0@%05#2/)&&.&"2(%)3#)1#('"#&*/102"#()#4"#03#"55%8&"#$%('#05:)&(#"I*05#0@"&6
A"(#/8#4"#('"#8)50/#03+#/"#('"#"I*0()/%05#/0+%%a#03+#5"(#*&#+"1%3"#('"#150(("3%3=#102()/#4,^



Figure 1 time (days) -->

A sudden change in the shape of the crust of a
neutron star results in a sudden change of the
angular velocity.
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Figure 2    The experimental setup: a board and the
two boxes containing the LED and the photo-diode.

Figure 1.

e?#]#?DD##
e<#]#;0/%045"#/"&%&()/
eW#]#?#Y#

7'"#8)%3(&#504"55"+#D9#?9#<#03+#W
0/"#:"0&*/%3=#8)%3(&6

;(8&%<-&.*(8

?6 K"1)/"#$"#203#+"("/:%3"#('"#"11%2%"32,#)1#('"#A\B9#$"#:*&(#1%/&(#205%4/0("#('"
8')().+%)+"6#7'"#8/)45":#%&#('0(#$"#V3)$#3)('%3=#04)*(#('"#A\B6

M')$#"@8"/%:"3(055,#('0(#('"#/"50(%)3#4"($""3#('"#2*//"3(#15)$%3=#('/)*='#('"
8')().+%)+"#03+#('"#%3("3&%(,#)1#5%='(#1055%3=#)3#%(9#N#Sl6&.?6:.<U9#%&#5%3"0/6

<6 B"("/:%3"#('"#2*//"3(#1)/#$'%2'#('"#A\B#'0&#:0@%:05#"11%2%"32,6

W6 H0//,#)*(#03#"@8"/%:"3(#()#:"0&*/"#('"#:0@%:05#E04&)5*("G#"11%2%"32,#)1#('"#A\B6

>)#:0/V&#E8)%3(&G#$%55#4"#055)20("+#1)/#03#"//)/#0305,&%&#E%3#7`NM#"@8"/%:"3(#)35,G6
R5"0&"#&*::0/%C"#+0(0#%3#(045"&#03+#=/08'&#$%('#25"0/#%3+%20(%)3&#)1#I*03(%(%"&#E03+
*3%(&G6

BC@'(D=;$QA 4@(@>ID;:(D=;$=G$(M@$>:(D=$=G$(M@$I:N;@(DH$GD@J?$'(>@;N(M'$=G
(R=$?DGG@>@;($I:N;@('A

;(&%*/<-&.*(

!'"3#0#2)3+*2()/#:);"&#%3#0#:0=3"(%2#1%"5+9#2*//"3(&#0/"#%3+*2"+^#('"&"#0/"#('"
&).2055"+#"++,#2*//"3(&6#O&#0#2)3&"I*"32"#)1#('"#%3("/02(%)3#4"($""3#('"#:0=3"(%2#1%"5+
03+#('"#%3+*2"+#2*//"3(&9#('"#:);%3=#2)3+*2()/#&*11"/&#0#/"02(%;"#1)/2"6#7'*&#03
05*:%3%*:#+%&V#('0(#/)(0("&#%3#('"#3"%='4)*/'))+#)1#0#&(0(%)30/,#:0=3"(#"@8"/%"32"&#0
4/0V%3=#1)/2"6

>$&"%.$2)$7$.2$?2"



Figure 1.

?6 O#&(03+6
<6 O#250:86
W6 O3#'):)="3%*&#05*:%3%*:#+%&V#)3#03#0@5"9#%3#0#')5+"/9#('0(#203#/)(0("6
_6 7$)#:0=3"(&6#7'"#="):"(/,#)1#"02'#%&#('"#&0:"#E*8#()#?mGa#"02'#2)3&%&(&#)1#0#25%8

2)3(0%3%3=#($)#&:055#:0=3"(&#)1#%+"3(%205#:0=3"(%C0(%)3#03+#0/"09#('"#$')5"
8/)+*2%3=#0#'):)="3%*&#1%"5+9##K?#)/#K<6

Q6 7$)#$"%='(&6#P3"#$"%='(#'0&#($%2"#('"#:0&&#E*8#()#?mG#)1#('"#)('"/6
b6 O#&()8.$0(2'6
c6 O#/*5"/6

01")"=#"%.'"(&

7'"#05*:%3%*:#+%&V#%&#1%@"+#()#03#0@5"9#0/)*3+#$'%2'#0#2)/+#%&#$/088"+6#O#$"%='(#'03=&
1/):#('"#2)/+a#03+#$'"3#('"#$"%='(#%&#/"5"0&"+9#('"#+%&V#022"5"/0("&#*3(%5#0#2)3&(03(
03=*50/#;"5)2%(,#%&#/"02'"+6#7'"#("/:%305#&8""+#+"8"3+&9#0:)3=#)('"/#('%3=&9#)3#('"
:0=3%(*+"#)1#('"#:0=3"(%2#1%"5+#&(/"3=('#)1#('"#:0=3"(6
7$)#:0=3"(&#)1#+%11"/"3(#1%"5+#&(/"3=('&#K?#)/#K<9#0/"#0;0%5045"6#\%('"/#203#4"#1%(("+#)3#()
('"#')5+"/#('0(#20//%"&#('"#05*:%3%*:#+%&V^#('",#:0,#4"#%3("/2'03="+6

;(8&%<-&.*(8

?6 7'%3V#)1#03#"@8"/%:"3(#%3#$'%2'#('"#/0(%)#)1#('"#:0=3"(%2#1%"5+#&(/"3=('&#K?#03+#K<9
)1#('"#($)#:0=3"(&#203#4"#:"0&*/"+#0&#022*/0("5,#0&#8)&&%45"6

<6 g%;"#0#.#&')/(#.#('")/"(%205#(/"0(:"3(9#%3+%20(%3=#')$#)3"#203#)4(0%3#('"#/0(%)#1/):
('"#:"0&*/":"3(&6

W6 H0//,#)*(#('"#"@8"/%:"3(#03+#+"("/:%3"#('"#/0(%)6

_6 gNf\#O>#\eePe#\M7NYO7NP>6



Figure 2.

68")*+)&1")8&*#@$&-1

7'"#&()8.$0(2'#'0&#('/""#4*(()3&^#M?9#M<#03+#MW#E&""#F%=6#<G6

K*(()3#M<#()==5"&#4"($""3#('"#+0(".(%:"#03+#('"#&()8.$0(2'#:)+"&6#M$%(2'#()#('"
&()8.$0(2'#:)+"6#P3"#&')*5+#&""#('%&^

P3#8/"&&%3=#M?#)32"9#('"#&()8.$0(2'#4"=%3&#(%:%3=6#7)#&()8#%(9#8/"&&#M?#0#&"2)3+#(%:"6

7'"#&()8.$0(2'#203#4"#/"&"(#()#C"/)#4,#8/"&&%3=#MW#)32"6



1=JC(D=;$=G$SC@'(D=;$&A

0#. H)3&%+"/#1%/&(#('"#@.+%/"2(%)36#N1#$0;"&#2):%3=#1/):#3"%='4)*/%3=#&5%(&#E$%('
&"80/0(%)3#+?G#(/0;"/&"#80('&#)1#5"3=('&#('0(#+%11"/#4,^

$'"/"#3?#%&#03#%3("="/9#('"3#0#8/%32%805#:0@%:*:#)22*/&6#7'"#8)&%(%)3#)3#('"
&2/""3#E%3#('"#@.+%/"2(%)3G#%&^

&%32"#+?#JJ#+<6
7'"#80('#+%11"/"32"#4"($""3#('"#:%++5"#&5%(#03+#)3"#)1#('"#&5%(&#0(#('"#"+="#%&#('"3^

N1#)3#('"#)('"/#'03+#('%&#80('#+%11"/"32"#%&^

('"3#('"#1%/&(#:%3%:*:9#3"@(#()#('"#8/%32%805#:0@%:*:9#)22*/&6#7'"#8)&%(%)3#)1#('%&
:%3%:*:#)3#('"#&2/""3#%&#=%;"3#4,^

7'"#$%+('#)1#('"#8/%32%805#:0@%:*:#%&#022)/+%3=5,^

O#&%:%50/#(/"0(:"3(#203#4"#:0+"#1)/#('"#,.+%/"2(%)39#%3#$'%2'#('"/"#0/"#><#&5%(&#$%('
&"80/0(%)3#+<6#7'"#8)&%(%)3&#03+#$%+('&#)1#('"#8/%32%805#:0@%:05#0/"^

O3#05("/30(%;"#:"(')+#)1#&)5*(%)3#%&#()#2052*50("#('"#%3("3&%(,#1)/#('"#<.+%:"3&%)305
=/%+#0&#0#1*32(%)3#)1#('"#03=5"#('0(#('"#4"0:#:0V"&#$%('#('"#&2/""36

4#. N3#('"#@.+%/"2(%)3#('"#4"0:#L&""&L#0#=/%+#$%('#&802%3=#09#&)#('0(#%3#('%&#+%/"2(%)3#$"
'0;"^



N3#('"#,.+%/"2(%)39#('"#4"0:#L&""&L#0#=/%+#$%('#"11"2(%;"#&802%3=#062)&E!G6
O305)=)*&5,9#$"#)4(0%3^

N3#('"#C.+%/"2(%)39#('"#4"0:#L&""&L#0#=/%+#$%('#"11"2(%;"#&802%3=#06&%3E!G6#7'%&#=%;"&
/%&"#()#8/%32%805#:0@%:0#$%('#8)&%(%)3#03+#$%+('^

7'%&#80(("/3#%&#&*8"/%:8)&"+#)3#('"#8/";%)*&#)3"6#M%32"#&%3E!G#%&#;"/,#&:0559#)35,
('"#C"/)('.)/+"/#80(("/3#$%55#4"#&""39#03+#%(#%&#;"/,#4/)0+9#&%32"#>?6&%3E!G#JJ#>D6
7'"#+%11/02(%)3#80(("/3#1/):#0#8503"#$0;"#1055%3=#)3#0#('%3#850("#)1#0#2*4%2#2/,&(059
0(#0#&:055#03=5"#)1#%32%+"32"#()#('"#3)/:059#$%55#4"#05:)&(#%+"3(%205#()#('0(#1/):#0
($).+%:"3&%)305#=/%+6

2#. N3#K/0==#/"15"2(%)39#('"#80('#+%11"/"32"#1)/#2)3&(/*2(%;"#%3("/1"/"32"#4"($""3
3"%='4)*/%3=#8503"&^

`"/"# #%&#('"#03=5"#)1#+%11/02(%)36
7'%&#%&#('"#&0:"#2)3+%(%)3#1)/#0#:0@%:*:#0&#%3#&"2(%)3#46

+#. F)/#('"#+%&(032"9#!<609#4"($""3#3"%='4)*/%3=#T#%)3&#$"#'0;"^

>$%A.(3)B%"$A/*@(

0 8)&%(%)3#)1#8/%32%805#:0@%:0 ^?
$%+('#)1#8/%32%805#:0@%:0 ^W

4 50((%2"#2)3&(03(& ^?
"11"2(#)1#('%2V3"&& ^<

2 K/0==#/"15"2(%)3 ^<
+ H052*50(%)3#)1#T.T#&802%3= ^?



1=JC(D=;$=G$SC@'(D=;$%A

0?#. M%32"#:<#JJ#:?9#('"#O(503(%&#(/0;"5&#0/)*3+#('"#"0/('#$%('#0#2)3&(03(#&8""+6#7'"
:)(%)3#)1#('"#&0("55%("#%&#2):8)&"+#)1#('"#2%/2*50/#:)(%)3#)1#('"#O(503(%&#04)*(#('"
"0/('#03+#E8)&&%45,G#0#2%/2*50/#:)(%)3#)1#('"#&0("55%("#04)*(#('"#O(503(%&6
F)/#:?#$"#'0;"^

F)/#:<#$"#'0;"^

j&%3=#('"#088/)@%:0(%)3^

03+#"I*0(%)3#E?G9#)3"#1%3+&^

&)^
E<G

N1#"##%&#2)3&(03(^## #]#D ..n####&%3E"G#]#D ..n "#]#Da "#]#$
..n####2)&E"G#]#D ..n "#]#$o<a "#]#W$o<



0<#. 7'"#&%(*0(%)3#%&#&(045"#%1#('"#:):"3(## ##2'03="&#&%=3#%3#0

:033"/#)88)&"+#()#('0(#%3#$'%2'#('"#&%=3#)1#"#.#"D#2'03="&^

&%=3E"#.#"DG .###X .###X .###X .###X .###X

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
" ##D #$o< ##$ W$o< ##<$

###################################################################
&%=3EYG#### X###. .###X # X###. .###X X###.

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
" ##D #$o< ##$ W$o< ##<$

7'"#"I*%5%4/%*:#04)*(#('"#03=5"&#D#"3#$#%&#('*&#&(045"9#$'"/"0&#('0(#0/)*3+#$o<
03+#W$o<#%&#*3&(045"6

4#. F)/#&:055#;05*"&#)1#"#"I*0(%)3#E<G#4"2):"&^

7'%&#%&#('"#"I*0(%)3#)1#0#&%:85"#'0/:)3%2#:)(%)36
7'"#&I*0/"#)1#('"#03=*50/#1/"I*"32,#%&^

&)^

2?#. O22)/+%3=#()#A"3CL&#50$9#('"/"#$%55#4"#0#2*//"3(#1/):#('"#&0("55%("#EMG#()$0/+&#('"
&'*((5"#EOG6

2<#. F)/#('"#()(05#"3"/=,#)1#('"#&,&(":#$"#'0;"^

O#&:055#2'03="#%3#('"#/0+%*&#)1#('"#)/4%(#2)//"&8)3+&#()#0#2'03="#%3#('"#"3"/=,#)1^

N3#('"#&%(*0(%)3#*3+"/#2?#"3"/=,#%&#04&)/4"+#1/):#('"#&,&(":#0&#0#2)3&"I*"32"#)1
$'%2'#('"#/0+%*&#)1#('"#)/4%(#$%55#+"2/"0&"6
N&#0#2*//"3(#&)*/2"#%3&%+"#('"#&'*((5"#%325*+"+#%3#('"#2%/2*%(9#$'%2'#:0%3(0%3&#0#3"(
2*//"3(#%3#('"#)88)&%("#+%/"2(%)39#"3"/=,#%&#04&)/4"+#4,#('"#&,&(":#0&#0
2)3&"I*"32"#)1#$'%2'#('"#/0+%*&#)1#('"#)/4%(#$%55#%32/"0&"6
F/):#('"#0&&*:8(%)3&#%3#2<#$"#'0;"^

>*:"/%205#0885%20(%)3#=%;"&#1)/#('"#(%:"^#(#!#Q9k#6#?DW#&a#$'%2'#%&#04)*(#('"#8"/%)+
)1#('"#&,&(":6



>$%A.(3)?%"$A/*@(C

0? ^#?

0< ^#?

4###. O(503(%&#%3#*3%1)/:#2%/2*50/#:)(%)3 ^#D9Q
####. 2052*50(%)3#)1#('"#8"/%)+## ^#D9Q
####. "I*0(%)3#)1#:)(%)3#)1#('"#&0("55%(" ^#<9Q
####. "I*0(%)3#)1#:)(%)3#1)/#&:055#03=5"& ^#D9Q
####. 8"/%)+#)1#)&2%550(%)3& ^#?

2?##. ^#?

2<##. 2052*50(%)3#)1#('"#(%:"#('"#2*//"3(#'0&#()#4"#:0%3(0%3"+ ^#?9Q
####. %32/"0&"#)/#+"2/"0&"#)1#('"#/0+%*&#)1#('"#)/4%( ^#D9Q

1=JC(D=;$=G$SC@'(D=;$OA

0#. D8&)'"&1*/

F)/#"I*%5%4/%*:#$"#'0;"##F2#]#F=#X#>#
$'"/"#>#%&#3)/:05#()#('"#&*/102"6

e"&)5;%3=#%3()#')/%C)3(05#03+#;"/(%205
2):8)3"3(&9#$"#1%3+^

F/):^

$"#1%3+^

$'"/"^

7'%&#:"03&#('0(9#05(')*='#/#+"8"3+&#)3#@#03+#,9#('"#2'03="#%3#('"#102()/#%3#1/)3(#)1
@+@#%&#&)#&5%='(#('0(#$"#203#(0V"#%(#()#4"#2)3&(03(6#7'"#&)5*(%)3#)1#\I6#E?G#%&#('"3#03
"55%8&"^



03+#1/):#('%&#%(#1)55)$&#('0(^

E(/)'"&1*/

F)/#0#8)%3(#:0&&#)1#?#V=#)3#('"#&*/102"9

7'"#1)/:#)1#('"#&*/102"#%&#&*2'#('0(#j8)(#.#jV%3#]#2)3&(03(6#F)/#('"#"I*0()/#E%#]#D9
/#]#/"G#03+#1)/#('"#8)5"#E%#]#$o<9#/#]#/8G#$"#'0;"^

7'*&^

4#. O&#0#2)3&"I*"32"#)1#('"#&(0/.I*0V"9#('"
:):"3(#)1#%3"/(%0#)1#('"#2/*&(#N:#+"2/"0&"&
4,# 6

F/):#('"#2)3&"/;0(%)3#)1#03=*50/
:):"3(*:9#$"#'0;"^

O1("/#('"#%3("/305#1/%2(%)3#'0&#"I*05%C"+#('"#03=*50/#;"5)2%(%"&#)1#('"#2/*&(#03+#('"
2)/"9#$"#'0;"^



>$%A.(3)?%"$A/*@(

0 ?&(#:"(')+ .#"@8/"&&%)3&#1)/#('"#1)/2"& ^?
.#"I*0(%)3#1)/#('"#&*/102" ^<
.#"I*0(%)3#)1#"55%8&" ^?
.#150(("3%3=#102()/ ^?

<3+#:"(')+ .#"3"/=,#"I*0(%)3 ^_
.#150(("3%3=#102()/ ^?

4 .#2)3&"/;0(%)3#)1#03=*50/#:):"3(*:#1)/#2/*&( ^?6Q
.#2)3&"/;0(%)3#)1#03=*50/#:):"3(*:#1)/#2/*&(#03+#2)/" ^?6Q
.#:):"3(#)1#%3"/(%0#1)/#0#&8'"/" ^?
.#/0(%)#/2o/ ^?



1=JC(D=;$=G$SC@'(D=;$PA

DF 01")2.("$%.&4)*+)&1")#1*&*G/.*/"F

7'"#5%3"0/%(,#)1#('"#8')().+%)+"#203#4"#2'"2V"+#4,#*&%3=#('"#%3;"/&"#&I*0/"#50$#4"($""3
+%&(032"#03+#%3("3&%(,6#M*88)&"#('0(#('"#:"0&*/"+#+%&(032"#4"($""3#('"#A\B#03+#('"
E4)@#2)3(0%3%3=#('"G#RB#%&#@6#7'"#%3("3&%(,#)1#('"#5%='(#1055%3=#)3#('"#RB#&0(%&1%"&^

N1#('"#%3("3&%(,#%&#%3+""+#8/)8)/(%)305#()#('"#2*//"3(#15)$%3=#('/)*='#('"#RB9#%(#$%55#05&)#4"
8/)8)/(%)305#()#('"#;)5(0="9#fE@G9#:"0&*/"+#02/)&&#('"#/"&%&()/#eW6#F/):#E?G#%(#('"3
1)55)$&#('0(^

7)#)4(0%3#('"#2)//"2(#;05*"#)1#fE@G9#)3"#&')*5+#&*4(/02(#1/):#('"#:"0&*/"+#;)5(0="#f?
('"#;)5(0="#f<#('0(#)3"#:"0&*/"&#$'"3#('"#A\B#%&#(*/3"+#)11#E4*(#('"#A\B#4)@#%&#&(%55#%3
8502"#%3#1/)3(#)1#('"#RBG6

@#E2:G

#?6D
#<6D
#W6D
#_6D
#Q6D
#b6D
#c6D
#k6D
#Z6D
?D6D
??6D
?<6D
?W6D
?_6D
?Q6D
?b6D
?c6D
?k6D
?Z6D
<D6D

f?#EfG

Q6bb
_6Dc
W6DW
<6W<
?6kW
?6_k
?6<W
?6DDb
D6kQZ
D6c__
D6b_k
D6QcD
D6QDc
D6_Qb
D6_?_
D6WcW
D6W_?
D6W?<
D6<Z?
D6<c<

f<#EfG

6DDW
6DD_
6DDQ
6DDb
6DDb
6DDc
6DDc
6DDk
6DDZ
6DDZ
6D?D
6D??
6D?<
6D?<
6D?W
6D?W
6D?_
6D?_
6D?Q
6D?Q

%?#E&OG

b6<W
_6_k
W6WW
<6QQ
<6D?
?6bW
?6WQ
?6?Dc
D6Z_Q
D6k?k
D6c?W
D6b<c
D6QQk
D6QD<
D6_QQ
D6_?D
D6WcQ
D6W_W
D6W<D
D6<ZZ

%<#E&OG

6DDW
6DDQ
6DDQ
6DDb
6DDb
6DDc
6DDc
6DDk
6DDZ
6DDZ
6D?D
6D??
6D?<
6D?<
6D?W
6D?_
6D?_
6D?_
6D?Q
6D?Q

?oS%?E@G#.#%<E@GU
p#E&O.pG

D6_D
D6_c
D6QQ
D6bW
D6c?
D6cZ
D6kb
D6ZQ
?6DW
?6??
?6?Z
?6<c
?6WQ
?6_W
?6QD
?6QZ
?6bb
?6c_
?6k?
?6kk

R5)(("+#)3#0#=/08'9#)3"#1%3+&#0#8"/1"2(#&(/0%='(#5%3"6



EF 01")2.31&).(&"(8.&4)$8)$)+<(-&.*()*+)&1")"2"-&%.-$2)#*@"%)*+)&1")HI!

7'"#8')().2*//"3(#%RB#%&#+"("/:%3"+#1/):#('"#;)5(0="#f#);"/#eW#]#?Y#6#7'"#:"("/#%(&"51
'0&#03#%3("/305#/"&%&(032"#)1#?DD#Y##%3#('"#<DD#:f#/03="#03+#?D#Y##%3#('"#)('"/
/03="&6#!"#'0;"#('"3^#%RB#]#?6D?#f#/"&86#%RB#]#?6?#f##$'"/"#f#%&#%3#;)5(&#03+#%RB#%3#&O6
7'"#2*//"3(#%3#0:8q/"&#('/)*='#('"#A\B#%&#('"#;)5(0="#);"/#e?#%3#;)5(&9#+%;%+"+#4,#?DD6

r..........###RB###..........r#####r......................###A\B###........................r
S@#]#Q#2:U

f?#EfG

?6kDb
?6bWc
?6Q??
?6<<Q
?6??c
D6ZDW
D6c??
D6__k
D6W?Q
D6?Z<

f<EfG

6DDb?
6DDb?
6DDb?
6DDb?
6DDb?
6DDb?
6DDb?
6DDb?
6DDb?
6DDb?

%?#.#%<#E&OG

?6Zk
?6cZ
?6bb
?6W_
?6<<
D6ZZ
D6ck
D6_Z
D6W_
D6<?

%A\B#E?D
.<#OG

<6cD
<6WD
<6Dk
?6bDb
?6_WW
?6?<W
D6kkZ
D6QQQ
D6_?D
D6<Qk

fA\B#EfG

?6cQ<
?6c_<
?6cWQ
?6c<<
?6c?k
?6cDQ
?6cDk
?6bcW
?6bQZ
?6bWc

RA\B#E?D
.<#!G

_6cW
_6D?
W6b?
<6cc
<6_b
?6Z?
?6Q<
D6ZW
D6bk
D6_<

E%?#.#%<GoRA\B

D6_?Z
D6__b
D6_bD
D6_k_
D6_Zb
D6Q?k
D6Q?W
D6Q<c
D6Q
D6<

7'"#"11%2%"32,#%&#8/)8)/(%)305#()#E%?#.#%<GoRA\B6#N3#('"#=/08'#)1#E%?#.#%<GoRA\B#0=0%3&(#%A\B#('"
:0@%:05#"11%2%"32,#2)//"&8)3+&#()#%A\B#]#D9b#6#?D

.<#O6#EM""#1%=*/"#<6G

JF !"&"%'.($&.*()*+)&1")'$=.'$2)"++.-."(-46

7'"#A\B#":%(&#0#2)3%205#4"0:#$%('#2,5%3+/%205#&,::"(/,6#M*88)&"#$"#:"0&*/"#('"#5%='(
%3("3&%(,#$%('#0#RB#)1#&"3&%(%;"#0/"0#+<#0(#0#+%&(032"#/%#1/):#('"#0@%&#)1#&,::"(/,6#A"(#('"
%3("3&%(,#)1#('"#5%='(#('"/"#4"#%E/%G9#('"3#$"#'0;"^#



/%#E::G

D
W
b
Z
?<
?Q
?k
<?
<_
<c
WD
WW
Wb

f?#EfG

?6kWW
?6ZDb
?6k_b
?6cQD
?6W_c
D6ZZc
D6b_W
D6W?W
D6W_W
D6bWc
D6bk?
D6<bb
D6??Z

f<#EfG

D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb

E%?#.#%<G6/%#E@#?D
.Z#O:G

#D
#b6<c
?<6Q_
?c6<k
?c6cb
?b6<D
?<6bD
#c6?_
#k6kk
?k6ZD
<<6<D
#Z6Qc
#_6_k

/%#E::G

WZ
_<
_Q
_k
Q?
Q_
Qc
bD
bW
bb
bZ
c<
cQ

f?#EfG

D6DZc
D6DkZ
D6Dk<
D6Dc?
D6Dbb
D6DQD
D6D_Q
D6DWc
D6DW<
D6D<W
D6D?c
D6D?_
D6D??

f<#EfG

D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb
D6DDb

E%?#.#%<G6/%#E@#?D
.Z

O:G

_6?b
W6kb
W6cZ
W6_k
W6WZ
<6Q<
<6_Q
<6Dk
?6kW
?6<c
D6kk
D6bk
D6_Z

7'"#"11%2%"32,#]#%oRA\B#!#D6DD?

>$%A.(3)?%"$A/*@(

?#5%3"0/%(,#)1#('"#RB
.#%3;"/&"#&I*0/"#50$ ^?6Q
.#3*:4"/#)1#:"0&*/%3=#8)%3(&#S?9Wna#SW9Qna#SQ966n ^D6Qo?6Do?6Q
.#+0/V#2*//"3( ^D6Q
.#2)//"2(#=/08' ^?

<#+"("/:%30(%)3#)1#2*//"3(#0(#:0@%:05#"11%"32,
.#8/%32%85" ^D6Q
.#3*:4"/#)1#:"0&*/%3=#8)%3(&#S?9Wna#SW9Qna#SQ966n# ^D6Qo?6Do?6Q
.#=/08'#"11%2%"32,.2*//"3( ^D6Q
.#+"("/:%30(%)3#)1#2*//"3(#0(#:0@%:05#"11%2%"32, ^D6Q

W#+"("/:%30(%)3#)1#('"#:0@%:05#"11%2%"32,
.#+"("/:%30(%)3#)1#('"#":%(("+#5%='(#%3("3&%(, ^?6Q

.#;%0#"&(%:0(%)3#)1#('"#2)3"#2/)&&.&"2(%)3 ^D6Q

.#;%0#:"0&*/":"3(#)1#('"#%3("3&%(,#+%&(/%4*(%)3 ^?6Q
.#+"("/:%30(%)3#)1#('"#:0@%:*:#"11%2%"32, ^?



1=JC(D=;$=G$SC@'(D=;$QA

DF 01"*%4 A"( .#('"#:):"3(#)1#%3"/(%0#)1#('"#+%&V#4" ^#N
.#('"#:0&&#)1#('"#$"%='( ^#:
.#('"#:):"3(#)1#('"#1/%2(%)305#1)/2" ^#Y1
.#:0=3"(%2#1%"5+#&(/"3=(' ^#K
.#('"#/0+%*&#)1#('"#0@5" ^#/
.#('"#:):"3(#)1#('"#:0=3"(%2#1)/2" ^#YK

F)/#('"#:)(%)3#)1#('"#/)(0(%3=#+%&V#$"#'0;"^

!"#&*88)&"#('0(#Y1#%&#2)3&(03(#4*(#3)(#3"=5%=%45"6#K"20*&"#('"#+%&V#:);"&#%3#('"
:0=3"(%2#1%"5+9#"++,#2*//"3(&#0/"#&"(#*8#%3#('"#+%&V6#7'"#:0=3%(*+"#)1#('"&"#2*//"3(&#%&
8/)8)/(%)305#()#K#03+#()#('"#03=*50/#;"5)2%(,6#7'"#A)/"3(C#1)/2"#0&#0#/"&*5(#)1#('"#"++,
2*//"3(&#03+#('"#:0=3"(%2#1%"5+#%&#('*&#8/)8)/(%)305#()#('"#&I*0/"#)1#K#03+#()#('"#03=*50/
;"5)2%(,9#%6"6

M*4&(%(*(%3=#('%&#%3()#\I6#E?G9#$"#1%3+^

O1("/#&):"#(%:"9#('"#+%&V#$%55#/"02'#%(&#1%305#2)3&(03(#03=*50/#;"5)2%(,a#('"#03=*50/
022"5"/0(%)3#%&#3)$#C"/)#03+#1)/#('"#1%305#;"5)2%(,#;"#$"#1%3+^

7'"#1%305#2)3&(03(#;"5)2%(,#%&#('*&#0#5%3"0/#1*32(%)3#)1#:6

EF 01")"=#"%.'"(&

7'"#1%305#2)3&(03(#&8""+#%&#+"("/:%3"+#4,#:"0&*/%3=#('"#(%:"#(0V"3#()#1055#('"#50&(#<?#2:
S('%&#%&#('"#$%+('#)1#0#&'""(#)1#808"/U6

N3#('"#1%/&(#8502"#%(#%&#3"2"&&0/,#()#2'"2V#('0(#('"#1%305#&8""+#'0&#4""3#/"02'"+6#7'%&#%&
+)3"#4,#055)$%3=#('"#$"%='(#()#1055#);"/#+%11"/"3(#'"%='(&6#N(#%&#25"0/#('0(9#$%('#('"#$"0V"/
:0=3"(9#('"#3"2"&&0/,#'"%='(#4"1)/"#('"#2)3&(03(#&8""+#%&#0((0%3"+#$%55#4"#50/="/6
Y"0&*/":"3(&#1)/#('"#$"0V#:0=3"(#&,&(":^



.................####(%:"#(0V"3#()#1055####.................

'"%='(#E:G

D6WD
D6_D
D6QD
D6bD
D6cD
D6kD
D6ZD
?6?D
?6WD

&:055"/#$"%='(

Q6D_#s#D6D<#E&G
_6bc#s#D6D_#E&G
_6QZ#s#D6DQ#E&G
_6__#s#D6Db#E&G
_6_Z#s#D6DQ#E&G
_6_W#s#D6DW#E&G
_6_W#s#D6D_#E&G
#####.#.#.
#####.#.#.

50/="/#$"%='(

<6DD#s#D6D?#E&G
?6c?#s#D6D<#E&G
?6QQ#s#D6D<#E&G
?6_k#s#D6D?#E&G
?6__#s#D6D_#E&G
?6Wk#s#D6DW#E&G
?6WQ#s#D6D<#E&G
?6W_#s#D6DQ#E&G
?6WW#s#D6D_#E&G

JF K.($2)-*(8&$(&)8#""/)'"$8<%"'"(&8)+*%)?*&1)'$3("&)848&"'8)$(/)+*%)8"7"%$2
-1*.-"8)*+)@".31&F

Y"0&*/":"3(&#1)/#('"#$"0V#:0=3"(^

$"%='(

&:055
50/="
4)('

7#E&G

_6_<
?6kZ
?6<Z

7#E&G

_6<W
?6Z?
?6W<

7#E&G

_6<_
?6Zk
?6<W

7#E&G

_6WW
?6Z<
?6WD

J7n#E&G

_6W?#s#D6DZ
?6ZW#s#D6D_
?6<Z#s#D6D_

J;n#E:o&G

_6Z##s#D6?
?D6Z#s#D6<
?b6W#s#D6Q

Y"0&*/":"3(&#1)/#('"#&(/)3=#:0=3"(^

$"%='(

&:055
50/="
4)('

7#E&G

k6ZW
_6DW
<6QW

7#E&G

Z6D?
W6Z<
<6Q<

7#E&G

Z6?c
_6DW
<6QW

7#E&G

k6Z?
W6ZQ
<6_k

J7n#E&G

Z6D##s#D6?
W6Zk#s#D6Db
<6Q<#s#D6DW

J;n#E:o&G

<6WW#s#D6DW
Q6<k#s#D6Dk
k6W##s#D6?

LF !.8-<88.*()*+)&1")%"8<2&8C

.#O#=/08'#4"($""3#;"#03+#('"#$"%='(#&')*5+#4"#:0+"6

.#F/):#\I6#E<G#$"#)4&"/;"#('0(^
.#4)('#&(/0%='(#5%3"&#&')*5+#%3("/&"2(#)3#('"#')/%C)3(05#0@%&6
.#1/):#('"#&I*0/"./))(#)1#('"#/0(%)#)1#('"#&5)8"&#$"#'0;"#%::"+%0("5,#('"####
/0(%)#)1#('"#:0=3"(%2# ##1%"5+#&(/"3=('&6
.#F)/#('"#04);"#:"0&*/":"3(&#$"#1%3+^



Y0/V%3=#K/"0V+)$3

?##### # ^#?

\I6#E<G ^#?

< N3;"&(%=0(%)3#)1#('"#/03="#%3#$'%2'#('"#&8""+#%&#2)3&(03( ^#<

W >*:4"/#)1#(%:%3=#:"0&*/":"3(&#S?9<9W9666U ^#D9?9<
\//)/#"&(%:0(%)3 ^#D6Q

_ =/08' .#I*05%(, ^#D6Q
.#('"#5%3"&#%3("/&"2(#"02'#)('"/#)3#('"#:0&&.0@%& ^#?
.#2052*50(%)3#)1#K?oK< ^#?
.#\//)/#2052*50(%)3 ^#?


