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L e s s o n  P l a n :  S o l a r  &  L u n a r  E c l i p s e s  

Background 
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"#$!%&'(#!)*!&!+,&-$(!(#&(.!(/0$(#$'!1)(#!*$2$-!/(#$'!+,&-$(*.!3/'4* !/5' !*/,&'!*6*($4 !)-!1#)7#!&,,!/3!(#$!+,&-$(*!'$2/,2$!
&'/5-8!(#$!95- :!"#$!()4$!(#&(!)(!(&;$*!3/'!(#$!%&'(#!(/! '$2/,2$!&'/5-8!(#$!95-!)*!<=>!8&6*.!/' !/-$!6$&':!"#$!%&'(#!&,*/!
'/(&($* !&'/5-8! )(*!/1-!&?)* .!4&;)-0!&!7/4+,$($!' /(&()/- !$2$'6!@A!#/5'*.!/' !/-$!8&6:!"#$!%&'(#!#&*!/-$! B //-.!1#)7#!
' $2/,2$*!&'/5-8!(#$!%&'(#!/-7$! $2$'6!4/-(# .!/'!&++'/?)4&($,6!$2$'6!<C!8&6*:!"#$!' $2/,5()/-!/3!(#$!B //-!&'/5-8!(#$!
%&'(#!)*!-/(!+$'3$7(,6!7)'75,&'.!D5(!)(!3/,,/1*!&-!$,,)+()7&,!E/'!/2&,F*#&+$8G!+&(#:!H#$- !(#$)'!'$2/,5()/-*!7&5*$!(#$!95-.!
%&'(#!&-8!B//- !(/!D$!&,)0-$8.!*+$7)&,!$2$-(*!7&,,$8!I eclipsesJ!/775':!K!solar eclipse /775'*!1#$-!+&'(!/'!&,,!/3!(#$!95-!)*!
D,/7;$8!/5(!D6!(#$!B //- !&*!2)$1$8!3'/4!(#$!%&'(#!EFigure 1G:!"#)*!/775'*!/-!&2$'&0$!LF@!()4$*!+$'!6$&'!E*$$!Note 1!3/'!
*/,&'!$7,)+*$*!)-!@C@CF@C@LG:!K!total solar eclipse /775'*!1#$- !(#$!$-()'$!95-!)*!D,/7;$8!D6!(#$!B //-!85$!(/! (#$!
&,)0-4$-(!/3!(#$!95-.!%&'(#!&-8!B //- .!&-8!&!partial solar eclipse /775'*!1#$-!/-,6! +&'(!/3!(#$!95-!)*!D,/7;$8!D6!(#$!
B //-! 1#$-!)(!7'/** $*!(#$!+&(#!/3!(#$!,)0#(!/3!(#$!95- !/-(/!%&'(# :!M/5'!,/7&()/-!/-!%&'(#!&(!(#$!()4$!/3!(#$!$7,)+*$!
8$($'4)-$*!1#$(#$'!6/5! *$$!&!(/(&,!/'!+&'()&,!$7,)+*$:!K-! annular solar eclipse /775'*!1#$-!(#$!B //-!)*!&(!)(*!3&'(#$*(!
+/)-( !)-!)(*!$,,)+()7&,!+&(#!/3!/'D)(!&'/5-8 !(#$!%&'(#.!*/!)(!)*!/-,6!7&+&D,$!/3!D,/7;)-0!/5( !+&'(!/3!(#$!95- .!,$&2)-0!(#$!
+$')+#$'6!/3!(#$!95-!*(),,!2)*)D,$:! 
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Figure 1 Solar Eclipse 
"#$ B//-!)*!D$(1$$-!
(#$!95-!&-8!%&'(#!85')-0!
&!*/,&'!$7,)+*$:!
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K!lunar eclipse!/775'*!85')-0!&!35,,!B //- !&*!(#$!B //-!+&**$*!(#'/50#!(#$!%&'(#S*!*#&8/1!&-8!*5- ,)0#(!/-!(#$!B//-! )*!
D,/7;$8!D6!(#$!%&'(#!EFigure 2G:!"#)*!8)33$'*!3'/4!&!*/,&'!$7,)+*$P!)-*($&8!/3!(#$!B //-!D,/7;)-0! ,)0#(!3'/4!(#$!95-!/- (/!
%&'(#.!(#$!%&'(#!D,/7; *!,)0#(!3'/4!(#$!95- !/-(/!(#$!B//- .!*/!(#&(!(#$!B //- !7&--/(!D$!*$$-!3'/4!%&'(#:!K!penumbral 
lunar eclipse!/775'*!1 #$-!(#$!95-.!%&'(#!&-8!B//-!&'$!-/(!35,,6!&,)0-$8!&-8!(#$!B//-!+&**$*!(#'/50# !(#$!*#&8/1!/3!
(#$!%&'(#.!D5(!)(!8/$*!-/(!+&**!(#'/50#!(#$!8&';$*(!+&'(!/3!(#$!%&'(#S*!*#&8/1:!K!total lunar eclipse /775'*!1#$- !(#$!
$-()'$!4//-!)*!)-!(#$!%&'(#S*!8&';$*(!*#&8/1:!K!partial lunar eclipse!/775'*!1#$-! /-,6! +&'(!/3!(#$!B //-!)*!1)(#)-!(#$!
%&'(#S*!8&';$*(!*#&8/1:!N5-&'!$7,)+*$*!5*5&,,6!/775'!&'/5-8! @F<!()4$*!+$'!6$&'!E*$$!Note 2!3/'!,5-&'!$7,)+*$*!)-!@C@CF
@C@LG:!
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T-!(#)*!,$**/-!+,&- .!1$!1),,!4/8$ ,!(#$!4/2$4$-( *!/3!(#$!%&'(#!&-8!B //- !'$,&()2$!(/!(#$!95-!85')-0!&!*/,&'!&-8!,5-&'!
$7,)+*$:!H$!1),,!&,*/!4&;$!&!+)-#/,$!7&4$'&!(/!*#/1!(#$!#/1!,)0#(!3'/4!(#$!95-!/-(/!(#$!%&'(#!)*!D,/7;$8!D6!(#$!B//-!
85')-0!&!*/,&' !$7,)+*$!&-8!8$4/-*('&($!#/1!(/!2)$1!&!*/,&'!$7,)+*$ !*&3$,6:!
!
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Objectives & Grade Level 
T,,5*('&($!(#&(!(#$!%&'(#!'$2/,2$*!&'/5-8! (#$!95-!&-8!(#&(!(#$!B//-!'$2/,2$*!&'/5-8!(#$!%&'(#.!&-8!#/1!(#$!+/*)()/-*! /3!
(#$!95-.!%&'(#!&-8!B//-!1)(#!'$*+$7(!(/!/-$!&-/(#$'!7&-! 7&5*$!*/,&'!&-8!,5-&'!$7,)+*$*:!U$4/-*('&($! #/1! (/!4&;$!&!
*&3$!2)$1$'!3/'!&!*/,&'!$7,)+*$:!K++'/+')&($!3/'!4)88,$!*7#//,!(/!3)'*(!6$&'!#)0#!*7#//,!*7)$-7$!7,&**$*:!

Figure 2 Lunar Eclipse 
"#$ %&'(#!)*!D$(1$$-!(#$!
95-!&-8!B//-!85')-0!&!
,5-&'!$7,)+*$:!
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Materials 
B/8$, !/3!(#$!95-.!%&'(#!&-8!B//- !

¥! 9+#$'$*!3/'!(#$!95-.!%&'(#!&-8!B//-!E$:0:.!<!*(6'/3/&4!*+#$'$* !/3!8)33$'$-(!*)V$*W!*$$!Note 3!3/' !'$,&()2$!*)V$*!
/3!(#$!95-.!%&'(#!&-8!B//-G!

¥! H//8!*(')+*! (/! *5++/'(! (#$!+,&-$(*!E$:0:.!3'/4!&!'$767,)-0!*(/'$G!
¥! 9(')-0!(/!*5*+$-8!(#$!+,&-$(*.!XLC!3(W!#//;*!4&8$!3'/4!D$-(!+&+$'!7,)+*W!0,5$!
¥! M&'8!*()7;!(/!4$&*5'$!+,&-$(!8)&4$($'*!&-8!8)*(&-7$*!/3!(#$!+,&-$(!3'/4!/-$!&-/(#$' !

!

9)45,&()/-!/3!9/,&'!%7,)+*$!
¥! N)0#(!*/5'7$!Y!3,&*#,)0#(!/'!7$,,!+#/-$!,)0#(!
¥! Z&4$'&!E$:0:.!7$,,!+#/-$!7&4$'&G!

!

9/,&'!%7,)+*$![ )$1$'!
¥! Z&'8D/&'8!D/?.!4$8)54!*)V$!
¥! 94&,,!*\5&'$!&,54)-54!3/),.!X!@!)-!?!@!)-!
¥! O)-!/'!(#54D!(&7;.!*7)**/'*.!97/(7#!(&+$!!
¥! H#)($!+&+$'.!L!*#$$(!
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Procedure 
Model of the Sun, Earth and Moon 

L:! U$*)0-!&!4/8$,!/3!(#$!+,&-$(*!5*)-0!1//8!*(')+*!&*!*5++/'(*!&-8!*(')-0!(/!*5*+$-8!(#$!+,&-$(*.!&*!*#/1-!D$,/1!
)-!Figure 3!E*$$!Note 4)P!
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Figure 3 Model of the Sun, Earth 
and Moon "#'$$!*+#$'$*!&'$!
*5*+$-8$8!D6!*(')-0!3'/4!1//8!
*(')+*!*/!(#&(!(#$!%&'(#!&-8!B//- !
7&-!'$2/,2$!&'/5-8!(#$!95-!&-8!
(#$!B//-!7&-! '$2/,2$!&'/5-8!(#$!
%&'(#:!
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@:! K**$4D,$!(#$!4/8$,.!4&;)-0!*5'$! (#&(!(#$!%&'(#!&-8!B//-!7&-!$&7#! ' $2/,2$!&'/5-8!(#$!-$?(!,&'0$'!*+#$'$.!&*!
1$,,!&*!'/(&($!&'/5-8! )(*!/1-!&?)*: !T3!6/5!&'$!#&2)-0!+'/D,$4*!1)(#!(#$!&**$4D,6.!6/5!7&-!*)4+,6!+/*)()/-!(#$!
*+#$'$*!/-!&!*5'3&7$.!&*!*#/1-!D$,/1.!&-8!4/ 2$!(#$4!'$,&()2$!(/!/-$!&-/(#$' P!
!
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Simulation of Solar Eclipse 
 

L:! ]*)-0!&!*4&,,!3,&*#,)0#(!/'!&!7$,,!+#/-$!,)0#(.!+'/^$7(!,)0#(!3'/4!(#$!95-!/-(/!(#$!%&'(#!1#),$!'/(&()-0!(#$!B//-!
&'/5-8!(#$!%&'(#:!!

At which position of the planets does the Moon block light from the Sun onto the Earth?![)$1!(#$!(#'$$!+,&-$(*!
3'/4!(#$!*)8$!(/!*$$!(#$!'$,&()2$!7/-3)05'&()/-!/3!(#$!(#'$$!+,&-$(*:!!Are the planets aligned with one another? 
 

Where would you have to be standing on your model of Earth to see a total eclipse of the Sun? Where would you 
have to be standing to see a partial eclipse of the Sun? 
 

@:! _/(&($!(#$!+,&-$(*!'$,&()2$!(/!/-$!&-/(#$'!(/!3)-8!(#$!7/-3)05'&()/-!)-!1#)7#!(#$!%&'(#!D,/7;*!,)0#(!3'/4!(#$!95-!
/-(/!(#$!B//-:! How does this configuration of the planets differ from that in which the Moon blocks light from the 
Sun onto the Earth?!

!

Where would you have to be standing on your model of Earth to see a total eclipse of the Moon? Where would 
you have to be standing to see a partial eclipse of the Moon? 
 

Where would the Moon have to be relative to the Earth and Sun for you to see a penumbral lunar eclipse in 
which the Moon passes through the Earth’s shadow but not through the darkest part of the Earth’s shadow? 
 

!
Solar Eclipse Viewer 
 

`')0#(!,)0#(!3'/4!(#$!95-!7&-!D$!#&'435,.!7&5*)-0!*5-D5'-*!&-8!8&4&0$!(/!6/5'!*;)- :!M/5'!$6$*!&'$!457#!4/'$! *$-*)()2$!
(/!D')0#(!*5-,)0#(!(#&-!6/5'!*;)- !&-8.!D$7&5*$!/3!(#)*.!)(!)*!-/(! *&3$!(/!,//;!8)'$7(,6!)-(/!(#$!95-!$2$-!3/'!&!*#/'(!()4$ !
1)(#/5(!+'/($7( )-0 !6/5'!$6$*!3'/4!8&4&0$!D6!(#$!95-:!"#)*!4&;$*!2)$1)-0!&!*/,&'!$7,)+*$!+'/D,$4&()7.!&*!6/5!1),,!1&-(!
(/!,//; !&(!(#$!95-!(/!*$$!1#$-!(#$!B//-!D,/7;*!(#$!,)0#(!3'/4!(#$!95- :!a/1$2$'.!)(!)*!+/**)D,$!(/!2)$1!&!*/,&'!$7,)+*$!
*&3$,6!1)(#!&!*+$7)&,!9/,&'!%7,)+*$![)$1$':!"#)*!2)$1$'!7&-!D$!$&*),6!4&8$!3'/4!& !7&'8D/&'8!D/?!&-8!&,54)-54!3/),!*/!
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(#&(!6/5!7&-!1&(7#!(#$!B //-!+&**)-0!D$(1$$-!(#$!95-!&-8!%&'(#!85')-0!(#$!*/,&'!$7,)+*$!1)(#/5(!,//;)-0!8)'$7(,6!&(!(#$!
95-!&-8!#5'()-0!6/5'!$6$*:!
!
"/!4&;$!&! 9/,&'!%7,)+*$![ )$1$' !EFigure 4AG.!3/,,/1!(#$!*($+*!D$,/1P!
!

1. "&;$!&!4$8)54 F*)V$8!7&'8D/&'8!D/?!&-8!75(!(1/! *4&,,!$6$F*)V$8!#/,$* !/3!Xb!)-7#!8)&4$($'!)-!/-$! $-8!/3!(#$!
D/?.!+/*)()/- )-0!(#$!#/,$*!*/!(#&(!6/5!7&-!,//;!(#'/50#!&!#/,$!1)(#!/-$!$6$!&-8!&!3')$-8!7&-!,//;!(#' /50#!(#$!
/(#$'!#/,$!&(!(#$!*&4$!()4$:!Be careful not to hurt your hand with the scissors! If you have trouble with this step, 
ask a parent or your teacher to help you make the holes. 
 

@:! Z5(!&!c! )-7#!D6!c !)-7#!*\5&'$!)-!(#$!*&4$!$-8!/3!(#$!D/?:!
!

<:! Z/2$' !(#$!#/,$!1)(#!*4&,,!*\5&'$ !/3!&,54)-54!3/),!/3!&++'/?)4&($,6!@!)-7#$*!D6!@!)-7#$*.!(&+)-0!(#$!$80$*!(/!(#$!
D/?:!O/;$!&!*4&,,!#/,$!)-!(#$!&,54)-54!3/),!1)(#!&!+)-!/'!(#54D! (&7;:!Be careful not to poke your finger! !
 

A:! "&+$!1#)($!+&+$'!/-(/!(#$!)-*)8$!/3!(#$!D/?!/-!(#$!*)8$!/++/*)($! (/!(#$!$6$!#/,$*:!M/5!*#/5,8!D$!&D,$!(/!*$$!&-!
)4&0$!/3!(#$!$7,)+*$!/-!(#$!1#)($!+&+$'!&(!(#$!D&7;!/3!(#$!D/?!1#$-!6/5!*(&-8!1)(#!6/5'!D&7;!(/!(#$!95- !&-8!
,//;!)-(/!(#$!9/,&'!%7,)+*$![)$1$'!(#'/50#!/-$!/3!(#$!$6$!#/,$*! &-8!(#$!,)0#(!$-($'*!(#$!+)-#/,$!EFigure 4BG:!
K-/(#$'!1&6!/3!2)$1)-0!&-!$7,)+*$!*&3$,6!)*!(/!,//; !&(!(#$!*)8$1&,;!5-8$'!&!,$&36!('$$P!(#$!*4&,,!0&+*!D$(1$$-!
(#$!,$&2$*!&7(!,);$!(#$!+)-#/,$!)-!(#$!9/,&'!%7,)+*$![)$1$'!*/!(#&(!*5-, )0#(!+&**)-0!(#'/50#!(#$!,$&2$*!1),,!
+'/857$!4 &-6!)4&0$*!/3!(#$!B//-! +&**)-0!)-!3'/-(!/3 !(#$!95-!EFigure 4CG:!K!+)-#/,$!7&4$'&!1)(#/5(!&-!
$-7,/*$8!D/?!7&-!&,*/!D$!5*$8!(/!+'/^$7(!)4&0$*!/3!&!*/,&'!$7,)+*$!/-(/!&!*#$$(!/3!1#)($!+&+$'!EFigure 4DG:!

!

>:! "$*(!6/5'!2)$1$'!D6!&*;)-0!&!3')$-8!(/!*#)-$!&!3,&*#,)0#(!/'!,)0#(!3'/4!&!7$,,!+#/-$!/-(/!(#$!+)-!#/,$!1#),$!6/5!
&-8!&-/(#$'!3')$-8!,//;!(#'/50#!(#$!$6$!#/,$*!&(!(#$!1#)($!+&+$'!E/'!6/5!7&-!D,/7;!(#$!/(#$'!$6$!#/,$!1)(#!(#$!
)-*)8$!3,&+!/3!(#$!7&'8D/&'8!D/?G:!
 

What do you see? 
!

d/1!&*;!6/5'!3')$-8! 1)(#!(#$!,)0#(!(/!#/,8!(#$!B//-!3'/4!6/5'!4/8$,!/3!(#$!95-.!%&'(#!&-8!B//-!D$(1$$-!(#$!
,)0#(!&-8!6/5!*/!(#&(!(#$!,)0#(!)*!+&'()&,,6!/'!7/4+,$($,6 !D,/7;$8:!"#)*!*)45,&($*!(#$!+$&;!/3!&!*/,&'!$7,)+*$:!
!

What do you see when you look at the white paper at the back of the box through the eye hole? See Figure 4B 
for an example of what you might see. 
 

e)-&,,6.!&*;!6/5'!3')$-8!(/!#/,8!(#$!,)0#(!&-8!4/2$!(#$!B//-!(#'/50#!(#$!,)0#(!+&(#.!1#),$!6/5!&-8!&-/(#$'!
3')$-8!,//;!)-(/!(#$!2)$1$':!"#)*!*)45 ,&($*!(#$!4/2$4$-(!/3!(#$!B//-!85')-0!&!*/,&'!$7,)+*$: !
!

Can you see the partial silhouette of the Moon as it passes in front of the light and then forms a mirror image 
silhouette on the other side of the light? 
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Notes 
!

L:!9/,&'!%7,)+*$!U&($*!E*$$!#((+*Pff111:()4$&-88&($:7/4f$7,)+*$f,)*(:#(4,G!
!

Solar Eclipse Date Location 
K--5,&'!%7,)+*$! g5-$!@L.!@C@C! K3')7&!EZ$-('&,!K3')7&-!_$+5D,)7.!Z/-0/.!%(#)/+)&G.!O&;)*(&-.!T-8)&.!Z#)-&!
"/(&,!%7,)+*$! U$7!LA.!@C@C! 9/5(#!K4$')7&!EZ#),$.!K'0$-()-&G.!O&7)3)7!h7$&-.!K(,&-()7!h7$&-!
K--5,&'!%7,)+*$! g5-$!LC.!@C@L! _5**)&.!i'$$-,&-8.!Z&-&8&!
"/(&,!%7,)+*$! U$7!A.!@C@L! K-(&'7()7&!

!
@:!N5-&'!%7,)+*$!U&($*!E*$$!#((+*Pff111:()4$&-88&($:7/4f$7,)+*$f,)*(:#(4,G!
!

Lunar Eclipse Date Location 
O$-54D'&,!%7,)+*$! g5-$!>.!@C@C! K*)&.!K5*('&,)&.!%5'/+$.!K3')7&!
O$-54D'&,!%7,)+*$! g5,6!>.!@C@C! d/'(#!K4$')7&.!9/5(#!K4$')7&.!K3')7&!
O$-54D'&,!%7,)+*$! d/2!<C.!@C@C! d/'(#!K4$')7&.!9/5(#!K4$')7&.!K5*('&,)&.!K*)&!
"/(&,!%7,)+*$! B&6!@=.!@C@L! K5*('&,)&.!d/'(#!K4$')7&.!9/5(#!K4$')7&.!K*)&!!

Figure 4 Solar Eclipse Viewer AG %7,)+*$!2)$1$'!4&8$!3'/4!&!7&'8D/&'8!D/?!
Ej b !)-@!/+$-)-0 G:!95-,)0#(!(#' /50#!(#$!+)-#/,$!3/'4 *!&-!)4&0$!/-!(#$!+&+$'!)-!
(#$!D/?!1#)7#!)*!2)$1$8!(#'/50#!(#$!$6$!#/,$*:!BG!9/,&'!$7,)+*$!*)45,&($8!D6!
*#)-)-0!&!D')0#(!,)0#(!/-(/!&!+,&-$(!'$+'$*$-()-0!(#$!B//- W!(#$!,)0#(!$-($'*!
(#'/50#!(#$!+)-#/,$ !&-8!)*!2)$1$8!(#'/50#!&-!$6$!#/,$: CG!9/,&'!$7,)+*$!2)$1$8!
(#'/50#!,$&2$*!/3!&!('$$!/'! DG!D6!+'/^$7()-0!(#$!)4&0$!3'/4!&!+)-#/,$!7&4$'&!
/-(/ !&!*#$$(!/3!+&+$'!1)(#/5(!&!D/?!E+#/(/*!)-! C!&-8!D!D6!9:!a&-!Q!N:!e$$.!
*#/1- !1)(#!+$'4)**)/- G:!
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<:!_$,&()2$!9)V$*!&-8!U)*(&-7$*!/3!(#$!95-.!%&'(#!&-8!B//- !
 

Planet Diameter (D) D, Relative to Moon D 
B//-! ! <.Ak=!km! L!
%&'(#!! L@.k>=!km! X<:>!
95-! L.<l@.CCC!km! XACC!
!  

Distance (d)!
!

d, Relative to Moon D 
%&'(#!(/ !B//- ! <jA.CCC!km! XLLC!
%&'(#!(/ !95-! L>C.CCC.CCC!km! XA<.CCC!

 
A:!H$!5*$8!&!<U!+')-($'!(/!4&;$!*+#$'$*!'$+'$*$-( )-0!(#$!95-.!%&'(#!&-8!B//-!1)(#!8)&4$($'*!/3!Lk>!44 .!>k!44 !&-8!
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Figure 5 Model of Sun, Earth and Moon During a Solar and Lunar Eclipse  
AG!"#$!%&'(#!E0'$$-!*+#$'$G.!B//-!E*4&,,!/'&-0$!*+#$'$G!&-8!95-!E,&'0$!
/'&-0$!*+#$'$G!&'$!&,)0-$8!85')-0!*/,&'!&-8!,5-&'!$7,)+*$*:!"#$!B//-!)*!
D$(1$$-!(#$!%&'(#!&-8!95-!85')-0!&!*/,&'!$7,)+*$!E,$3(G.!&-8!(#$!%&'(#!)*!
D$(1$$-!(#$!B//-!&-8!95-!85')-0!&!,5-&'!$7,)+*$!E')0#(G:!BG!"#$!B//-!
'$2/,2$*!&'/5-8!(#$!%&'(#!&-8!$&7#!'/(&($*!&'/5-8!)(*!/1-!&?)*!)-!/5'!4/8$,!
/3!(#$!+,&-$(*!E*$$!%&'(#B//-%7,)+*$:4/2G.!&-8!(#$!%&'(#!1)(#!(#$!B//-!7&-!
' $2/,2$!&'/5-8!(#$!95-: !K!*4&,,!1$)0#(!E1#)($!&''/1G!+'/2)8$*!D&,&-7$!3/'!
(#$!B//- :!"#$!+,&-$(*!1$'$!*5*+$-8$8!D6!*4&,,!#//;*!4&8$!3'/4 !D$-(!
+&+$'!7,)+!+)$7$*!(#&(!1$'$!0,5$8!(/!(#$!*+#$'$*!&-8!*5*+$-8$8!D6!*(')-0!
3'/4!1//8!*(')+* :!U)*(&-7$*!/3!(#$!+,&-$(*!'$,&()2$!(/!/-$!&-/(#$'!&'$!-/(!(/!
*7&,$:!



!
!
!
!
!
N $ * * / - ! O , & - P !9 / , & ' ! Q ! N 5 - & ' ! % 7 , ) + * $ *! O & 0 $!R!8 
!
!
!

!

Accompanying Files 
  
<UO,&-$(*:*(,!!!!!!!!!!!!!!!!!!!!!!!!!9"N!3),$!3/'!<U!+')-()-0!+,&-$(*!
!!

%&'(#B//- %7,)+*$:4/2 !!!!!!!B/2)$!*#/1)-0! 4/8$,!/3! %&'(#!'/(&()-0!&*!(#$!B//-!'$2/, 2$*!&'/5-8!(#$!%&'(#!
!

 
Acknowledgements 

H$!(#&-;! O'/3!B)7#&$,!"'/?$,!/3!U5;$!]-)2$'*)(6!3/'! '$2)$1)-0!(#)*!,$**/-!+,&-!&-8!+'/2)8)-0!7/44$-(*!(#&(!1$'$!5*$8!
(/!)4+'/2$ !(#$!+'$*$-( &()/- :!"#)*!,$**/-!+,&-!1&*!1')(($-!&*!+&'(!/3!̀ '/&8$'!T4+&7(*!/3!'$*$&'7#!*5++/'($8!D6!(#$!
d&()/-&,!97)$-7$!e/5-8&()/-!5-8$'!i'&-(!d54D$'!ZBBT!L==Cl@A!(/!9:K:%:!K-6!/+)-)/-*.!3)-8)-0*.!&-8!7/-7,5*)/-*!/'!
'$7/44$-8&()/-*!$?+'$**$8!)-!(#)*!,$**/-!+,&-!&'$!(#/*$!/3!(#$!&5(#/'*!&-8!8/!-/(!-$7$**&'),6!'$3,$7(!(#$!2)$1*!/3!(#$!
d&()/- &,!97)$-7$!e/5-8&()/-:! 

 
Authors  
!

_$D$77&!U:!a/0$1//8 !
O'&((!97#//,!/3!%-0)-$$')-0.!Z,&**!/3!@C@@!
U5;$!]-)2$'*)(6 !
!

9#&'6-!K:!%-8/1.!O#:U:!
O'/3$**/'!/3!Z$,,!`)/,/06 !
U5;$!]-)2$'*)(6!B$8)7&,!Z$-($'!
!
Z/+6')0#(!p!@C@C!D6!`)/+#6*)7&,!9/7)$(6:!K,,!')0#(*!'$*$'2$8:!


