
Rimini 19-20 Maggio 2011!

La Fisica della Vela 



Nomenclatura 

"!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

3+'1+!

/($))$!

45(6,(+!
71&8(9+:!

;,<&8$!

=$%+!

>8?+!>$@@+!

A(%$'&!



La Spinta del Vento 
•! 45&!?'!$66&B$!@$00+!&00&8&!!"#$%&'#!()*#+),-'!(!C+!

@+8D&!1&,,E&0@&8(&'F+!1(!D?GH!
–! ;<<(+%$!0()?8+%&'D&!9(0D$!.(/+&)*&)/&("'#+-!$!+,D8&!)+8D&!

%?$9&80(!)$'!(,!9&'D$I!

–! ;<<(+%$!0()?8+%&'D&!
)$'0D+D+D$!)5&!J!@(K!
C+)(,&!%?$9&80(!('!
0&%&%+-1#!)$'!(,!,-'!()
'-++#)$%2&-'#!
@(?B$0D$!)5&!)$'!(,!
,-'!()%('!"(I!

#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+! L!



La Spinta del Vento (II) 
•! .+!@$00(<(,(DM!1(!%?$9&8&!&30#"%#4&('&!%&1(+'D&!

,E?N,(FF$!1&,,&!,-+-!J!'$D+!1+(!!-35&)#'6%2&)70(!@&'0(!+!
O,(00&P!+6,(!&6(F(+'(!$!+(!<+<(,$'&0(P!@(K!1(!QRRR!+''(!
C+:I!
–! A?B+9(+!'&(!D&%@(!

+'N)5(!,&!<+8)5&!0(!
%?$9&9+'$!0$,D+'D$!
'-++#)*&"-4&('-)*-+)
,-'!(!&1!&8+!'&)&00+8($!
+B&'1&8&!(,!9&'D$!
6(?0D$!@&8!('(F(+8&!(,!
9(+66($I!

S!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Come Funziona? 
•! O'!)$8@$!(%%&80$!('!?'!T?(1$P!)5&!0(!%?$9&!+!9&,$)(DM!vf!!1(9&80+!

1+,,+!9&,$)(DM!1&,!)$8@$!vcP!J!0$66&B$!+!?'+!C$8F+!U!1&B+!.("4#)*&)
!"#$%&'#3-'!(!$!C$8F+!1(!"-$&$!-'4#)78&*(*&'#3&%#!7+&8$1('+%()+!
$!(18$1('+%()+:!U!!1$9?D+!+,,+!,&$%($&!9!1&,!T?(1$I!
–! .+!C$8F+!1(!D8+0)('+%&'D$!1(@&'1&!1+,,+)*&:-"-'4#)*&),-+(%&!9!D8+!(,!)$8@$!&!(,!

T?(1$I!
–! V&!,&!1?&!,-+(%&!9!0$'$!8/8#+&P!,+!.("4#!1(!D8+0)('+%&'D$!J!'8++#I!
–! V&!,&!1?&!9&,$)(DM!0$'$!1(9&80&!,+!C$8F+!5+!,-"$(!D+,&!1+!!-'*-"-)#*)

#,,&%&'#"-)+-)*8-),-+(%&!9I!

Q!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Come Funziona? (II) 
•! .E('D&'0(DM!1&,,+!C$8F+!1(!D8+0)('+%&'D$)*&5-'*-!('!%$1$)'(')

$-35+&%-!1+,,+!1(W&8&'F+!1(!9&,$)(DMP!('!X?+'D$P!+,!9+8(+8&!1&,,+!
9&,$)(DM!@?Y!+')5&!)+%<(+8&!(,)"-/&3-)1&,!T?00$I!
–! Z&,!8&6(%&!+#3&'#"-!,E('D&'0(DM!1&,,+!C$8F+!J!5"(5("4&('#+-)#++#)*&:-"-'4#)*&)

,-+(%&!9I!
–! ['!)&8N!8&6(%(!!8"0(+-'6!,E('D&'0(DM!1&,,+!C$8F+!J!5"(5("4&('#+-)#+);8#*"#!()

*-++#)*&:-"-'4#)*&),-+(%&!9I!

\!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

3&6(%&!
,+%('+8&!

3&6(%&!9$8N)$0$!
0D+F($'+8($!

3&6(%&!9$8N)$0$!
@&8($1()$!



Come Funziona? (III) 

]!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

•! Z&,,E+'1+D?8+!)$'!,-'!()&')5(55#P!,&!9&,&!0$'$!
^D8+0)('+D&_!1+,!9&'D$I!

•! .&!,-+-!0$'$!0$66&B&!+,,+!.("4#)*&)!"#$%&'#3-'!(!
$!C$8F+!1(!"-$&$!-'4#)#-"(*&'#3&%#I!
–! .+!.("4#!J!'8++#!0&!,&!9&,&!5+''$!,+!$!-$$#),-+(%&!9!

1&,,E+8(+I!
–! .+!<+8)+!'(')58<),&#//&#"-)%('),-+(%&!9)

$85-"&("-)#++#),-+(%&!9)*-+),-'!(I!
•! V&!,+!<+8)+!0(!%?$9&00&!+!9&,$)(DM!0?@&8($8&!+,,+!

9&,$)(DM!1&,,E+8(+P!,+!8&0(0D&'F+!+&8$1('+%()+!0+8&<<&!
1(8&B+!('1(&D8$!&!8+,,&'D&8&<<&!,+!<+8)+I!
–! 2&,&!^+!@+,,$')('$_P!1(!/"#'*-)#"-#P!)5(+%+D&!

^$5&''#=-"_!+?%&'D+'$!,+!C$8F+!1(!D8+0)('+%&'D$!
&!1?'X?&!,+!9&,$)(DM!1&,,+!<+8)+I!

2&,$)(DM!
1&,!9&'D$!

A+'6$'&!

=$%+!

3+'1+!

V@(''+`&8!



Come Funziona? (IV) 

a!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

•! 4$'!(,!9&'D$!('!@$@@+!?'+!<+8)+!9(+66(+!0&%@8&!+!
9&,$)(DM)&'.-"&("-!7'(')8/8#+-:!+,,+!9&,$)(DM!1&,!
9&'D$I!
–! V&!,+!<+8)+!5+!,+!$!-$$#),-+(%&!9)*-+),-'!(P!,+!

"-$&$!-'4#!#-"(*&'#3&%#!1&,,&!9&,&!+,,E+8(+!U!)5&!
D8+0)('+!,+!<+8)+!('!+9+'N!U!J!'8++#P!%&'D8&!,+!
"-$&$!-'4#)&*"(*&'#3&%#)1&,,$!0)+C$!'&,,E+)X?+!J!
1(8&B+!&'*&-!"(H!
•! .+!"&$8+!#'!-!1&,,&!1?&!C$8F&!J!1(8&B+!('1(&D8$!

&!8+,,&'D+!,+!<+8)+I!
–! >&8!@8$)&1&8&!+!,-+(%&!9)%($!#'!-!$))$88&!)5&!,+!

"&$8+!#'!-!1&,,&!C$8F&!0(+!'8++#!7@&8!(,!>>)5"&'%&5&()
*-++#)*&'#3&%#:H!
•! b!'&)&00+8(+!?'+!"-$&$!-'4#)#-"(*&'#3&%#)*&,-"$#)*#)

4-"(!@&8!-;8&+&0"#"-)+#)"-$&$!-'4#)&*"(*&'#3&%#)
*-++?#%;8#P!('!%$1$!)5&!,+!8(0?,D+'D&!1&,,&!1?&!C$8F&!0(+!
'?,,+I!

•! b!'&)&00+8($!)5&!,+!<+8)+!0(!%?$9+!)$'!9&,$)(DM)
&'.-"&("-!+,,+!9&,$)(DM!1&,!9&'D$I!

2&,$)(DM!
1&,!9&'D$!

A+'6$'&!

=$%+!

3+'1+!

V@(''+`&8!



Come Funziona? (V) 
•! ;,!)$'D8+8($P!'(')@)5($$&0&+-!)5&!?'+!<+8)+!,&#//&!

('!1(8&F($'&!-$#1#3-'!-)(55($!#)7+'N@+8+,,&,+:!
+!X?&,,+!1&,!,-'!(I!

•! V&!,+!<+8)+!8(%+'&P!@&8!?'!)&8D$!('D&89+,,$!1(!
D&%@$P!)$'!,+!@8?+!+,!9&'D$P!,&!9&,&!09&'D$,+'$!&!
,+!<+8)+!0(!C&8%+!7$!#++(:I!
–! .+!.("4#!1(!D8+0)('+%&'D$!1&,!9&'D$!+6(0)&!)$'!,-"$()

(55($!()#++#),-+(%&!9)1&,,+!<+8)+!&!1?'X?&!*-%-+-"#!,+!
<+8)+I!

–! b!?'+!)$'1(F($'&!)5&!0(!)&8)+!1(!&9(D+8&I!

–! b!?'+!)$'1(F($'&!)5&!0(!@8&0&'D&!@&8!<8&9(!%$%&'N!&!
)$'!,+!0#"%#)&')3(,&3-'!()7@I!&0I!'&,,+!,&"#!#:I!

2(8+D+!

c!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

2&,$)(DM!
1&,!9&'D$!

VD+,,$!



Vento in Poppa 

dR!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Abbiamo Capito Tutto? 
•! /('$8+!+<<(+%$!)+@(D$!)5&H!
–!O'+!<+8)+!J!!"#$%&'#!#!1+,!9&'D$!+!)+?0+!1&,,+!"-$&$!-'4#)
#-"(*&'#3&%#)1&,,&!9&,&I!

–!O'+!<+8)+!0(!%?$9&!0&%@8&!+!,-+(%&!9)&'.-"&("-)#++#)
,-+(%&!9)*-+),-'!(I!

–!e?+'1$!?'+!<+8)+!0(!%?$9&!1(!3(!()8'&.("3-),+!
8&0(0D&'F+!+&8$1('+%()+!1&,!9&'D$!0?,,&!9&,&!&X?(,(<8+!,+!
8&0(0D&'F+!(18$1('+%()+!1&,,E+)X?+!0?,,$!0)+C$P!('!%$1$!
)5&!,+!"&$8+!#'!-)*-++-).("4-)$&#)'8++#I!

–!O'+!<+8)+!'(')58<),&#//&#"-)('!1(8&F($'&!&0+B+%&'D&!
$@@$0D+!7#'65#"#++-+#:!+,,+!1(8&F($'&!1&,!9&'D$I!

•! ;<<(+%$!)+@(D$!D?B$f!

#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+! dd!



Tre Domande e Tre Risposte: 
Non Abbiamo Capito Tutto! 

•! >?Y!?'+!<+8)+!+!9&,+!%?$9&80(!,-"$()&+),-'!(f!
–! ABP!@?Y!%?$9&80(!g'$!+!)(8)+!CDEFGHE!71(@&'1&'D&%&'D&!1+,!N@$!1(!<+8)+:!

8(0@&B$!+,,+!1(8&F($'&!1+!)?(!@8$9(&'&!(,!9&'D$I!!

•! >?Y!?'+!<+8)+!+!9&,+!
%?$9&80(!)$'!,-+(%&!9)
3#//&("-)*-++#),-+(%&!9)
*-+),-'!(f!
–! ABP!g'$!+!IJH)9$,D&I!

•! >&8)5h!)&8D&!
<+8)5&!'+9(6+'$!
5"-.-"&0&+3-'!-)
,-"$()&+),-'!(f!
–! >&8)5h!('!X?&0D$!

%$1$!@$00$'$!
+'1+8&!5&K),-+(%&I!

da!C$$D&8P!5B@HiijjjIdaC$$D&8I$86i! d"!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Come è Possibile? 
•! ['!0('D&0(P!,+!8(0@$0D+!+,,&!L!1$%+'1&!0D+!'&,!

C+B$!)5&H!
–! O'+!<+8)+!+!9&,+!@?Y!+9&8&!?'E#'*#!8"#)*&,-"$#!

1+!X?&,,+!)5&!+<<(+%$!9(0D$!7,-'!()&')5(55#:P!
)5&!J!1&B+!#'*#!8"#)*&)0(+&'#I!

–! Z&,,E+'1+D?8+!1(!<$,('+!,+!C$8F+!)5&!%?$9&!,+!
<+8)+!'('!J!@(K!,+!.("4#)*&)!"#$%&'#3-'!()$!
"-$&$!-'4#)#-"(*&'#3&%#I!

–! Z&,,E+'1+D?8+!1(!<$,('+!,+!<+8)+!J!%$00+!1+!?'!
+,D8$!N@$!1(!.("4#P!1&B+!5("!#'4#!7,+!0D&00+!)5&!
0$0N&'&!6,(!+&8&(!('!9$,$:I!

dL!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Nomenclatura (Andature) 

dS!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



•! V(!@?Y!0@&8(%&'D+8&!C+)(,%&'D&!,E&W&B$!1&,,+!@$8D+'F+!
D&'&'1$!?'+!3#'()!-$#).8("&)*#+)L'-$!"&'()*&)8'?#8!(!('!
%$D$I!
–! V&!,+!%+'$!J!("&44('!#+-)0(!0&'D&!0$,D+'D$!,+!C$8F+!1(!!"#$%&'#3-'!()

1(8&B+!9&80$!1(&D8$I!

–! V&!0(!&'%+&'#),+!%+'$!0(!0&'D&!+')5&!?'+!0&)$'1+!C$8F+!1(8&B+!9&80$!
,E+,D$!$!9&80$!(,!<+00$!75("!#'4#:I!

La Portanza 

dQ!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Origine della Portanza: la Deflessione 
dell’Aria 

•! 4$'0(1&8(+%$P!@&8!0&%@,()(DMP!?'+!,-+#!)$'!0?@&8g)(&!)(,('18()+!7('!+8+')($'&!
'&,!1(0&6'$:I!

•! ['!@8$00(%(DM!1&,,+!9&,+!U!$&#)&'!-"'#3-'!-P!$&#)-$!-"'#3-'!-)U!0?@@$'(+%$!
)5&!,E+8(+!0(!%?$9+!@+8+,,&,+%&'D&!+,,+!0?@&8g)(&I!

•! .&!5#"6%-++-)*&)#"&#)0(!%?$9$'$!@&8)(Y!1(!3(!()%&"%(+#"-I!
•! k6'(!@+8N)&,,+!('!%$D$!)(8)$,+8&!

@$00(&1&!?'E#%%-+-"#4&('-)%-'!"&5-!#P!
1(8&B+!9&80$!(,!)&'D8$!1(!)?89+D?8+P!#'%2-)
$-)&+)3(!()@)8'&.("3-I!

•! .E+))&,&8+F($'&!)&'D8(@&D+!J!5"(5("4&('#+-)
#+);8#*"#!()*-++#),-+(%&!9!v!&!&',-"$#3-'!-)
5"(5("4&('#+-)#+)"#//&()*&)%8",#!8"#!rH!

d\!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

2&,+!



•! V&!,&!@+8N)&,,&!1(!+8(+!+))&,&8+'$P!&9(1&'D&%&'D&!U!@&8!(,!
A-%('*()M"&'%&5&()*-++#)N&'#3&%#!U!+!&00&!J!+@@,()+D+!?'+!
.("4#!)5&!1&D&8%('+!,E+))&,&8+F($'&I!

•! .+!C$8F+!J!@8$@$8F($'+,&!+,,E+))&,&8+F($'&!&!5+!
,+!0D&00+!1(8&F($'&!&!,$!0D&00$!9&80$H!

•! .+!C$8F+!0?,,&!@+8N)&,,&!1(!+8(+!'$'!@?Y!
)5&!&00&8&!&0&8)(D+D+!1+,,+!9&,+I!

•! Z&!)$'),?1(+%$!)5&!+#),-+#)-$-"%&!#)
$8++?#"&#)8'#).("4#)%-'!"&5-!#H!
–! .+!C$8F+!J!5"(5("4&('#+-!+,,+!3#$$#)*&)#"&#)

*-7-$$#!&!+,!;8#*"#!()*-++#)$8#),-+(%&!9)&!
&',-"$#3-'!-)5"(5("4&('#+-)+,!"#//&()*&)%8",#!8"#I!

Origine della Portanza: la Deflessione 
dell’Aria (II) 

d]!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

2&,+!



Origine della Portanza: la Deflessione 
dell’Aria (III) 

•! >&8!(,!>>>)5"&'%&5&()*-++#)*&'#3&%#!7^@8(')(@($!1(!+F($'&!&!
8&+F($'&_:P!0&!,+!9&,+!&0&8)(D+!0?,,E+8(+!?'+!C$8F+!)&'D8(@&D+!+,,$8+!
+?#"&#)-$-"%&!#)$8++#),-+#)8'#).("4#)%-'!"&.8/#!75("!#'4#:I!

•! Z&,,+!8&+,DM!,&!)$0&!0$'$!?'!@$E!@(K!)$%@,()+D&!
7(,!T?00$!1&,,E+8(+!'$'!J!,+%('+8&P!)(!0$'$!9$8N)(!
,&!9&,&!$!,&!+,(!5+''$!@8$g,(!1(9&80(:!%+!,+!
0$0D+'F+!'$'!)+%<(+H!
–! .+!5("!#'4#)J!5"(5("4&('#+-)+,!;8#*"#!()*-++#),-+(%&!9H!

1$9&!!!J!,+!1&'0(DM!1&,,E+8(+P!v!,+!0?+!9&,$)(DMP!A!J!,E+8&+!
1&,,E+,+!79&,+:!&!Cl!?'!)$&l)(&'D&!+1(%&'0($'+,&!
7%(-O%&-'!-)*&)5("!#'4#:I!

da!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

2&,+!



Origine della Portanza: la Deflessione 
dell’Aria (IV) 

•! #&T&00($'&!1&,,E+8(+!1+!@+8D&!1(!?'E#+#!71(0&6'$!!+!L!1(9&80(!#'/(+&)
*&)#1#%%(!&!C$D$68+g+!)$'!g,&G!1(!C?%$:I!

dc!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Origine della Portanza: la Deflessione 
dell’Aria (V) 

•! N-7-$$&('-!1&,,E+8(+!1+!@+8D&!1&,,&!,-+-!1(!?'+!<+8)+I!

•! V(!$00&89(!)5&!+#)5("!#'4#)P!'$'!J!D8+09&80+,&P!%+!2#)
#'%2-)8'#)%(35('-'!-)&')#,#'6I!

•! V(!8()$81(!('$,D8&!)5&!+#)5("!#'4#)P!J!
5"(5("4&('#+-!+,!;8#*"#!()*-++#)
,-+(%&!9)*-+),-'!(!78(0@&B$!+,,+!<+8)+:I!

"R!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

/($))$!

3+'1+!



Origine della Portanza – Descrizioni 
Fisicamente Errate 

•! V(!D8$9+'$!%$,D&!1&0)8(F($'(!1(9&80&!0?,,E$8(6('&!1&,,+!@$8D+'F+I!
•! VC$8D?'+D+%&'D&!%$,D&!1&0)8(F($'(!)5&!0(!@$00$'$!D8$9+8&!'&,,&!-'%&%+(5-*&-P!

'&(!$&6)P-0!&!@&80('$!('!+,)?'(!+&0"&)*&)!-$!(!0$'$!QRRSTQ!&!)+?0+'$!)$'C?0($'&I!
.&!1&0)8(F($'(!&88+D&!0(!@$00$'$!),+00(g)+8&!'&,,&!0&6?&'N!)+D&6$8(&H!
–! #&0)8(F($'&!%&1(+'D&!,Em?6?+,!D&%@$!1(!D8+'0(D$nP!(,!m@&8)$80$!@(K!,?'6$n!&!

,E&X?+F($'&!1(!=&8'$?,,(I!
–! #&0)8(F($'&!%&1(+'D&!(,!D?<$!1(!2&'D?8(I!
–! #&0)8(F($'&!%&1(+'D&!(,!%$1&,,$!1&,,E+8(+!)5&!8(%<+,F+!0?,,E+,+I!

•! *,(!+?D$8(!1(!X?&0D&!1&0)8(F($'(!+@@,()+'$!('!%+'(&8+!-""#!#!,&!,&66(!1(!Z&jD$'!&!
1(!=&8'$?,,(I!

•! >&8!?'!+@@8$C$'1(%&'D$!1(9?,6+N9$!7('!('6,&0&:!0(!9&1+!(,!0(D$!1&,,+!Z;V;H!
–! 5B@HiijjjI68)I'+0+I6$9ioooip-d"i+(8@,+'&i<&8''&jI5D%,!

•! V(!9&1+!+')5&!,E+8N)$,$!0?,,E;%&8()+'!q$?8'+,!$C!>5r0()0H!
–! pI!o&,D'&8P!!"#$%&'()*$+"$,"-.&/'+'0$+*"$,"12-"'-($34+'%)#"/)5)+6",$(#-P!;%I!qI!

>5r0IP!HH!7d:P!q+'?+8rP!dca]I!

"d!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



9&,+!

1&8(9+!

Due “Ali” in ogni Barca 
•! >&8!8(0+,(8&!(,!9&'D$!?'+!<+8)+!'&)&00(D+!1(!*8-)65&)*&)$85-"L%&)

#-"(*&'#3&%2-!79&,&!$!+,(:H!
–! O'!N@$!J!)$0ND?(D$!1+,,&!,-+-!9&8&!&!

@8$@8(&P!&!('D&8+6(0)$'$!)$'!,E+8(+I!

–! .E+,D8$!N@$!J!)$0ND?(D$!1+,,+!*-"&,#!
('!)&8D&!<+8)5&!$!,+!%2&/+&#!('!+,D8&!
<+8)5&!&!('D&8+6(0)$'$!)$'!,E+)X?+I!

""!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Le Forze nell’Andatura di Bolina 

•! .+!"&$8+!#'!-)1&,,+!@$8D+'F+!
1&,,&!9&,&!&!1&,,+!@$8D+'F+!
1&,,+!1&8(9+H!

J!?'+!.("4#)*&"-1#)&')#,#'6I!

•! e?+'1$!,+!<+8)+!J!+!8&6(%&!
7)($J!0(!%?$9&!1(!3(!()
8'&.("3-:!D+,&!C$8F+!Ptot!
&X?(,(<8+!,&!C$8F&!1(!8&0(0D&'F+I!

"L!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!

g$))$!

8+'1+!

1&8(9+!
$!

)5(6,(+!

1(8&F($'&!1(!
+9+'F+%&'D$!



Il Vento Apparente 
•! 2(+66(+'1$!)$'!?'!%$D$0)+C$!+!%$D$8&!)$'!%#+3#)*&),-'!(!0(!

5-"%-5&$%-)8'),-'!()5"(,-'&-'!-)*#)5"8#I!
–! e?&0D$!@&8)5h!,E+8(+!J!('!;8&-!-!'&,!A&$!-3#)*&)

R&.-"&3-'!(!7V13:!1&,,+!A&88+!$!1&,,E+)X?+P!%+!J!
('!3(!(!'&,!A*R!1&,!%$D$0)+C$I!

•! ['!@8&0&'F+!1(!?'!9&'D$!8&+,&P!,+!9&,$)(DM!
v"v!1&,!9&'D$!'&,!V13!1&,,+!<+8)+!
7^,-'!()#55#"-'!-_:P!J!,+!*&:-"-'4#!
D8+!,+!9&,$)(DM!vv!1&,!9&'D$!'&,!V13!1&,,+!
A&88+!7^,-'!()"-#+-_:!&!,+!9&,$)(DM!vb!1&,,+!
<+8)+!'&,!V13!1&,,+!A&88+H!

•! .+!)$%@$0(F($'&!1&,,&!9&,$)(DM!J!&9(1&'D&!
'&,!)+0$!1(!9&'D$!('!@$@@+I!

"S!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Il Vento Apparente (II) 
•! .+!)$%@$0(F($'&!1&,,&!9&,$)(DMH!

1&9&!$99(+%&'D&!&00&8&!,+!0D&00+!'&,,E+'1+D?8+!)$'!9&'D$!('!@$@@+!
! ! ! ! ! ! !&!'&,,E+'1+D?8+!1(!<$,('+I!

•! Z&,,E+'1+D?8+!1(!<$,('+!$))$88&!D?B+9(+!
@8&0D+8&!+B&'F($'&!+,,+!
*&:-"-'4#),-1("&#+-!1&,,&!9&,$)(DMI!

•! .+!9&,$)(DM!1&,!9&'D$!+@@+8&'D&!
8(0?,D+!@&8)(Y!$85-"&("-!+!
X?&,,+!1&,!9&'D$!8&+,&I!

•! ['$,D8&!,+!*&"-4&('-!1&,!
9&'D$!+@@+8&'D&!8(0?,D+!
1(9&80+!1+,,+!1(8&F($'&!1&,!
9&'D$!8&+,&I! "Q!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Il Vento Apparente (III) 
•! >$()5hH!

dI! [,!9&'D$!@?Y!+9&8&!?'+!9&,$)(DM!
+@@+8&'D&!3(+!()$85-"&("-)+,,+!9&,$)(DM!
8&+,&s!

"I! .+!5("!#'4#!J!@8$@$8F($'+,&!+,!;8#*"#!()
*-++#),-+(%&!9)#55#"-'!-!1&,!9&'D$s!

•! V(!@?Y!)+@(8&!)$%&!0(+!@$00(<(,&!)5&!
?'+!<+8)+!9(+66(!71(!<$,('+!$!1(!
D8+9&80$:!)$'!,-+(%&!9!$85-"&("-!+,,+!
,-+(%&!9)*-+),-'!(I!

•! V(!)+@(0)&!+')5&!)$%&!1(!0(+&'#!$!1(!
!"#,-"$(!,+!9&,$)(DM!@$00+!&00&8&!
$85-"&("-!+,,E+'1+D?8+!)$'!,-'!()&')
5(55#I!

"\!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Vela sul Ghiaccio 
•! =+00$!+B8(D$!8+1&'D&I!
•! tW&B$!9&'D$!+@@+8&'D&I!
•! e?&0D$!9&()$,$!0(!@?Y!%?$9&8&!N@()+%&'D&!+!GFU),(+!-)+#),-+(%&!9)*-+),-'!(!&!

g'$!+!VD)'(*&I!
–! 7+1-(+'0$+'/"89"7#-":'#21";'#)+6"!**$#)'0$+P!5B@HiijjjI(1'(r8+I$86iI!

"]!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Conclusioni 
•! ;<<(+%$!9(0D$!('!X?&0D+!@8&0&'D+F($'&!,&!C$8F&!)5&!

%?$9$'$!?'+!<+8)+!+!9&,+I!['!@+8N)$,+8&!+<<(+%$!9(0D$H!
–! 45&!'&,,E+'1+D?8+!)$'!,-'!()&')5(55#)?'+!<+8)+!J!%$00+!1+,,+!
"-$&$!-'4#!$!.("4#)*&)!"#$%&'#3-'!()1&,,&!9&,&I!

–! 45&!'&,,E+'1+D?8+!1(!0(+&'#!?'+!<+8)+!J!%$00+!1+,,+!5("!#'4#!
1&,,&!9&,&!&!1&,,+!1&8(9+I!

"a!#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+!



Domenico Galli 
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t-%+(,H!
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#$%&'()$!*+,,(!-!.+!/(0()+!1&,,+!2&,+! "c!
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