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(*2&M/6/%"6[2&6/'Y6

∆φ P T
[U\ ][U\ ][U\ ][U\ ]

 ^`_ A�?.abBdceBd@%C _gf,_ih�h�j�kmlilnk a k.o @ _gl apBdqrBsabB�A�t huovk.o BwA l#_ apB�q _ C ovk.h B^`_ A�?.abBdceBd@%C _gf,_ih�h�j�kmlilnk a k.o @ _gl apBdqrBsabB�A�t huovk.o BwA l#_ apB�q _ C ovk.h B^`_ A�?.abBdceBd@%C _gf,_ih�h�j�kmlilnk a k.o @ _gl apBdqrBsabB�A�t huovk.o BwA l#_ apB�q _ C ovk.h B^`_ A�?.abBdceBd@%C _gf,_ih�h�j�kmlilnk a k.o @ _gl apBdqrBsabB�A�t huovk.o BwA l#_ apB�q _ C ovk.h B
ÃWD"(*-&-&(*� (*'+6G!3-8./� �"0?.&2&'+(3%4.GxÅ016/%"'+6�!E�"01�"%4.L(ÅZ&#&./%"%46�#&'+�R%"�4IJIy(*'+6�-&./��%4.G01�R!3#8� .
� �"a+%4./!$!$6/01./'+�@�"A*C&.>{YA*a+�yxEØ�T"Ùµ~1./=>xo0?6/!$'+�@(*'+6z!$A3C&.&0?(*'+�"A3(*0?.&2&'+.B�42B�W�"M/#&�@(<�/T4Ù�T
ÃWD"#&2&�"A3(Q=&�4a+a+./�@./2&IJ(QxQA*C8./XW(*=&.&!$!$6/XV�"%V!$�R!$'+./01(Q=&�O-&6/%"(*� �"IJIE(*'+6&� �W�"2&A*�@6/A*�"(*'+�OUUN"NO}ON
2&6/2u\&�"./2&.�a+(*'+'+6��@#&6/'+(*�w.�0?(Â\&�4.&2&.ua+(*'+'+6u6&!3A*�"%"%4(*�@.u(*'+'+6/�@2&6�(*=�#&2�=/(*'+6u(*2&M/6/%"6
φ P A*6/2Â#&2&D"(*0?-8�4./IJIJ([=&�W0?6/=&#&%4(*IJ�"6/2&.

φ
E
F�G

≈
Ù�Ð@TfUW./��-&� 6/=&#&� � .Â'+(*%4.�6&!$A*�4%R%4(*IJ�"6/28.

(*K/K/�"(30?6LA*6/%"%"./M/(*'+6L�"%d!E�"!$'Y.80?(z(*=Å#&2Å(*%"'+6/-&(*�@%4(*2&'+.L=&�þ-&6/'+.&2&IE(z{YØ�Ï�Ï{zt� 01!$~
6/-&./�@(*2&'+.u(�K/(*!$!$(�a+�@./Z/#&./28IE(Â{}|,~��w���m�.���b�E~YT½UW.���0?./IJIJ6u=&�:#&2�(*0?-8%4�"a+�4A3(*'+6&� .u=&�
-&6/'+./2&IJ(_!$�Qa+(_6&!3A*�R%"%4(*��.��"%k!3�R!$'+./0�(_(*=l#&28(_a+� ./Z8#&./2&IJ(_=/�u�JÚ��7IJTQ��%Qa+(*!$A*�"6
� �"a+%4./!$!$6�=/(*%"%"D"�42&'+./�@a+(*A3A*�4(P-86/%d�/�401�"=/./NO2&.&01(*'+�RA*6�-&(*!$!$(P(*'+'+� (*\8./� !$6�%"DR(*2&(*%4�"IyIE(*'+6&� .
}ONV.[\&�4.&2&.[� (3A*A*6/%"'+6[=/(3%Oa+6&'+6/=/�"6/=/6[��NV{Y�W�"M/#&� (k�/T4Ù�~YT
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¦   °" p£@¨ ¢  p¸��/ ¼,� � ¼%� �d� �`�e� ��@¡Yª/¡d���8�y£@£)»
 p¸e��¹7±+ª[£@¡���8��ª&�@¨@¢4¡�§ �þ¨f¦p¨)�½  ª/¨7¢   ¦�¢�¨�ª&¢"�
¸���¹�±+ª�¾Y�
¢ §+  ª8¡��
§+ p����¨@¢  p£@¡
¸��m���<¹�¦�¨£ ��¦ ¦p¨þ£ ¡�ª8¢��Yª&�Yª8¢4�7  ¦�£)§+ p��¢�¨p¦ ¦p¡7¦  u�
±Y �¤
¡
¸#�j¹�  ¦:¢���§)��¡y�©¢�¨�¢�¡�¼V§ ¨p�y�
§ �
����ª8¢4¨@¢4¡b£ ¡Yª�±+ª&¨5¦   ª&�
¨�£p»y �±
��¨¢ §w¨@¢4¢"�Y³y³
 p¨@¢4¨@¸��:² ¨)¦�¢4¡Y�/¨p§+¦p¨)ª8¢4�W°¨�¡
�@£p  ¦ ¦�¨)§w�j  ¦µ�� ���¢4����¨f´ v� ·  ¸
��2�(*%"'+� 6oa+(*!$A*�"6o=/���@�4a+.&� �"0?./28'Y6�\&�"./2&.�� (*A*A*6/%"'+6o=&(*%�a+6/'+6/=/�"6/=/6��X�pX�=&6�-/6o./!$!$./�
-&(*!$!$(*'+6Ü-&.&�Å�"%Â-&6&%4(*�@�4IyIJ(*'+6/� .�UX�pTÂn�#&./!$'+6�a+(*!EA*�46�!$./� \&.�(lA*6/2&'+� 6/%"%"(*� .�A*C&.
%4D"(*!E!$.P0?.&=&�46P=&�W6/!$A3�"%4%R(*Iy�46/28.P=/./%V-&6/%4(*�@�4IJIJ(*'+6/�@.PUUNW{

φ P ~�2&6&2[!3#8K/�4!$A*(Q\&(*�@�4(*IJ�"6/2&�"T
�p28a+(*'+'+�4X>xÆa+(*A*�"%4.]=&�4016&!$'+�@(*� .ÈA*C&.]%4D"�"2&'+./2&!$�"'+Sv=&�z�@�4a+.&� �"0?.&2&'+6È� (*A*A*6&%4'+(Æ=&(*%
a+6/'+6/=/�"6/=/6�� � xÞ(*2&A*C&D".�!$!$(Þ#&2&(Þa+#&2&IJ�46&2&.G6/!$A*�"%"%"(*2&'+.GA*6/2L#&2&(ÞA*6&0?-&6/2/./2&'+.G(
a+� ./Z&#&.&2&IJ(

ω
X?%"(GA*#&�?(*0?-8�4./IJIJ(GxG-&�@6/-/6/�@IE�"6/2/(*%"._(*%"%4DR(*2&M/6&%46

γ
A*6/01-/�w.&!36`'+� (

%4D"(*!E!$.�01./=&�46�=/./%f-&6/%"(*� �"IJIE(*'+6/�@.�U�N�.�%"(P2&6/�@0?(*%".�(*%"%4D"(3!$!$.�=/./%f-&6/%"(*� �"IJIJ(3'+6/� .�U �
{Y!$.

γ
ÔVÔ:�?� (*=&~YTWÁ�#&2/Z8#&.�XW#82&(QZ&#&(*%4#82&Z&#&.P\&(*�@�4(*IJ�"6/2&.P=/./%"%"D4(*2&M/6&%46

φ P XV=/6�\/#&'+(*XV(3=./!$./01-&�46/X ( !$-&6&!3'+(301./2&'+� 0?.&A*A*(*28�"A*� =&.&% -&6/%"(*� �"IJIE(*'+6&� . � �"!$-&./'+'+6
(*%4%"D"(*%"'+6/-&(*�@%4(*2&'+.&X�!$��'+�@(3=&#&A*.Þ�42z#&28(>\&(*�@�"(*IJ�"6/2&.z=/./%"%"D4(301-&�"./IEIy(B=/��6&!$A*�"%R%"(*IJ�"6/2&.
0?�"!$#&� (3'+(bA*6/2m�"%Oa+6/'+6&=/�46/=/6[� � T
�:!3.&M/2&(*%"��=/�f#&!$A3�"'+(P=/.&�fa+6/'+6/=/�"6/=/�f��N�.�� � \&./2/M/6/2&6��"2&\&�"(*'+��(*M/%"�f�428M/� ./!$!$�f=/�f=/#&.
ed�m ¢¡U£3g iOX½!3�"2&A*�@6/2&�4IJIJ(*')�½�"2&\8�4(*2&=&6u(*%"%4D"�428M/� ./!$!$6u=8�½�@�4a+.&� �"0?./28'Y6�#&2&(�'+.&2&!$�"6/2&.�A*6/2
-&#&%"!3(*IJ�"6/2&.

ω
X7a+6/� 28�4'+(o=&(*%�M/.&2&./� (*'+6/�@.>!$�42&#8!$6/�"=&(*%".>A*C&.>-&�4%"6/'+(�%4DR(*0?-8%4�"a+�"A*(*'+6&� .

=/./%"%4D"(3%4'+6&-&(*� %"(*2&'+./T,��%,%"6/Ae¤&NO�"2oA*6/%4%"./M/(*'+6<(*%,a+6/'+6&=��46&=/6<� N a+6/�w2&�"!$A*.<�42o#&!EA*�4'+(�#&2
!$./M/2&(*%".�=/�j')./2&!$�46&2&.�-&� 6&-/6/� IJ�"6/2&(*%".�(*%"%4D"(30?-8�4./IJIy([=/./%"%"([-8� �"0?([(*��0?6/28�4A*(3XjA*C&.�x
-&� 6�-86�� IJ�"6/2&(*%4.È(*%"%4(�=&�4a)a+./�@./2&IJ(

φ P N
φ V TÞn�#&(*2&=/6Ç(*A*A*.&2&=/�"(*016È#&2ÈA*(*01-&6

./%4.&'+'+� �"A*6/X��"%�=&�"� ./'+'+6/�@.t�"2�!$#&-&./�@a+�4A*�".Ü� #&6/'+(�=/�
δφ V =

¡�Õ
∆
}�X�=/6/\&.

∆
}�x�%"(

\&(*� �"(*IJ�46/2&.�=/�1(30?-&�"./IJIy(L=/./%"%4(ÅA*6/01-&6/28./2&'+.`(La+� .&Z&#&./2&IJ(L(*2&M�6&%4(*�@.
ω

.¥¡�x
#&2&D"6/-/-&6/�@'+#/2&(ÜA*6/!$'+(*2&'+.v=/�u-&�@6/-&6��@IJ�46/2&(*%"�"'+SET�ÃV(ÜA*6/!$'+(*2&'+.¦¡Æ!E�u6&'+'Y�".&2&.v2&.8%
!$./M/#&./2&'+.�0?6&=/6fð�=/6/-86�(*\&./�o01�4!$#&�@(*'+6l%"D4(*01-&�R./IJIE(¨§�DQ=&./%4%"(`A*6/01-&6/28./2&'+.l=/�
-&� �"0?(Ü(*�@0?6&2&�4A*(*X�� #&6/'+�R(*016v�4%�-&6/%4(*�@�4IJIJ(*'+6/�@.vUUNu=/��#&2Û(*2&M/6/%"6s2&6/'Y6s{

∆φ P ~YT

CLN 

S1 
Fascio 1 
(segnale) 

Fascio 2 
(riferimento) 

 
S’2 S’3 

S3 

F2 F1 

S2 

T 

altoparlante 

P1, A1 
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}�=/./!$!$6Û0?�R!$#&� �"(3016v28#&6/\&(*01./2&'+.Û%4D"(*01-&�".&IEIJ(©§�D4D�=/./%"%4(�A*6/01-&6/2&.&2&'+.
ω
T�ÃW(

A*6/!$'+(*2&'+.[=&�V-8� 6/-&6/� IJ�46/2&(*%4�"'+Sª¡�!$(*�@S�'+(*%R.[A*C&.fð

( )«««�¬¬ ®
−

∆
=

φ {Y��T°¯�~
r�6/'+�"(*0?6[A*C8.[%4(kA*6/!$'+(*2&'+.±¡�=/�"-&./2&=&.[=/(y e²+XV=/.&a+��2&�"'+6[A*6/01.


�

⊥−
�.³�³


� ÑYÚ�XW=/6/\&.[�

⊥.È�.³�³�!$6/2&6È�>A*6/./a+a+�"A*�R./2&'+�>=/�B� �"a+%4./!E!$�"6/2&.È-8./��%"(Æ�@(*=&�4(*Iy�"6/2&.È6/�@=/�"2&(*� �"(Æ.
!$'+� (*6/� =&�42&(*�@�4( A*C8. =&�4-8./2&=/6/2&6 =/(*%4%"( '+.&0�-&./� (*'+#8� (*T ÃW( A*6/!$'+(32&'+. =&�
-&� 6�-86�� IJ�"6/2&(*%4�"'+S´¡�=&�4-&./28=/./X�Z&#&�"2&=/�"X�=&(*%4%R(B'+.&01-&./�@(*'+#&� (*T�r�.zA*6/2&!$./M/#&.ÞA*C8.Þ%"(
'+(*� (*'+#&�@(L=/./\&.`./!$!E./�@.`� �"-&./'+#&'+(L6&M/2&�1\&6/%"'+(LA*C/.`A*(*01K&�4(L%R(L'+./01-&./�@(*')#&� (L=/.&%
A*(*0?-&�"6/2&.&T©$f�"A*6/�@=/�"(*0?6�A*C&./X`�42&\&.&A*./X_2&./%`01.&'Y6&=/6 �42��@�4a+%"./!$!$�46/28. A*6&2 �
-&6/%"(*� �"IEIJ(*'+6/�@��� 6/'+(*2&'+���@�"A*(*\&(*\&(*016��4%�\&(3%"6/� .�=/�

δφ V =/(�#&28(�!$.&01-&%4�"A*.�0��"!$#&� (�=8�
a+(*!$./Xo!$./2&IJ(vA*C&.^a+6&!3!$.^28./A*./!$!$(*�@�"(v(*%4A*#&28(v'+(*�@(*'+#&� (v-&�@./%"�401�428(*� ./T�n5#&./!$'+6
(*!$-&./'+'+6u�@./2&=/.u�R%½2&#&6/\&6u01./'+6/=/6u-8�4#&'+'+6/!$'+6�!EA*6/0?6&=/6uZ&#&(*28=/6u!$�½=&./K/K/(3286ua+(*� .&X
(*= ./!$.&01-&�"6/Xv01�"!$#&�@. (*%v\&(*� �"(*�@. =/./%R%"( ')./01-&./� (*'+#&�@(*Tv��2&6/%"'+� ./Xv%"D4.&� � 6/�@.
!$-&./� �"01./2&'+(*%4.P!3#8%4%"(mA*6/!$')(*2&'+.�=/�j'+(*� (*'+#&�@(±¡��"2&'+� 6/=&#&A*.�#&2&([!$6/�@M/./2&'+.�=/�j�@#&0?6&� .
(*M/M/�"#&2&'+�4\86/TfÁ�#82/Z&#&./Xj2/6��j� �"'+./2&�"(*016�A*C&./Xj-&./�d%".�01�"!$#&� .�=&�j(*2&A*6/�@(*M/M/�"6/XfZ&#&./!$'+6
0?.&'Y6&=/6[2&6/2m!$�"(k-8� ./a+./�@�4K&�4%".m(kZ&#&./%"%46mA*6/2m�O-&6/%"(3� �"IJIE(*'+6/�@�V�@6/'+(*2&'+�"T
}�%,A*6/2&'+� (*�@�"6/X7-&./�mZ&#&(*2&'+6B�@�4M/#8(*� =/(�%4.<01�4!$#&�@.<=&�½cfe"g4h/g i&cVX,.&!3!$6<x�A*./� ')(*01./2&'+.
-&�4Ý[.&a+a+�4A*�"./2&'+.�-&.&�d=/#&.Â0?6/'+�"\&�ja+6/2&=/(*01./2&'+(*%"�4Tj��2P-&�@�4016�%"#&6/M�6�-8.�� A*C&�[-&./� 01./'+'+.
=/��6/-&./�@(*� .F�"2FIE6/2&.�=/.&%�-&6/%"(*� �"IEIJ(*'+6/�@.F-&�4ÝÓ6/016/M/./2&.&.�.�(Ó-&�4Ý�K/(*!$!$6
A*6/./a+a+�"A*�4./28'Y.>=/�7.&!$'+�42&IJ�"6&2&./X7�42B016/=/6>=/(o� �"=/#&� �@.>(*-&-&� ./IJIJ(*K/�"%401./2&'+.>%".>=&./� �"\&.
'+./� 01�"A*C&.>=&./!$A*�@�"'+'+.>�"2<-&� A*./=&./2&IJ(*T7��2B!$./A*6&2&=/6>%4#&6&M/6/X�-&./�@A8C&���4%7\8(*%46/� .B=/./%"%"(
a+� ./Z&#&.&2&IJ(P=/�f6/!$A*�4%"%4(3IJ�"6&2&.�{¥�JÚg�7IE~,xP=/.&A*�4!E(*01.&2&'+.�-&�"ÝP(*%"'+(P=/.&%"%4(Pa+�@./Z&#&./2&IJ(P=&�
� 6/'+(*IJ�"6/2&.�=/./%j-&6/%"(*� �"IJIJ(3'+6/� .�U�Nf2&./%j0�./'+6/=/6��@�4a+%"./!$!$6/01./'+� �RA*6�-&�@./A*./=/./28'+.Â{YÏ�T°µ½��7IJ~YTO�,(*%"�da+�@./Z&#&./2&IJ.Å%"�"01�"'+(*2&6Å�4%�0?�"28�"0?6Å'+.&0?-86Å=/��(*A*Z&#&�"!E�4IJ�"6/2&.Å-&6/�"A3C&�*Xd-&.&�
-&6/'+./�u0?�"!$#&� (*�@.`%".`(301-&�"./IJIJ.`6`%".`a+(*!E�1=/.&�1!$.&M/2&(*%4�16/!$A*�R%4%"(*2&'+��xL2&./A3./!$!$(*� �R6
(*A*Z&#&�"!3�"� .Û(*%"0�./2&6v#&2&D"6�!$A*�4%R%"(*IJ�"6/2&.vA*6/01-&%"./'+(*T���2Û-&(*� '+�"A*6/%"(*� ./X�2&./%"%4.Û01�"!3#8� .
./a+a+./'+'+#&(*'+.PA*6/2[�"%W-&6/%4(*�@�"IEIJ(*'+6/�@.P� 6/'+(*2&'+.P%"(Q01�42&�"01(Q=/�4!$')(*2&IJ(Q'+./01-&6/�@(*%4.Pa+�@(Q=/#&.
(*A*Z&#&�"!3�RIJ�46&2&�P!$#&A3A*./!E!$�4\8.�./� (l=/�PA*�"� A3(l�Ü!$./A36&2&=/�P{YA*6/01-&� .&2&!$�4\&�P=&./%P'+./01-&6
2&./A*./!$!$(*�@�"6�-&./��A*(*%4A*6&%4(*�@.�%4(Å'+�@(*!$a+6/� 01(*'+(Å=/�þ�W6/#&�@�4.&� ~YT�}É-&(*� �"'+SB=/�1� #&016/� ./X
�42&\8./A*./X:2&./%"%4.�0?�R!$#&� .uA36/2u�"%:-&6/%"(*� �"IJIE(*'+6/�@.�6&!3A*�R%"%4(*2&'+./X:!E�:-&#&Ò�!$A*.&2&=/./� .�a+�"2&6�(
'+./0?-8�5=&�5(3A*Z&#&�"!$�"IJ�"6/2&.<�R2&a+./�@�46/�@�5(*%5!$.&A*6/2&=&6/T5n5#&./!$'+6o� �"!$#&%"'+(�A*./� '+(*01./28'+.o#&'+�4% .
Z&#&(*2&=/6�!$�fxP�"2&'+./� .&!$!3(*'+�j(*%"%46�!3'+#8=/�46�=/./%"%4(P=&�42&(301�4A3([=/./%"%4DR(*2&M/6/%"6�!$#/-&./� a+�4A*�"(*%R.�.
=/./%&cfe4gRh/g i&c�=/./%R%4D"(3!$!$.ma+(*A*�4%"./T
r�./%"%4(Q�V�4M&#&� (Q��T"ØÂ!$�W016/!$'+�@(Q%4(Q� 6&'+(*IE�"6/2&.P=&./%W=&�R� .&'+'+6/� .P�"2[!$#&-&./�@a+�4A*�".P(*%V\&(*�@�4(*�@.
=/./%ÞA*(*01-&6Ó(*-&-&%"�"A*(*'+6/TÞ} -&(*�@'+.Ó#&2&(]-&�"A*A*6/%4(�=/./\&�"(*IJ�46/2&.Ç!$�"!$'+./0�(3'+�"A*(*XÞ%"(
� 6/'+(*IJ�"6/2&.[xk-&� 6/-86�� IJ�"6/2/(*%".m(*%OA*(*01-&6/T
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0.0

δφs(°)

0.280.240.200.160.120.080.040.00
Valore RMS del campo E(V/µm)

 dati sperimentali
 y=w0*x

con w0=5.1628

�$� �
�w�+���y� ��$� �
�w�+���y� ��$� �
�w�+���y� ��$� �
�w�+���y� � �·¶V¡
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Angolo compreso tra direttore e pol. incrociato (−∆α)

 dati sperimentali
 fit: y=w0*sin4(x*π/180)

w0=-14.208
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Misura di gliding con metodo dell'altoparlante.
Lock-in con cost. tempo 0.3s. T=32.7°C.
Applicato campo E= 0.25 V/µm (rms)
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