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Asse facile a Campo E 
 β = 85° 

x’ 

y’ 

Elettrodi a distanza  
D = 1.78 mm 

Striscia dove il campo E è abbastanza 
uniforme e vale E= 0.90·(V1-V2)/D 
Larghezza della striscia: d = 0.6 mm 

 
OSCILLATORE 

AMPLIFICATORE DI 
TENSIONE (KEPCO) 

Uscite bilanciate 

V1 

V2 = -V1 

Cella con il CLN 
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?>J6,r57=>G:G:/236C6G:,r/2D�.0=>1414/V.0Aq_6=>D2A:5b,q�����YU:/�ª {�{ ¢}W%�©A:.0,y=>v:v:/2=>.0Ar_6/214<;ArC6,6D� z WE :WE �\~,:14/214<;, 36C6=Y14<;57/V14?>/2=>\~<;57=YG:D2/~,:DE,6<;<;57A:U:/V\~D2=>57G6=Y?>/E5b?>= { W'&�.O. h =><;<;A:5bC6A=>DED2R2=>1414,)(6R�/EC���/2G:3657= � W�+* p \IU:A:_6,8/2D�?>=>.OF6A�,:DE,:<;<;57/2?>A8xf=>v:v:=>14<H=>C6S�=f3QC6/29;A:5b.O,:W
X�D�?>=>.OFQA(/2Cq<;=>DE,a5b,:G:/2A:C6,axyDE,:G6=><;A(=>D�_6A:D2<;=>G:G�/2Aa¢�=>FQF6DE/2?>=><;AaU:=>D2DE=y1P,:.0F6DE/2?>,
57,:D2=>S�/EA:CQ,-,�¨ { W�. {�/ ¢}£��\�U:A6_6,qexuDE=uU:/214<;=>C6SP=u<;57=uG:D2/�,:D2,:<;<;57A6U:/�,r_6=BDE,re¨��W2ª�«f.0.OW
X�D©9;=>14?>/2A�DV=>14,:5~/EC6?>/2U6,:C6<;,@x89;=><;<;A�FQ=>1B14=>5b,@=><;<;57=B_Q,:5714A�3QC6=8D2,:C6<;,�F6,65O5b/EU6365757,@/2D
1436A0*21$�43657�48'9;:&= h { W2   ÷ { W z p .0. ,:Uyx�9jA:?>=>DE/2S�S�=><;ArC6,6DED2=u5b,:G:/2A:C6,y?>,:C6<;57=>D2,U:,:D�?B=>.0F6/2A:C6,:W
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 > þ=?@�A�CB@þ=D�E=�;F2B�
þ=GHE�BI?@?4�> þ=?@�A�CB@þ=D�E=�;F2B�
þ=GHE�BI?@?4�> þ=?@�A�CB@þ=D�E=�;F2B�
þ=GHE�BI?@?4�> þ=?@�A�CB@þ=D�E=�;F2B�
þ=GHE�BI?@?4�

�<�=
��=
�<�=
��=
�<�=
��=
�<�=
��=

 > þ=?@�A�CBJ�þKBIDABI�Ðÿ�þ=��J�þK�$D;F$LI�M�6ÿ�ÿ�þ�L> þ=?@�A�CBJ�þKBIDABI�Ðÿ�þ=��J�þK�$D;F$LI�M�6ÿ�ÿ�þ�L> þ=?@�A�CBJ�þKBIDABI�Ðÿ�þ=��J�þK�$D;F$LI�M�6ÿ�ÿ�þ�L> þ=?@�A�CBJ�þKBIDABI�Ðÿ�þ=��J�þK�$D;F$LI�M�6ÿ�ÿ�þ�L

 +-=�57A:<;=>S�/2A:C6,�U6,:D�U:/257,6<;<;A:5b,�/2C�1B3QF6,:5�9;/2?>/E,6\�s636=>C6U:AeDER2=>1414,�9;=>?B/2D2,�9;A:5b.O=�36C
=>C6G:A:D2A

φ N ?>A:C�/ED�?>=B.OFQA:\�x h ?>9;5 h �TW z . p�p �
( )

O
PQ R POP S

TU
δφφεε

δφ
−

= 0022 VXW�Y hj� W2  p

�©A:.O,�.0/E14365b=�F65b,:DE/V.0/ECQ=>5b,:\�=>v:v:/V=>.OA�?>A:C6<;5bA:DED2=><;A�?>J6,eD2=�5bA:<;=>S�/EA:C6,[Z
φ ® U:,:DU:/E5b,:<;<;A:5b, 9;A:1414, 36G:36=>DV, /2C _6=>57/ F636C6<;/ U:,6D2D2=�?>,6DED2=B\y=>CQ?>J6, F6,:5�_6,:57/29;/2?>=>57,

DER236C6/29;A:57.0/2<;wrU:,QDED2RE=>C>?>A:57=>G:G:/2A*U:A6_636<;A*=>D~1436v614<;5b=><;A*U:/�F6A:D'��/E.~/2U:,:W i ,:5�s636,:14<;A
=>v:v:/2=B.OA .0A:C6<;=><;A D2= ?>,:DEDV= 143 U6/�36C ?>=B575b,:D2DE/2C6A .0/E?>5bA:.O,6<;5b/2?>A ?>JQ, ?>/
F6,:57.0,:<;<;,:1414,@U:/©<;57=>14D2=>5bDE=8DE3QC6G:AuD2=�U6/257,6SP/2A:C6,�FQ=>57=>D2D2,:D2=8=>G:DE/©,6DE,6<;<;5bA:U:/ h =>1414,\(QR
/EC�-/2G:365b= � W���* p \t/2C@.0A�U6A�?>J6,@/ED©9;=>14?>/2A�D2=>14,:5O/2C6?>/2U:,:1P14,:\©A:G:C6/©_6A6DE<;=>\©/2C@F636C6<;/
U:/E_Q,:5714/2WÜXZC]��/EG63657= � W2 �.0A:14<;57/2=>.0AgDE=�5bA:<;=>ST/EA:CQ,)Z

φ ® \Ü/2C6U:A:<;<;=�U6=>D2D2R2=>?>?>,:CQ14/2A:C6,�U6/
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36Cy?>=>.0F6Ay,:D2,:<;<;57/2?>Ay?>A:Cy_Q=>DEA:5b,r�����(U:/ { WE �¡q¢}£ µ.O\}=>D)_6=>57/2=>57,yU:,:D}F63QC6<;ArU6//EC6?>/2U:,:C6ST= 143QD2D2=*?>,:D2D2=>W0X�57/21436D2<;=><;/O14A:C6A 1B<;=><H/OA:<;<;,:C63Q<;/�36<;/VD2/ES�ST=>C6U:A�/2D0.O,6<;A:U:A
57/29;DE,:1414A:.0,:<;5b/2?>A:W

1.0

0.8

0.6

0.4

0.2

0.0

δφ s (°) 

16.015.014.013.012.011.010.0
 x' (mm)

T=24.8°C

 dati sperimentali
 media = 0.90°

¯4° ±
²�³;´�µT¶ ^¯4° ±
²�³;´�µT¶ ^¯4° ±
²�³;´�µT¶ ^¯4° ±
²�³;´�µT¶ ^:¸Üâ-ÑÐËÄº�ÛÓ¼�ÑjÊQÇ`_ba@c©Æ
¿�Ñ
×
Ñ
Ë2ËEº�×
º�¾;Ê*ÌbºHÎ&Æ6ÑuÇ�ÏZÇ
Ë2Ë ¿;¼�Ì7ÑuÌ7ÑjÊ�¾jÊ�áº�Ï�Ñ�¿7Çfâ>ã~ä]d2e f@chgô�Á ikj:Ôml
µ
Î&ànº�ÏIáº�¿;¼�ºH¿�Ç}×ÐÇ�ÏPÆQ¾jÊQËEÑ)×¼�¼ Ê6Ì�¼�×
ÇjÊÐÛPºtÈÓ¾jÏ Ï�ºtÌÓÇÏ Ï�º7Á

ü�,:D2DE=n�-/2G:3657= � WE �A:1414,657_6/2=>.0A�?>J6, DE= 5bA:<;=>S�/EA6CQ,�.0/E14365b=><H= ?B=>.Ov6/2= F6A6?>A�U:=
F636C6<;Aa=rF636C6<;A:W�ü�,aU:,�U:36?>/2=B.0A(?>JQ,(/2D�?>=B.0F6/2A:C6,axy=>v:v:=>1P<;=>C6S�=rA6.OA:G6,:C6,:Aa,
C6A:C�?>/&14A:C6A�U:/29j,6<;<;/©1436D2DV=�1436F6,:5b9;/E?>/2,@_6,:<;5b/ECQA l �©+�ü�W i 5bA:v:=>v:/2D2.0,:C6<;,6\©D2,�FQ/E?>?>A:D2,
9;DE36<;<;36=>S�/2A:C6/ hpo � {�| p 14A6C6A U:A6_636<;, =�,:9j9;,:<;<;/(14F63657/ h U6/E9;9;3614/2A:C6,]U:/aDE36?>,6\=>C6/E14A:<;5bA:F6/2= _Q,:<;57/ p \�F6/236<;<;A:14<;A ?>J6, = _6=>57/2=>SP/2A:C6/�57,:=>D2/ U:,6DED2A 14<;=><jA U:,6DED2A
1436F6,:579;/2?>/2,:W}�)36,:14<;Ar1P,6.0v:57=uU6/E.0A:14<;5b=><;AqU:=BD}9;=><;<;Aq?>J6,rU:36,r.~/E14365b,y,69;9;,:<;<;36=><;,
C6,:D2DEA�14<;,:1P1BA�F636C6<;A�U:,:D2D2=8?>,:D2D2=8/2C�<;,Q.OF6/t143Q?>?>,61414/2_6/ h (6Rt¨��� �W { .0.�/2C)��/EG63657=� W2  p J6=>C6C:Aa36C6=y9;DE3Q<j<;3Q=>SP/2A:C6,a?>A:.0F6=>5b=>v:/ED2,q?>A:Cqs636,:D2DE,aC6,6G:DE/�=BDE<;5b/�F636C6<;/�U:,:DVD2=
?>,:DED2=BW7�©A:C@/EDt?>=>.0F6Au.0=BG:C6,6<j/2?>A:\tD2,u5bA:<;=>S�/EA6C6/�Z

φ ® ,:57=>C6A�=>DE.0,:C6A�<;57,�_6A:DE<;,uF6/2�v:=>1414,�,:\0?>A:C614,:G:36,6C6<;,6.O,6C6<;,:\0DE,�U6/E9;9;,:5b,:C6S�,�<;57=YDE,�.0/2143657,�/2C F636C6<;/0U:/2_6,:5b14/
U:,:D2DE=�?>,:DVDE=�,:5b=>C6A�.0A:DE<;A�FQ/E��?>A:C61P/214<;,:C6<;/ h

∼ z�{�|�q ¡ {�| p W
ü�,:D2DE=8F6A:14/EST/2A:C6,\(6R2¨t����W z ��.0.�=>v:v:/V=>.OA@.O/214365b=><;A�DE=857A:<;=>S�/2A:C6,\Z φ ® =>Dt_Q=>57/2=>57,U:,:D�?B=>.OF6A),u=>F6F6DE/2?>=><;A h ��/EG63657= � W z p Wr�©A:.0,81P/ÜF632sfA:1414,:57_Q=>57,:\�/Ü57/2143QDE<H=><;/Ü14A:C6A/EC�v:36A:C�=>?>?>A:57U:A@?QA:C@D2RE=>C6U:=>.0,:C6<;A�D2/2C6,:=>57,@F657,6_6/E14<;A@U:=>DED2=8<;,:A657/2=8,:D2=B14<;/2?>=8F6,65
δφ ® oIo �~/EC hj� WE  p W�XZC6A:D2<;57,:\�F6A:/2?>J6K�/�U6=><H/�14F6,:5b/E.0,6C6<;=>D2/�U6/I�-/2G:365b= � W z 14A:CQA�DE/2C6,:=>5b/C6,:DI?>=>.OFQA:\&CQ,�U:,:U:3Q?>/E=B.0A�?>J6,814A:C6A@<;5b=>1B?>3Q57=>v:/2DE/I.0A:D2<H/&,69;9;,:<;<;/&14F63Q57/Is:36=>D2/E\I=4U
,:14,:.0F6/EA:\�DE=uU:/29;9;3614/EA6C6,qU6/�DE3Q?>,q,qD2RE,69;9;,:<;<;A!t�,:575�1436/�_Q,:<;57/�U6,:DEDV= ?>,:DEDV=B\�?>J6,qx
DER2=>C6=>D2A:G:A�U6,:DED2R2,:9;9;,:<;<;Au�©A6<;<jA6C l ��A:36<;A6C�F6,:5y/2D�?>=>.OF6A�.0=>G:C6,:<;/V?>A�,�U:/EF6,6C6U:,
s636=>U:57=><;/2?>=B.0,:C6<;,�U:=>D-?>=B.0F6A),�W���/2143QDE<;=><H/ÜU:,:DÜ<;36<H<;A�=>C6=>D2A:G:J6/Ü14A:C:A�14<;=><;/Ü<H57A:_6=><;/
=>C6?>J6,�/2C�=>D2<;57/�F636C6<;/nU:,:Dn?>=>.0F6/2A:C6,:W
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1.0

0.8

0.6

0.4

0.2

0.0

δφ s  (°)

0.280.240.200.160.120.080.040.00
valore RMS di E  (V/µm)

 dati sperim entali
 fit:  y=w0*x

w0=4.0293

T=24.8°C

¯4° ±
²�³;´©µ�¶ å¯4° ±
²�³;´©µ�¶ å¯4° ±
²�³;´©µ�¶ å¯4° ±
²�³;´©µ�¶ å�¸Óâ�Ñ
ËEºHÛÉ¼ZÑ�ÊQÇ%_va@c>ºHÏtá�ºH¿;¼�º�¿�Ç�×
Ç�ÏnÌ7º�Î&Æ:ÑrdfºHÆÐÆ
Ï ¼�Ìbº�ËEÑàPÊQÇÏ Ï�º�Æ6ÑTÈÄ¼ ÛÉ¼�ÑjÊQÇrwIç gPÂTÂTÁ x
ÂIÎ&Î�Áb¹nºËEÇ�ÎIÆ6Ç�¿�ºbËE¾�¿�º�×TÇ�Ï�Ì7º�Î&ÆT¼ZÑjÊQÇ�ö\yXgzi�jTÁ {$| }:Á-óOÌbºHÎ&Æ
¼~º�Æ
Æ
Ï ¼ÄÌ7º7Ë ¼~ÈbÑjÊ6Ñ8ËE¾ÐË2Ë ¼�Î�Ñ�ÏZËEÑ�Î�ºH½
½Ð¼�Ñ�¿;¼�×
Ç�ÏÌ7ºHÎ&Æ6Ñ�Ì�¿;¼ZË ¼ZÌ7Ñ}×�¼�»B¿7Ç
Ç
×
Ç�¿H¼�Ì�~6ÈZÛÓà�ÌHÍQÇ-Ê6Ç�Ï�Ê:Ñ
ÈÓË ¿7Ñ}Ì7ºbÈbÑ0á�ºHÏZÇ�d-Ì
≈ � ¶ µ$�V·Ý4�=�7Ôml µÎ�Á

X�C��-/2G:3657= � WE¡�\ 57/2F6A�5b<;/E=>.0A D2, .0/214365b, U:,:D2D2=�5bA:<;=>S�/EA:CQ, =>SP/2.036<;=>D2,�Z
φ ® U:,:DU:/E5b,:<;<;A:5b, /2C 9;36C6S�/EA:CQ, U:,6DED2=^<;,Q.OF6,:5b=><;3657= 57/2U:A:<;<;=������K�EW �)36,61P<;/ U6=><;/

14F6,:57/2.0,:C6<;=>D2/*1BA6C6A 14<H=><;/ A6<;<;,:C636<;/*.~/E14365b=>C6U6A DE= 57A:<;=>S�/2A:C6,�Z
φ ® F65bA:U:A:<;<;=U:=>DED2RV=>F6F6DE/2?>=>S�/EA6C6,�U:/�36C ?>=>.0F6A�,:D2,:<;<;57/2?>A�?>A:C�36C�_6=>DEA657,��I���cF6=>57/�= { W2 �¡¢}£

µ
.0W

12

10
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2

0

δφδφδφδφs (°)

-14 -12 -10 -8 -6 -4 -2 0
T-Tc (Tc=35°C)

¯4° ±
²�³;´Oµ�¶ �¯4° ±
²�³;´Oµ�¶ �¯4° ±
²�³;´Oµ�¶ �¯4° ±
²�³;´Oµ�¶ � ¸6â�ÑÐËÄº�ÛÓ¼�ÑjÊQÇ�×
Ç�Ï�×j¼ ¿�ÇÐË2ËEÑ�¿�Ç�¼ ÊQ×
ÑÐËEËEº�×
ºHÏ ÏÓç º7Ì7Ì7Ç�Ê:ÈZ¼ZÑ�Ê6Ç�×�¼�¾jÊuÌbºHÎ&Æ:Ñ�Ç�ÏZÇÐË2Ë ¿;¼ZÌ7Ñ�Ì7Ñ�Êu¾;Êáº�Ï�Ñ�¿7Çuâ>ã~ä ×�¼�ôTÁ i�j�Ôml
µ
Î©àO¼ Ê Ò ¾;ÊTÛÉ¼ZÑ�ÊQÇY×
Ç�Ï ÏZºrËÄÇjÎIÆ6Ç�¿�º7Ë2¾�¿�º�y�ÇY×ÐÇÏ ÏZºqËEÇjÎIÆ6Çj¿�º7ËE¾�¿�ºq×j¼ÌHÍ
¼�ºH¿;¼ Ò ¼ZÌ7º�ÛÓ¼�ÑjÊ6Ç�yX�2Á
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X�Do?>=B.0F6/EA:CQ,�36<;/ED2/2S�S�=><;AYF6,:5�DE,�.0/2143657,Y?>A:CY/2D�?B=>.0F6A�,:D2,:<;<;5b/E?>A�F65b,:14,:C6<;=a36C6=
<;,:.OFQ,:57=><;365b= U:/y?>J6/E=>5b/29;/2?>=>S�/EA6C6, h � �!� z ��� � p F6/E� ,6DE,:_6=><;=$U6/qsQ36,:D2D2= U:,6D?>=>.OF6/2A:C6,�3614=><;A@?>A:C8/ED&?>=>.0F6A@.0=>G:C6,:<;/2?>A h � �7� z ¡:W z � � p W&X�C6A:D2<;57,:\&D2RE/2C6<;,:57_Q=>DED2AU:/�<;,:.0F6,:5b=><;3657=e/ECd?>36/g14/�JQ=�D2=�?>A6,:14/E14<;,:C6S�=�U:,:D2DE,cU:36,c9;=>14/2\�C6,:.~=><;/E?>=e,
/E14A:<;5bA:F6=>\(U:,:D(?>5b/E1P<;=>D2DEA[DE/2s636/2U:A]x`F6/2��57/214<;57,6<;<;A]57/214F6,:<;<;A =>D2D2RE/2C6<;,:5b_Q=>DED2A U6/
?>A:,:14/21B<H,:CQSP=aU:,6Do?>=>.0F6/2A6C6,�3614=><;A�?>A:CY/2D�?>=>.~F6A�.0=>G:C6,:<;/2?>A:W�¬}=>D2/oU6/E9;9;,:5b,:C6S�,
/EC6U6/E?B=>C6A�3QC6=�.O=>G6G:/EA657,�F6365b,:S�S�=�U:,:D-?>57/21B<;=BD2D2A�DE/Vs636/2U:A�=>U:A6F6,:57=><;Ag?>A:Cg/EDÜ?>=>.0F6A
,:DE,6<;<;57/2?>A�,�U6/2.0A:14<;57=>C6A�?>J6,�/2D�©+�ü C6A:C�14/�xd?>A:C6<;=>.0/EC6=><;A�?>A6C�D2=d?>A:D2DE=
,:F6A:1414/2U:/E?B=�=�U:36,�?>A:.0FQA:C6,6C6<;/�?>A:C�?>36/n=>v:v6/2=B.OA�14/2G:/VDED2=><;A�DV=�?>,:D2DV=>W
�=>DED2=q.0/2143657=qU6/�Z

φ ® 5b/E?>=>_6/2=>.0AY/2D�?>A:,:9;9;/2?>/E,:CQ<;,YU6/o=>C6?>A:5b=>G:G:/2AY=>S�/E.036<H=>DE,�� ¦ \
/EC6_Q,:57<;,:C6U6A D2= 57,:D2=>S�/EA:CQ, hj� WÄ  p W X�F6=>57=>.0,:<;57/�������,

ε
¦ _Q=>57/2=>C6A ?>A:C D2=

<;,:.OFQ,:57=><;365b=(,*A:?>?>A:5b57,*57/2?>=>_6=>5b,�/ED�DEA657A*=>C6U:=>.0,:C6<;A�57/21BFQ,:<;<;A*="����� � U6=4/
<;=>v:36D2=><;/�U:A:_6,�1BA6C:Af57=>?Q?>A6DE<;/�/-D2A:57Af_6=>DEA657/-14F6,657/E.O,6C6<;=>DE/��É��\E r�ÓW��=>D2DE=���/2G:3Q57= � W �
A:1414,:57_6/2=>.0A�?>J6,�/VD�?>A6,:9;9;/2?>/E,:CQ<;,�U6/�=>C6?>A:5b=>G:G:/2A��}¦�U:/2.~/EC636/V14?>, =>D�?B57,:14?>,657,
U:,:D2DE=@<;,6.OFQ,:57=><;365b=�5b/EU:A6<;<j=n�!�0� � \�/ECu=>?>?>A:5bU:Ay?>A6C s636=>CQ<jAyA:1414,:5b_6=><;Ay?>A:C D2,
.O/2143657,�/2C�?>=>.0F6A�.O=BG6C6,:<;/E?>A h _Q,:U:,:5b,��-/2G:365�=�¡:W ��p \@=>C6?QJ6,�14,:\@=>U:,:1414A:\@/
57/21436DE<;=><H/�14A:C6A�.0,:C6A�5736.0A:5bA:14/�,�.0A:D2<;A�F6/2��5b/EFQ57A:U:36?>/2v:/VDE/2W�XZC69;=><;<;/2\�sQ36,:14<H=�14<;,61414=
.O/2143657=gx�14<;=><;=�57/2F6,:<;36<;=�/2C@G6/EA:5bC6/©U:/2_6,:571P/©,�1B/&14A:C6A@14,:.0F657,@A:<;<;,:C636<;/©57/21436D2<H=><;/
/EC�v:3QA:C�=>?B?>A:57U:A�?>A6C�s636,:D2DE/n57/2F6A:57<;=><;/�/EC���/2G:3657= � W2¡f, � W � W
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T-Tc (Tc=35°C)

¯4° ±
²�³;´�µT¶ µ¯4° ±
²�³;´�µT¶ µ¯4° ±
²�³;´�µT¶ µ¯4° ±
²�³;´�µT¶ µ:¸&ÔPºHÏ�Ñ�¿7Ç~×
Ç�Ï©ÌbÑ
Ç ÒEÒ ¼�Ì�¼�ÇjÊ6Ë2Ç0ºHÛÓ¼ Î�¾�ËÄº�Ï�Ç]�A��¿;¼�Ì7º4áºbËEÑ~×
ºHÏ ÏZºt¿�Ñ
ËEºHÛÓ¼ZÑjÊQÇ
δφ
c-×
Ç�Ï&×�¼ ¿�Ç
Ë2ËEÑ¿7Ç
Á �ÑTÈÓÈ�¼�º�Î�Ñ)ÑTÈÓÈÓÇ�¿>á�ºH¿�Ç)ÌHÍQÇ��Iº&×¼ Î&¼ Ê6¾j¼�ÈÓÌ7Ç}ÌbÑ�Ê}ÏÓç º7¾;Î�Ç�ÊQËÄÑ�×
Ç�Ï Ï�º©Ë2ÇjÎ&Æ6Ç�¿�ºbËE¾�¿�ºbÁ

�=>/�57/2143QDE<;=><H/�5b/EF6A:5b<;=><;/�/EC¡�-/2G:365b= � W � \�F6A:1414/2=B.OA�?>=>DV?>A:DE=>5b,eD2= D236C6G:J6,6SPS�=�UQ/
,:14<;57=>F6A:D2=>S�/EA6C6,:\�U6,:9;/ECQ/2<;=�?>A:.0,��

de =
K22

Wa

hj� W z p
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+-R2=>C6U:=B.0,:C6<;AgU:,6DEDV=�DE36CQG:J6,:S�S�=�U:/-,:14<;5b=>F6A:D2=>SP/2A:C6,g=>D-_6=>5b/2=>5b,gU:,:DVDE=�<H,:.0F6,:5b=><;365b=
x�57=>F6F65b,:14,:C6<;=><;A�U:=>D2DE=¢��/EG:3Q57= � W'&�W
+-=yD236C6G:J6,:S�S�=rU6/�,:14<;57=BF6A6DE=>S�/2A:C6,¤£$¥�xr?>/257?>=y<;5b,aA657U:/2C6/�U:/�G:57=>C6U6,:SPS�= .0/EC6A:5b,
U:,:D2DE=fD236C6G:JQ,:SPS�=gU6/&?>A6,:5b,:C6S�=g,:D2,:<;<;5b/2?>=

ξ ¦ h U:,:9;/2CQ/E<;=g?>A6.0, §¨ ©Hª
«¬

εε 0

221=
p WI�)36/2C6U:/2\

=>C6?>J6,�D2,�.~/2143657,�?>A:C�/2D�?B=>.OF6A�,:D2,:<;<;57/V?>A�?>A:CQ9;,:57.0=>C6A�?>JQ,�/2D�1B3Qv614<;5b=><;A�U6/
F6A:D'��/E.0/2U:, h ü�/2141P=>C�?>A:57F6A657=><;/2A:C*�I l z � � { p 9;A:5�C6/214?>,:\�F6,:5�/2D~?>5b/E14<;=BD2D2A*DE/2s636/2U:A� �¯®©\�3QC =>C6?>A:5b=>G:G:/2A�9jA:5b<;/E1414/2.0A:W��)36,614<;A =>C6?BA:57=>G6G:/EA x>\�/2C69;=><;<;/2\O?>/E5b?>=*U:/2,6?>/
_6A:D2<;,�F6/2��9;A:57<;,�U:/Üs636,6DEDVA�.0/E14365b=><;AgU:=>DÜC6A:14<;57AgG65736F:F6AgC6,:DÜ?>=>1BAgU:/Ü1436FQ,:579;/2?>/�UQ/
A:1414/EU:A�U:/Ü1B/VD2/E?B/2A8,:_6=>F6A:57=><;A8=�& { � � z \2¡��É\�?>J6,814A:C6A�?>A:C614/EU6,:57=><;,�/EC�D2,:<;<H,:5b=><;3657=?>A:.0,�1436F6,:5b9;/E?>/&/2C@G:5b=>U6A�U:/©,614,657?>/2<;=>57,@36C�=>C6?BA:5b=>G:G:/EA@9jA:5b<;,:W¯I1414A@x>\©/2C6A:D2<;57,6\
=>DE?>36CQ/~A:5bU:/ECQ/0U6/~G:5b=>C6U6,:S�SP=(1436FQ,:57/2A:57, =>/�_6=>D2A:57/~.~/E14365b=><H/0U6=Y=BD2<;57/~G:5b36FQF6/0/2C
U:/E_Q,:5714/�<;/2F6/nU:/�1436v:1P<;5b=><;/�� ��l .r�ÓW
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T-Tc (Tc=35°C)

¯4° ±
²�³;´Iµ�¶ °¯4° ±
²�³;´Iµ�¶ °¯4° ±
²�³;´Iµ�¶ °¯4° ±
²�³;´Iµ�¶ °�¸²±:Ê6×
ºHÎ�ÇjÊ6ËEÑ)×
Ç�Ï ÏZºnÏZ¾jÊ
½ÐÍ6Ç�ÛÉÛPº©×�¼�ÇTÈÉË ¿�ºZÆ:Ñ�Ï�º�ÛÓ¼�ÑjÊ6Ç)×�³:º�Ï©á�º�¿;¼�ºH¿�Ç�yA´zy��VÁ
�<�=
�� µ�<�=
�� µ�<�=
�� µ�<�=
�� µ

 ¶�·¹¸ þ�BIº�º4�¹J�þKL�?@F:þ�E=E»�@º>þ=LIDAB)J;BIE�E=¼Äþ=D;½¾B�D;?Qþ=½p¿��
þ=G�E=BI?@?@�¶�·¹¸ þ�BIº�º4�¹J�þKL�?@F:þ�E=E»�@º>þ=LIDAB)J;BIE�E=¼Äþ=D;½¾B�D;?Qþ=½p¿��
þ=G�E=BI?@?@�¶�·¹¸ þ�BIº�º4�¹J�þKL�?@F:þ�E=E»�@º>þ=LIDAB)J;BIE�E=¼Äþ=D;½¾B�D;?Qþ=½p¿��
þ=G�E=BI?@?@�¶�·¹¸ þ�BIº�º4�¹J�þKL�?@F:þ�E=E»�@º>þ=LIDAB)J;BIE�E=¼Äþ=D;½¾B�D;?Qþ=½p¿��
þ=G�E=BI?@?@�
 �©A:.O,(=>v6v:/E=B.0A(_6/214<jA(C6,:D��©=>F6/2<;A:D2A( �\�D2=r<;,:A�57/2=rF657,:_Q,:U:,(?>J6,YD2RE/2C6<;,:C614/2<;wuU:,QD
9;=>14?>/EA�57/29;D2,:1P1BA�U:=>Dg?>57/V14<;=>DED2A�D2/2s636/2U:A�?>J6,�=><;<;5b=>_6,:5b14=dD2R2=>C6=>D2/2S�S�=><;A:5b, mok�h /2C
=>141B,6C6SP= U:/�?>=>.OFQA�=>F6F6D2/2?>=><jA p 14/2= 36C6= 9;36CQSP/VA:C6,�A:14?>/ED2D2=>C6<;,�C6,:D�<;,6.0F6A�?>A:C
9;57,:s636,6C6S�=�=>C6G:A:D2=>57,�¡

ω Ø XZC�5b,:=>DE<Hw�\�/2C�<;36<;<H/�/�C6A:14<;5b/�,:14F6,:57/V.0,:C6<;/E\�=Bv:v6/E=B.0A14,:.OFQ57,�A:1414,:5b_6=><;A�D2=�F:57,:14,:CQSP=�U6/�36C6=�?>A:.OF6A6C6,:C6<;,�=�9;5b,:s636,:C6S�=�=>C6G:A:DÄ=>5b,� 
ωDE=�?>3Q/�=>.0F6/2,:S�S�=�_6=>57/2=�?>A:C�DE=�<;,:.0F6,:57=><;365b=>W�+-,�A:1414,:57_6=>ST/2A:C6/�14F6,:57/V.0,:C6<;=>D2/

U:/E.0A:14<;5b=>C6Aq?>J6,aD2R2=>.OF6/V,:S�S�=yU6/�<;=>D2,q?>A:.0F6A:C6,6C:<;,q14/�57/2U:36?>,qC6A:<;,:_6A6DE.0,6C6<;,q14,
_6,:C6G:A�CQAu14,:D2,:S�/EA6C6=><;/tF6A:D2=>57/2SPS�=><;A:5b/ i�k , mok ?>A:C@3QC�?>A:,:9;9;/2?>/2,:C6<;,uU6/t,614<;/VC6S�/2A:C6,
v:=>1414A , .0,:C6A U:/E14A6.0A:G:,6C6,:A:W i 3657<;57A:F:F6A:\*=>C6?>J6, A�F6,:57=>CQU:A D2= .O/2G:D2/EA657,
14,:DE,6S�/2A:C6,rF6A:1414/2v:/2D2,rU6,:/}F6A:D2=>57/2S�S�=><;A:57/2\�DV= ?>A6.0F6A:C6,6C6<;,q=u9;57,6s636,:C6S�= =>CQG:A:DE=>5b,
 

ω
.0A:14<;5b= 14,:.0F65b, 36C6RE=>.0F6/2,:S�S�= C6A6C <;5b=>14?>3657=>v:/2DV,:W�+�RE=>C6U6=B.O,:C6<;A U6,:DED2,
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=>.OF6/2,:S�S�,eU:,QDED2,e?>A6.OF6A6C6,:C6<;/�¡
ω
,� 

ω
?>A6C�D2=�<;,:.0F6,:5b=><;3657=�x .OA614<;57=><;Ae/2C�-/2G:365b= � WEª�W
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T-Tc (Tc=35°C)

 componente 2ω
 componente 4ω

¯4° ±
²�³;´�µT¶ î¯4° ±
²�³;´�µT¶ î¯4° ±
²�³;´�µT¶ î¯4° ±
²�³;´�µT¶ î:¸À±:Ê6×
ºHÎ�ÇjÊ6ËEÑ ×
Ç�Ï Ï�º@Ì7Ñ�Î&Æ:ÑjÊ6ÇjÊQËEÇ º Ò ¿7ÇÐÚT¾�Ç�ÊÐÛ�º@ºHÊ
½:Ñ�Ï�º�¿�Ç � ω Á Ì7Ç�¿�ÌHÍ
¼�Æ
¼ZÇ�ÊÐ¼ ÂgÇyºÒ ¿�ÇÐÚ
¾�ÇjÊTÛPºuºHÊÐ½6ÑÏZºH¿�ÇÃ^
ω Á ÌbÇ¿�Ì�Í
¼�áj¾
ÑÐË ¼ Â�¼ Ê º7ÈbÈÓÇ�ÊÐÛPºu×¼�Ì7º�Î©Æ6ÑqÇÏÄÇ
Ë2Ë ¿;¼�Ì7Ñ�à�º�Ï�á�ºH¿;¼ZºH¿�Çr×TÇ�Ï ÏZºËEÇ�ÎIÆ6Ç�¿�ºbËE¾�¿�ºbÁ

X�Cf_6/E=�U6/�F65b/EC6?B/EF6/2A:\Ü/EDÜ14,6G:C6=>D2,�?>A:CgFQ36DE14=>S�/2A:C6,� 
ω
C6A6CgU:A�_65b,:v:v:,�/2C69;D236,:C6S�=>57,g/

57/21436DE<;=><H/�U6,:DEDV= C6A:14<;57=y.0/E14365b=yU:,QDED2RE=>CQG:A:DEAq=>S�/V.O36<;=>D2,qU:,6D�U6/E5b,:<;<;A:57,6W�XZC69;=><;<;/E\�DE=
C6A:14<;57=�<;,:?>C6/2?>=�U:/).~/21B3>57=u?>A6C614/E14<;, C6,:D2DER2,:9;9;,:<;<;3Q=>5b,rD2=u<;5b=B149;A:57.0=><;=uUQ/<�-A:365b/E,65
U:,:D(14,:G:C6=>D2, =>D2DV=`9;57,:s636,:C6S�=`=>C6G:A6DE=>5b, ¡

ω
W-Ä�CQRE,:_Q,:C6<;36=>D2, ?>A:.0F6A:C:,6C6<;, =

9;57,:s636,6C6S�=(=>CQG�A:D2=>57,� 
ω
_6/2,:C6,:\os636/2C6U:/E\o57/2G:,:<;<;=><;=>Wo¬}36<;<;=>_6/V=>\�D2=aF657,:14,6CQSP=aU:,6D

14,:G:C6=>D2,�14F6365b/EA@=�9;57,:sQ36,:C6S�=8 
ω
F63@s89;=>50F6,:C614=B57,@?>J6,�1P/2=8F657,614,:C6<;,@=>CQ?>J6,@36C

14,:G:C6=>D2,c=�9;57,:sQ36,:C6S�=�¡
ω
?>J6,d14/g14A:_:57=>F6F6A:C:G:=�=>Dg14,:G:C6=>D2,d57,:=>D2,:Wf�n,c<;=>D2,

14,:G:C6=>D2,a9;A61B14,qF65b,:14,:C6<;,:\�,:141BAqF6A6<;57,:v:v6,a,69j9;,6<j<;/E_6=>.0,:C6<;,q/2C69;D236,:C6S�=>57,rDE= 9;=>14,
U:,:Do1B,6G:C6=>DE,Y57/V1B3QDE<;=>C6<;, h ¡

ω
p ,:\os636/2C6U:/2\�D2=a.O/V143657=aU:,6DED2R2=>CQG:A:D2A�U:,:D�U6/E5b,:<;<;A:57,6W

i ,:5�,:14?>D236U:,:5b, DV=@F65b,:14,6C6S�=@U:/t1B,6G:C6=>D2/�14F63Q57/�U:/ts636,61B<;Au<;/2F6A:\�=>v:v:/2=>.0AuU:,:?>/V14A
U:/g?>A:C69;5bA:C6<;=>57,dD2RE=>.0F6/2,6S�SP=�.0/E14365b=><;=�U6,:Df14,:G6C6=>DE,d=�¡

ω
?>A:C�D2,cF65b,6_6/214/EA:CQ/

<;,:A:57/2?>J6,:W
��36D2DE= v:=B14,[U:,6Dq.0A:U:,:DVD2A[<;,:A:5b/E?>A`14_6/ED236F6F6=><;A[C6,:DÅ�©=>F6/E<;A6DEA` �\q/EDr1P,:G:C6=>D2,
A:14?>/ED2DV=>C6<;,r5b/ED2,:_6=><;Ay?>A:C /ED)9jA6<;A:U:/2A:U:A\� k C6,:D}.O,:<;A:U6Ar/2C 57/29;DE,:1414/2A:C6,y?>A:C /}U:36,
F6A:D2=>57/2SPS�=><;A:5b/©57A:<;=>C6<;/©J6=836C6RE=>.0F6/2,:S�S�=8F657A6F6A�57S�/2A:C6=>D2,�=


5

⊥−
5

||
� \©U:A:_6,�5

⊥
,�5

||14A:C6A:\�5b/E14F6,6<;<;/E_6=>.0,:C6<;,:\ /�?>A:,69;9;/E?>/2,:C6<;/�UQ/�57/29HDE,61414/2A:C6, F6,65 DE= 57=>U6/E=>S�/2A:C6,
A:57U:/2C6=>5b/E=�,r14<;5b=>A:57U:/2C6=>5b/2= h ?>9;5 h z W� p�p W��©A:.0,y57=>F6F:5b,:14,:C6<;=><;Ay/EC`�-/2G:365b= � W2«�\}D2=57=>U:/2=>ST/EA:C6,�/ECQ?>/EU:,6C6<;,:\rFQ57/2.O= U6/q<;5bA:_6=>57,�/EDr?>5b/E14<;=BD2DEA�DE/2s636/2U:A:\r/ECQ?>A6C6<;57= D2,
1436F6,:579;/2?>/�U:,6D�_6,:<;57/2C6Ac,cU:,:D2DE=eF6A:D'��/2.0/2U:,:WgXZDg?>=>.0F6Ac57/29;D2,:1414A�x>\gs636/2C6U6/E\gDE=
14A:.O.0= U:,6/�?>=>.0F6/ 57/V9;DE,:1414/�U6=BDED2, _6=>57/2, /ECQ<;,6579;=>?>?>, h =>57/2= l _Q,:<;57A:\�_6,:<;57A l
F6A:D'��/E.0/2U:,:\©F6A:D'��/2.0/2U:, l ?B57/214<;=>DED2A�D2/2s636/EU6A p W©ü�,:D2DE,@.0/E14365b,�F65b,:DE/2.~/EC6=>5b/©9;/EC6=BD2/2SPS�=><H,
=8U:,:<;,:5b.0/2C6=>5b,@/©?>A:C6<;5b/2v:36<;/©14F6365b/&U:A:_636<;/©=>D2D2=�v6/E5b/E9;5b=>C6G:,:C6S�=85b,:14/EU63Q=8U6,:D©_6,6<;57A
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,�U6,:DED2=eF6A:D'��/E.0/2U:,c14<;5b3614?>/2=><;= h ��¡�W���W�� p \�=>v:v:/2=>.0Ac.OA:14<;5b=><;A�?>JQ,�D2=�F6/E?>?>A6DE=
v:/E5b/E9;5b=>C6G:,:C6S�=�5b,:14/2U:36= U:,:Da_6,6<;57A ,[s636,:D2D2=�U:,:D2DE= F6A:D'��/E.0/2U:,]x U6,:Da<;36<;<;A
<;57=>14?>3657=>vQ/ED2,�C6,6D�CQA:14<;57A�,614F6,:57/2.0,:C6<;A:\�,:1414,:C6U:A�/ECQ9j,657/2A:57,�=>D z�| W�ü�,U:,:U:36?>/V=>.0Ac?>J6,dF6A:1414/2=B.OAd?>A:C614/2U:,:5b=>57,d/E14A:<;5bA:F6/g/2Dg_6,:<;5b/ECQAc,dD2Ac14<;57=><;AcU6/
F6A:D'��/E.0/2U:,:W�Xt?>A:,:9;9;/2?>/E,6C6<H/&U6/I5b/E9;D2,:141P/EA6C6,�5

⊥
,�5

||
\�/EC�?>=>14A�U6/�/EC6?>/2U:,:CQS�=gCQA:57.0=>DE,6\

14A:C6A��
r|| = rav + rvpe

i Æ δ ÇpÈbÉ (rpN)||  e
i Æ δ Ç�Ê δ ËpÈ

r⊥ = rav + rvpe
i Æ δ ÇpÈ É (rpN)⊥ e

i Æ δ Ç�Ê δ ËpÈ hj� W2¡ p

U:A:_6,��-xg5 ¦ Ç /2D&?>A:,:9;9;/2?>/E,6C6<;,�U:/&57/29;DE,61B1P/2A:C6,�F6,:5~DÄR2/ECQ<;,:579;=>?>?>/V=�=>57/2= l _6,6<;57A:\&5 ÇpË x�/2D?>A:,:9;9;/2?>/E,:CQ<j,@U:/©57/29;D2,:1P14/2A:C6,@F6,:5OD2RE/2C6<;,:579;=>?>?>/2=8_Q,6<;57A l F:A:D'��/E.0/2U:,�, h 5 ËpÌ p || , h 5 ËpÌ p ⊥14A:C6A / ?>A:,:9;9;/2?>/E,:CQ<;/ U:/ 57/29;D2,:1P14/EA:C6, F6,:5�D2R2/EC6<;,6579;=>?>?B/2= F6A:D'��/E.~/2U:, l �©+�ü
57/214F6,:<;<;/E_Q=>.O,:CQ<;,qF6,65�DE=�57=>U:/2=>ST/EA:CQ,q14<;5b=>A:57U:/2C6=>57/2=u,qsQ36,:DEDV=uA:57U:/2C6=>5b/E=>W�XÄC6A:D2<;57,6\
δ
_ h ¨�¡

π Í Ç U Ç £ λ N p xYD2A*149;=>14=B.0,:C6<;A*<;57=a/2D�5b=>G:G:/2A*C6W�  ,:U�/2D�57=>G6G:/EA�C6Wf�yUQ/�-/2G:365b= � WE«:\I.0,:C6<;5b,
δ
F h ¨n¡

π Í Ë U Ë £ λ N p xfD2A8149;=>14=>.O,:CQ<jA�<;57=f/2D�57=>G:G:/2A8C6W z ,6U8/2D57=>G:G:/2AfC6W- �U:/��-/2G:365b= � WÄ«:\-U:A6_6, Í Ç x�D2RE/2C6U:/2?>,fU6/-5b/E9;5b=>S�/EA:CQ,fU:,:D�_6,:<;57A h ≈ ��W � � p ,Í Ë x�D2R2/EC6UQ/E?>,�U:/n57/29;57=>S�/2A:CQ,�U:,:D2D2=�F6A6D���/2.~/EU:, h ≈ �TWEª p W

¯4° ±
²�³;´�µ�¶ ï¯4° ±
²�³;´�µ�¶ ï¯4° ±
²�³;´�µ�¶ ï¯4° ±
²�³;´�µ�¶ ï�¸�â-º�Æ
Æ
¿7Ç
ÈÓÇ�ÊQËEºHÛÓ¼ÄÑ�ÊQÇgÈbÌ�Í6Ç�Î�ºbË ¼�Ìbº�×�¼�¾jÊ6º�Æ6ºH¿�Ë2Çg×
Ç�Ï ÏZº�Ì7Ç�Ï Ï�º�ÌbÑÊ6ËEÇjÊQÇ�ÊQËEÇ~¼ Ï�ÌH¿;¼�ÈÓËÄº�Ï Ï�ÑÏ ¼�ÚÐ¾�¼Ä×TÑ
ÁnäP¾;Ï Ï�ºoÈb¾;Æ6Ç�¿ Ò ¼�ÌH¼ZÇ�¼ ÊQË2Ç¿HÊ6ºo×
Ç�Ï�á�ÇÐË ¿;¼ ÊQÑ Á ÈZÆQÇTÈÓÈbÑ�¿7ÇhÎ�ÏtÇ�¼ Ê6×�¼�ÌÓÇO×�¼n¿;¼ Ò ¿�º�ÛÓ¼�ÑjÊ6Ç�ÐMÏ Â�Ì4ç ö�¾jÊQÑÈbË ¿�ºbËEÑ�×�¼QÆ:Ñ�Ï ÑT¼ Î&¼Z×ÐÇ Á È�ÆQÇ
ÈbÈÓÑ�¿7Ç�Î�Ò�Ç©¼ ÊQ×¼ZÌ7Ç�×�¼6¿H¼ Ò ¿�ºHÛ¼�ÑjÊ6Ç�ÐMÒ Â)Ì�Í6Ç�Ñ¿H¼ZÇ�ÊQËÄºÜ¼ ÏK}T¹zÓ�àQ¼ÜÌ7¾j¼6¼ ÊQ×¼ZÌH¼-×�¼¿;¼ Ò ¿�ºHÛÓ¼ZÑ�ÊQÇgÈÓË ¿�º7Ñ�¿7×¼ Ê:º�¿;¼�ÑgÇgÑj¿�×�¼ Ê:º�¿;¼�ÑgÈÓÑ�ÊQÑ�Ð
||
ÇÔÐ

⊥
¶� �Ç¿�ÈbÇ�ÎIÆTÏ ¼�ÌH¼ÄËÄèO×�¼&¿�ºHÆ
Æ
¿7Ç
ÈÓÇjÊ6ËEºHÛÉ¼ZÑ�ÊQÇ�à©ÏZº¿�º7×�¼�ºHÛÉ¼�ÑjÊ6ÇOö Ò º7Ë2ËEº�¼ Ê6Ì�¼Z×
Ç�¿�Ç~º7×O¾jÊgºHÊÐ½6ÑÏZÑ�Î�ºH½
½
¼ZÑ�¿�Ç0×�¼©ÚÐ¾
Ç�Ï ÏÄÑ�¿7Ç
ºHÏZÇOÇ0ÈbÑjÊ6ÑOÈÓËEºÓËÄÇ0Ñ�Î�Ç
ÈbÈÉÇ�ÏZÇ¿;¼ Ò ÏZÇ
ÈbÈ�¼ZÑ�ÊÐ¼PÎ�¾jÏZË ¼ Æ
Ï�ÇÐÁ

X�C�G:,6C6,:57=>D2,:\�/2D�?>A6,:9;9;/E?>/2,:C6<;,�U6/857/29;DE,:141P/2A:C6,�F6,:5*D2=d57=>U:/2=>S�/EA:CQ,�?>J6,�/2C6?>/2U:,
C6A:57.0=>D2.O,6C6<;,u1436D2DERV/2C6<;,:5b9;=>?>?>/2=�<;57=836C�.0,:S�S�Au?>A:C@/2C6U:/E?>,�U:/t5b/E9;5b=>SP/2A:C6, Í k ,�36C.O,6SPS�Af?>A:C�/2C6U:/2?>,�U:/�57/29H57=>S�/EA6C6, Í � x�5�¨ h Í kEl Í � p £ h Í k É Í � p �Ó� { �ÉW�Ä�1B=>CQU:Ags636,:14<;=57,:D2=>S�/EA:CQ,�,�DE,�,:14F65b,:141P/2A:C6/ hj� W2¡ p \�DE=�s636=>CQ<j/2<;w


5

⊥−
5

||
� U6/2_6/E,:CQ,��


5

⊥−
5

||
� ( )

( )
2

ÕÕ
ÕÕ

Õ
Õ ÖÖ

ÖÖ
ÖÖ
ÖÖ

θ
θ

+
−

−
+
−

=
h�� W ��p

Vetro 
(nv) 

Polyimide 
(np) 

Cristallo liquido 
nematico 
(n|| e n⊥) 

Spessore 
dv 

Spessore 
dp 

Radiazione 
incidente 

Aria 

n.1 n.2 
n.3 

⊥ 
⊥ 



CAPITOLO 5 86 

U:A:_6, Í h θ Ë p x�D2RE/2C6U:/2?>,@U6/&5b/E9;5b=>SP/2A:C6,×E_Q/E14<;A:R&U:=>D2DE=f57=>U:/2=>S�/EA:CQ,@14<;57=>A:5bU:/2C6=>5b/2=�, θ ËxgDER2=>C6G:A6DEA�U6/&FQ57,:<;/2DE<;\I?B/VA:xgD2RE=>C6G6A:DEA89jA:57.0=><;A�U:=>D2D2RE=>1P14,�9;=>?B/2D2,�?>A:C8D2=f143QF6,:5b9;/E?>/2,
U:/�F6A:D'��/2.0/2U:,:W i A:/2?>JQK D2R2=>1414,�9;=>?>/2D2,�U:,:D�?>57/214<H=BDED2A�DE/2s636/2U:A�9;A:5b.0= 36C�F6/2?>?>A:D2A
=>C6G:A:D2A�U:/�FQ57,:<;/2DE<

θ Ë ¨�& � \ Í h θ Ë p x�U:=><;A�U:=>D2D2=�5b,:D2=>S�/2A:C6, h ?>9;5Ø�� �W�� p �

22

2

2

2 1 ÙÚÛMÜXÝÝCÞ ß
à�à ááá âââ

θ
θθ

=+
hj� W'& p

��141B,657_6/2=>.OA ?>JQ,:\�F6A:/2?>J6K
θ Ë x F6/V?>?>A:D2A:\�D2R2/VC6U:/2?>, U6/�5b/E9;5b=>SP/2A:C6, Í h θ Ë p x_6/E5b<;36=>D2.O,:C6<;,f?>A:/ECQ?>/2U:,:C><;,g?>A:C Í ||
W m Ug,:14,6.OF6/2A:\�F6,:5 Í ||

¨©��WEª z�{ , Í ⊥
¨(�TW � z�{ \-14/<;57A:_6= Í h θ Ë p ¨��TWEª� �ª�WnÄ�<j/2D2/ESTS�=>C6U:A /�_6=>D2A:57/*U6/ Í ⊥

, Í ||
U6=B/*<H=>v:36DE=><H/ã�Ó�:���É\

?>=>DE?>A:D2/V=>.OA DV=Ys636=>C6<;/2<;w

5

⊥−
5

||
� =>D2D2, _6=>5b/E,*<H,:.OFQ,:57=><;365b,:W m v6v:/E=B.0A*<;5bA:_6=><;A

?>J6,YDER2=>C6U:=>.0,:C6<;AYU:/�ä
≡
5

⊥−
5

||
� xqv:,:C(U6,:14?B57/2<;<;AYU:=>DED2=q57,:DV=>S�/EA:CQ,Y,6.OF6/25b/E?>=ä h � p ¨Kå h �

β
l � p γ \IU:A:_Q,Ãå�xg36C6=f?>A:14<;=>C6<;,�F6=>5b/&= { W {�{ �P $& z � \h� β

¨ { W2ª { ª&��« � ��, γ¨ { W z & � �� :WfXZC"��/EG63657= � W�.d5b/EF6A657<;/2=>.OA�/f_6=>DVA:57/fU6/�ä�=�_6=>5b/E,�<;,6.~F6,:57=><;3Q57,A:<;<;,:C636<;/�36<;/ED2/2S�S�=>C6U:A�G6DE/�/EC6U6/E?B/�U:/�5b/E9;5b=>SP/2A:C6,�.~/21P3657=><;/�/2C-�É�����),�14A:14<;/2<;36,:C6U:A:D2/�/2C
hj� W ��p , hj� W=& p W&+-=�?>365b_6=�?>A:CQ<j/2C636=g/EC���/2G:3657= � W�.@57=>F6FQ57,:14,:C6<;=�/2D&v:,614<�9;/2<}?>A:C8D2=
9;36C6S�/EA:CQ,�ä h � p ¨Kå h �

β
l � p γ W

3.5x10
-3

 

3.0

2.5

2.0

1.5

1.0

0.5

0.0

R

-14 -12 -10 -8 -6 -4 -2 0
T-Tc (°C)

 R calcolata con i valori di Karat

 fit: R(T)=w0(w1-T)
w2

w0=0.0012635, w1=0.70718,  w2=0.36512

¯4° ±
²�³;´~µT¶ ú¯4° ±
²�³;´~µT¶ ú¯4° ±
²�³;´~µT¶ ú¯4° ±
²�³;´~µT¶ ú:¸�Ô4º�Ï�Ñ�¿;¼)ÈZÆ6Çj¿;¼ Î�Ç�ÊQËEºHÏ ¼�×¼ræ�í

³

⊥−
³

||
ù ¼ Ê Ò ¾;Ê
ÛÓ¼ÄÑÊQÇ�×TÇ�Ï ÏZºOË2Ç�ÎIÆ6Ç�¿�ºbËE¾�¿�º}¿H¼�×ÐÑ
Ë2ËÄºbÁQâqöÌ7ºHÏ�Ì7Ñ�Ï�ºbËÄºt¾ÐË ¼ Ï ¼ ÛÛPºHÊQ×
ÑÜÏ�º Á À�Á À²Â�Ç�Ï�º Á À�Á õHÂ�Ç�¼&áº�Ï�Ñ�¿H¼�ÈÄÆ:Ç�¿H¼ Î�ÇjÊ6ËEºHÏ ¼n×�¼PÊ ⊥

ÇÜÊ
||
¿;¼ Æ:Ñ�¿7ËEºbË ¼4¼ Ê}¿7Ç Ò Á@çÓ·
·�èZ¶¹nºrÌb¾�¿>á�ºyÌ7Ñ�Ê6Ë ¼ Ê6¾
ºyÌ7Ñ�¿;¿;¼�ÈÄÆ6Ñ�Ê6×ÐÇ(ºHÏ é Ç
ÈÓË Ò ¼ZË�ÌbÑ�ÊaÏ�º Ò ¾jÊ
ÛÉ¼�ÑjÊQÇ\æQÃ=é�ÅZízê7Ã=é

β
øzénÅ γà�×
Ñ6ájÇ\êríÝ�¶ Ý�Ý:·�^k°Tå
µkëzé

β
í�ÝT¶ îTÝTî:·ï�ì

γ
í�ÝT¶ åk°
µ:·²^ W

��,^DER2=B.0F6/E,:S�S�=[U6,:DY14,6G:C6=>D2, 5b/E9;D2,:1414A:\YU:=[C6A6/�.~/E14365b=><;A:\YC6A:C 57/214,6C6<;, U6/
?>A:C6<;57/2v:36<;/�14F6365b/�14/214<;,:.~=><;/E?B/2\�,:1P14=@U6,:_6, ,61414,:5b, FQ57A�F6A:57S�/EA6C6=>DE,u=


5

⊥−
5

||
� ,6\

s636/2C6U:/E\)F6=>57/}=`å Ní/ ä h � p \}U:A:_6,!å N xu36CQREA:FQF6A:57<;36C6=u?>A:14<;=>C6<;, .OA6DE<;/2F6D2/2?>=><;/V_6=>W i ,:5_6,:57/29;/2?>=>57,�?B/�s>\�=>v:v6/2=B.0A�,:9;9;,:<;<;36=><;A�/2D�v6,614<r9H/2<rU6,6DED2R2=B.OF6/2,:S�S�=dU6,:D81P,:G:C6=>D2,
A:14?>/ED2DV=>C6<;, =�9;57,:s636,6C6SP=@=>C6G:A:D2=>57,u¡

ω
?>A:CuD2=@9;3:C6S�/2A:C6,u<;,:A:57/2?>=¹î h � p ¨-å Ní/ ä h � p \

⊥ 
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U:A:_6, ä h � p ¨ { W {:{ �P �& z � / h { WEª { ª&��« l � p N²ï ð�ñHò k � \ D2=>14?>/2=>C6U:A D2/2v:,:57A /2D 14A:D2A
?>A:,:9;9;/2?>/E,:CQ<j,]å N WX�C��-/2G:365b= � W�� { 14A:C6A@57/2F6A:5b<;=><;/&/I_6=>D2A:5b/&U6,:DED2R2=>.OF6/2,:S�S�=g/EC�=>1414,:C6S�=gU6/I?>=B.OF6A6\&/2C9;36C6S�/EA:CQ,�U:,:D2DE=�<;,6.OF6,657=><;3657=>WÜü�A6Cg14A�C6A85b/EF6A:57<;=><;,�D2,�v:=>5b57,�U:/Ü,:5b57A:5b,8F6,�5b?>J6K�/ED
5736.0A:57,�x�/2C69;,:5b/EA:5b,u=>D2D2,uU:/2.0,:C61P/EA:CQ/tU:,6/tF636C6<;/2W7�©A:.O,�F6A:1414/2=>.OA�_6,:U:,65b,:\t/2Dt9;/E<
36<;/ED2/VSPS�=><;Aq14/�=>U:=><;<;=uv:,6C6,q=>/�U:=><H/�1BFQ,:57/2.O,6C6<;=>D2/V\�=>C6?>J6,q14,q14/�F6A:1414A:C6AqC6A:<;=>5b,
F6/E?>?>A6DE,cU:,:_6/V=>S�/EA6C6/g14/21P<;,:.0=><H/E?>JQ,�=>DfU6/�9;36A:5b/�U:,:D�5b3Q.0A:57, h U:/2.O,6C61P/2A:C6,cU:,6/
F636C6<;/ p W©+�,@U6,:_6/2=>SP/2A:C6/I14/214<;,:.0=><H/2?>J6,@14A:C6A6\©?>A6.O3QC6sQ36,:\&/EC69;,657/2A:57/&=>D � | W&�)36,:14<;A/EC6U6/E?B=�?>J6,rG6D2/},6_6,:C6<;36=>DV/}?>A:C6<;57/2v:36<H/)14F6365b/}F65b,:14,:C6<;/}C6,:D)14,:G6C6=>DE, U:/)9;5b,:s636,:C6S�=
=>C6G:A:D2=>57,�¡

ω
14A:C:A�14369j9;/E?>/2,:C6<;,:.~,:C6<;,�F6/2?>?>A:DE/VWÔó�/E.0F6A:5b<;=>C6<;,�A:1414,:5b_6=>57,�?>J6,

DER2,:14F657,61414/2A:C6, hj� W ��p F632s8,:1414,:57,�=>F6F657A61B14/2.0=><;=�=
Í ⊥− Í h θ Ë p 

� ?>A:C�36C@,65757A657,
57,:D2=><;/E_QA`/2C69;,:57/2A:57,�=>D z:| Wr+�RE=B.0F6/2,:S�SP=$U6,:Dy1B,6G:C6=>DE,�A:14?>/2D2D2=>C6<;,�x>\ys636/2C6U:/2\DE=>5bG:=>.0,:C6<;,�/EC6U6/EF6,6C6U:,6C6<;,�U:=>D�<;/2F6A�U:/8_6,:<;57/2C:/�,�U6,:D�1436v:14<;57=><;A�A657/2,:C6<;=>C6<;,
h F63657?QJQK F:A:1414=>C6A ,:141B,657, ?>A:C614/EU6,:57=><H/ /21BAQ<;57A:F6/ p , U:/2F6,:C6U:,:\ /2C6_6,:?>,:\
36C6/2?>=>.0,:C6<;,�U6=>G:D2/n/ECQU:/E?B/nU:/�5b/E9;5b=>SP/2A:C6,�U6,6D�?>5Ó/E14<;=BD2DEA�D2/EsQ36/EU6A:W
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-12 -10 -8 -6 -4 -2 0
T-Tc (Tc=35°C)

 dati sperimentali
 fit: c0R(T)

c0=234.03

¯4° ±
²�³;´�µT¶Z·�Ý¯4° ±
²�³;´�µT¶Z·�Ý¯4° ±
²�³;´�µT¶Z·�Ý¯4° ±
²�³;´�µT¶Z·�Ý:¸�±�ÊQ×Tº�Î�ÇjÊQËEÑ�×
Ç�Ï ÏÓç ºHÎ&Æ
¼ZÇjÛÓÛPº�×ÐÇ�Ï Ï�º�Ì7Ñ�Î&Æ6ÑjÊ6ÇjÊ6Ë2Ço×TÇ�ÏIÈÓÇ�½ÐÊ:º�ÏZÇ�ô Ã�õEÅ©ºHÏ Ï�º Ò ¿�Ç
ÚÐ¾�Ç�ÊÐÛPº�j
ω¿�º7Ì�ÌbÑ�Ï�ËEÑ�×
ºHÏ Ò Ñ
Ë2Ñ
×�¼�ÑÐ×
Ñf¯ ÷ Á ájÇT×ÐÇ¿7Ç�»B¼ ½6¾�¿�º]xTÁ x�Â�ÌbÑ�Ê8¼ Ï�Î�Ç
ËEÑÐ×TÑ�¿H¼ Ò ÏZÇ
ÈbÈbÑjÎ�Ç
Ë ¿;¼�ÌbÑ@ÌbÑ�Ê�¼�×Ð¾ÐÇÆ:Ñ�Ï�º�¿;¼ ÛÓÛPºbËEÑ�¿;¼P¿�Ñ
ËEº�ÊQË ¼2¶

�<� µ�<� µ�<� µ�<� µ
 > þ=?@�A�CB@þ=D�E=�;F2B½����2? · BI?@?@�> þ=?@�A�CB@þ=D�E=�;F2B½����2? · BI?@?@�> þ=?@�A�CB@þ=D�E=�;F2B½����2? · BI?@?@�> þ=?@�A�CB@þ=D�E=�;F2B½����2? · BI?@?@�

�©A:C@D2=814<;,:1414=8?>,:D2D2=8,@C6,6DED2A�14<;,:1414A�FQ36C6<;AuU6,:D©?>=>.OF6/2A:C6,:\©=>v6v:/E=B.0A�,69j9;,:<;<;36=><;A
.O/2143657, ?>A:C�/2DO.0,:<;A:U6A /EC DE36?>, <;57=>1P.0,:1P1B=>\0/2DO?>3Q/O=>F6F6=>5b=><;A 14F6,:5b/E.0,:C6<;=>D2, x
14<;=><jA�U:,614?>57/2<;<;A�/EC+� z W z WX�C¹�-/2G:3657= � W���057/2F6A:57<;/2=Q.0Ag36Cf<;/2F6/2?>Af=>C6U:=B.0,:C6<;AgU:,:D2D2=�57A:<;=>S�/EA6C6,g=>F6F6=>5b,:C6<;,

∆φU:,:DfU:/257,:<;<;A657,e.O/V143657=><;=�=>Df_6=>57/2=>57,eU:,:D�?>=>.0FQA�,:D2,:<;<;57/2?>Aö,�\�1P/2=�.0/E1P365b=>C6U:A
DER2/2C6<;,:C61P/E<;w U6,:D�9;=>14?B/EA�14<;57=>A:5bU:/ECQ=>57/2A h ��/EG63657= � W�:��\�?>,:57?>JQ/�_636A:<j/ p \�14/2=
.O/2143657=>C6U6A]D2R2/2C6<;,:C614/V<;w�U:,:Da9;=>14?B/EA[A:57U6/EC6=>5b/EA h �-/2G:365b= � W�����\a?>,:5b?>J6/aF6/2,:C6/ p W
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�I/2?>A:5bU:/E=B.0A ?>J6, D2, /2C6<;,:C614/2<;wcU6,:D 9;=>14?B/2A A:57U:/EC6=>5b/EA$, 14<;57=>A:5bU:/EC6=>5b/2A 14A:C:A
9;36C6S�/EA:CQ/©A61B?>/2D2D2=>C6<;/I=>D2DE=f9;5b,:s636,:CQSP=g 

ω
\©?>A6C�36C6=�?>A61B<;=>CQ<;,�U:/I9;=>14,�?>J6,8U:/EF6,6C6U:,

U:=>DED2RV=>C6G:A:D2A =>S�/2.O3Q<;=>DE,^U:,:D*U:/257,6<;<;A:57,:W i ,:5�/2D*14/EG6C6/E9;/2?B=><;A U:,:D2DE=]57A:<;=>S�/2A:C6,
=>F6F6=>57,:CQ<;,

∆φ
\�5b/E.0=>C6U:/2=B.0A�=>DI��¡�W z W

 

1.4

1.2
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∆
Φ

 (°
)

100x10
-3

 80706050403020100
Valore RMS del campo E (V/µm)

 in riflessione
 r. straordinario
 r. ordinario
 fit r. stra: y=w0*x+w1*x 2̂

w0=2.9464, w1=69.151
 fit r. ord: y=w0*x+w1*x 2̂

w0=6.024, w1=174.09

 
¯4° ±
²�³;´tµT¶Z·T·¯4° ±
²�³;´tµT¶Z·T·¯4° ±
²�³;´tµT¶Z·T·¯4° ±
²�³;´tµT¶Z·T·
¸7â-ÑÐËEºHÛÉ¼ZÑ�ÊQÇ�×
Ç�Ï�×j¼ ¿�ÇÐËEË2Ñ�¿�ÇI¼ Ê Ò ¾jÊÐÛÓ¼ZÑ�ÊQÇ�×ÐÇÏ�ÌbºHÎ&Æ6Ñ�ÇÏÄÇ
Ë2Ë ¿;¼�Ì7Ñ�ºHÆÐÆTÏ ¼�Ì7ºbËÄÑ
Áí÷g¾ÐË ¼ Ï ¼ ÛÓÛPºÓËÄÑI¼ ÏÎ�ÇÐË2ÑT×ÐÑ�¼ ÊaÏ�¾ÐÌbÇaË ¿�º7È�Î�Ç
ÈbÈÓº�¶�¹©ç ºHÊ
½:Ñ�ÏZÑ Ò ¿�ºgÏÓç º7ÈÓÈbÇ Ò º7Ì�¼ Ï�ÇaÇ�¼ Ï�Ì7º�Î©Æ6Ñaö

β
gqÃÄï
µ

±̂
TÅZò;¶�¹nºËEÇ�ÎIÆ6Ç�¿�ºbËE¾�¿�º�×
Ç�Ï&ÌbºHÎ&Æ
¼�ÑjÊ6Ç�ö+yzgXiTõ$| }:Á4¹nÇ~Ì7¾j¿BáÇ~Ì7Ñ�ÊQË ¼ ÊQ¾ÐÇ0ÌbÑ¿;¿;¼ZÈ�Æ6ÑjÊQ×TÑjÊ6Ñ0º�Ï é Ç
ÈÓË Ò ¼ZËÜ×
Ç�¼&×
ºbË ¼È�ÆQÇ¿;¼ Î�ÇjÊ6ËEº�Ï ¼nÌ7Ñ�Ê�Ï�º Ò ¾;Ê
ÛÓ¼ZÑ�ÊQÇ

∆φ
gAø6ô�ù d<ú�ø6Â2ù d Ö Á7¹nº�¿�ÇÐËEËEºtË ¿�ºbËEËEÇj½T½
¼�ºÓËÄº�¿�º�ÆTÆ
¿7Ç
ÈÓÇ�ÊQËEº�Ï�º�¿�Ñ
ËÄº�ÛÓ¼ZÑjÊ6Ç×
Ç�Ï�×�¼ ¿7Ç
Ë2ËÄÑ�¿7Ç-ÊQÇÏ Ï�Ñ}ÈÓË2Ç
ÈbÈÓÑÜÆQ¾jÊQË2Ñ}×
Ç�Ï�Ì7º�Î©ÆÐ¼�ÑjÊQÇà�Î&¼�ÈÓ¾j¿�º7ËEº©Ì7Ñ�Ê}¼ Ï�Î�ÇÐËÄÑÐ×TÑ-¿;¼ Ò ÏÄÇTÈÓÈbÑjÎ�ÇÐË ¿;¼�Ì7Ñ
Á

��141B,657_6/2=>.OA�?>J6,:\I?>A:.0,�F65b,:_6/21B<;A�<;,:A:5b/E?>=>.0,:C6<;,6\&/IU:=><;/I14F6,:57/2.~,:C6<;=>D2/&U6/���/EG63657=
� W�����J6=>C6C:A�36C�?>A:CQ<j57/2v:36<;A�DE/2C6,:=>5b,�?>A:C�/ED8?B=>.OFQA:\@U:A:_Q36<;A�=>DED2=c57A:<;=>S�/2A:C6,
,:9;9;,:<;<;/2_6=�U:,:D-U:/E5b,:<;<;A:5b,:\Ü,g3QCf?>A:C6<;57/2v:36<;AgsQ36=>U:57=Q<;/2?>Ag?>A:Cf/2D-?>=>.OF6A6\ÜU:A6_636<;Ag=>D2DE=
57A:<;=>S�/2A:C6,Y=>F6F6=>5b,:C6<;,Y?>=>3614=><;=rU:=BDED2=rU:,:9;A:5b.O=>S�/VA:C6,YU:,:D�U6/E5b,:<;<;A:5b,YC6,:D�_6A6DE36.0,
h ?>9;5û�P �W z W2 M,ü��¡�W z p W�+-= D2/ECQ,:= <;57=><;<;,:G:G6/E=B<;= .0A:14<;57=><;= /2Cý�-/2G:3Q5b= � W����
57=>F6F:5b,:14,:C6<;=�D2=�5bA:<;=>S�/EA6C6,eU:,6D�U:/E5b,:<;<;A:57,�/2C�1P36F6,:5b9;/E?>/2,

δφ ® .0/21B3Q57=><H= ?>A:C�/ED.O,6<jA6U:A�5b/E9;D2,:1414A:.0,:<;5b/2?BA�C6,6DED2A�14<;,:1414A�F636C6<;A�U6,:D�?>=B.OF6/2A:C6,6W�XZD�?>A:,:9;9j/2?>/2,:C6<;,
=>C6G:A:D2=>57,�U:/�s636,:14<;=�57,6<;<;=�xÔþ { ¨�¡:W z hp� µ. p £j¢Y,�U:/V9;9;,:57/214?>,�=>F6F657,6SPS�=>v:/2DE.~,6C6<;,�U6=>/?>A:,:9;9;/2?>/E,:CQ<j/�=>C6G:A:D2=>57/8U6,:D�?>A:CQ<;57/2v:36<;A�D2/2C6,:=>5b,�CQ,:DED2,�?>3657_Q,�/2C�<;57=>1P.0/21414/2A:C6,
h þ { ¨n �W�.�¡ hp� µ. p £j¢cF6,:5�/ÄD}9;=>14?>/EAr14<;57=>A:5bU:/2C6=>57/2Aq,ÿþ { ¨�&:W {   hp� µ. p £j¢dF6,:5�s636,6DED2AA:57U:/2C6=>5b/EA p W$�3QC6s636,:\ =>C6?>JQ, /2C s63Q,:14<;A ?>=B14A:\$D2,�.O/21P3657, 14F6,:57/V.0,:C6<;=>D2/
?>A:C69;,:5b.O=>C6Af?QJQ,f/ED�.0,:<;A:U:Af/2C�DE3Q?>,f<;57=>14.0,:1414=�CQA:C�x�=>C6?QA:57=�14369;9;/2?>/2,:C6<;,:.0,:C6<;,
=>9;9;/EU:=>v6/ED2,yFQ,:5�DE=@.O/V143657=@U:/)=>C6?>A:5b=>G:G:/)=>S�/2.O36<;=BD2/),:14<;57,6.0=>.0,:C6<;, 9;A:57<;/2W)XZC69;=><;<;/V\
?>A:C6<;57=>5b/E=>.0,:C6<;,�=�s636=BC6<;AdF657,:_6/214<;AdU:=>DED2=e<H,6A:57/2= h ?>9;50�� �W z W2  p \g/g?>A6C6<;57/2v:36/2<H/DE/2C6,:=>5b/�F6,:5�/ED�9;=>14?>/2A A657U:/2C6=>57/2Au, 14<;57=>A657U:/2C6=>57/2A CQA:C 14A:CQAy36G:3Q=>DE/�<;5b=@D2A:57A:\�.0=
U:/E9;9;,657/21B?>A6C6A�=>F:FQ57,:S�S�=>v:/ED2.0,:C6<;,�DVR236C6A�U6=>DED2RE=BD2<;57A6W7�©A6.O,@G:/Ew�U6,:<;<;A�C6,6D7�©=>F6/2<;A:D2A
¡�\~CQA:/~F6,6C614/E=>.0A*?>J6,�s636,614<j,�U:/214?>5b,:F6=>C6S�,*F6A:1414=>C6A*,:1P14,:5b,*U:A:_636<;,�=>D�9;=><;<;A
?>J6,uD2=�<;,:A657/2=�U6/7��D2U:=>CQAu,�/t?>=BDE?>A6DE/tC63Q.0,:5b/E?B/©?>A:C@DE=8<;,:A:57/2=�UQ/7®t,65757,Q.O=>C@C6A:C
<;,:C6G:A:C:A /2C ?>A:CQ1B/2U:,:5b=>ST/2A:C6, C6K@DE=@U:/29;9;3614/EA:C6, U6/�D236?>,:\�?>J6, C6,:/�?>5b/E14<H=>D2D2/�D2/2s636/EU6/
C6A:C�xg1B,6.OF65b,@<;5b=>1B?>3Q57=Bv:/2DE,:\IC6KgDE=gFQ57,:14,:C6S�=�U:,QDED2RE=>CQG:A:D2A@U:/&F657,6<;/ED2<

θ Ë ?BJ6,:\&C6,6D
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C6A:14<;57Af?>=>14A:\�x�F6/2?>?>A:DEA h
θ Ë ¨;& �7p .O=�C6A:C�C636DED2A:W-ü�,:D�F657A:1414/2.0Af9;36<;3657AgFQ,�C614/E=>.~AU:/�/2C614,:5b/257,q,:C6<;5b=>.Ov6/�sQ36,:14<;/�,69;9j,6<;<;/�C6,:D2D2= <;57=><;<H=>S�/2A:C6,q<;,:A:5b/E?>= F6,:5�_6,:U6,:57,q14,

,:1414/}F6A:1414A:C6Ar14F6/E,6G:=>57,qD2,qUQ/E14?>57,6F6=>C6S�,qA61B14,65b_6=><;,:W%ó U:= C6A6<;=>57,r?>J6,yx 14<;=B<;A
F6A:1414/Ev6/ED2,�.O,6<;<;,:57,�/2C�,:_Q/2U:,:C6S�=�s636,:14<H,fU:/V14?>57,:FQ=>CQSP,f?>A6C�DE=�<;,:A657/2=�14A6DE=>.~,:C6<;,f=
?>=>3614=�U6,:D2D2R2,:14<;5b,:.0=�9;A:57S�=�U:,:D2DER2=>C6?>A:57=>G6G:/EAeC6,:D2D2,�F6A6D���/2.0/EU6,6W�X�CQ9;=><;<j/2\�=>D2?>36C6,
.O/2143657,y,:9;9;,:<;<;36=><;,r/2CrFQ57,:?>,:U6,:C6S�=u?>A:Cy/2D�.0,:<;A:U6Ar/ECy<;57=>14.0/V1B1P/2A:C6,rU:=>D}C6A61B<;5bA
G:5736F6F6A �É�P r�O143 36Cu143Qv614<;57=><;A ?>A:Cu=>C6?>A:57=>G6G:/EA U:,:v6A:DE, =>_6,:_6=>CQAy.0A:14<;5b=><;A 36C
v:36A:C�=>?>?>A657U:A�9;57=�<;,:A657/2=�,:U�,61BFQ,:57/2.0,6C6<;A@,@9;5b=�D2,�.0/214365b,@57/29;D2,61414A:.O,6<;5b/E?>JQ,�,
s636,:D2DE,�/2C�D236?>,�<;57=>1P.O,6141P=>W
�©A:.O,�=>v6v:/2=>.0A�_6/214<;A:\@D2,�9;=>14/�U:,6/�1P,:G:C6=>D2/@.0/21B3Q57=B<;,�C6A:C�14A:C:A�/2C�<;A:<;=>D2,
=>?>?>A:57U:A ?>A:C D2, F657,:_Q/E14/2A:C6/^<;,:A:57/2?>J6,:W +�, =>.0F6/2,:STSP, U6/ A61B?>/VD2DE=>S�/2A:C6,
U:,:D2DERV/ECQ<;,:C614/E<;w U6,:D�9;=>14?B/VA�A657U:/2C6=>57/2Ac,�U6/�s636,:D2DEAc14<;5b=>A:57U:/2C6=>57/2Ac57/21436DE<H=>C6Ac/2C
.O/2G:D2/EA657,a=>?>?>A:57U6A(?>A6CaD2,aF657,6_6/E14/2A:C6/�U:,:D2DE=y<;,:A65b/E=>W�XZCqF6=>5b<;/E?>A:D2=>57,6\�,:141P,a14A:C6A
s636=>14/�36G:36=>DV/�,�U6/2F6,:C6U6A:C6A sQ36=>U:57=><;/2?>=B.O,6C6<;,�U:,6DEDVRE/2C6<;,:C61P/2<;wNU:,6D�?>=>.0F6A
=>F6F6D2/E?>=><;A h 14,:C6S�=�C6,:141436C@?>A:C6<;57/2v:36<;A�DE/2C6,:=>5b,:\t?>A:.0,uF65b,:_6/21B<;A�U:=>D2DE=8<;,:A�5b/E= p WtXZC�-/2G:365b= � W��� �14A�C6A 57/2F:A�5b<;=><;/E\O/2C 9;36C6S�/EA6C6,�U:,6D�?>=>.0F6A�,6DE,:<;<;5b/E?>A6\�/�_6=>DVA:57/�U:,6D
57=>F6F:A657<;A�9j5b=�DER2=>.0F6/E,:STS�=�.0/214365b=><;=�?BA:Cg/ED-?B=>.0F6A),u,gs636,:D2D2=�.0/2143657=><H=�=�?>=>.0F6A
C636D2DEA:Wt+�,u?>365b_6,u?>A6C6<;/ECQ36,u5b=>F6F657,:14,:CQ<;=>C6Au/ 9;/2<�U6,:/t57/21P36DE<;=><H/t14F6,:5b/E.0,:C6<H=>D2/t?>A6C
DE=�9;36C6S�/2A:C6,�s636=>U:5b=><;/2?>= �f¨r� É � / # � \�U:A:_Q,��0x�D2R23QC6/E?>=�?>A:14<;=>C6<;,�U:/n9;/E<;W

1.00

0.98

0.96

0.94

0.92

0.90

0.88

0.86

0.84

A
(E

)/A
(0

)

90x10
-3

 706050403020100
Valore RMS del campo E (V/µm)

 r. straordinario
 r. ordinario
 fit r. stra: y=1+w0*x 2̂

w0=-17.865
 fit y=1+w0*x 2̂

w0=-16.509

 
¯4° ±
²�³;´*µT¶Z·�^¯4° ±
²�³;´*µT¶Z·�^¯4° ±
²�³;´*µT¶Z·�^¯4° ±
²�³;´*µT¶Z·�^:¸�±�Ê:×
º�Î�ÇjÊ6Ë2Ñ�×ÐÇ�Ïg¿�ºHÆÐÆ:Ñ�¿7Ë2Ñ-± Á d@Â�l=± Á ôHÂY×
Ç�Ïg¿�ºH½
½
¼�Ñ�Ñ¿7×�¼ Ê6ºH¿;¼�Ñ�Ç�×ÐÇÏf¿�º�½
½T¼�ÑÈbË ¿�º7Ñ�¿7×¼ Ê:º�¿;¼�Ñ-Î&¼�ÈÓ¾j¿�º7Ë ¼�Ê6Ç�Ï ÏZÑ)ÈbË2ÇTÈÓÈbÑÜ½Ð¼�Ñ�¿HÊ6Ñ
ÁÓ¹�º©Ë2ÇjÎ&Æ6Ç�¿�ºbËE¾j¿�ºt×ÐÇÏ�ÌbºHÎ&Æ
¼ZÑ�ÊQÇ}öhyXgzi
õ�| }6Á
i ,:58_6,:57/29;/2?>=>57,*D2=(57/2F6,:<;/2v:/EDV/2<;wrU6,6/~5b/E143QD2<;=><;/2\�=>v6v:/2=>.OA�,:9;9;,:<;<;36=><;A:\�C6,:D2DERV=>57?>A*U6/
s636=>D2?>J6, G:/2A:57C6A:\^.0/E1P365b, 1436?>?B,:141P/E_6, U:,:DVD2= 5bA:<;=>SP/2A:C6, F6,:5�/2D^5b=>G:G:/2A
14<;57=>A:57U6/EC6=>5b/EA6W�XZC]��/EG63657= � W�� z 5b/EF6A:57<;/2=>.0A�/�U6=><H/Ü14F6,:5b/E.0,:C6<;=>DV/�?>A6Cg/�5b,6D2=B<;/E_6/Ü9;/2<;\=>D�_6=>5b/E=>5b,�U:,:D�?>=B.0F6A�,:DV,:<;<;57/2?>A:W
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1.0

0.8

0.6

0.4

0.2

0.0

∆ Φ (°)∆ Φ (°)∆ Φ (°)∆ Φ (°)

90x10-3 706050403020100
valore RMS del campo E (V/µµµµm)

 4 marzo
 fit 4 marzo: y=w0*x+w1*x^2

w0=5.5196, w1=35.668
 2 marzo
 fit 2 marzo: y=w0*x+w1*x^2

w0=6.2397, w1=58.849
 2 marzo bis
 fit 2marzo bis' y=w0*x+w1*x^2

w0=5.7825, w1=19.006

¯4° ±
²�³;´oµT¶Ä·�å¯4° ±
²�³;´oµT¶Ä·�å¯4° ±
²�³;´oµT¶Ä·�å¯4° ±
²�³;´oµT¶Ä·�å:¸4â�ÑÐËÄº�ÛÓ¼�ÑjÊQÇ�º�Æ
ÆQºH¿�Ç�Ê6Ë2Ç0×TÇ�Ï©×�¼ ¿7ÇÐËEËEÑ�¿7Ç�Æ6Çj¿)¼ Ï�¿�º�½T½
¼�ÑOÈÓË ¿�ºbÑ¿7×�¼ Ê6ºH¿;¼�Ñ�à�¼ Ê Ò ¾;Ê
ÛÓ¼ZÑ�ÊQÇO×
Ç�ÏÌ7ºHÎ&Æ6ÑuÇÏZÇÐË2Ë ¿;¼ZÌ7ÑuºHÆÐÆTÏ ¼�Ì7ºbËÄÑ�à�Î&¼�ÈÓ¾�¿�ºÓËÄº�Ê:ÇjÏ Ï�ÑuÈÓËEÇ
ÈÓÈbÑ�Æ6¾;Ê6Ë2Ñu×
Ç�Ï ÏZº�Ì7Ç�Ï ÏZº�¼ Êu½T¼ZÑ¿HÊÐ¼�×j¼bájÇ¿�ÈÄ¼�Á�÷¾ÐË ¼ Ï ¼ ÛÓÛPºÓËÄÑÜ¼ Ï4Î�Ç
ËEÑ
×
Ñ�¼ Ê}ÏZ¾
ÌbÇ�Ë ¿�º7È�Î�Ç
ÈbÈÓº¶
¹©ç º�ÊT½6ÑÏÄÑ Ò ¿�º�Ïbç ºbÈbÈ7Ç Ò ºbÌH¼ ÏZÇ�Ç�¼ ÏnÌbºHÎ&Æ:Ñ}ö
β
g}ÃÄïTµ

±̂
�ÅÄò;¶ ¹nºËEÇ�ÎIÆ6Ç�¿�ºbËE¾�¿�º©×ÐÇ�ÏnÌbºHÎ&ÆÐ¼�ÑjÊ6Ç}öhyzgXi
õ$| }:Á

i A:1414/2=B.OA A:1414,:57_6=>5b,:\�U6=>DEDV=���/2G:365b= � W�� z \d?>J6, /e57/2143QDE<;=><H/�14F6,657/2.0,:C6<;=>DV/.OA61B<;5b=>C6A@=>F6F657,:S�S�=>v:/EDV/I_6=>57/2=>S�/EA6C6/EW&XZC6A:D2<;57,:\&D2,@_6=>5b/E=>ST/2A:C6/&A:1414,:57_6=><;,�57/2G:365bU:=>C6A
14A:F657=><;<;36<;<;Ad/g?>A:C6<;5b/Ev636<;/gs636=>U:5b=><;/E?B/2\g.0,:C6<;57,d1PA:C6Ad<j57=�D2A:57Ad?QA:C69j5bA:C6<j=>v:/2D2/f/
?>A:C6<;57/2v:36<;/�D2/ECQ,:=>5b/2W�X�C¡��/EG:365b= � W��P¡e57/2F:A:5b<;/E=>.0A�DE,�=>.OFQ/E,:S�S�,eU6/�A:1P?>/2D2DE=>S�/2A:CQ,
=>141BA6?>/2=><;,�?>A:C�G:D2/�14<;,61414/nU:=><H/�5b/EF6A657<;=><;/�/2C+�-/2G:365b= � W� z W

1.00

0.98

0.96

0.94

0.92

0.90

0.88

0.86

0.84

A
(E

)/
A

(0
)

90x10
-3

 706050403020100
Valore RMS del campo E (V/µm)

 4marzo
 2marzo
 2marzo bis
 fit 4marzo: y=1+w0*x^2

        w0=-17.865
 fit 2marzo: y=1+w0*x^2

        w0=-18.761
 fit 2 marzo bis: y=1+w0*x^2

        w0=-17.901

 
¯4° ±
²�³;´�µT¶Ä· �¯4° ±
²�³;´�µT¶Ä· �¯4° ±
²�³;´�µT¶Ä· �¯4° ±
²�³;´�µT¶Ä· � ¸4±:Ê6×
ºHÎ�ÇjÊ6ËEÑ�×
ÇjÏ-¿�º�Æ
Æ6Ñ�¿�ËEÑ�± Á d@Â�l»± Á ô�Â�×
Ç�Ï�¿�ºH½
½T¼ZÑ�ÈÓË ¿ÐºbÑ�¿�×�¼ Ê6ºH¿;¼ZÑ�¼ Ê�½T¼ZÑ¿HÊÐ¼�×�¼ÓájÇ¿�ÈÄ¼ àÊ6Ç�Ï ÏZÑ�ÈÉËÄÇ
ÈbÈÓÑ�Æ6¾jÊQË2Ñ�×ÐÇ�Ï Ï�º�Ì7ÇjÏ Ï�ºbÁ4d)çB¾ÐË ¼ Ï ¼ ÛÉÛPºbËEÑ�¼ Ï�Î�Ç
ËEÑÐ×TÑ�¼ Ê�Ë ¿�º7È�ÎI¼ZÈbÈ�¼ZÑ�ÊQÇTÁB¹nº�Ë2ÇÎIÆQÇ¿�ºbËE¾j¿�º�×
Ç�ÏÌ7ºHÎ&Æ
¼�ÑjÊ6Ç)öhyXgziTõ$| }:Á
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��/�FQ32sq_Q,:U:,:5b,Y?>JQ,(DE,Y=>.0F6/2,:SPS�,(U6/�A:14?>/2D2D2=>S�/2A:C6,(.0A:14<;57=>C6A(_6=>5b/E=>S�/2A:C6/�.0A:D2<;A
.O/2C6A:5b/�U:=�36C�G:/2A:5bC6A�=>DED2RV=>DE<;5bA:W
�©A:C6?>DE3QU:/E=>.0Aqs636,:14<;Aqv65b,:_6,qF6=>57=>G:5b=>9jAqA:1414,:57_:=>C6U6Aa?>JQ,aD2R2=>F6F6DE/2?>=>ST/EA6C6,qU:/�36C
?>=>.OF6A ,:D2,:<;<;57/2?>A�J6=$F65bA:U:A:<;<;A`5bA:<;=>S�/EA6C6/r.0=>G:G:/2A:5b/r5b/E14F6,6<;<;A�=$s636,:D2D2,�?>J6,
=>_6,:_6=>.0Ac?>A6Cd/2Dg?>=>.0F6Ad.O=>G:CQ,:<;/E?>A6Wg�)36,:14<;Ad?>/gJ6=eFQ,:57.0,:1414AdU:/gA:<;<;,:C6,:5b,
57/21436DE<;=><H/�U:,6?>/V14=>.0,:C6<;,�FQ/E�(=>?>?>365Ó=><;/�?>A:C�/2D�.0,6<;A:U6A*/EC�D236?>,*5b/E9;D2,61414=BW�XZC6A:D2<;57,:\
36<;/ED2/VSPS�=>C6U:A�36C�.0,:<;A:U:A�U6/I5b/E,6.0F6/2.0,:C6<;A8U:,:DVD2=f?B,:DED2=�14A:<;<;A8_Q36A:<;A8,83QC6=fU:/2_6,:5714=
F657A:?>,6U:3657=eU:/�14/2G:/2DED2=><;3Q57=eU:,:D2DE,c?>,:D2DV=>\�14/2=>.0Ad57/23614?>/E<H/�=>UcA:<;<;,:CQ,:57,c57/21436D2<;=><H/
14F6,:57/2.0,:C6<;=>D2/�14<;=>v6/2D2/�C6,6D�<;,:.0F6AeU:3657=>C6<;,eD2RE/2C6<;,:57=�U:365b=><;=�U:,:G6DE/�,:14F6,657/2.O,:CQ<;/
h ?>/E5b?>=qU:36,(.O,614/ p W � D2/�=>C6?>A:57=>G:G6/o.0/E14365b=><H/o/2CaF636C6<;/oU6/E_6,65714/oU:,QDED2=r?>,:DEDV=q14A:C6A
57/21436DE<;=><H/2\�/2C6A:D2<;57,:\�36G:36=>D2/o,:CQ<j5bAY36C6R2/EC6?>,657<;,:S�S�=r1B<;/2.~=><;=aUQ/

±
� {�| W�¬}36<;<;/�s636,614<;/9;=><;<;/)/EC6U6/E?B=>C6A ?>J6/2=>57=>.0,:C6<;, ?>J6,yD2, .O/2143657, ,:9;9;,�<;<;36=><;, ?>A:Cu/ED�?>=>.OF6A ,:D2,:<;<;57/2?>A

14A:C6A .0A:D2<jA F6/E��=>?B?>3Q57=><;, ,:U =>9;9;/2U:=>v6/2D2/ U6/ sQ36,:D2DE, 5b/2F6A:57<;=><;, CQ,:Dy?B=>F6/2<;A:D2A
F657,:?>,6U:,:C6<;, h .0/E14365b,*/2CY?>=>.OF6A�.O=>G:C6,6<;/E?>A p W�+�,*.O/V143657,*JQ=>C6C6A*F6,:5b.�,61B14A*U6/
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