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)+*-,�./.10324065879.:,�;=<>,@?804A-*-;B04CED45-.:7�CF260HG#,�.:DI*-,@JKC/DLG 7�A
.:,�<M04C/,@J106JNC/7�OH5MPRQ4S
,�J:O
P4A-O
06JEG#,@;9T;B04AU.:7�;V;�CF.1P4A-*XWYGZ,�*\[-A-*804A�.104O]0^S]_�7VJ/2I[-;B`6J�*-7V2IJ/DL7�C/GHab*8`6J�*-,�AcGZ,�CF.E_�,@A�./J:04;B0dO4J:[-A-*-,@Ae*-Df_:2`6Jg2I;B04C/C/7VCF2ih:jlkm7�CF2I[-C/C/7VDLA-,�Ac<>Q4JYno06JZGZ,�*U,�AcJ:,@5>,�.:7V.:7VDLAp0�Sq;rns[-C/,�.:CZ,�OL,�A-CF26065>,@JZDf_1?eCo5>,�_�7V,�;�;9.5>DL;�06J:7�CF,@J:7�A-O-j�kt`6J/,�uB.:,@Jv*-7�CF2I[w.:,@J104CKGZDL;V,@2IxI;�,@J:A804CyD45-.:7�CF260#J/D4.106.:7�DLA-CFuzQ4J:G#P4O
0gC/DLG{,@A|.:7�;V;B`4G�5wTA-7�A-OZ0^S�_�7VJ/2I[-;B`6J}5>DL;B06J/7�C/,@J/7�A-O-j�~=79J/2w[-;�`6Jy5�DL;B06J:7VC/,@J:7VA-O�`6J�O4J:[-A-*-,@A�uzQ4J�,�;�;V7V58C/DLGZ,@./J/7Yj�~�7VJF2w[-;B`6JF.5>DL;�06J:7�CF,@J106.�;�ns[-C�04A
S6`4A-*-C�`6S
,@AE7f_�7VJF2w[-;B`6Jb*-792IJ:DL7VC/G�Co5>,@2f./J:DLGZ,@./J:7L*8`6JbG#04At*-DI_:2+CF.:[-*-,�J106J�G#DL;V,�T2IxI;�,@J/A804C�uzQ4J:G#P4O
0m06./.�06<8C/D4J/<�,@J10vCFxIA-;�7VO4.�;�ns[-C�jb��SwC/;V[w.:A-7�A-OLCFSI7�Cb<>,�?804A-*-;�04C=*-7V�iJ1062I./7�DLA-C/GZ,@.:Df*-,@JC/DLG�04A
S4`4A-*-C�uzQ4Jy06./.�<>,�Co.1`4GZG�0mu�04CF.10EG#06.:,@J:7�04;�C�Co./J:[w2I./[wJ^j
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&('*),+.-0/�++,�OL,�A-Co24065�,@Jv?806Jm*-7VCF2w[w./,@J106.:Cm7 ,@.F. .:7�*-7VO
06J:,v2606587V.:,�; jmkt`6J 2
DLA-Co.106.:,@J104*-,+G#04A306.F.;rns[-CF,@.N`6J1-324-356/*7�8(9;:#<(=>-0/�?@+.5A+B/*7�CD2E=,?E=,<UC/DLG <>,@CF.1P6JE0^S\,@./. ,�;V,@2I./J/7�CF2f.+DI_1?],@./.EG#04OLA-,@.:7�Co2I.u�`4;V.mCFDLG ;�7�OLOL,�J Sw7�Aw2
,@;VJ1`6.10�GZD4.�S406J104A-*wJ:0#Df_�?�GZD4.�uzD4.:DLA-,@A-C 5-J:D45M04OL,�J:7�A-OLCFJ/7V2I./A-7�A-O-jGF�;�,�2I./J:D6TG#04OLA-,@.:7VCF2gCF.FJ1P4;�A-7VA-O�7�;V;�[-CF.FJ:,@J104C 7�H�7�O-jJI )/)/)�jLKLjMI P4O4J/Q4J:,�;�CF,�A�2604A�<>,@CF2IJ:79S404C�GZ,�*Z,@2IS606.:7VDLA-,�A
N(O@P>QSRSTVUWN3XZY.[]\_^a`�bdc P egf;h Rji(kml O@n_oSoSo�lqp�T

km,@./.10+`6J�,�AsrV24:t=ZuvC#< j km,�A#`6J=,�A�S
,@2f.:D4J:CF./D4J:?-,@.=CFDLG ?806J�C:04GZG#0}J:792I.:A-7VA-OKC/DLG u�`4;V.:,@.xwy�jVzm`6J`6J N�X u�`4;9.:,@.:C{:D9|rM2E?a/�)M}�a e *-,�C/C!u�CD<t24~t=><(}\DI_1? h *-,�C/C!��7�-05Zut-3=M+4j

H�7VO-j�I )/)F)�j�KLjVF�;V,@2I./J/DLG�04OLA-,�.:7�CF2NCF./J:P4;�A-7�A-O-j
�-ns[-C/,@.N`6J�rV24:D=,r�8t24:D7�?@+.-37�:�/�DLG *-,�A],�;�,�2I./J:7VCF260�S
,@2I.:D4J/A\0�S|S606JYns,�uzD4.:DLA\;V7�OLOL,@J+7�,@./.+OL7 TS
,@.Gr�8(24:#7�?@+.-37�?@=,<(+.rM2@:D=�j��8ns[-C/,�.K`6J���?@7�5�)M24~#7�/�r�8t24:D7�?@+.-37�:�/ WY,@;�;�,�JmG#,�J10�04;�;VG�`4A
.�-�2@2E?4r,/�?@+.56/r�8(24:#7�?@+.-37�:�/4h=DLG 5>DL;�06J:7�CF,@J:7�A-OLCoJ:7V2f.:A-7�A-OL,�A `4A-*wJ104CyCF.:`4A-*-7�O4.�7 uzD4.:DLA-,�A-C}5-J:D45M04OL,@J:7VA-OLCFJ:7V2f.:A-7�A-O-j� 5>DL;B06J/7�C/,@J:06.yDf_�?#58;B04Aw5�DL;B06J:7VC/,@J106.};rns[-C�Sw7�C/04C}7�H�7�O-jVI )/)F)�j��Ij

H�7VO-j�I )/)F)�j��Ij � 5�DL;B06J:7VC/,@J106.}DI_1?�58;�04Aw5>DL;�06J:7�C/,�J106.�;rns[-C�j
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H�7VO-j�I )/)F)�j��wj�~=79J/2w[-;�`6J/. 5>DL;�06J:7�C/,�J106.�;rns[-C�j
~�7VJ/2I[-;B`6J/. 5�DL;B06J:7VC/,@J106.};rns[-C Sw7VC:04C}7�H�7VO-j�I )/)F)�j��wj
�-ns[-C/,@.#uzQL;rns,�J�� =,-32E2@+ 24:#<lA8`6JZ*-,@.�5>,�A-,@.FJ:,@J106J#OL,�A-DLG ,@AeO4J:`4A-CFxI.10|GZ,�;V;B04A\./S6P|D45-.:7�CF260G#06.:,@J:7�04;Yj � P6.=;rns[-C/,@.�u�04;V;B0v5MPKxI.104A�7MSw7VAw2
,�;���GZD4.bxI.104A-C�A-D4J:G#04;-DI_1?ZuBJ104GZCF2IJ:7V*80t7i,�A#SI7�Aw2
,�;	�GZD4.�A-D4J:G#04;�,@A�,�uB.:,@JyO4J1`4A-CFxI.:04A j�� P6.�
,7
�Z/�=M?@=,<t+
?E=,},-���-3=\uzQ4J�*-,vD45-./7�CF260NG#06.:,@J/7B04;�,@AgS406J10����DI_1?���� j�k PNO
`4;V;�,@Jy06./.

��� \���� � U ��� \���� � l O@n_oSoSo�l `]T
� A-,�;V;�Cy;�04ON,��-,�G�58;�7��8,@J104C�7�H�7�O-jVI )/)F)�j! -j

n

n’

φ φ

φ’

H�7VO-j�I )/)F)�j! -j � A-,�;�;VCy;�04O-j
Im7VC/C:0NG#06.:,�J:7B04;i`6J�},)"
#
�-�2$
M7%�Z/*:t=,},-ij'&HP4A-O
0EA806.:[wJ:;�7VO
0 2fJ:7�Co.104;�;V,@J�?806Jy*-,�A-A80N,�OL,�A-CF26065 j

&H04A 2404A3*-,@;B0�*-,@.�7�A-u�04;�;�04A-*-,K;rns[-CF,@.:Cy5�DL;B06J:7VC/,@J:7VA-OLCF58;B04A 7 ./S6PNSw7VAw2
,�;VJ:`6.10N2
DLG�5>DLA-,�A
.:,@J 5MP�,�./.C:P4*804A
.mC:`6./. 06./.�*-,�AH,�A80g2
DLGZ5�DLA-,�A
.:,�A uzQL;�ns,@J � A-,�;�;VCm;B04O-jykm,�AH2
DLG�5>DLA-,�A
.:,�A�2404;V;B04C�8D7�},?E=,~#7CF./J:P4;�,4j km,�AR04A-*wJ10g2
DLG�5>DLA-,�A
.:,�A *8`6J/,�GZD4.yuzQL;�ns,@J 7�A
.:, � A-,�;�;VCm;B04O�DI_1?32604;�;B04C *8`6J/uzQ4J -��Z/*7�:#8t7 �}M?@=,~#7KCF./J:P4;�,4j�km[w<-<>,�;9<-J/xI.:A-7VA-OL,�A-Cy5-J:7VA-_�7V5�Sw7VC:04C}7�H�7VO-jJI )F)/)�j)(Ij
� DLG ,�AK.:7�;V;B`4G�58A-7�A-O 0^St*-[w<-<>,�;9<-J/xI.104A-*-,�G#06.:,�J:7B04; 2404AKA8`4GZA804C#*�24:t= rM7�?@+
9|: j k ,@A `6J ,�Ar�8(24:#7�?@+.:�/*8t7KCFDLG 58;B04Aw5>DL;�06J:7�CF,@J106J�*-,@.�7�A-u�04;V;B04A-*-, ;rns[-C/,@.�j+&HP4A-O
0E04A-*wJ10E.�xI5�,@J}0�S�5�DL;B06J:7VCF.:D4J:,�J

�8A-A-C�j-, ;B04A#5-J:7�CFG�0KSI7�C:04C�7ZH�7�O-jJI )/)/)�j/.wj
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OH�7VO-j�I )/)F)�j/(Ij�km[w<-<>,�;9<-J/xI.:A-7VA-O-j

Ro

Re

Plane
polarised
light

H�7VO-j�I )/)F)�j�.wj+, ;�04A�5-J:7VC/G#0wj
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H�7VO-j I )/)/)�j��vSw7�C/06J�,�AH065-5M06J106.yuzQ4J G#`6.:A-7�A-OE0^S�*-,@A 8tr,/�?@+.5v:g7�8D/*:�/�?48(=,+.u�?E=,5D-32E=]C/DLG ,�./.5-J:D�S D4J:C/062406J^j km,@. 7VA-u�04;�;�04A-*-,K;rns[-C/,�.�58;B04Aw5�DL;B06J:7VC/,@J104C�7 ,�A SI7�C/CyJ/7V2I./A-7�A-OgGZ,�*#?6no`4;V5�0^S�,@Adr�8 �24:D7�?@+.:#/*8D7�jtkm,@.m5>DL;�06J:7�CF,@J104*-, ;rns[-C/,�. 5M04CFC/,@J106Jt7�OL,�A-DLG 5-J/D S
,@. C/DLG SIJ:7V*-,@Jm5>DL;B06J/7�C/,@J/7�A-OLCF58;�04A-,@.DLG *-,@.}`6J�D45-.:7VCF2I. 062f.:7VSf.^j���DL;B06J/7�C/,@J/7�A-OLCFJ:792I.:A-7VA-OL,�A#0�Sg;rns[-C/,@. <�,�CF.1`4GZC�,@uB.:,@J�5-J:D S
,�. G#,@*g?6no`4;V50^S|,�A;:D=,:D2$� +.:�/*8D7fj#� A804;VxIC:06.:D4J:A\`6JK,�OL,�A
.:;�7VOL,�A\,�A 5>DL;B06J/7�C:06.:D4JvC/DLG{2604A SIJ:7V*804CKC:P306./.K*-,�C/C5>DL;�06J:7�CF,@J:7�A-OLCo58;B04A�C:04GZG�04A-u�04;V;�,@J�GZ,�*3;�ns[-C/,@.:C 5>DL;B06J/7�C/,@J/7�A-OLCFJ:792I.:A-7VA-O-j � G 04A804;VxwC/06.:D4J:A-C 5>DL;�0 TJ:7VC/,@J:7VA-OLCF58;B04A�;V7�OLOL,@J�Sw7VAw2
,�;VJ1`6.F.�GZD4.b*-,@.�7�A-u�04;�;�04A-*-,y58;B04Aw5�DL;B06J:7VC/,@J104*-,};rns[-C/,�.:C�5>DL;�06J:7�CF,@J:7�A-OLCo58;B04AC/;�`65-58CN7VA-OL,@. ;rns[-CE7�OL,�A-DLGHj � G 58;B04A-,�AU`6J 5M06J104;�;V,�;�;�0 C/;B`65-58CN04;�;9. ;rns[-C 7�OL,@A-DLG�j3� A804;9xwC:06./D4J:Ans[-CF.:,�J104CyC:P�06./.�*-,@.:,@2f.:D4J:A�SI7�C:06J}G#0 �-7VGZ04;-;rns[-C/7VA�.:,@A-C/7V.:,�.�DI_1?�04A804;VxwC/06.:D4J:A-C�CF.1`4;�;VA-7�A-O�0�SI;B`4C/,�C@j

Nonpolarized
light

Polarizer Sample Analyzer Detector

H�7VO-j�I )/)F)�j���j���,�CF.1`4GZA-7�A-O 0^S#*-,�A D45-.:7VCF260EJ:D4.106./7�DLA-CFSI7�Aw2
,�;VA j

&H06.:,@J/7B04;�,�.�2604A SIJ:7V*80R5>DL;�06J:7�C/,�J:7�A-OLCF58;�04A-,@.g.:7V;�;�S6`4A-CF.:,@J�,@;�;�,�Jg.:7�;V; ?-QLOL,@J^jpkm7B04O4J104GZGZ,@.t7H�7�O-jmI )/)F)�j ��`6J}J:7V.106.}Sw7V* *-,@.:,@2f.:D4J:A3C:P�06./.�;�ns[-C/,@. 2
DLGZG�,@J=GZD4. ;�`4C:06J:,�A j � ~D=M+B/*-07�7�8#/*-37�:D=M},-G#06.:,@J:7�04;M2604;�;�04C!24:#-3uD8D7�8#/*:�/*8t7%�|Df_�?"!$#t<D-07�7�8D/*-07�:t=,},-ZG�06./,@J:7B04;t},- �Z/*7�8D7�8D/*:�/*8D7
�bj
Icke
roterat

VansterV¨
laevorotatory
l

HogerH¨
dextrorotatory
d

α−α

H�7VO-j�I )/)F)�j �wj � 5-./7�CF2ZJ:D4.106./7�DLA�./7�;�;iS4`4A-CF./,@J+W �V	�
��4� h=,�;V;�,@J�.:7V;�; ?-QLOL,@JvW ��
&%
� �1� h1j

&H06.:,@J/7B04;�,@A-C}uzQ4J:G#P4O
0K06.F.�J/D4.:,@J10 5>DL;B06J/7�C/,@J/7�A-OLCF58;�04A-,@.�,�;�;V,@Jy*-,@A 8tr>/�?E+.5v: 7�8#/*:�/�?@8t=M+
+B/���7 �5v:D= S606J:7�,�J106J^j(' 06<�,�;�;GI )/)/)�jLK|SI7�C:06J A8P4O4J10 , �-,@GZ5�,�; 5MPcD4J:O
04A-7�CF260c`4GZA-,�A-C�Co5>,�_�7��-240 J:D4.:0 T
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.:7VDLA-C/CF.�xIJ/260wjbkm,�A�S606J:7�,@J:06J}<�,@J:DI,@A-*-,t5MP�?804;9.:,�A�Df_1?�5MPES6P4OL;B`4A-OL*-,�A�0�S#*-,@.y7�A-u�04;V;B04A-*-, ;rns[-C/,@.�j
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�� ������� �!��� �#" $%�!&��!'(�#����"*) 

� �+�
,�-�- �.'/���0�1"�23� �

43265+� "*���378� 4:9�'�&�����" 4:9�'
26"0
(9�� ;6< =?>�@�ACBD=#E:F�A , = -?- A - E -?- A - B�= - A - B -�- A -�G = - A -HG�-�- A -
46237��I9?�I� $%�1"I��� G F G1- F?F�AC=�BKJ1>6ACB#E
46237��I9?�I� $%�1"I��� - A , G BL� G = @?=�AC> , F - B�B?@ =#E - , B#E -

M �N�O��� "*�1�0

7 �1PQASRUTWV
X 7!
(Y �+Z - ACB B�A - G = , B�A , , E3AC= , =�A�J ,!G ACB � J:AC@/� ,�- J:ACB

,�- �[<��?�.�\)�9�� $%�1"I��� , G = G?G A , G @�A - E , ACF ,!G J:A E]B�B , A ,
4326'
�+)69��6

7^�17!
(Y - A G G = , >#E - � G1-?G ED�NB?F�B�J

' 06<>,�;V;�I )F)/)�jLKLj � 5>,@_�7��-2�D45-.:7�Co2�J:D4.106.:7VDLA-C/CF.�xIJ/260 uzQ4JySw7VC/C:0ED4J:O
04A-7�CF260E`4G#A-,@A j
� 5-.:7�Co2]J/D4.106.:7�DLA]uzQ4JN*-,@.�7VA-u�04;�;�04A-*-,�58;B04Aw5�DL;B06J:7VC/,@J104*-,#;rns[-CF,@.N2604Aq*-7VCF2w[w./,@J104C�OL,@A-DLG 06.F.<>,@CF2IJ:79S40 *-,�A�,�;�,@2f./J:7VCF240+S
,@2f.:D4J:A wy GZ,�*�?6no`4;9530^S�./S6P 7 GZD4.:C/06./.�J:792I.:A-7VA-O+J:D4.:,@J104A-*-,mS
,@2f.:D4J:,@J^j

_ 8t9|r�8(=>-�=6/*-07�=,:�GZD4.:CoS406J106J M DI_1? V T _@7VJ/2I[-;B`6J=5�DL;B06J:7VC/,@J:7VA-O-ja`�5-5�*-,�;�A-7VA-OL,�A#7�;�;V[-CF./J:,�J104C�76H�7�O-jI )/)/)�j
bwj � G <MP4*-, M Df_�? V S4P4OL,�A�[w5-58;�,@S
,@J�C:04GZG#0�<-J/xf.:A-7�A-OLC/7VA-*-, ��7MG#06.:,�J:7B04;V,@.�;�7VOLOL,@J�C/[-GZG#0 TS
,@2f.:D4J:AHuzQ4Jm*-,+./S4PgJ:D4./,@J104A-*-,K2
DLG�5>DLA-,�A
.:,@J/A80g0�S wy�,��8062I.yS
,@J/.:792404;9.^j � G <-J/xI.:A-7VA-OLC/7�A-*-,��-,�AuzQ4J M DI_1? V S6P4OLD4J:A80+`6J�DL;V7V260t5-J:D45M04OL,@J:06J *-, G#,@*�DL;�79240t?804CF.:7�OL?-,�.:,@J�7iG�06./,@J:7B04;V,@.^j k P+`6J=S4P4OLD4JoTA80�7VA�.:,v7 C/04G#G#0 u�04C�7 ,@A3OL7VS
,�A�58[-Aw2f.ySI7�* ,�A�OL7VS
,�A�./7�* Df_�?3CF[-G#G#0^S
,@2I./D4J:A�;V7�OLOL,@Jy7�A
.:,vGZ,@J10S
,@J/./7V2604;V.�[w.104A�SfJ:7�*-C@j�k PNu�P6JyG#04A�,�A _�79J/2w[-;�`6J�5�DL;B06J:7VC/,@J:7VA-Og0^S#*-,�A ,�;V,@2I./J/7�CF260 S
,�2I.:D4J:A j

H�7VO-j�I )/)F)�j
bwj � 5-./7�CF2ZJ:D4.106./7�DLA�./7�;�;iS4`4A-CF./,@J+W �V	�
��4� h=,�;V;�,@J�.:7V;�; ?-QLOL,@JvW ��
&%
� �1� h1j
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M7%�Z/*:t=,},- 9|:�/*-07�?4:D2}?806JN./S4P35>DL;�06J:7�CF,@J:7�A-OLCoJ:7V2f.:A-7�A-O
06J^a�*-,�AcD4J:*-7VA8`6J10HDI_1? *-,�A, �I./J104D4J:*-7VA8`6J10wa4C/DLG ;V7�OLOL,@J Sw7�Aw2
,@;VJ1`6./. GZD4. S606J104A-*wJ10wj � G G#04At<�,�CF./J1P4;�06J�C:P4*804A
.�G�06./,@J:7B04;6G#,@*58;B04Aw5�DL;B06J:7VC/,@J106.�;rns[-Cm7# �( ; Sw7VAw2
,�; GZD4.�*-,�C/C:0ZC:P�*-,�;�04C *-,�.m7�A-u�04;�;�04A-*-,+;rns[-C/,�.t7 2
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