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Light source

Flow captured by
correlation camera

Interrogation area for first
and second image

Analysis
Process

Repeated for each
interrogation area
to yield full−field
velocity vector map

and illuminated by light sheet
Flow seeded with small particles
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Signal (correlation) peaks

Central (self−correlation) peak
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Aluminium cylinder with 

O−rings inset into wall

2 " JBL loudspeaker

tapered cylindrical bore
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Hole for
microphone probe Aluminium Plug

O−rings inset into wall

Tube wall
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OFS control
box Pulse Generator

A B C

1st pulse 2nd pulse

Nd:Yag double 
pulsing laser

Optical system

Experimental Apparatus

Computer

PCO Sensicam
Camera

Lamp
trigger

Board
Interface
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^T�LI&J�;>=@I�XO?iEHP<I&;>I&J ^H�a;>=@I�;ZU@fFI�ET9FX+C7EH9gfFIpETSQ;>I&JZITX fO] C =}EH9@oh?Q9@op;>=@I�JZI7SBEH;>?Q�LI
GF^LAW?Q;Z?e^k9
^T��;>=@IM;W�4^�SQI79FA\ITA�	 �k��
 KL��=@?QSiA\;V;>=@I�C =@^h?BC_I�^H�-Cm]OSe?Q9FXOJ>?BC&ETS@SQI79FA�?Q9O�FU[I&9FC_ITA�;>=@Ip=@I&?eok=R;
^H�
;>=@IMSe?Qoh=O;
AW=@I&I&;7`��MU[IM;>^�;>=@I�=@?Qoh=+GF^T�VI&J
^T� ;Z=[IMSiEkA\I7J�fFITEHP2KL?e;���EhA�9[ITC_ITA>AZEHJ>]g;Z^ lLI&I&G
;>=@I�GFET;Z=2^T�
;Z=@I�fFITEHP U@G ;Z^�ET9FX$fFI&]L^k9FX�;Z=@I I&NRGFI&JZ?eP<I&9R;DETS EHG[GFEHJ~EH;ZU}AMI&9FC_Se^LAWITX$ET;
ETSQS ;Z?eP<ITAmKO��?Q;>=�;Z=@I GFET;Z=$;>=@JZ^hU@ok=2;>=@I I&NRGqI7JZ?QP I&9O;~EHSaEHG[GFEHJ~EH;ZU}ApEHSiA\^YI&9FC_Se^LA\IrX{��=[I&9
;>=@IpSBEhA\I&J4��EhAV^k9 `��MU[Ip;Z^�;Z=@Ip?e9FEkC7C_ITAZAW?Qf@?eSQ?e;\]�^H��;>=@IpfFITEHP�EHSe?Qoh9@P<I&9R;�^kG[;Z?BC7A_K@EhA6�4I&SQS
EhA ;>=@IpG@J>^kf@SeI&P�A
EkA>A\^RC_?iEH;ZIrX0��?Q;>=<JZIrEHSQ?eok9@P I&9O;7Kk;Z=[IpGF^LA\?e;Z?e^k9$^T��;>=@IpSeI&9FA\IrA6JZI7P�EH?e9@ITX
nFNRITX EH;�EHSQS�;Z?eP<ITAm` AMI&9FC_I�KO;Z=[I�I&NRGFI&JZ?eP<I&9R;DEHS}EHG@GFETJDET;ZUFAp��EhA P ^H�LIrX+JZI&SiEH;>?Q�LIp;>^+;>=@I
nFNRITX<GF^LAW?Q;Z?e^k9 ^H�
;>=@I SQ?Qoh=O; A\=@I7I&;&`

�hu



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

9 Kp^RX@ETl�� � :k` `��k�������@��C&ETP<I&JDERK@UFA\IrX0?Q9�Cm^k9.FZU@9}C_;Z?e^k9$��?e;Z= E<�k�TP<P � ?BC_J>^Hc
MM?elOlL^hJ�SQI79FARN ��?Q;>=j�Bc 9RU@P+fFI&J-A\I7;VET; �	� ��uO` C�SDKL��EhA6G@SiEkC_IrX�9@^kJ>P�EHS@;>^�;>=@IM?eSQSeU@P<?Q9}EH;ZIrX
G@SiEH9@I EH;�EgXO?BAW;DET9FC_I ^H�
t `kC_P ;>^<ETSQSQ^T� EH9 EHJZIrEj^T�
ETG@G@JZ^TNR?QP�ET;ZI&Se]<�hC_P 
��hC_P ;Z^YfFI
?eP�EHohITX�` 9 ��;DEH9R��^kJDX�;Z?QP ?Q9@o<fF^TN NC� P �h�k��S ��EkA UFA\IrXs;>^$;ZJ>?QohokI&J ;Z=[I<C&ETP<I&J~E+�O?iE�E
��J~EHP<I�okJ~EHf@fFI&J C&EHJ~X+P<^kU[9O;>ITX�?Q9Y;Z=@I�C_^hP<G@U@;>I&J&KLET9FX+;>^gA\]R9FCD=@JZ^h9@?BAWIM;>=@I�A\U@fFAWI��LU@I&9R;
C&ETP<I&J~E{I7NOGF^LAWU@JZIrA���?e;Z=�;>=@IYG@U@SBAWITAp^H��;>=@Ij�qEkA\= SBEHP G `��
^k9R;ZJZ^hSQSe?Q9@o ;Z=@IYfFI&ok?e9@9@?Q9[o
^T�
;Z=@I ?eP�EHohI EkC �LU@?iA\?Q;>?Q^h90fR]YG@U@JZGF^�A\I_c ��JZ?e;Z;ZI792A\^T��;W��EHJ>I*N
�p�
�+y�?BX@x
8:y��LI&J~A\?Q^h9��O` ` S~K
GFET?QJ~A�^T�4?QP�ETokITA�t�`�� A EHGFETJZ; �VI7JZIYC&ETG@;ZU@J>ITX2EH;�Ej��JZI��LU@I&9}C_]�^H� :�`BA��<ET9FX2A\;>^kJ>ITXs^h9
;>=@I ��J~EHP<I�ohJDETf@fFI&JVP<I7P<^kJ>]L`��
EkCD=+?eP�EHohI���EhA6;Z=[I&9+;>JDET9FAb��I&J>JZITXg;Z^ ;>=@IM=}EHJDX XOJZ?e�LI�^H�
;>=@I C_^hP<G@U@;>I&J
?Q9<f@?e;ZP�ETGj��^hJZP�ET;V?e9<G@JZI7GFEHJ~EH;Z?e^k9<��^kJ EH9FETSQ][A\?iA_` 9 P�ETNO?eP+U[P 9RU@PYfFI&J
^T�R:7u%`gGFEH?eJDAV^H�-?QP{EHokIrA N uHt `j?e9FXO?Q�R?BXRUFEHSF��JDEHP ITA S-C_^hU@SBX+fFI�EkC � U@?eJZITX EH;�EH9R]Y^k9@I ;Z?eP<I
XOU[I�;Z^g;>=@IpnF9@?e;ZI�A\? �&Ip^H��;Z=@Ip��JDETP<IpohJDEHf[fqI7JMP<I7P<^kJ>]L`

wV=@I A\=@^hJZ;Y?Q9R;ZI&9}A\I<G@U[SBA\IrA�^H��SQ?Qoh=O; XOI&Se?Q�LI&J>ITX$fO] ;Z=@I MpX ^ N 9 P SiEkAWI&J�^� �I7J<AWU��+c
C_?eI&9R;�?QSeSQU@P ?Q9FET;Z?Q^h92;Z^ A\UFC&CmITAZA:��U@SQSe]�?eP�EHohI+;>=@I�A\P{EHSQS4AWI&ITXO?e9@o$GFETJZ;>?BC_SeITA�UFAWITX���=@?eSBAW;
I� aITCm;Z?Q�LI7SQ]+��J>I&I �&?e9@o+;>=@IgP<^h;Z?Q^h9$^T��;Z=[IgGFEHJ>;Z?BCmSQILKF;W�V^<^T��;Z=[IgP�EH?e9$JZI�� U@?eJZI&P I&9L;DA6��^hJ
�hEHSe?BX x68:y�?QP�ETokITAm`��M9O��^hJZ;ZU[9FEH;>I&SQ]LK@;>=@I�n}NOITX�;Z?eP<I A\I7GFEHJ~EH;Z?e^k92^T�
t�`�� ApfFI&;W�VI&I&9�;>=@I
;W�V^�G@U[SBA\IrAMSQ?eP<?Q;~A ;>=@Ig�LI&SQ^RCm?Q;W]�JDEH9[okIY��=@?BCD=�C&EH92fFIY?Q9R�LITA\;>?Qo�EH;ZIrX ��;Z=[?BA XOI&GFI&9FX[A�^h9
E<9RU@P+fFI&J�^H�
� EhC_;Z^hJDAp?Q9FCmSQUFXO?e9@o<;>=@Ig9FEH;>U@JZIg^T��;>=@I��F^T� K ;Z=@IYAW? �&Ig^T�V;>=@IYEHJ>ITE<U@9FXOI7J
?e9O�LITAW;Z?eoLEH;>?Q^h9$ET9FX<;Z=@I�CD=@^k?iC_Ip^T�
?Q9R;ZI&J>JZ^hoLEH;>?Q^h9$ETJZITEYA\? �&ILK[EkA�XO?BA>C_UFAZAWITX<?Q9 CD=FEHG@;>I&J��O`

"$#&%�#�� )+*$*-,�./,�021�354768.9,�:
6�1�3;0�<=: 3;0 ./?I, FH<
L�� FH?B,�321 ./? FH?�L�0�3

wV=@I ETG@GFEHJ~EH;>UFAjU}A\ITX�;>^2P<ITEhA\U@J>I+;>=@I A\SQ^T�4I&J P<ITEH9 P<^k;>?Q^k9�^H��EkCm^kUFAW;Z?BC A\;ZJ>ITEHP ?Q9@o
?e9FA\?iXOI<E C_SQ^�A\ITXLc:I&9}Xs;>U@fFILK�XOITAZCmJZ?QfFITX2?Q9��
=FETG@;ZI&J��RK)?BAp?eSQSQU}A\;ZJ~EH;>ITXs?e9sn}okU@J>I+t[`�t@` 9
?aEhA\I&J�Q�UFEH9R;ZU[P �@^hJZ;ZI �k�B`�AW^kSe?BX cbA\;~EH;ZI XO?Q^RXRI2G@U@P<GFITX��%`B`HP*H SiEkA\I7J+G@J>^RXOUFC_IrX|E

�h�



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

Trig. In

TC412 Synchroniser

Shutter Experimental Apparatus

Computer

Mechanical

PCO Sensicam
Camera

Lenses

Solid−State
Laser

Timing Box
Shutter

C1 C2

Interface
Board

TRU�� V�W.X Y�[�Y�^ 9 G@G}EHJDET;ZUFA6��^hJV^hf@;DET?Q9@?e9@oYx
8by P<ITEkAWU@JZI7P<I&9R;DA ^H�-;Z=@I EhC_^kU}A\;Z?iCpA\;>JZITETP+c
?e9@o+U}A\?Q9[og;Z=@I8?aEkAWI&J QMU}EH9R;ZU@P!A\^hSQ?iX cWAW;DET;ZI SBEhA\I&J7`

fFITETP�^H����E&�LI&SQI79@ok;>=$�h�kuT9@P!EH9FX$U@9R��^RC_UFA\IrX$fqIrEHP!XO?BETP<I&;>I&JV^T�G`O` tkP<P2`
wV=[I�fFITEHP
� EkAVXR?QJZIrC_;ZITXg;Z=[JZ^kU[ok=�E�u%`%`TP<P���^RC&ETSdc SQI&9@oh;Z=<G[SBEH9[^HcbC_^k9R�LI&NgSQI79FA
EH9FX<E-:�`TP<P�C_]RSQ?e9Oc
XOJ>?BC&ETS�SeI&9FA6��=[?BCD=+I&NRGFET9FXOITX<;Z=[IpfFITEHP�?Q9R;Z^ E�SQ?Qoh=O;4AW=@I&I&;4^H�-;Z=@?iC lR9@ITA>A�� `O` �HP<P�EH9FX
��?iXO;Z= �%`HP P2`�wV=@?iAjSe?Qoh=O;YAW=@I&I&;g� EkAg;Z=@I&9�G@JZ^ FZITC_;ZIrX�;Z=@J>^kU@oh=|;Z=@I ETNO?iAj^T��Es;>U@fFI
GF^LAW?Q;>?Q^k9[ITX2C_SQ^�A\I�;Z^<;>=@I�^hG@;Z?iC&EHS-EkA>A\I&PYf@SQ]�` 9 AWP�EHSeS P<ITCD=FEH9@?iC&EHS A\=RU@;Z;>I&J&KaC_^h9O;>JZ^kSeSQITX
fR]�EgA\I7GFEHJ~EH;ZI ;>?QP<?e9@opfF^TN�K@� EkAVG@SiEkC_ITXY?Q9+��J>^k9R;�^H�-;Z=@IpU[9O��^RC_UFAWITX<fqIrEHP ;>^gokI&9@I7JDEH;>I
Se?Qok=R;�G[U@SBAWITA_` �M9@Se?QlLIg;Z=[I<^kG@;>?BC&ETS4A\][A\;ZI7P XOIrAZC_J>?QfFITX2?Q9�AWITC_;Z?e^k9�t@` �O`�:hK�;Z=@?iA�C_^h9OnFohUOc
J~EH;Z?e^k9 XO^LITAg9@^k; EHSeSQ^T��P{EH9@?eG@U@SBET;Z?e^k9�^T�p;>=@I�SQ?Qoh=O; A\=@I7I&;g;Z=@?iC lR9@ITA>A_` AM^T�VI&�LI&J7K);>=@I
U@9R��^RC_UFA\IrX�fFITEHP XO?BETP<I&;ZI7J�� EkAgC_^h9FA\?iXOI&J>ITX�A\P�ETSQS
I&9@^hU@ok=�;Z^2]R?QI&SiX�ET9|EkXRI�� U}EH;ZI7SQ]
;>=@?Q92Se?Qok=R;�A\=@I&I7; ��^hJ x
8by�P<ITEhA\U@J>I&P<I&9L;~A6UFAW?Q9@oOFZU}A\;p;>=@ITA\I�;W�V^<SeI&9FA\IrA_K@G@J>^H�R?BXRITX0;>=@I
ETJZITEgJZI��LU@?eJZ?Q9[o�?QSeSQU@P ?Q9FET;Z?Q^h9+J>I&P�ET?Q9@ITXYC_Se^LA\I ;>^+;>=@I ^kG@;>?BC&ETS�A\][A\;ZI7P2`

9 x ��� �LI&9FAW?BC&ETP ���@��C&ETP<I&J~EOK�GF^LAW?Q;>?Q^k9[ITX$9@^kJ>P�EHS-;Z^<;>=@Ig?QSeSQU@P<?e9FEH;>ITX<G@SBET9@ILK
?eP�EHohITXj;>=@I�SQ?Qoh=O;4AW=@I&I&;
��?Q;>=<;Z=[IpET?BX+^T�-EI:�`h�HP<P � ?iC_JZ^Tc=M�?QlRlL^kJ�SeI&9FA���?Q;>=+�Bc:9RU@PYfFI&J
AWI&;�EH;�� � ��uO` CR` H|?Q;>=<;Z=@I�EhAZA\?iA\;~EH9FC_I ^T�
E���J~EHP<I_c okJ~EHf@fFI&J C&EHJ~X�EH9FX ���6�YI&SQIrC_;ZJ>^k9@?iC&A
AW]O9FCD=@J>^k9@?iA\?Q9[o<fF^HNaK ���6�<yp?iX@x
8:y�A\^T��;W��EHJ>I N �LI&J~A\?e^k92�R` `hu S���EhA�U}A\ITX$;>^<;ZJ>?QokohI&Jp;>=@I
C&ETP<I&J~Ej?e92A\]R9FCD=@JZ^h9O]���?e;Z=$;>=@IgP<ITCD=FET9@?BC&ETS AW=OU@;>;ZI&J7`px�ET?QJ~A ^T��AW?Q9@ohSQI�GFEHJ>;Z?BCmSQI�I7NOGF^Hc

�Tt



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

AWU@JZITA
�VI&J>IM;~EHlLI&9Y��?Q;>=�E�;W]RG@?BC7EHS@G@U[SBA\I���?BXO;>=+^T�-�HP�A
EH9}X<A\I&G}EHJDET;Z?e^k9�^H�-�B`HP�Am` �
EkCD=
?eP�EHohIp��EhA ;>=@I&9 AZE&�LITX<?Q9�f@?e;ZP�ETG+��^kJ>P�EH;7`

wV=@I�P{EH?Q9{XO?BA>EkXO�hEH9R;DETokIg��?e;Z=�;Z=@?iA�A\I&;Wc:U[G$?BA�;Z=}EH;�;Z=@I SQ?eok=R;�G@U@SiA\ITAVG@J>^RXOUFC_IrX$EHJ>I
� ET?QJZSe]��4ITEHl ��;Z=[?BA�G[JZ^kf[SQI&Pz� EkA�P{EkXOIY�V^hJDA\I fO]�;Z=@I U@9FE&�L^k?iX@EHf@SeI P ETUFAZAW?BEH9�G@J>^HnFSeI
^T�g;Z=[I�fFITETP EH9}X ?Q9R;ZI&J>P<?Q;>;ZIm9O;��}?BCDlLI&JZ?e9@o2^H� ;Z=@I2fFITETP XOU@I�;Z^�?e9FA\;~EHf@?eSQ?Q;W]L`�wV=@?iA
U@Se;Z?eP�EH;>I&SQ] JZIrA\U@Se;DA�?Q9g� EH?e9O;>I&J
GFEHJ>;Z?BCmSQITA�ET9FX+=@I79FC_I�SQ^LAW;
^kJV?e9O�hETSQ?BXYX@ET;DE�^h9<;Z=[IM?eP�EHohILK
GFETJZ;>?BC_U@SiEHJ>SQ]YEH;4;Z=@I�ITXOohITA_` 9 SQ;Z=[^kU@oh=+;>=@IMG}EHJZ;>?BC_SeIMI7NOGF^LAWU@JZI�;Z?eP<ITA�C7EH9<fFI�?Q9FC_J>ITEkAWITX�K
E<Cm^kP<G@J>^kP<?iA\Ip9[I&ITX@AM;>^<fFI���^kU@9}X$fqI7;\�4I&I&9 A\U��{C_?QI79O;�?eSQSQU[P<?Q9FET;Z?e^k9<^T�VIrEkCD=$GFETJZ;Z?iC_SQI
ET9FX0f@SeU@JZJ>?Q9@oYXRU@I ;Z^Y;Z=@I GFETJZ;Z?iC_SQI�XO?BAWG@SBEhC_I&P<I&9R;
fFI&?Q9@og;>^L^+ohJZITET;&`

"$#&%�#C% )+*$*-,�./,�021�354768. FK?I,�321J./<
L���� 680�� >@?IA=6�:
<C0ED . ? �@< FH?I3

wV=@I�SQ?eP<?Q;>ITX�G@U[SBA\I�AWI&GFETJDEH;>?Q^h9 ;>?QP<ITAgET9FX ��JDEHP I$JZI7GqI7;Z?Q;>?Q^h9 JDET;ZITA<^T��;>=@I�A\][A\;>I&P�A
XOIrAZC_J>?QfFITX�?Q9YAWITC_;>?Q^k9}A�t[`v�R`�:�ET9FXjt[`v�R`vupJZITAW;ZJ>?BC_;�;Z=@I7?QJ
ETG@G@SQ?iC&EH;>?Q^h9g;Z^ ;Z=@I�P ITEkAWU@JZI&P I&9O;
^T�����	��
�����A\SQ^T�4I&J A\;>JZITETP<?Q9[o<�LI&SQ^RCm?Q;Z?eITA�
��j� EkAW;p�F^T��A_`Y�@^kJ I&NRGqI7JZ?QP I&9O;~AV��=@I&J>Igfq^h;Z=
�LI&Se^RC_?Q;W] JZI7ok?QP ITA)ETJZI�^H� ?Q9R;ZI&J>ITA\;7Kk?Q;
?BA�P<^kJ>I�EkXO�hEH9R;DETokI&^hUFA6;>^gCD=@^L^LAWIpE AW]@AW;ZI&P���=@?iC =
C&ET9$P<IrEkA\U[JZI EgP+U}C =<��?iXOI&J�J~EH9@ohI�^H���LI&SQ^RC_?e;Z?eITA_KLG@J>^H�R?BXRITX<;Z=@I�EkC7C_U@JDEhC_]<^T�
;Z=@I x
8by
P<IrEkA\U[JZI&P<I79O;~A�?iAV9@^k;�Cm^kP<G@J>^kP<?iA\ITXa`

wV=@I�I7NOGFI&J>?QP<I&9R;DETSFEHG[GFEHJ~EH;ZU}AM?QSeSQUFAW;ZJDET;ZITX<?e9{n}okU@J>I�t@` �j^� aI&JDA�^k9@I�GF^LAZAW?Qf@SeI�EHSQ;>I&J\c
9FET;Z?e�LIL` 9 �
^kG@GFI&JWc:y4ETGq^hU@J<SiEkA\I7J+� EkAgUFA\ITX�;Z^�G@JZ^RXRUFC_I2XR^kU@f@SeI$G@U[SBA\IrAj^T� SQ?eok=R;g^H�
� Er�LI7SQI&9@oh;Z=��;:�`R`v�H9[P2K)��?e;Z=�E$G@U[SBA\I{XOU@JDET;Z?e^k9�^H��u � AgEH9FX�P�ETNO?ePgU@P�G@U[SBA\IYI&9@I7JZok]
^T���HP <@` wV=@IgG@U@SiA\ITX2SQ?eok=R;pfFITEHP!��EhA�;ZJ~EH9FAWP<?Q;>;ZITX�;Z=@J>^kU@oh=�ET9�^kG[;Z?BC7EHS)nFf[JZIg;Z^�;>=@I
I&NRGFI&JZ?eP<I&9R;DETSVAWI&;\c U@G K
��=@I&J>I<?Q;g� EkAgI&NRGFEH9FXRITX�?Q9R;Z^�E2SQ?eok=R;gAW=@I&I&;g^T�p��?iXO;Z=��%`TP<P
ET9FX+;Z=[?BCDlO9@IrAZA :mP<P�UFA\?e9@o�;W�V^�C_]RSQ?e9FXOJ>?BC&ETSLSQI&9FAWITA�^H�a��^RC&EHSFSQI79@ok;>=Z:7�%`HP P2`�wV=@Ipx ���
�LI79FA\?iC&EHP�C&EHP I&JDERKk��?Q;>=<Eg�h�HP<P � ?BC_J>^Hc&MM?QlRlL^kJ�SeI&9FA
A\I7;�EH; EH9+�Bc 9RU@P+fFI&J-^H� � � �puR` CRK

�h�



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

Pulse Generator

T1 T2 T3 T4

Experimental Apparatus

Computer

Copper−Vapour Laser

Force Ext. Pulse In Light Sheet
Optics

PCO Sensicam
Camera

Trig. In

Optical Fibre

����������������������������������������������������

Interface
Board

TRU�� V�W.XZY�[��+^ 9 G@GFETJDEH;>UFAV��^kJ�^kf[;DEH?e9@?Q9[o<EhC_^kUFAW;Z?iC��LI7SQ^RC_?e;\]gP ITEkAWU@JZI&P I&9O;~A)UFAW?Q9@o x
8by
��?e;Z=$;>=@I �
^kG@GFI&JWc:y4ETGq^hU@JpSiEkA\I7J&`

?eP�EHohITX�;Z=[I0?eSQSeU@P<?Q9}EH;ZIrX$G@SBET9@IL` 9 >VI&JZlLI7SQI&] � ^RXOI&S��%`B`s;>?QP<?e9@o$fF^TN�� EkA�UFAWITX�;>^
C_^h9O;>JZ^hSq;>=@I�XO^kU@f[SQI�SBEkAWI&J
G@U@SiA\ITA
EH9}X+AW?QPYU@SQ;~EH9@I&^hUFA\Se] ;ZJZ?eokohI&J
;Z=@I�C&EHP I&JDE��O?iE E���J~EHP<I
ohJDEHf[fqI7J�C&ETJDXg?Q9g;Z=[IpC_^hP<G@U@;>I&J&` �
^h9O;>JZ^kSeSQ?e9@op;Z=[IMfFI&oh?Q9@9@?e9@o ^H� ;Z=@I�?eP�EHohI�EkC �LU@?BAW?Q;>?Q^k9
P�ET9OU}EHSQSe]$��JZ^hP ;Z=@I ;Z?QP ?Q9@o�fF^TN�K4A\?e9@okSeI<GFEH?eJDA�^T�p?eP�EHohITA��4I&JZI<J>ITC_^hJDXOITX���?Q;Z=�ITEhC =
G@U[SBA\I SiEkA\;>?Q9@o u � AMET9FX$EYA\I7GFEHJ~EH;Z?e^k9 ;Z?QP IMfFI&;W�VI7I&9<G@U@SiA\ITAV^T� :_P{A_`
8:9 XO^kU@f[SQI�AW=OU@;>;ZI&J P<^RXRILK�;Z=[I<x ��� �LI&9FAW?BC&ETP C&EHP I&JDE<AW]@AW;ZI&P C7EH9�JZITC_^hJDX2GFEH?eJDA ^H�
?eP�EHohITAj��?e;Z=�E�P ?Q9@?ePgU@P AWI&GFETJDEH;>?Q^h9|;Z?QP I0^T� u%`%`T9FA�EH9FX|I&NRGF^LA\U[JZI2;Z?eP<I<^T� :_P{Abc
:!`%`%`TP�A_KaEH;�EgJZI7GqI7;Z?Q;>?Q^h90J~EH;>I�^T� :&u&c�:7�j��JDETP<ITA
GqI7JpAWITC_^k9}X�` AMI&9FCmILK � EhA\;��F^T��A ^T��;>=@I
^hJDXOI&J4^H��P<I7;ZJZIrA)GFI&J�AWITC_^k9}X<C&EH9 ITEkAW?QSQ]gfFI C7EHG@;>U@JZITXY��=@I&9<UFAWITX+?e9<C_^h9.FZU@9FCm;Z?Q^h9<��?Q;>=
;>=@I �
^kG[GqI7J\c yVETGF^kU@JYSBEhA\I&J7` �M9O��^hJZ;ZU[9FEH;>I&SQ]LK�;>=@I<Se?QP<?e;ZI7X0��JDEHP I+J~EH;ZI ^H��;Z=[I�C&EHP I&JDE
P�ETlLITA6?e;V?eP<GF^LAZAW?Qf@SeIM;>^+^hf@;DET?Q9�PYU@SQ;>?QG@SeI�GFEH?eJDAV^H�-?QP{EHokIrA6��?Q;>=@?Q9 ^k9@I�EkCm^kUFAW;Z?BC C_][C_SeIL`
AM^T�4I&�LI&J&K�;>=@I�AW]@AW;ZI&P C7EH9�fqI ITEkAW?QSQ]�P<^RXO? nFITX fR]|JZI&G@SiEkC_?e9@o�;>=@I�x ��� �LI&9}A\?BC7EHP
C&ETP<I&J~E0AW]@AW;ZI&P!��?Q;>=�E<=@?Qoh=OcWAWGFI&ITX�C&ETP<I&J~E<EH9FX C_^kJ>JZITAWGq^h9FXO?e9@o2AW^H��;W��ETJZILK�I&9FEHf[SQ?Q9[o
XO^hU@f@SeI�?eP�EHohITA6;>^gfFIpJZITCm^kJDXRITX�EH;�E�JZI7GqI7;Z?Q;>?Q^h9<JDET;ZIp^T�R:!`Hl A��L`
�@^kJ�ET9$EhC_^kU}A\;Z?iCMnFI&SBX
^T�M��J>I�� U[I&9FC_]��.`B`%A��LK�;>=@?BAgCm^kJZJ>ITA\GF^h9FX@A�;Z^�ET9�?QP�ETokI<I&�LI7JZ]=`O`):_P�A�EH9FX�;>=@I&JZIm��^kJZI �
?eP�EHohI+GFET?QJ~A�GFI&JgEhC_^kU}A\;Z?iC<C_][C_SQI�`�wV=@I�EHf[?QSQ?e;W]2;Z^$?e9O�LIrA\;Z?eoLET;ZIY�LI&SQ^RC_?e;Z?eITAM^H��EhC_^kU}A\;Z?iC

�h�



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

����� X;W U�� X��
	 �
� � X W�� �����!X W ��V���� U � ����� ��	 X �
����� � !#"#$%� !&"('*),+�-.$0/ 124365 +�7 "&),'68�9 :

36;=< ),/ !#$%�,+�-
>@? $%�,'*�BADCE$GF FB�H'JI,K�8�-L-
M%),/ ! 24N ��OQPSRUT 9

V +W!#),'XQ�S+�/Y"(�S-
!#�YMZ$%[\!#"(+B"#)

? )�� 5 +�/ $%�,+BM]! 5 � "#"#),'$0/_^`'*� /�"a�B^�bS),+�-
����� � !#"#$%�c7S+�'d"#$%��MZ)
e )�M%�H��$%"*fg+B"��H7S),/h),/ [�B^i"(�SbS) 24365 +�7 "#),'aj�9

k � [�+�F ? )�1H+�7 M0� !ml < I R K
>n? $Z�,'d�BADC6$0F FB�H'o8�8�-L-M%),/ ! 24N � OQPSRUT 9

CE[]prqi�Qs : � M%!#)�[tM0+B!#),'

����� � !#"#$%� !&"('*),+�-.$0/ 1
+B"6!#$%[S) 5 ��M%)�!24365 +�7 "&),'6u�9

:
36;=< ),/ !#$%�,+�-

>n? $Z�,'d�BADC6$0F FB�H'o8�8�-L-M%),/ ! 24N � OQPSRUT 9
3 � 7S7S),'
v +�7w�H�S' : � M%!#)�[tM0+B!#),'

x ��yz�]X Y�[]\(^ �LU@P<P{EHJZ] ^H��;>=@I<I&NRGFI&JZ?eP<I&9R;DEHS-EHG[GFEHJ~EH;ZU}A�UFA\ITX�;Z^$^hf@;DET?Q9�x
8:y�P<IrErc
AWU@JZI&P I&9O;~A���^hJ�;Z=@I ;Z=[JZI&I�A\?e;ZUFET;Z?e^k9FA�XO?BA>C_UFA>A\ITX<?Q9�;>=@?BA�AW;ZUFXO]�`

nFI7SBX@AM��?e;Z=@?e9$^h9@IYC_][C_SQILKF��=@?eSBA\;�9@^h; C_^k9}A\?BXRI&JZITX$?e9$;>=@?BApAW;ZUFXR]LK�P�E&]<G@J>^T�O?iXOI���U@J>;Z=@I7J
?e9FA\?eok=R;�?Q9R;Z^YA\GFITCm?dnaC EkCm^kUFAW;Z?BCpG@=[I&9@^kP I&9FEO`

9 SQS ;>=@JZI7I�AW]@AW;ZI&P{AVEHSeSQ^T��J>ITEHS c:;>?QP<I��O?eI&��?Q9[og^H�4;Z=@Ip�F^T� KF��=@?BCD= AZE&�LITAV;>?QP<Ip��=[I&9
?e9@?Q;>?BEHSeSQ] EHSQ?eok9@?e9@o ;Z=@I�A\][A\;ZI7P�EH9FX<ETSQSe^H��A�;>=@Ip^kG[;Z?QP ?BAZET;Z?e^k9g^H���hETJZ?BETf@SQI�I&NRGFI&JZ?eP<I&9R;DEHS
GFETJDETP<I&;ZI7JDA_`-wV=@Ip?eP�EHohIpEhC � U[?BA\?e;Z?e^k9<G@J>^kohJDEHP EHSBAW^gC_^h9O;~EH?e9FA�EH9FETSQ][A\?iAVA\^T��;W��EHJ>ILKO;>=OU}A
ETSQSQ^T��?e9@o$?eP�EHohITAp;Z^2fFI�C_J>^LAZA:cWCm^kJZJ>I&SBET;ZITX�?QP<P<IrXO?BET;ZI&S ]L` wV=@?BA�C&EH9�fFI�ET9�?Q9R�kETSQUFETf@SQI
��ITET;ZU@J>I ��^hJ
CD=@ITCDlO?e9@oMI7NOGFI&J>?QP<I&9R;DETSLGFEHJ~EHP<I7;ZI&J~A fFI_��^hJZI�E�SiEHJ>okI�9RU@P+fFI&J�^H� ?QP�ETokITA�EHJ>I
;~EHlLI&9 `

9 A\U[P<P�EHJ>]�^H��;Z=[I<?Q9FXR?Q�R?BXOUFETS
C_^hP<GF^k9@I&9R;DApUFAWITXs��^hJ�;Z=[I<;Z=@J>I&IYI&NOGFI&J>?QP<I79O;~A ?iA
oh?Q�LI&9�?Q9�;~EHf@SeI�t[`�:h`

"$#W" {}|.|�/25T(�5 �46�,�*65T3 7B|O3

wV=@I�;W�V^2;W]RGFITA�^T�pGFETJZ;>?BC_SeITA�CD=@^LAWI&9�;Z^�AWI&ITX�;>=@I<�F^T��A�?Q9�;Z=@?iA�AW;ZUFXO] �VI&J>I<?Q9FCmI&9FA\I
AWP<^klLI
ET9FXp9@I&U@;>JDETSQSQ]�f@U@^T]RET9O; f@U[f@f@SQIrA_` �
=@I&9@o�I&; EHS:` 	�uB`�
k^hfFA\I7JZ�LITXp;Z=}EH; ?Q9}C_I&9FAWI�GFEHJWc
;>?BC_SeITAq=FE&�LI
XR?BEHP I&;ZI&J~AqSeITAZAF;Z=FET98`O` � �aP�EH9FX�E�XOI&9FAW?Q;W]�^H�aETG@G@JZ^TNR?QP�ET;ZI&Se]O:�`h�%` Kpo�P ��~ `

�L�



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

AMI79FC_ILKL��JZ^kP A\ITC_;>?Q^h9$�R`�t[`vuOK@;>=@I G@JZIrAZA\U[JZI�ohJDEhXO?QI&9R;V��^kJ~C_I�C&EH9�fFI ?Qoh9@^kJ>ITX$ET; ��J>I�� U[I&9Oc
C_?eITAMfFI&Se^H� :���N:u���� � S ��=@?BCD=�C_^kJ>JZITAWGF^k9FX@Ap;>^4:&�h�Hl A��L`��}^hJp;Z=[IgP�EHNR?QPYU@P���JZI�� U@I79FC_]
UFAWITX�?e9 ;>=@?BAgAW;ZUFXO]�^T��uO` uHl A��LK
I�� U}EH;Z?e^k9FAY�O` t�ET9FX �R`v��AWU@okohITA\;Y;Z=}EH;Y;Z=@I GFEHJ>;Z?BCmSQITA
��?eSQS�SBEHo ;Z=@I �FU@?BX<�F^T��fO]�SQIrAZA�;Z=FET9 :��M��?e;Z=2ET9�EHP<G[SQ?Q;>UFXOI ^H�4^�AZC_?eSQSBET;Z?e^k9�^H� �k�R`v���

^T��;Z=@I EkC_^hUFA\;>?BC+G}EHJZ;>?BC_SeIg�LI&SQ^RCm?Q;W]2ETP<G@SQ?e;ZUFXRIL`YwV=@I&JZIm��^kJZI�K ;>=@IYI� aITC_; ^H��;>=@I+�R?BA>C_^kU}A
XOJ~EHo EH9FX�G@JZIrAZA\U[JZI<��^kJ~C_ITA�^h9 ;>=@I<GFETJZ;Z?iC_SQI JZITAWGq^h9FA\I C&EH9�fFI EkA>A\U@P<IrX�;Z^2fFI$9[I&okSe?dc
oh?Qf@SeI+��^kJg;>=@I<JDET9@okI�^T�M��J>I�� U[I&9FC_?eITApUFA\ITX�=@I&JZI�`4AM^T�VI&�LI7J&K�EhAgA\=@^T��9�fR] KpI&?e;Z= EH9FX
�MI7JZJZ?iC l 	 �k� 
:KRA\P<^hlLI�GFEHJ>;Z?iC_SQITA
C_^�EHohU@SBET;ZI ?Q9R;Z^ SBETJZohI&JVP�EhAZAWITA�JZI&SiEH;Z?e�LI&SQ] � U[?BCDlOSe]L` wV=@?iA
J>ITA\U@Se;DAg?Q9���I&�4I&J�GFETJZ;>?BC_SeITA_K
ITEkCD=���?Q;>= E2SBETJZohI&JgP<ITET9 XR?BEHP I&;ZI&J7K)��=@?iC =�U@Se;Z?eP�EH;>I&SQ]
E  �IrC_;DAp;Z=[I�GFETJZ;Z?iC_SQI�JZITAWGF^k9FAWIgJZI&SiEH;Z?e�LI ;Z^<;>=@I��FU[?BX�`OAMI79FC_ILK@?e;M?iAM?QP<GF^hJZ;DET9O;�;Z^ ;DEHlLI
ETSQS P<ITEhA\U@J>I&P<I&9R;DA���?Q;Z=[?Q9 E ��I7� P<?e9OU[;ZITA�^H�6A\I&ITXR?Q9@og;>=@Ip�F^T� `

wV=@I<9@I7U@;ZJ~EHSQSe]2f@U@^T]REH9R;�G}EHJZ;>?BC_SeITAp�VI&J>I+ohI&9@I&J~EH;>ITX�fR]�E�< � � A�]@XOJ>^LAW^k9@?iC+uB`%`%`
=FE��&I<ohI&9@I&J~EH;Z^hJ&` wV=@IYGFEHJ>;Z?BCmSQITAp=FE&�LI XO?BETP<I&;ZI7JDA�?Q9�;>=@I+J~EH9@ohI4: �aP ;>^$t ��P 	��k� 
:K-E
J>ITA\U@Se;
C_^h9OnFJZP ITX�fR] P<ITEkAWU@JZI7P<I&9R;DAqP{EkXOI4UFA\?e9@o E �M]R9FEHP<?iC ?F?Qok=R;V�RC7EH;Z;>I&JZ?e9@o8N ��? � S
;>ITC =[9@?��LU@IL`�wV=@?iA6ok?e�LITAVE �hEHSQU[IM^T�R:���N:u���� � S���JZ^hP uR`d�pl A���;Z^�tktgl A��LKk��=@?iC =Y?BA4EHfF^T�LI
;>=@IM��JZI�� U@I79FC_?QIrA)UFA\IrXj?e9+;>=@?BA4A\;ZU}XO]L` 9 AZA\U[P<?Q9@o�E�A\I&ITXR?Q9@o�XOI&9}A\?Q;W]�^H�G:�`B`%`BK�o-P �S~hK ?e9
E<uR`vuTl A���EhC_^kUFAW;Z?iC�nFI&SiX�K@f@U@f[f@SQITA���?Q;>=2EYXO?BETP<I&;>I&JV^T� :Dc:t ��P!��?QSQS SiEHoY;Z=@I �FU@?iX{�F^T�
fR]�EHG@G[JZ^TNO?eP�EH;>I&SQ] � � ;Z^$t ` � EH9FX�^�AZC_?eSQSiEH;ZIY��?Q;>=�ET9�EHP G@SQ?e;ZUFXOIg^T��� ��`v�	�!;Z^��T�R` C	�
^T��;Z=@I EkC_^hUFA\;>?BCgGFEHJ>;Z?iC_SQI��LI&SQ^RC_?e;W]$ETP<G@Se?Q;ZU}XOIL` 9 Se;Z=@^hU@ok=�?Q; ?iA�CmSQITETJp;Z=FET; ;Z=@IYSBETJZokI7J
GFETJZ;>?BC_SeITA�XO^ 9@^k;���^hSQSe^H��;>=@I+�F^T��C_Se^LAWI&SQ]LK�;Z=@I JZITAWU@SQ;~A���JZ^hP ;>=@I ��? � ET9FX��V^hJZl�fR]
y4EHSe?�
ImJZIYI&; ETS:` 	��BC�
4A\U@ohokITAW;�;>=FEH; P<^�A\;p^T��;Z=[I+GFETJZ;>?BC_SeITAM=FE&�LI
� �
� : �aP EH9FX�=@I&9FC_I
��?eSQS���^kSeSQ^T�|;Z=[I��}^H� C_SQ^�A\I&Se]+fFI&Se^H�|��JZI�� U@I79FC_?QIrA6^H��uO` uHl A��L`

�BC



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

"$#�� � 5T3�,
. ��� .+(g| 3R687T5��2, 6 *657.+(

�@^kJg;>=@?BAgAW;ZUFXR]LK�G@JZIrAZA\U[JZI<P<IrEkA\U[JZI&P<I79O;~AM^H��;Z=@I{EkC_^hUFA\;>?BC+nFI&SiX��VI&J>I+P{EkXOI<U}A\?Q9[o�E
>VJBJU@I&S-EH9}X4KLF�MVJ�=FETSd�Bc ?Q9FCD=�G@JZ^hfqIgP ?BC_J>^kG@=@^h9@ILKR��=@?BCD=2C_^h9FA\?iA\;>ITX0^T�4Ej;W]RGFI�t :7�ku<P<? c
C_J>^kG@=[^k9@I C&EHJ>;ZJ>?BXOohILKVG@J>ITEHP<G[SQ?dn}I&JYEH9FX|E�G@J>^kfFI�EH;>;DEhC =@P I&9O;7`�wV=@I2�L^kSe;DEHohI�A\?eok9FETS
��J>^kP ;Z=@I<P ?BC_J>^kG@=@^h9@IY��EkAp��ITX�?e9O;>^2EZ>VJBJU@I7S�EH9}X K F�MVJ�;\]RGFI<uh�%`h�sP<IrEkA\U[JZ?Q9[o$ETP+c
G@Se?dnFI7J���=[?BCD=�C_^k9R�LI&JZ;>ITX$;Z=[IgP<ITEkAWU@JZI7P<I&9R;�;Z^$G[JZITA>A\U@J>IZN�?Q9 XOITC_?efqI7SBA S~`gwV=@J>^kU@oh=@^kU@;
;>=@I�I&NOGFI&J>?QP<I79O;~EHS�P<ITEkAWU@JZI7P<I&9R;DA_K ;>=@I<P<?iC_JZ^hG@=@^k9[I<ET9FX ETP<G@SQ? nFI&Jp�4I&JZIY��JZI��LU@I&9R;ZSe]
C&ETSQ?ef@JDET;ZITX+U}A\?Q9[ogE >VJBJU@I7S EH9}X K F�MVJ A\^kU[9FX<SQI&�LI&S}C&EHSe?Qf@J~EH;Z^hJ&`-wV=@?BA
^kU@;>G@U@;DA�Eg�Tt@` `�X >
:ml A���AW^kU@9FXaKq��=@?iC = ETSQSQ^T��A�;Z=@I G@J>ITAZAWU@JZI J>ITEkXO?e9@oY^k9$;>=@I P<ITEhA\U@J>?Q9@oYETP<G@SQ? nFI&J
;Z^YfFI
C&ETSQ?ef@JDET;ZITX<;Z^Y��?Q;>=@?Q9��O`O` �kX >p`

�@^kJ
;Z=@I�P{E�FZ^kJ>?Q;W] ^H� ;>=@I�I&NRGFI&JZ?eP<I&9R;DEHSLP ITEkAWU@JZI&P I&9L;DAmK&;\�4^�XO?  aI&J>I&9O;�G@J>^kfFITA6�4I&JZI
UFAWITX�K
XOI7GqI79FXO?Q9[o$^k9 ;Z=@IYGF^LA\?e;Z?e^k9�EH9FX EkC&C_IrAZA\?ef@?QSe?Q;W]�^H��;>=@I<GF^k?e9O;�fqI7?Q9@o P<ITEkAWU@JZIrX �
E2AW=@^kJ>;�G@J>^kfFI�^H��SQI79@ok;>=��O` CkC_P ET9FX�E0SQ^h9@okI7J�G@J>^kfFI�^H��SQI79@ok;>=�uk�R`v�kCmP2K fq^h;Z=���?Q;>=
ET9�?Q9R;ZI&J>9FEHS4XO?iEHP<I7;ZI&J�^H� :h`v�HP P2`YwV=@I<EhXO�hEH9R;DETokI�^H��UFAW?Q9@o E<G@JZ^hfqI ET;Z;DEhC =[P<I&9R;M?iA
;>=@I EHf[?QSQ?e;W]�;Z^g;~EHlLI�P<ITEhA\U@J>I&P<I&9R;>A)?Q9 A\GFEhC_ITA
?Q9FEhC&C_ITA>A\?Qf[SQI�;Z^YAW;DET9FX@EHJ~X<P<?BC_J>^kG@=[^k9@ITAm`
AM^T�4I&�LI&J&Ka;Z=@I EkX@XR?Q;Z?e^k9�^H��E<G@J>^kfFI�CD=FEH9@ohITA�;>=@I���JZI�� U@I79FC_]$J>ITA\GF^h9FA\I<^T��;Z=@IYP<?iC_JZ^Tc
G@=[^k9@ILKaEH9}X{=[I&9FC_I�C&ETSQ?Qf[JDEH;>?Q^h90?iAVJZI��LU@?eJZITX+;>^<Cm^kP<GFI&9FA>EH;>IM��^kJ�;>=@?BA�C =}EH9@ohIL`

"$#
	�#(' �
��*�? ./<
FH? L�0�,�A FK?
0 ��6��

wV=@I CD=FEH9[okI�?Q9���JZI�� U@I79FC_]�JZITAWGq^h9FA\I�^T� ;Z=@I�P<?iC_JZ^hG@=@^h9@I<XRU@I�;Z^2;Z=[I0G[JZ^kfFI C&EH9�fFI
I&�hETSQUFET;ZITX2fO] P<ITEhA\U@J>?Q9@o<?e;DAMJ>ITA\GF^h9FA\IYJZI&SiEH;>?Q�LI�;>^ E0AW?QP<?eSBETJMP<?iC_JZ^hG@=@^h9@I���?e;Z=@^hU@;�E
G@J>^kfFIYEH;>;DEhC =@IrX0UFAW?Q9@o E<C_Se^LA\IrX0Cm^kU@G@SeI&J�;ZITCD=@9@? � U@I 	 :&� 
:`�wV=[I�I&NRGFI&JZ?eP<I&9R;DEHSaETG@GFEHJ~Erc
;>UFA�UFA\ITXg;Z^�C&ETSQ?ef@JDET;ZI�;Z=[I�G@JZ^hfqIrA6?BA-A\=@^T��9<?e9�nFokU@J>IMt[`v�R`�wV=@I�JZI_��I7JZI&9FCmIVP<?iC_JZ^hG@=@^k9[ILK

�h�



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

Wavebook

Amplifier

Probe Microphone

Reference
Microphone

Channel 1

Channel 2

coupling
device

Digital Measuring 
Amplifier

PC

TRU�� V�W.XZY�[���^ ��NRGFI&JZ?eP<I&9R;DETSFEHG@G}EHJDET;ZUFA���^kJ�C&EHSe?Qf@J~EH;Z?e9@og;Z=[I�G[JZ^kfFI�P<?BC_J>^kG@=[^k9@IL`

E->VJBJU@I&S�EH9}X K F�MVJ�;W]OGFIpt :&�kuY=FEHS �Bc:?e9FC = P<?BC_J>^kG@=[^k9@ILKL� EkA�AZC_J>I&�VITXY?Q9R;Z^g;Z=[I�;>^kG�^H�6E
>VJBJU@I&S�ET9FX K F�MVJ�C_^kU@G[SQ?Q9[oYXOI&�R?BC_I�A\U@G[G@SQ?eITX+��?Q;>=�;Z=@IpG[JZ^kfFITA�A\GFITCm?dnaC&ETSQSe]���^kJ�C&ETSQ?Qf[JDErc
;>?Q^k9 G@U@J>Gq^�A\ITA N�� 9 `B`Ht `+G@JZ^hfFI�P<?iC_JZ^hG@=@^k9[I�lR?Q;�SD` 9 9$IrEHJ\c G@?eITC_Ip?e9FA\?iXOI�;>=@I�C_^kU@G[SQ?Q9[o
XOI7�O?iC_I<EhC_;ZIrX�EhA�;Z=@I A\^hU@9FX�A\^hU@JDC_I�`$wV=@I I&9FX�^T��;Z=@I<G[JZ^kfFILK
ET;Z;~EkCD=@ITX2;Z^�E$AWITC_^h9FX
=FETSd�Bc ?Q9FCD=Y;\]RGFIpt :7�ku8>VJBJU@I&SaET9FX*K F�MVJVP<?iC_JZ^hG@=@^h9@ILKk� EkA6?e9FA\I7JZ;ZIrXj?e9O;>^�;Z=[IpAW?BXOI�^H��;>=@I
C_^hU@G@Se?Q9@o�XRI&�O?iC_IL` 9 AW?Q9@I���E&�LIgAW?Qoh9FEHS�okI&9[I&JDET;ZITX$fR]�;Z=@I x ��� EkApETP<G@SQ? nFITX�EH9}X0��ITX
?e9O;>^2;Z=@I�Cm^kU@G@Se?Q9@o�XRI&�O?iC_IY�O?iE$;Z=@I<IrEHJ\c G@?eITC_IL`�wV=@I��L^kSe;DETokI�AW?Qok9}EHSBA���J>^kP ;>=@I�JZI_��I7J\c
I&9}C_I<ET9FX�G@J>^kfFI<P<?iC_JZ^hG@=@^h9@ITAM�4I&JZIg��ITX2?Q9R;Z^ �
=FEH9[9@I&SBA-:<ET9FX�uOK�JZITAWGFITC_;Z?e�LI&SQ]�Kq^T��E
M ��� � ��C_^k9FXR?Q;Z?e^k9@?e9@o�EHP<G[SQ?dn}I&J&` wV=[IpETP<G@SQ? nFITX ^kU@;>G@U@;V�L^hSQ;~EHokIrA-��J>^kP�;Z=@I�EHP<G[SQ?dn}I&J
�4I&JZIp;>=@I&9 AZETP<G@SeITX<A\?eP+U[SQ;DET9@I&^hUFA\Se]�fR]�E H�E&�LI&fF^L^hl�� :7u 9 ����C_^k9R�LI&JZ;>I&J�Cm^k9@9@IrC_;ZITX
;>^g;Z=@I x ��`F�L;ZI&G[G@?Q9@o�U@G<;>=@IM��JZI�� U@I79FC_]g^H��;>=@Ip?e9@G@U@; A\?Q9[IM� Er�LI�UFAW?Q9@oYAW^H��;W��ETJZIp��J>?Q;\c
;>I&9 fR] �
U@SeSQI&9 	�uh��
 K6;>=@I0��J>I�� U[I&9FC_]�JZITAWGF^k9FAWI2^H� ;>=@I�G@JZ^hfqI ��EhA+P<ITEhA\U@J>ITX�?Q9��BA��
?e9O;>I&JZ�hEHSiAp^H�LI7Jp;Z=@I JDEH9[okI �%`%A��<;Z^ uk�%`B`%A���`�wV=@I+��JZI�� U@I79FC_]�JZITAWGF^k9FAWI0^T��;>=@I+G[JZ^kfFI
J>I&SBET;Z?Q�LI�;>^ ;Z=@I�JZI_��I7JZI&9FCmI�P<?BC_J>^kG@=[^k9@I4��EkA
;Z=@I79<C&ETSBC_U[SBEH;>ITX���^kJ
ITEhC =g��JZI�� U@I79FC_]�U}A\?Q9[o
EpP<^RXO? nFITX��LI&J~A\?e^k9g^H� EpG@JZ^hokJDETP�C&EHSeSQITX�EHU@;>^@` CkKL��JZ?Q;>;ZI&9gfR] �
U[SQSQI79 	�uk� 
:`-wV=@IMP{EHok9[?dc
;>UFXOI JZITAWGF^k9FAWILK�� � K@^H�-;Z=[I�G[JZ^kfFI�P<?BC_J>^kG@=[^k9@I�JZI&SiEH;>?Q�LI�;Z^g;Z=[I�J>I_��I&J>I&9FC_I�P<?BCmJZ^kG[=@^k9@I

�B`



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

?iAVok?Q�LI790fR] ^
� � �|uB`)SQ^ho ��� ��� ������ N t[`�:.S

��=@I7JZI � � EH9FX � � EHJ>I2;Z=@I
	 � ��ETP<G@SQ?e;ZUFXRITA�^H��;Z=[I2^kU@;>G@U@;<�L^hSQ;DETokI�AW?Qok9}EHSBAg��JZ^kP
;>=@I C_^h9FXO?Q;>?Q^h9@?Q9@o EHP<G[SQ?dn}I&J
C_^hJZJZIrA\GF^k9FXR?Q9@o�;Z^g;Z=[IMG@J>^kfFI�EH9FXYJZI_��I&J>I&9FC_I�P ?BC_J>^kG@=@^h9@ITA
J>ITA\GFITC_;>?Q�LI&Se]L`

9 Ap?Q9FXR?BC&ET;ZITX2?Q9 	 :7��
:K ;>=@I >VJBJU@I&S4EH9}X K F�MVJ�=}EHSd�Bc ?Q9}C =�P<?BCmJZ^kG[=@^k9@IrApEHJ>I+J>I&�LI&JDAWI_c
f@?iEkAWITX�`RAMI79FC_ILKR;Z=@I EkC_;>UFEHS�G@=FEhA\I�^T�
;Z=[I�JZIm��I&JZI&9}C_IpP<?iC_JZ^hG@=@^k9[IpG@JZIrAZA\U[JZI�I�� UFETSBAV;>=@I
P<IrEkA\U[JZITX2G@=FEhA\I�^H��;Z=@IYJZIm��I&JZI&9}C_I<AW?Qoh9FEHS K�� � K�P<?Q9RUFA ��`2wV=[I<;ZJ>U@I<G@=FEhA\I<J>ITA\GF^h9FA\I
^T�
;Z=@I G@J>^kfFI�P ?BC_J>^kG@=@^h9@Ip?iAV;Z=@I&9�^hf@;DET?Q9@ITX<��JZ^hP ;Z=@I P<IrEkA\U[JZITX+G[=FEkAWI�^H�-;Z=[I�G[JZ^kfFI
P<?iC_JZ^hG@=@^h9@ILK
� � K@UFAW?Q9@o�� ��� � ��� ��`

"$#
	�#�� �5?B3/1�AC0�3

wV=@I<��J>I�� U[I&9FC_]2J>ITA\GF^k9}A\ITA�^T�p;>=@I<SQ^h9@o2ET9FX�A\=@^hJZ;gG@J>^kfFITA�J>I&SBET;Z?Q�LIY;Z^2;>=@I<J>I_��I&JZI79FC_I
P<?iC_JZ^hG@=@^h9@I�EHJZIYAW=@^T��92?Q9<nFohU@JZIgt[`d�L`�wV=@I�P{EHok9[?Q;ZU}XOI JZITAWGq^h9FA\IYCmU@JZ�LIp��^kJ�;Z=@I�SQ^k9[o
G@J>^kfFI C_^k9R;DET?Q9FAM��^kU[J�J>ITA\^h9FEH9}C_IgGFITEHl[Ap^H�LI7Jp;Z=@IgP ITEkAWU@JZITX�JDET9@okI EH;�EHG[G@JZ^TNR?QP�ET;ZI&Se]
I��LUFETSQSQ] A\GFEhC_ITX ?Q9R;ZI7JZ�hEHSiA_`|8 � ;>=@I2EhC_^kUFAW;Z?iC0��E&�LI&SeI&9@oh;Z=�C_^kJ>JZITAWGF^k9FXO?e9@o�;Z^�;Z=@I���JZI_c
�LU@I&9FCm] ^T�<;>=@ITA\I���^kU@J2GFITETl@A$?iA0ok?e�LI&9�fR]���� K���=@I&J>I�� � : c t�XOI&9@^h;ZITA$;>=@I�nFJ~A\;2;>^
��^hU@JZ;>= GFITEHl�J>ITA\GFITC_;>?Q�LI&Se]LK);>=@I$GFITETl@Ag^RC&C_U[J+��=@I79�� ��� t@K���� � � t[K���� ~�� t�ET9FX ����� � t
ETJZIYP�EHJ>ok?Q9}EHSQSe]�okJZIrEH;ZI7J�;>=FEH9 ;Z=@IgSeI&9@ok;>=�^T��;>=@I+G[JZ^kfFIL`-AMI79FC_ILK�;>=@IgSQ^h9@o$G[JZ^kfFIYJZI_c
AWGq^h9FX@Ap?Q9 EYA\?eP<?QSiEHJVP{EH9@9@I7JV;Z^Y;Z=[I�G@J>ITAZAWU@JZI JZIrA\GF^k9FAWIgP<ITEhA\U@J>ITX<EH;�;Z=[IgC_Se^LA\IrX{I79FX
^T�
EgC_]RSQ?e9FXOJ>?BC&ETS@G@?QGFIp��?e;Z=<;>=@I�^kG@GF^LAW?Q;>I�I79FX<^kGFI&9 `
wV=@I�A\=@^hJZ;�G@J>^kfFILK@=@^T�VI7�LI&J&Kk^h9@SQ]
=FEhA�^k9@I�G@J>^k9@^hU@9FC_IrXjJ>ITA\^h9FEH9FCmI�GqIrEHl�?e9�;>=@I�P�EHoh9@?Q;>UFXOI4JZITAWGq^h9FA\I�CmU@JZ�LIL`�8:;�;>=@I&JZIm��^kJZI
ETG@GFITEHJ~A�;>^�EkCm; EkApE AMI&SQP =@^kSe;
��JZITAW^k9FET;Z^kJ7K ��=@?BCD=�?BApET92I&NOGFITCm;ZITX<JZIrA\U@Se;Moh?Q�LI&9 ;Z=FET;
;>=@I SQI&9@oh;Z=�^H��;Z=@I G@J>^kfFI�?iA�A\P�ETSQS Cm^kP<GFETJZITXY��?Q;Z=�;>=@I�EkC_^hUFA\;>?BCp��E&�LI&SeI&9@ok;>= 	��B`�
 `

�;:



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

0 500 1000 1500 2000 2500
Frequency / Hz

−15

−10

−5

0

5

10

15

20

25

30

35

40

M
ag

ni
tu

de
 / 

dB

Long Probe
Short Probe

0 500 1000 1500 2000 2500
Frequency / Hz

−180

−90

0

90

180

P
ha

se
 / 

de
gr

ee
s

Long Probe
Short Probe

TRU � V�W/X�Y�[��+^ �@JZI��LU@I&9}C_]gJZITAWGF^k9FAWI�^H��;Z=@I SQ^h9@o EH9FX A\=@^hJZ;�G@J>^kfFI�P<?iC_JZ^hG@=@^h9@ITA_`
"$#
	�#C% � . ?B3�3/1J./? 0;. , L�3 � 1�:
?
.

�@^kJ�;Z=@IYAW;ZUFXO] ^H� EkCm^kUFAW;Z?BC��}^H��?e92;Z=@I��O?iC_?Q9@?e;W]<^H� A\?iXOI�=[^kSQIrAMG@JZIrA\I&9R;ZITX�?Q9 �
=FETG@;ZI7J
��K ;>=@Ig?Q9R;ZI7JZ9FETS�AW^kU@9FX2G@J>ITAZAWU@JZIgSeI&�LI&S ET; ;Z=@IgfFEhA\Ig^T�V;>=@Ig;ZU[fqIg� EkApP<ITEhA\U@J>ITX0U}A\?Q9[o
EYx �G>�x�?QI �&^h;ZJ>^k9@?iC&AVG@JZIrAZA\U[JZI ;ZJ~EH9FA>XOUFC_I&J7Kq;W]RGFII:!`k�B>p`FwV=@I�;>JDEH9}AZXOUFCmI&J&K@^T�
I&NR;ZI&J>9FEHS
XO?iEHP<I7;ZI&JR:B:_P<P KH� EkA6P ^kU@9R;ZITX�?e9<E GFI&JDAWGqI7N+f@Se^RC lYAWITC_U@J>ITX�;Z^ E�AWITC_;Z?e^k9Y^H��;>=@IM;>U@fFI
AWUFC =�;>=FEH;�;Z=@I P<?iC_JZ^hG@=@^h9@IM� EkCmI�SiE&]j�FU}A\=$��?e;Z=�;Z=[I�?e9@9@I&J�;>U@fFI ��EHSeS:`

wV=@I
;ZJ~EH9FA>XOUFC_I&J ?iA A\GFITC_? naC&ETSQSQ]�XRITA\?eok9@ITXp;>^�P<ITEkAWU@JZI-=@?Qoh=�G[JZITA>A\U@J>I�SQI&�LI7SBA�N��O:_t `kX >@S~K
;>^g��?Q;Z=[?Q9 EH9�EhC&C_U@J~EkC_]Y^H��SeITAZA�;Z=}EH9�`O` `k�kX >p`OwV=[?BA6?iA6GFETJZ;>?BC_U@SiEHJ>SQ]gUFAWI_��U@S@��^kJ4G@JZITA>A\U@J>I
P<IrEkA\U[JZI&P<I79O;~A EH;
?Q9R;ZI&9}A\?Q;>?QITA�EHfF^T�LI :&�k�hX >pKL��=@?BCD=g?BA�fqI7]L^k9FXg;Z=@I�JDET9@okI�^H� ;Z=@I�G[JZ^kfFI
P<?iC_JZ^hG@=@^h9@ITA XOITA>C_JZ?efFITX�ETfq^T�LIL`�wV=@I A\I&9}A\?Q;>?Q�R?Q;W]�^H�a;Z=@I
;>JDEH9}AZXOUFCmI&J)� EkA��B`k�R`v�HP y �&GFAW?:K
I��LU@?e�kETSQI&9R;�;Z^ `O` `%`Htht�CTP<y �Tx-EO` 9 Se;Z=@^hU@ok=Y?Q;��4^kU@SiXj=}Er�LI4fFI&I&9 XOITA\?eJDETf@SQI�;>^�CD=@ITCDlp;>=@I
��J>I�� U[I&9FC_]�JZIrA\GF^k9FAWI2^H��;Z=[I$G@J>ITAZAWU@JZI ;ZJDET9FAZXRUFC_I&J<U}A\?Q9[o�E�A\?eP<?QSiEHJ�P<I&;Z=[^RX�;Z^ ;Z=FET;
UFAWITX+;>^gC&ETSQ?Qf[JDEH;>IM;>=@IpG@J>^kfFIpP<?iC_JZ^hG@=@^h9@ITA_Kh?Q;
��EhA69@^h;�Gq^�AZAW?Qf@SeIM;>^gEH;>;DET?Q9�E�A\U��{C_?QI79O;
?e9O;>I&9FA\?e;W]�SeI&�LI&SL?e9FA\?iXOIV;>=@I�EkC_^hUFA\;>?BC�C_^hU@G@SeI&J�;Z^�]O?eI&SBX �kETSQ?iXgC&EHSe?Qf@J~EH;Z?e^k9gP<IrEkA\U[JZI&P<I79L;DA_`
AMI79FC_ILK�?e9�^hJDXOI7J�;>^ C =@IrC l�;Z=[I<C_^h9FA\?iA\;>I&9FC_] fqI7;\�4I&I&92G@J>ITAZAWU@JZIYP<ITEhA\U@J>I&P<I&9L;~A ;~EHlLI&9
UFAW?Q9@o�;Z=@I�G@JZ^hfqI�P<?BC_J>^kG@=[^k9@I�ET9FX+;Z=[IM;>JDEH9}AZXOUFCmI&J&KR;Z=@I�A\=@^hJZ;4G@JZ^hfqI�P<?BC_J>^kG@=[^k9@I���EhA

�hu



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

P<^hU@9R;ZITXp?Q9 ;>=@I4AZEHP I6GFI&J~A\GFI&N f@Se^RC l EhA ;>=@I
;ZJ~EH9FA>XOUFC_I&J7KHGF^�A\?Q;>?Q^h9@ITX�XR?QJZIrC_;ZSe]M^hG@GF^LA\?e;ZI
;>=@Ig;ZJ~EH9FA>XOUFC_I&J ��?e;Z=2;Z=[IgG@JZ^hfqIg;>?QG$�FU}A\=���?Q;Z=2;>=@Ig?Q9[9@I&J�;ZU@fFIg��ETSQS `j�L?eP+U[SQ;DET9@I&^hUFA
G@J>ITAZAWU@JZIYP<ITEhA\U@J>I&P<I&9L;~AV�VI&J>I�;~EHlLI&92fFI&;W�VI7I&9 :7�%`kX >�EH9}X :7�%`kX >pK�?Q92;>=@Ig^kGFI&J~EH;Z?e9@o
J~EH9@ohI�^H��fq^h;Z= ;Z=@I G@J>^kfFI�P<?iC_JZ^hG@=@^h9@I EH9}X$x �G> G[JZITA>A\U@J>I�;>JDET9FAZXOU}C_I&J&` P ^L^RX2EHohJZI&I_c
P<I79O;
��EhA6��^kU@9}X{;>^���?e;Z=@?e9�EH9�I&J>JZ^kJ4^H� `O` ukX >p`[wV=@?BA
��EkA�Cm^k9FAW?BXOI&J>ITX<A>EH;Z?iAb� EhC_;Z^hJZ]+��^hJ
;>=@I�� UFETSQ?e;DEH;>?Q�LIpP ITEkAWU@JZI&P I&9O;~A�XOITA>C_JZ?efFITX<?Q9 �
=FEHG[;ZI&Jp��`

"$#�� � 5T3�,
. ��� .+(g| .g,V5B| (+* 6�*
57.+(

wV=@I�?Q9R;ZJ>^RXOUFC_;>?Q^h9 ^T�YEH9R] P ITEkAWU@JZ?e9@o�XOI&�R?BCmI$?Q9R;Z^�E�A\^hU@9FX n}I&SBX ��?eSQS XO?iA\;>U@JZf|;>=@I
EhC_^kUFAW;Z?iC��F^T��ETJZ^kU[9FX$;Z=@I�XOI7�O?iC_Ip;Z^ A\^hP<I�XOI&ohJZI&ILK@=[I&9FC_I�E� aITCm;Z?Q9[og;Z=@I�JZI&Se?BEHf[?QSQ?e;W]g^H�
;>=@I�P<ITEkAWU@JZI7P<I&9R;&`�8:9�;Z=[I�C&EkAWI�^H��;Z=@I<G[JZ^kfFI EH;>;DEhC =@P I&9O;~ApUFA\ITX�;>^2;DEHlLI G@JZITA>A\U@J>I
P<IrEkA\U[JZI&P<I79O;~A�?e9�;Z=@?iAgA\;ZU}XO]LK4A\;DET;Z?e^k9FETJZ]�ITX@XO?eITA�ETJZI C_SeITEHJ>SQ]�^kfFAWI&JZ�LITX�ETJZ^kU[9FX�;>=@I
G@J>^kfFIg;Z?eG2EhAM?QSeSQUFAW;ZJDET;ZITX<?e9$;Z=[I�G@=@^h;Z^hokJDETG@=�?Q90n}okU@J>Igt@` CR` �Mf}A\I&J>�kET;Z?e^k9FApAW=@^T��;Z=FET;
;>=@?BA�I� aITC_;�EHSBAW^gXOI7GqI79FX@A�^k9Y;Z=@I�^kJ>?QI&9R;DET;Z?e^k9g^H� ;Z=@I�XOI&�R?BCmIVJZI7SBEH;>?Q�LI4;Z^ ;Z=@I�;ZU[fqI � P ^kJZI
G@J>^kP<?e9@I&9R;
A\=[ITX@XO?e9@o�?iAVA\I7I&9+��=[I&9<;Z=[IMG@J>^kfFI P<?BCmJZ^kG[=@^k9@I�?iA
EHSQ?eok9@IrX<EHSe^k9@o�;Z=@Ip;>U@fFI
ETNO?iAM;Z=FET9���=[I&92G@SBEhC_ITX�9@^kJ>P�EHS�;Z^<?e;&` 8:9$^hJDXOI7Jp;Z^<I7�kETSQUFET;ZIg;>=@I�?eP<GF^kJZ;~EH9FCmI�^H�4;>=@I
P<?iC_JZ^hG@=@^h9@Ig^kJ>?QI&9R;DET;Z?Q^h9�^k9 ;Z=@IYP<ITEhA\U@J>ITX2EkC_^hUFA\;>?BCgG@JZIrAZA\U[JZI<SeI&�LI&S:K EH9FX�=[I&9FC_Ig;>=@I
XOI7okJZI7I�^H� AW^kU@9FX0n}I&SBX XO?BAW;Z^kJ>;Z?e^k9 K�G[JZITA>A\U@J>I�P<ITEhA\U@J>I&P<I&9R;DA��4I&JZI EkC �LU@?QJ>ITX0U}A\?Q9[o+;>=@I
Se^k9@o�G@JZ^hfqI P<?iC_JZ^hG@=@^h9@I�^kJ>?QI&9R;DET;ZITXgfF^k;Z= GFEHJ~EHSQSeI&SaEH9FX EH;��B` �V;>^�;Z=[IpXO?eJZITCm;Z?Q^h9g^H��;>=@I
AW^kU@9FX0n}I&SBX�`

9 ;ZU@fFI
^H�[SQI&9[ok;Z=��B`kC_P�ET9FX XO?BETP<I&;>I&JauO`vuhC_P���EkA�C_^h9@9@ITC_;>ITXM;>^�;Z=@I
SQ^hUFX@AWGqIrEHlLI&J EkA
XOIrAZC_J>?QfFITX+?e9<AWITC_;Z?e^k9<t[`vuRK ��?e;Z=<;>=@Ip;>U@fFIp^kGFI&9�ET;V;>=@IpI&9FXg^kG[Gq^�A\?e;ZI ;Z=@I�SQ^kU}X@A\GFITETlLI&J&`
wV=@I�G@J>^kfFIMP ?BC_J>^kG@=@^h9@IV� EkA�GF^LAW?Q;Z?e^k9@IrXjGFETJDETSQSQI7S@;Z^p;>=@I�;ZU@fFI�EHNR?BA���?e;Z=g;Z=[I�;Z?QGY^H�a;>=@I
G@J>^kfFI�EH;�E Gq^h?Q9R; :h`d�&P P�^kU@;~A\?BXRIp;Z=@I�;ZU@fFIp^h90;>=@I�C_I&9R;ZJDETSaEHNR?BA_`
wV=[IpGF^LA\?e;Z?e^k9�^H��;>=@I

�h�



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

TRU�� V�W.X Y�[�� ^ x�=[^k;Z^�^T��;>=@I2EhC_^kU}A\;Z?iC{nFI7SBX XR?BA\;>U@JZf}EH9FC_I�C7EHUFAWITX�fR]|E2P<?BCmJZ^kG[=@^k9@I
G@J>^kfFIL`

P<?iC_JZ^hG@=@^h9@I�;Z?eG ��EkA ETSQ?eok9@ITXp;>^���?Q;Z=[?Q9 �O`R`�:_P P|UFA\?e9@o�;Z=@IGKp^RX@ETl �V� :k` `MC7EHP<I&J~E
EH9FX
�h�HP<P � ?BC_J>^Hc&MM?QlRlL^kJ�SQI&9}A N:AWI&IYA\ITCm;Z?Q^h92t@` �O`�:.S�JZU@9@9[?Q9@o<?e92JZITETSdc ;Z?eP<I��R?QI&��?e9@oYP<^RXOIL`
9 �k�B`%A���A\;~EH9FXO?e9@o�� E&�LI���EkA
AWI&;
U@G+?e9+;>=@I�;ZU[fqI�KOET9FX+G@J>ITAZAWU@JZI�P<ITEhA\U@J>I&P<I&9L;~A ;~EHlLI&9
UFAW?Q9@o�;>=@I2P<ITEhA\U@J>?Q9@o�ETP<G@Se?dnFI&JYET; ��GF^k?Q9R;DA�EhC_JZ^�AZA<;Z=@I2;>U@fFI���?iXO;Z= `�wV=@I2G[JZ^kfFI
� EkAp;Z=@I792Gq^�A\?e;Z?Q^h9@ITX2ET; �%` � ;>^�;Z=@I�;ZU@fFIYEHNR?BAmK���?Q;>=2;Z=@IYCmI&9O;>JZI ^H� ;Z=@I�G@JZ^hfFI+;>?QG$?e9
;>=@IgA>EHP<I GF^LAW?Q;Z?e^k9 EkAMfFI_��^hJZILKaEH9FX�;Z=@I�G@JZIrAZA\U[JZI�P ITEkAWU@JZI&P I&9L;DA�JZI7GqIrEH;ZIrX�`�wV=@?BA���EhA
J>I&GFITEH;>ITX$ET;�;\�4^YA\^hU@9FX$?Q9R;ZI79FA\?e;\]gSeI&�LI&SiA�^T�4EHG[G@JZ^TNR?QP�ET;ZI&Se] :&u%`hX >�ET9FX :7�%`kX >p`

9 A�C7EH9�fFI�A\I&I79���JZ^hP ;>=@I<JZIrA\U@Se;DA�?e9�;DETf@SQI t@`vuRK�;Z=@IYG@J>ITAZAWU@JZI�P<ITEhA\U@J>ITX2fO]2;>=@I
G@J>^kfFIgG@SiEkC_ITX�GFEHJ~EHSeSQI&S ;>^<;Z=@I A\^hU@9FX0nFI&SiX0?iA =@?eok=@I7JM;>=FEH92;>=FEH;�P<ITEhA\U@J>ITX<��=@I&92GFI&J\c
GFI&9FXR?BC_U@SiEHJ ;Z^ ;Z=@Ig;>U@fFI�EHNR?BAmK ��?Q;Z= E<G@JZIrAZA\U[JZI XO?  aI&J>I&9FC_Ig^T� :k`v�hX >�ET;�EH9�?e9O;>I&9FA\?e;W]
SeI&�LI&S ^H� :7�%`kX >p`)8:;�;Z=@I7JZI_��^hJZI���^hSQSe^H��A�;Z=FET;p;Z=@IgP{EHok9[?Q;ZU}XOI�^T�V;>=@IgG@J>ITAZAWU@JZI�nFI7SBX$XR?BAbc
;>^kJZ;>?Q^h9|XOU@I�;>^2;Z=@I�G@J>ITA\I&9}C_I<^H��;Z=@I<P ?BC_J>^kG@=@^h9@I<��?eSQSVfFI EH;YSQIrEkA\; EkAgokJ>ITEH; EkA�;>=@I
G@J>ITAZAWU@JZI XO?  aI&J>I&9FC_I�?Q9FC_U[JZJZIrX+fO]{E+CD=FEH9[okI ^H�-G@JZ^hfFI�^kJ>?QI&9R;DET;Z?e^k9 `

�Tt



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

� X�����V�W.X � X��
	 �OW��]yLX � � WY� ���]X �6	�� �OW��]yLX ��	 �%` � 	��
	.V�y Xo� ��U �������
	 	.V�y Xo� ��U �������
	

: :7u%`R`v� :&uB`
u :7�%`R`v� :&u%CR`d�

x ��yz�]X4Y�[ �+^ x�J>ITAZAWU@JZI P<IrEkA\U[JZI&P<I79O;~A);DETlLI&9�EH;�EgA\GFITCm?dnaCMGF^h?Q9R;�^kU@;~A\?BXRI�E�;>U@fFI�I&NR?Q;7K
��^hJ�;\�4^�?e9O;>I&9FA\?e;W]gSQI&�LI&SiA_KkfR]g;Z=[IpSQ^h9@ogG@JZ^hfFI�P ?BC_J>^kG@=@^h9@I�^kJZ?eI&9R;DEH;>ITX+GFETJDETSQSQI7Sq;>^@K[EH9FX
GFI&J>GqI79FXO?BCmU@SBETJ�;Z^@KF;Z=[I�;>U@fFI�EHNR?BA_`

"$#�� {$1�
 
 6�,��

wV=@IgI7NOGFI&J>?QP<I&9R;DETSaEHJZJ~EH9@ohI&P<I&9R;�^H�
;>=@I�;>=@JZI&I x
8by�A\][A\;>I&P�AVUFAWITX$?Q9 ;Z=@?iAMAW;ZUFXO] ��EhA
G@J>ITA\I79O;>ITX�KFEH9}X0;Z=[I�JZIrA\GFITC_;>?Q�LI�P<I&;Z=[^RX@A ��^hJ�^kf@;~EH?e9@?Q9@o{x68:y�?QP{EHokIrAVXOITA>C_JZ?efFITX�`4wV=@I
G@J>^kf@SeI&P�A4EkAZAW^RC_?BET;ZITX$��?e;Z=�ITEhC =�Cm^k9OnFohU@JDET;Z?e^k92�VI7JZI ETSBA\^ XO?iAZC_UFA>A\ITXa`

wV=@I ET;Z;ZJ>?Qf@U[;ZITA
^H��;Z=[Ip;W�V^�;W]RGFITA�^H��A\I&ITXR?Q9@o UFAWITX+?Q9 ;Z=@?iAVA\;>UFXO]Y�VI&J>IpCm^k9FAW?BXOI&J>ITX�`
x
8:y ^kf@;~EH?Q9}A �F^T� ?e9O��^kJ>P�EH;>?Q^h9 ��J>^kP ;>=@I��LI&SQ^RCm?Q;W]�^T��A\I7ITXO?Q9[o2GFEHJ>;Z?BCmSQITA�A\UFAWGqI79FXOITX
��?e;Z=@?e9 E$�FU@?iX�JDET;Z=@I7J+;>=FEH9�;Z=[I0�LI7SQ^RC_?e;\]2^T� ;Z=[I+�FU@?iX ?e;DAWI&Sd�>` AMI&9FC_I�K);Z=[I0J>ITA\GF^h9FA\I
^T�
;Z=@I�GFEHJ>;Z?iC_SQITA
JZI&SiEH;>?Q�LIp;>^+;>=@Ip�F^T��XOI&;>I&JZP<?e9@ITA�;Z=[I�EhC&C_U@J~EkC_] ^H�
;>=@I��LI&Se^RC_?Q;W]gP<IrErc
AWU@JZI&P I&9O;~A_`��@^kJ4;Z=@I�JDET9@okIp^T� ��JZI��LU@I&9}C_?QITA�GqI7JZ;DET?Q9@?e9@o ;Z^�;Z=@?iA6AW;ZUFXR]LKO^h9@SQ]g;>=@IM�R?BA>C_^kU}A
XOJ~EHo$��^hJDC_I�AW=@^kU[SBX�E  �IrC_;�;>=@I<GFETJZ;Z?iC_SQIYP<^h;Z?Q^h9 ` �4EHSBCmU@SBET;Z?Q^h9FA�AWU@okohITA\;g;>=FEH;�?Q9FCmI&9FA\I
AWP<^klLIpG}EHJZ;>?BC_SeITA�A\=[^kU@SiX0^LA>C_?QSeSBET;ZI ��?Q;>=$ET92ETP<G@SQ?e;ZUFXRI �k�R`v�	��^T�
;Z=FET;M^T�
;Z=[I�EhC_^kU}A\;Z?iC
�LI&Se^RC_?Q;W] EHP<G@Se?Q;>UFXOIgET9FX�SiEHo�;Z=@Ig�FU@?iX�P<^h;Z?Q^h92fO]2SeITAZAp;>=FEH9 : � ��^kJ���J>I��LU@I&9FC_?eITA�SQITA>A
;>=FEH9 uO` uHl A��L` �MU@Ip;>^g;Z=@I&?eJ
SBEHJ>okI&J XO?BETP<I&;>I&J&Kk;>=@Ip9@I7U@;ZJ~EHSQSe]gf@U@^T]REH9R;Vf[U@f@f@SeITAVAW=@^kU@SiX
^�AZC_?eSQSBET;ZI<��?e;Z=�EH9�ETP<G@SQ?e;ZUFXRI+^T���r�O` C �z^H��;Z=[I�EkC_^hUFA\;>?BC<�LI&Se^RC_?Q;W]2ET9FX�SiEHo2;>=@I+�FU@?iX
P<^h;Z?e^k9�fO]YSQIrAZAV;Z=}EH9$t ` ��EH;���JZI��LU@I&9}C_?QITA
SQITA>AV;Z=FET9 uO`vuTl A��L`

wV=@IpG@J>^kfFIpP<?iC_JZ^hG@=@^h9@ITA�UFA\IrX+?Q9Y;Z=@?iA
A\;ZU}XO]<ETSQSe^H�|G[JZITA>A\U@J>IMP<IrEkA\U[JZI&P<I79O;~A ;>^�fFI
;~EHlLI&9 ?Q92Cm^k9OnF9[ITX2A\GFEhC_ITAM?e9FEkC7C_ITAZAW?Qf@SeI ;Z^ A\;DET9FX@ETJDX2P<?BC_J>^kG@=[^k9@ITAmK@f@U@;p;>=@IgEhX@XO?e;Z?Q^h9

�h�



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

^T�p;>=@I<G@J>^kfFI EH;Z;~EkCD=@P<I&9R;�C =}EH9@ohITA�;>=@I+��JZI�� U@I79FC_]2JZIrA\GF^k9FAWI$^T��;Z=@I<P ?BC_J>^kG@=@^h9@IY?Q;\c
AWI&Sd�>` wV=@Ij��J>I��LU@I&9FC_] JZITAWGF^k9FAWI<^H��;>=@I+G[JZ^kfFIYP<?BCmJZ^kG[=@^k9@I�K ��?e;Z=�fF^k;Z= ;Z=@IYSQ^h9@o EH9FX
AW=@^kJ>;MG@J>^kfFI�EH;>;DEkCD=@P<I79O;~A_KL��EhAVP<ITEkAWU@JZIrXjJ>I&SBET;Z?Q�LI�;Z^YE�J>I_��I&J>I&9FC_I�P<?BCmJZ^kG[=@^k9@I�`�wV=@?iA
ETSQSQ^T�4ITX�;Z=[I$ETP<G@Se?Q;ZU}XOI<ET9FX�G@=FEhA\I C_^kP Gq^h9@I&9R;DA ^H��A\U@fFAWI��LU@I&9R;�G@J>ITAZAWU@JZI�P<ITEhA\U@J>I_c
P<I79O;~A6;Z^gfFI�C_^hJZJZIrC_;ZITXY;Z^YC_^hP<GFI&9FAZET;ZIM��^hJ�;Z=@I 9@^h9Oc SQ?Q9[ITEHJ4JZITAWGq^h9FA\I�?Q9FCmU@JZJ>ITX+fR]+;>=@I
G@J>ITA\I79FC_I ^H�-;Z=@I G@J>^kfFIgET;Z;~EkCD=@P<I&9R;DAm`

wV=@IYG@JZITAWI&9FC_IY^H� E<P<ITEkAWU@JZ?e9@o�XOI7�O?iC_IYA\UFCD= EkA E0G@J>^kfFIYP<?BC_J>^kG@=[^k9@Ig?e9�E�A\^hU@9FX
nFI7SBX�=FEkAYfqI7I&9�^kfFAWI&JZ�LITX�;>^�XO?iA\;>^kJZ;g;>=@I2EhC_^kU}A\;Z?iC+�F^T� ` � ITEhA\U@J>I&P<I&9R;DA�EH; E0nFNRITX
GF^LAW?Q;>?Q^k9 ��?Q;>=@?Q9�ET92EhC_^kUFAW;Z?iC�n}I&SBX<AW=@^T�VITX<;>=FEH;�;>=@I G@JZITA>A\U@J>I EHP G@SQ?e;ZUFXOI�XOI&GFI&9}X@A ^h9
;>=@I ^kJZ?eI&9R;DEH;>?Q^h90^T�
;Z=[I�P ?BC_J>^kG@=@^h9@Ip?e90J>I&SBET;Z?e^k9<;>^+;>=@I�EkC_^hUFA\;>?BCM�F^T� K@��?Q;>=$EYCD=FEH9@ohI
?e92^kJZ?eI&9R;DEH;>?Q^h9$^H� �B` �pJZITAWU@SQ;>?Q9@oY?Q9 E+G@J>ITAZAWU@JZIYXO?! aI&JZI&9}C_I ^H� :k` �kX > ��^kJ�E<A\^hU@9FX$nFI&SBX
^T�
?Q9R;ZI&9}A\?Q;W] :7�%`kX >p`

�h�



� � ��� 
���� �

������� ����	 ����
 ��� ����� � �$
��	�

� 
������ 	 �
� 
 � ���
� 
 � ��


wV=@?iA+CD=FETG@;ZI&JYXRITAZC_J>?QfFITA�;>=@I EHG@G@Se?BC&ET;Z?e^k9�^H��x
8:y ;>^�;>=@I�P<ITEkAWU@JZI7P<I&9R;p^H��EhC_^kU}A\;Z?iC
AW;ZJZIrEHP<?e9@o@`-x68:y�?iA)nFJDAW;ZSQ]YUFAWITX+;Z^g?e9O�LIrA\;Z?eoLET;ZI�;Z=[Ip?Q9O�}U@I&9FC_I�^H�-=@?eok=<?e9O;>I&9FA\?e;W]gA\^hU@9FX
nFI7SBX@AM^h9�EkC_^hUFA\;>?BCgAW;ZJZIrEHP<?e9@og?Q9�E<Cm]OSe?Q9FXOJ>?BC&ETS ET?QJ\c�nFSeSQITX�;ZU@fFILK ET9FX$;Z=[IgJZITAWU@SQ;~AMC_^hP+c
GFETJZITX2;Z^�;>=@I&^kJ>I&;Z?iC&EHS��V^hJZl fO] � I&9@okU[]$I&; ETS:` 	 �k� 
:`�wV=@I<EhC_^kU}A\;Z?iC�GFEHJ>;Z?iC_SQI��LI&SQ^RC_?e;W]
?e9FA\?iXOI�;>=@I�;>U@fFIg?BA�EHSBAW^<^kf}A\I&J>�LITX0;>^�C_SBETJZ? ��]<��=@I&;>=@I&J�;Z=@I�G@JZ^hGFEHo�EH;Z?e^k9�^H�4;Z=[IgA\^hU@9FX
nFI7SBX<?Q;~A\I&S ��?BA�E� aITCm;ZITX�fO]Y9@^k9Rc:Se?Q9@ITETJMI7 �IrC_;DAm`

�<#&% ')(+*-,
.0/21234*657.+(

9 A\^kU[9FX{nFI7SBX<G@JZ^hGFEHo�EH;>?Q9@o<;>=@JZ^hU@ok=�E��FU@?iX$C&ETUFA\IrA6�FU@?BX�I&SQI7P<I&9R;DA�;Z^Y^LA>C_?QSeSBEH;>Ip��?Q;>=
EhC_^kUFAW;Z?iCjGFETJZ;>?BC_SeIg�LI&SQ^RC_?e;W]L` �M9FXOI7J C_I&J>;DEH?e9�C_^k9}XO?Q;>?Q^k9}A_K�?e;�C7EH9�EHSiA\^�okI79@I&JDET;ZI A\;>ITEkXO]
N�9@^k9Oc �&I&J>^|;Z?eP<I_cbEr�LI7JDEHohITX_SgP ^k;Z?e^k9FA<?e9�;Z=@I2��^kJ>P ^T�<�L^hJZ;>?BC_ITAmKMlR9@^T��9�EkA2EhC_^kU}A\;Z?iC
AW;ZJZIrEHP<?e9@o@` 9 C_^hUFA\;>?BC4A\;ZJ>ITEHP ?Q9@o�?BA)ohI&9@I&J~EHSeSQ] ^kfFAWI&JZ�LIrX�?Q9g;W�4^pC&EhA\ITAmKL��=@I&9g;Z=[I�A\^hU@9FX
nFI7SBX0?e9O;>I&JDEhC_;DA�A\^hSQI&Se]<��?Q;>=$;>=@I��FU[?BX�KaEH9FX$��=[I&92?Q;�?e9O;>I&JDEhC_;DA���?Q;>=2E<AW^kSQ?iX0fF^kU[9FX@EHJ>]
^hJM^hfFA\;~EkC_SeI�AWUFA\GFI&9}XOITX0��?e;Z=@?e9�;Z=@Ip�FU@?iX�`

�L�



���������
	��������4	�� $�#/��	��Z	��+�����L�	�
�;#%$�� ���@$�� ��	����*�)�
��#B$
�����������

9 Cm^kUFAW;Z?BCYA\;>JZITETP<?Q9[o�C&EH9�fFI<CmSBEkA>A\? nFITX2?Q9R;Z^<;>=@JZI&IY;W]OGFITA XOI7GqI79FXO?Q9[o0^h9�;>=@I AZC&ETSQIY^H�
;>=@I�A\;ZJ>ITEHP ?Q9@ogP<^h;Z?e^k94N A\I&I��aEHJ>I&PYfq^ 	 :!`k� 
 S ^

:h` ����� � U���� 	 U � � ��	 W/X�� � U � � ^ �L^kJ>;ZI&N�P<^h;Z?e^k9 ?e9|;Z=@I �O?iAZC_^hUFA+fF^kU[9FX@EHJ>]|SBE&]LI&J
AWU@JZJ>^kU@9}XO?Q9@oYET9�^kf;FZITC_;4AWUFA\GFI&9FXRITX<?Q9�E�A\^kU[9FX+nFI&SBXa`
wV=@I AZC7EHSQI�^H�-;Z=[IMP<^h;Z?e^k9 K
ohI&9@I&J~EHSeSQ]Yok^T�LI&JZ9[ITX+fR]+;>=@I ;Z=@?iC lR9@ITA>A�^T��;>=@I fF^kU@9FX[EHJZ] SBE&]LI&J&KL?iA�A\P�ETSQSFJZI&SiEH;>?Q�LI
;>^+;>=@I�EkC_^hUFA\;>?BCp��E&�LI&SeI&9@oh;Z= `

uR`�� � � � X U ��� ��	.W.X�� � U � � ^ �L^hJZ;ZI7N c SQ?elLI$P<^h;Z?Q^h9 ^hU@;DAW?BXOI�;Z=[I�fF^kU[9FX@EHJ>]�SBE&]LI&J7K
ohI&9@I&J~EH;>ITX+��=@I&9 E�A\;DET9FXO?e9@og��E&�LI�nFI&SBXg?BA
G@JZIrA\I&9R;&`-wV=@I AZC7EHSQI�^H��;Z=[IpP<^k;>?Q^h9+?iA
Cm^kP<GFETJDETf@SQI ;Z^g;>=@I�EkC_^hUFA\;>?BCp��E&�LI&SeI&9@oh;Z= `

�R`����� � WB	 ��	.W.X � � U � � ^ AW;ZJZIrEHP<?e9@oVP<^h;Z?e^k9 ?Q9FXRUFC_ITXp?Q9�EV��JZI&I
9@^h9Oc U@9@?d��^hJZP�A\^hU@9FX
n}I&SBX<��=@^�A\IgA>C&EHSeI ?BAVSBETJZohI�J>I&SBET;Z?e�LIM;>^+;>=@I�EkC_^hUFA\;>?BCp��E&�LI&SeI&9@ok;>= `

8:;6?iA�;Z=@I�A\;>UFXO]g^H� 	�E&]OSeI&?Qoh=YA\;>JZITETP<?Q9@o���=@?BCD=+?iA)^H��?e9O;>I&JZIrA\;�?e9+;>=@?BA�G@J>ITA\I&9R;
AW;ZUFXO]�`
	�#
' #(' ! < 3 0�6�.�D 6 4 ,�:
6�1�3;0�<=: 3;0 ./?I, FH<
L��

wV=@IgG[=@I&9@^hP<I&9@^h9$^H�6EkC_^hUFA\;>?BCgA\;>JZITETP<?Q9[og��EkA�nFJDAW;p9@^k;>ITX$fR]$�FETJDEkX[Er] 	 �k� 
�?Q9 :!Ck�;:kK
��=@I79+=@I�^kf}A\I&J>�LITX�;Z=FET;�nF9@I�GFEHJ>;Z?BCmSQITA SQ]R?Q9@o ^h9<Ep�R?Qf@J~EH;Z?e9@opG@SiEH;>IpC_^hSQSeITC_;ZIrX�EH;
;>=@I�JZI_c
oh?Q^k9}A�^T�aP�EHNR?QPgU@P��R?Qf@J~EH;Z?e^k9�^H�a;Z=@I�G[SBEH;>IL`�AM?BA�I&NOG[SBEH9}EH;Z?e^k9���EkA�;Z=FET;�;Z=@?iA)fFI&=FE&�R?Q^kU[J
J>ITA\U@Se;ZITX$��JZ^hPz;Z=@Ig�R?Qf[JDEH;>?Q9@o�G@SiEH;>I<AWI&;Z;>?Q9@o�;Z=[IYEH?QJ 9@IrEHJ ?Q;~A�AWU@J\� EhC_IY?Q9R;Z^��O?ef@JDET;Z?e^k9 K
C&ETUFA\?e9@o�C_U[JZJZI79O;~AV^H�4ET?QJ�;Z^�EhAZC_I&9}X$EH;�;Z=[I��R?Qf@J~EH;Z?e^k9 EH9R;Z?e9@^RXOITA�^H�
;>=@I�G@SiEH;>I�ET9FX2XOI_c
A>C_I&9FXYEH;
;Z=[IM9@^RXRITA
EH9FX+=[I&9FC_I�G@J>^RXOUFC_I�;Z=[I�GFEH;>;ZI&J>9<AWI&I&9 ` 9 9@^k;>=@I&J
ITETJZSQ] EkC&Cm^kU@9R;
^H�
EhC_^kUFAW;Z?iCpA\;>JZITETP<?Q9@o���EkA
JZI&GF^hJZ;ZIrX+fO] ���L^kJDETl+?e9Z:!C �r�*N:A\U[P<P�EHJ>?BAWITX�?e9 	 �OK;Ck� 
]S)��=[I&9
=@I ^hfFA\I&J>�LITXg;Z=FET;&K@?Q9{EkX@XO?e;Z?e^k9<;>^g;Z=@Ipo�EkAV�R?Qf@J~EH;>?Q^k9}A6��^kJZP ITXj��=[I&9�EgA\;~EH9FXR?Q9@og� Er�LI
� EkA�okI79@I&JDET;ZITX�?Q9FAW?BXOI E0Se^k9@o ;ZU@fFI4N�^H��;ZI79�JZI_��I7JZJZIrXs;>^2EkA KpU@9FXO;#"vA�;>U@fFI%SDK�9@^k9RcC�&I7JZ^

�BC



���������
	��������4	�� $�#/��	��Z	��+�����L�	�
�;#%$�� ���@$�� ��	����*�)�
��#B$
�����������

P<IrEH9gP<^h;Z?Q^h9FA ^H� ;>=@I�oLEhA��VI&J>I�EHSBAW^pG@J>ITA\I&9R;&`-wV=@I�oLEhA6;>JDE&�LI&SQSeITX EHSe^k9@o ;Z=[I�;ZU@fFI���ETSQSiA
��J>^kP ;Z=@I XO?BAWG@SBEhC_I&P<I79O;4EH9R;Z?e9@^RXOI�;Z^ XO?BAWG@SBEhC_I&P<I&9R;
9@^RXOILKaJZI&;>U@JZ9@?e9@og?Q9 ;Z=@I ^hG@GF^LA\?e;ZI
XO?eJZITCm;Z?Q^h9�XO^T��9�;Z=@I C_I79O;>JZIY^H� ;>=@I<;ZU[fqI<��J>^kP ET9O;>?Q9@^RXOI�;>^29@^RXOI�;Z^2��^kJ>P E2C_Se^LAWITX
Se^L^kG `

wV=@IMnFJ~A\;
;Z=[I&^kJ>I&;Z?iC&EHSaEH9}EHSQ][A\?iA�^H�-EkCm^kUFAW;Z?BC�A\;>JZITETP<?Q9[o�� EkA
P�EkXOI�fR]�	�Er]RSQI7?Qok= 	 Ck� 

?e9*:�CBCk�RK ��=[?BCD=�=@I4SBEH;>I&J�JZI&?e;ZI&J~EH;ZIrX�?e9��~wV=@IV;>=@I&^kJ>] ^H� A\^hU@9FX�� 	 Ch��
 `�>V] ;~EHlR?Q9@o�A\UFC7C_ITAbc
AW?Q�LIYEHG[G@JZ^TNR?QP�ET;Z?Q^h9FA�;Z^�;Z=@IgI�� UFET;Z?e^k9FAMoh^T�LI&JZ9@?e9@o+�FU[?BX2P<^k;>?Q^k9���^kJ�E+�R?BA>C_^kUFAM�FU[?BX�K
=@I AW=@^T�VITX�;Z=}EH;g;Z=[I$AW;ZJ>ITEHP<?e9@o2ETJZ?iA\ITAgXOU[I0;>^2;Z=@I�ohI&9@I&J~EH;Z?e^k9�^H� 	�I&]O9[^kSBX[A���^kJDCmITA_K
^hG@GF^LA\IrX fR]��R?BAZCm^LA\?e;W]LK6��=[I&9 ;>=@I2AW^kU@9FX�n}I&SBX�?BAYEH;>;ZI&9RUFET;ZITX�EH; E�A\^hSQ?BX�fF^kU[9FX@EHJ>]L`
8:92GFETJZ;Z?iC_U@SiEHJ&Ka=@I�9@^h;ZITX2;Z=}EH;p;>=@IYA\;>JZITETP<?Q9@og?iApE�A\ITCm^k9FX c ^kJ~XOI&JpI7 �IrC_;M��=[?BCD=2^RC&C_U@J~A
XOU[I<;Z^ �O?iAZC_^�A\?Q;W]L` AMI&9FCmILK ?Q; ?BA 9@^k;�Gq^�AZAW?Qf@SeI<;Z^ ^kf@;~EH?Q9 ;Z=@I EkC_^hUFA\;>?BC<AW;ZJ>ITEHP<?e9@o��LI_c
Se^RC_?Q;W]Y?d��;Z=[I EkC_^hUFA\;>?BCpI��LUFEH;>?Q^h9FA�EHJ>I�AW^kSe�LITX+;Z^g;>=@IMnFJ~A\;�ETG@G@JZ^TNR?QP�ET;Z?e^k9�ETSQ^k9[Ip^kJ�;>=@I
�FU[?BX�?iA�EhAZAWU@P<ITX2?Q9R�O?iAZC_?iX�`YwV=@I�AW;ZJZIrEHP<Se?Q9@ITA�G@J>ITXO?BCm;ZITX2fO] 	�E&]OSeI&?Qoh=�XOITA>C_JZ?efqIrXs;>=@I
AW;ZJZIrEHP<?e9@o�^hfFA\I&J>�hEH;Z?e^k9FA�?Q9 K�U[9FXO; " A6;>U@fFI�fR] �M�L^kJ~EHla` 	�E&]OSeI&?Qoh= "vA�?Q9[?Q;Z?iEHSF;Z=[I&^kJ>I&;Z?iC&EHS
�4^kJZl�G@J>^H�R?BXRITX2E0fFEhA\?iA���=@?iC =2=FEhA�U@9}XOI&JZoh^k9@I{A\U@fFAWI��LU@I&9R;�XRI&�LI&SQ^hG@P<I&9R;�fR]��6CDlhEHJ>;
	 �k� 
:K��RC =[SQ?BCD=R;Z?Q9[o 	 Ck��
 K�H�ITAW;ZI&J>�LI&SQ; 	 :!`k� 
 K
MM]Rfq^hJZo 	 �T� 
:K 	�UFXOI&9@lL^{EH9FX���^kSQU[]REH9 	 C%C 
:K
ET9FX<^k;Z=[I&JDAm` 9 XOI&;~EH?QSeITXgI&NOGFI&J>?QP<I79O;~EHSR?Q9R�LITA\;>?QoLET;Z?e^k9Y^H�-EkCm^kUFAW;Z?BC AW;ZJZIrEHP<?e9@o ?Q9 E�oLEkA:c
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Theoretical curve (Re=0)
Experimental data
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149dB    (Re=4.8 )
150 dB   (Re=6.1)
151.6 dB (Re=8.8)
153.5 dB (Re=13.6)
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AN1
N2 AN2

N1
N2

N1
N2

Rigid end of tube, 
corresponding to an 
acoustical node (N) of 
each velocity harmonic

N1=Node of 1st harmonic
AN1=Anti-node of 1st harmonic

N2=Node of 2nd harmonic
AN2=Anti-node of 2nd harmonic
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2085 Hz
2nd harmonic reduced
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150 dB 
154 dB
150 dB (2nd harmonic reduced)
154 dB (2nd harmonic reduced)
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J>I&SBET;Z?Q^h9FA\=[?QG�fFI&;W�VI7I&9�;>=@I&P2` 8:P<GFITX@ET9FC_Ig?BA ?Q9@=[I&JZI&9R;ZSe]�E0Se?Q9@ITETJgC_^h9FC_I&G[;&K)��=[I&JZI&fR]
;>=@I�G@J>ITAZAWU@JZIYET9FX2EkCm^kUFAW;Z?BC �LI&SQ^RCm?Q;W]<ETJZI EkAZAWU@P<ITX�;Z^<�hETJZ] A\?e9OUFAW^k?iX@EHSeSQ]L`RA�^H�4I&�LI&J�ET;
=@?eok=�?Q9R;ZI79FA\?e;\] SQI&�LI7SBA_Kafq^h;Z=�G@J>ITAZAWU@JZI�ET9FX��LI&SQ^RCm?Q;W]$��?eSQS�fFITC_^hP<I XO?BAW;Z^kJ>;ZITX�;Z^2AW^kP<I
XOI7okJZI7ILK@��=@?BCD=<U@Se;Z?eP�EH;>I&SQ]gSe?QP<?e;DA);>=@I �kETSQ?iXO?Q;W]Y^H�
;>=@I�C_^k9FCmI&G@;&`

��#&%�#(' � ?I,�321J./?�FK?�L�0 6 4 0���? ,�:
6�1�3;0�<=: >@?IA 6�:
<C0ED , L � *�./?I3�321J./?
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8:9 ^kJ~XOI&J�;Z^�^kf[;DEH?e9gEV;>JZU@I
P<ITEhA\U@J>I&P<I&9R;@^T�@;>=@I
?QP<GFITX@ET9FC_ILKm?Q; ?iA�9@ITC_ITA>AZETJZ]p;>^�P<ITEkAWU@JZI
;>=@I�G@J>ITAZAWU@JZI EH9FX2EhC_^kU}A\;Z?iC��LI&Se^RC_?Q;W] EH;�;Z=@I AZETP<I�A\GFET;Z?BETS�GF^LAW?Q;Z?e^k9 ` AM^T�4I&�LI&J&KR?Q;���EhA
9@^h;�GF^LA>A\?ef@SQIY;Z^ XO^�;Z=[?BApC_^h9FC_U@J>JZI&9R;ZSe]LK EhA�;>=@IYSQ^k9[o0G[JZ^kfFIYP<?BCmJZ^kG[=@^k9@I�JZI��LU@?eJZITX0��^hJ
;>=@IMG[JZITA>A\U@J>IMP<IrEkA\U[JZI&P<I79O;~A���EkA���^kU@9}Xj;>^gC&ETUFA\I�SQ^RC&ETS@�F^T�|XO?iA\;ZU[JZfFET9FC_I�EkAVAW=@^T��9+?e9
AWITC_;Z?e^k9Yt@` �O`��MU@I�;Z^ ;>=@IM9[ITC_ITA>A\?Q;W]�;Z^ P<ITEhA\U@J>I�;Z=@I�G@JZIrAZA\U[JZI�EH9FX<EhC_^kU}A\;Z?iC �LI7SQ^RC_?e;\]�ET;
AWGqIrC_?dnaC GF^k?Q9R;DA�?Q92;Z=[I��F^T� K�?e;M� EkAM9@^h;pGF^LA>A\?Qf[SQIg;Z^ ;DEHlLI x
8by�P<ITEhA\U@J>I&P<I&9R;DA�^H�4;>=@I
EhC_^kUFAW;Z?iC6nFI&SBX�A\?eP+U@Se;DET9@I&^kU}A\SQ]���?Q;>=�G@J>ITAZAWU@JZI�P ITEkAWU@JZI&P I&9O;~A@��?Q;Z=[?Q9�;>=@I6n}I&SBX�` AMI&9FCmILK
;>=@Ig�LI&SQ^RCm?Q;W]+P ITEkAWU@JZI&P I&9O;~A6�4I&JZI�^kf@;~EH?Q9[ITX{nFJ~A\;pU}A\?Q9[o�x
8by K�E&��;ZI&J���=@?BCD=$;>=@I�G[JZ^kfFI
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P<?iC_JZ^hG@=@^h9@I���EkAYA\U}A\GFI&9FXOIrX�?Q9�;>=@I EkC_^hUFA\;>?BC{n}I&SBX�EH9}X�;Z=[I0G[JZITA>A\U@J>I0P ITEkAWU@JZITX�ET;
AWGqIrC_?dnaC�x68:y�ohJZ?iX+GF^k?Q9R;DAm` �pA\?e9@og;Z=[I x
8by EHG[GFEHJ~EH;ZU}A ;>^g�O?eI&�|;Z=@I�EHJZIrE�^H��?Q9R;ZI7JZITAW;6?e9
J>ITEHS ;>?QP<ILKL;>=@I ;Z?QG�^T�
;Z=@I G@J>^kfFI�P ?BC_J>^kG@=@^h9@Ip� EkAVGF^LAW?Q;Z?e^k9@IrX0;Z^Y��?Q;>=@?Q9 ET9$EhC&C_U@J~EkC_]
^T� � u�G@?QNRI&SBAmKkCm^kJZJ>ITA\GF^h9FXO?Q9[o�;Z^ �O`O`):_P<P���^hJ
Ep�O?eI&��?Q9@o�EHJ>ITEp^H� �kCmP 	 ` 9 A)fFI_��^kJ>ILKk;>=@I
^hU@;ZG@U[;M�L^hSQ;DETokI AW?Qoh9FEHS���J>^kP�;Z=@I >VJBJU@I&S EH9FX K F�MVJ�P<ITEhA\U@J>?Q9@o EHP<G@Se?dnFI7J���EhA�AZEHP G@SQITX
fR]<;Z=[I�H E&�LI&fF^L^kl 9 ��� Cm^k9R�LI&JZ;>I&J�ET;MITEhC = Gq^h?Q9R;M;>^g]O?eI&SBX EjG@J>ITAZAWU@JZI�ETP<G@SQ?e;ZUFXRIL`

wV=@I&J>I2EHJ>I2;W�V^�?Q9@=@I7JZI&9R;gG@JZ^hf@SQI7P�A�?Q9�^kf@;~EH?Q9[?Q9@o�;>=@I0��U[9FX@EHP I&9O;~EHS�C_^hP<GF^k9@I79O;
^T� ;Z=@IrA\I<G@J>ITAZAWU@JZI ET9FX��LI&Se^RC_?Q;W]2P<IrEkA\U[JZI&P<I79O;~A_`2�)?eJDAW;ZSQ]�K)9@^h9Oc:Se?Q9@IrEHJgI� aITC_;~AgEH;g;>=@I
;>U@fFI$I&NR?Q; C&EH9�XO?iA\;Z^hJZ;Y;Z=@I��LI&Se^RC_?Q;W]2� Er�LI�`��LITCm^k9FXOSe]LK�9@^h9Oc:Se?Q9@IrEHJYG@JZ^hGFEHo�EH;Z?e^k9 EH9FX
Se^kUFX@AWGFITEHlLI&J�XO?BAW;Z^kJ>;Z?e^k9�P{EHlLI�?e;)G@J~EkC_;>?BC&ETSQSe]p?QP<GF^�AZA\?ef@SQI-;Z^p^hf@;DET?Q9gE�G@U@JZI7SQ] AW?Q9RUFA\^h?BX@ETS
G@J>ITAZAWU@JZI A\?eok9FETS:`

H|=@?QSiA\;g;>=@I��LI&SQ^RC_?e;W]0nFI&SiX�fqIrC&EHP<IY?Q9}C_JZITEhA\?e9@okSe]�XO?iA\;>^kJZ;>ITX���?Q;>=�=[?Qok=�AW^kU@9FX�?Q9Oc
;>I&9FA\?e;W]LK@ET9$�-��w ^T��;>=@Ip�LI&Se^RC_?Q;W]YAW?Qok9}EHS�EHSeSQ^T�VIrX<EkC&CmU@JDET;ZI XOI7;ZI&J>P<?Q9FET;Z?e^k9Y^H�-;Z=@Ip��U@9Oc
X@ETP<I&9R;DETS�ET9FX$=@?Qoh=@I&J�=FEHJ>P<^k9[?BC�Cm^kP<GF^k9[I&9O;�EHP G@SQ?e;ZUFXOIrA_` 9 ohJDEHG[=2^H�4I&NR?Q;��LI&SQ^RC_?e;W]
EhA�Eg��U@9FC_;>?Q^k9 ^H� G@=FEkAWIYEH9@ohSQIg��?e;Z=@?e9$;Z=[IgEkCm^kUFAW;Z?BCgCm]@C_SeI G@JZ^T�R?BXOITX��O?iA\UFETS
C_^h9OnFJZP{Erc
;>?Q^k9 ;Z=FET;g;Z=@I�XR?BA\;>^kJ>;Z?Q^h9���EhA�Se?QP<?e;ZITX EH9FX�;Z=[I<�LI&SQ^RCm?Q;W]2AW?Qok9}EHSV� EkA ;Z=@I&J>I_��^kJ>I�C_Se^LA\I
;>^<AW?Q9RUFA\^h?BX@ETSC�O;>=@?BAV?iA�XO?BA>C_UFA>A\ITX<?Q9 AWITC_;Z?e^k9 �O` �O` t@`
wV=@I G@J>ITAZAWU@JZI�A\?eok9FETS ��EhAMAW?QP<?eSBEHJ>SQ]
ET9FEHSe]@AWITXsU}A\?Q9[o$ET9��-��w�;Z^�I&NR;ZJDEhC_;�;Z=@IYAWI&GFEHJ~EH;>I+=FETJZP<^h9@?BC�C_^kP Gq^h9@I&9R;DAm`�wV=@IYJZI7Sdc
ET;Z?Q�LI P�ETok9@?e;ZUFXRITAV^H�4;Z=[I�=[?Qok=[I&JM=}EHJZP ^k9@?iC&AV�VI&J>I�C_^kP<G}EHJZIrX{;>^+;>=@I���U[9FX@EHP I&9O;~EHS ;>^
�LI&J>?d��]Y;Z=FET;M;>=@I G@JZIrAZA\U[JZI�A\?eok9FETS ��EkA�9@^h;pAWI&JZ?e^kUFAWSQ] XO?BAW;Z^kJ>;ZITX�I&?Q;>=@I&J7`

��#&%�#�� � 3;0�, �-A=<=3 �-FH? L�0 6@4 0 ��? * ��,�3�? ./?IA=,�0�<=6�L�3 ��<=*

�MU[Ig;Z^<;>=@IgAWI&GFEHJ~EH;>IgP<ITEkAWU@JZI7P<I&9R;6^T�4;Z=@I�G@JZITA>A\U@J>IYEH9FX2EhC_^kU}A\;Z?iC��LI&Se^RC_?Q;>?QITAmKOITAW;DETfOc
Se?BA\=[?Q9@o�;Z=@I&?eJ
G@=FEkAWIpJZI7SBEH;>?Q^h9FA\=@?eG+� EkA
P<^kJ>IpC_^hP<G@SeI&N�` 8b9 ^kJDXRI&JV;>^�JZI7SBEH;>IM;>=@I�;\�4^gAW?QoHc
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converter
Wavebook A/D

OFS
control box

B&K Pressure
Measuring
Amplifier

Camera
Loudspeaker

Oscilloscope
Channel 1

Channel 2

Amplifier

Generator
Frequency

Channel 1

Channel 2
PC

TRU�� V�W.X ��[��+^ 9 G@GFETJDEH;>UFA6��^kJ�P<ITEhA\U@J>?Q9@o�;Z=@I�G@=FEkAWIgXO?! aI&JZI&9}C_IMfFI&;W�4I&I&9<;>=@I G@JZITA>A\U@J>I
ET9FX$EhC_^kUFAW;Z?iC��LI&Se^RC_?Q;W]L`�wV=@I�XO^h;Z;ZIrX{^hU@;ZSe?Q9@I ?e9FXO?BC7EH;ZIrAVC_^h9O;>?Q9RUFEH;>?Q^k9�;>^jnFohU@JZI t[`v�O`

9FETSBAmKO;Z=[IpAW?Q9RUFA\^h?BX@ETS@?Q9@G[U@;4A\?Qoh9FEHSa;Z^ ;Z=[IMSe^kUFX@AWGFITEHlLI&J7KL��=@?BCD=g��EhAVEkA>A\U@P ITX�;Z^ =FE&�LI�E
C_^h9FA\;~EH9R; ��J>I��LU@I&9FC_]g;>=@JZ^hU@ok=[^kU@;�;Z=@I�P<ITEkAWU@JZI7P<I&9R;DA_Kh��EkAVU}A\ITX�EkA�E�J>I_��I&J>I&9FC_I�A\?eok9FETS
EhA�?QSeSQUFAW;ZJ~EH;ZIrX$?Q9$nFohU@JZI �O` �O`YwV=@IYG@=FEkAWI<XR?  aI&JZI79FC_ITAMfFI&;W�4I&I&92;Z=[IYEkC_^hUFA\;>?BCg�LI&SQ^RC_?e;W]
ET9FXs;>=@IgJZIm��I&JZI&9}C_I�A\?Qoh9FEHS K�EH9FX2AWI&GFEHJ~EH;>I&SQ] fqI7;\�4I&I&9 ;Z=@IgG@J>ITAZAWU@JZIYET9FX2;Z=@IgJ>I_��I&JZI79FC_I
AW?Qok9}EHS:Ka�VI&J>I�^hf@;DET?Q9@IrX�`��}J>^kP ;Z=[?BA_KF;Z=[I�G@=FEhA\IYXO?! aI&JZI&9}C_I fqI7;\�4I&I&9�;Z=[I�G@J>ITAZAWU@JZI EH9FX
�LI&Se^RC_?Q;W]Y��EhAV;Z=@I&9 C&ETSBC_U[SBEH;>ITX�`

9 �L;~EH9O��^hJDX G@U[SBA\I�ohI&9@I&J~EH;Z^hJ<G@J>^RXOUFC_ITX�;Z=@I A\?e9OUFAW^k?iX@EHS�JZI_��I7JZI&9FCmI�A\?eok9FETSM^T�p��JZI_c
�LU@I&9FCm] �)KL��=@?iC =g� EkA�;Z=[I&9YEHP<G[SQ?dn}ITX EH9FXgUFA\IrXj;>^�XRJZ?Q�LI4;Z=@I�Se^kUFX[A\GFITEHlLI7J&` 9 P{EH9RUFEHS
C_^h9O;>JZ^hS)^h9$;Z=[I�G[U@SBAWI�okI79@I&JDET;Z^hJpETSQSQ^T�4ITX<;Z=@I G@=FEhA\I EH9@ohSQI�^T�
;Z=[?BA�?Q9@G@U[;�A\?Qoh9FEHS�;Z^YfFI
AW=@?d��;>ITX<JZI&SiEH;Z?e�LI�;Z^g;>=@I ;Z?QP I�fFEkAWI�^T��;>=@IM��J>I�� U[I&9FC_]gohI&9@I&J~EH;Z^hJ�fO] E�G@=FEhA\I�EH9[okSQI � � � `
wV=@IY�L^kSe;DETokIg^kU[;ZG@U@;p��J>^kP�;>=@IgG@U@SiA\IgohI&9@I&J~EH;Z^hJp��EhA EkX@XO?e;Z?e^k9FETSQSQ]���ITX$;Z^ �
=FEH9@9[I&S :
^T� E2XO?eok?e;DEHS4^LA>C_?QSeSQ^LA>C_^kGFILK-EH9FX�;>=@I�G@U@SBAWITX�?e9@G@U@;��L^kSQ;~EHohI�A\?eok9FETS�;Z^$;>=@I�C_^hJZJ>I&SBET;Z?Q^h9
C&ETP<I&J~EOKL��=@^LAWIpJZ?iA\?e9@o�ITXRokI C_^h9O;>JZ^hSQSQIrXj;>=@IpAW;DETJZ;�^H��;>=@IMnFJ~A\;4I&NOGF^�A\U@J>Ip^H��ITEhC =Y?QP{EHokI
GFET?QJ7K@��EkAV��ITX<?Q9R;Z^��
=}EH9@9@I7S�uO`
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TRU�� V�W.X ��[ ��^ 	�I&G@J>ITA\I79O;~EH;Z?e^k9Y^H�-;Z=@I�^LA>C_?QSeSQ^�AZC_^hGqI�AZC_J>I&I&9 KRA\=[^H��?e9@og;Z=[IMG@U[SBA\IrX<A\?eok9FETS
;>^+;>=@I�C&EHP<I7JDE�ET9FX0;>=@I JZI_��I7JZI&9FCmIpAW?Qok9}EHS ��^kJ�;W�V^Y�hEHSQU[ITAV^H� � � �[KF�%`YXOI&ohJZI&ITA�ETGFEHJ>;&`

�MU@I�;Z^2;>ITCD=@9@?BC7EHS�G@J>^kf@SeI&P�AmK)?Q;���EhA�9@^k;gGF^LA>A\?ef@SQI�;Z^2;>JZ?eokokI7J�;Z=[I<JZ?iA\?Q9[o$ITXOohI�^H�
;>=@I<nFJDAW;+G@U[SBA\I�;>^2;Z=@I C&ETP<I&JDE�;Z^�C_^h?Q9FCm?BXOI<��?e;Z=�E�A\GFITC_? naC+GF^k?e9O;g^T� ;Z=@I�J>I_��I&JZI79FC_I
AW?Qok9}EHS:` 8b9}A\;ZIrEkX�K�;Z=@I<J>?BAW?Q9@o�ITXOohI<^H��;>=@I<G@U[SBA\IY��EhAgA\I&;�EhA�;Z=@IYP<ITEhA\U@J>I&P<I&9R;MGF^h?Q9R;
^h9 ;>=@I$^�AZC_?eSQSQ^�AZC_^hGFI�AZC_J>I&I&9|EhA<A\=[^H��9�^k9 n}okU@J>I��O`v�R`��LP�ETSQS�EkX!FZUFA\;>P<I&9R;DA N ^H��;>=@I
^hJDXOI&Jg^T� � `O` `ku A��BSp�VI7JZIY?Q9@?e;Z?BETSQSe]2P�EkXOIY;Z^ ;Z=@IY��JZI��LU@I&9FCm]2^H��;Z=@I<J>I_��I&J>I&9FC_I A\?eok9FETS
N�G@JZ?e^kJ�;Z^�;DETlO?e9@o�P<ITEhA\U@J>I&P<I&9L;~A S�A\U}C =�;Z=FET;�;Z=@I2fFI&oh?Q9@9@?e9@o�^H� ITEkCD=|G@U@SiA\I2;Z^�;>=@I
C&ETP<I&J~E+C_^h?Q9FCm?BXOITX<��?e;Z=2;Z=[IgAZETP<I GF^k?Q9R;p^h92;Z=@I�JZI_��I&J>I&9FC_I�AW?Qok9}EHSRN EkAM�R?QI&�4ITX<^k92;>=@I
^�AZC_?eSQSQ^�AZC_^hGFI%S6��^hJpE�nFNRITX0?e9@G@U@;�G[=FEkAWI � � � `�wV=@?iA6��JZI��LU@I&9}C_]<��EhA ;>=@I&9 lLI&G@;�C_^h9FA\;~EH9R;
;>=@JZ^hU@ok=@^hU@;p;>=@I I&NOGFI&J>?QP<I79O;7`
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8:9$^kJ~XOI&Jp;>^<ITAW;DEHf[SQ?BAW=$;>=@I�G@=}EkA\IgJ>I&SBET;Z?e^k9FAW=@?QG fqI7;\�4I&I&9 ;Z=@I�JZI_��I&J>I&9FC_I�AW?Qok9}EHS-EH9FX
;>=@IV�LI&Se^RC_?Q;W]VnFI7SBX�K � � ��� EkA�A\=@? ��;ZITXp?e9*:�` � ?e9FC_J>I&P<I&9R;DAO��JZ^hP ` ;>^p�h�%` � KT��?Q;>=�x68:y�?QP{EHokI
GFET?QJ~AMJZITCm^kJDXRITX<^k9@IYAWITC_^k9}X$EHG}EHJZ;�EH9FX0nF�LI ?eP�EHohI�G}EH?QJ~A ;~EHlLI&9 EH;�ITEkCD=$G[=FEkAWIgEH9[okSQI�`
�)?eokU@J>I �O` �gA\=@^T��A�E�J>I&G@JZIrA\I&9R;DET;Z?Q^h9+^T��;>=@Ip^�AZC_?eSQSQ^�AZC_^hGFI AZC_J>I&I&9+��^hJV;W�V^��hEHSQU[ITAV^H� � � �RK
�B` �
EHGFETJZ;7`��MU@IV;>^p;Z=[I�JZITAW;ZJZ?iC_;ZIrX�9RU@PYfFI&J ^H�a?QP{EHokIrA���=@?BCD=gC_^hU@SBX�fFI4^kf@;~EH?Q9[ITXgEH;
ET9O]
^h9@IM;>?QP<I N:EhA6XR?BAZCmUFAZAWITXj?e9YA\ITCm;Z?Q^h9gt@` �O`�:.SDKL?QP{EHokI4GFEH?eJDA
C_^hJZJZIrA\GF^k9FXR?Q9@o�;Z^ ?Q9@G[U@;
G@=FEkAWI
ET9@okSeITAp^H� � � � � ` � � :�C%`��HKaEH9}X � � � � :7�%`�� �4�h�%`��&K��VI&J>IgEhC � U[?QJZIrX2EkAM;W�V^{A\I&GFETJDET;ZIYX@ET;DE
AWI&;DAmK@;DEHlLI790?e9 C_SQ^�A\I�A\UFC7C_ITAZAW?Q^h90?e9�^kJDXRI&J�;Z^YP�EH?e9O;~EH?e9<AW?QP<?eSBEHJ EkC_^hUFA\;>?BC C_^h9FXO?Q;>?Q^h9FA_`
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?e9FXO?BC7EH;ZIrX$?Q92��=@?e;ZIY^k9�;Z=@IgSeI_��; A\?iXOIg^H� ITEkCD=2P�ETG K���?Q;>=2;Z=@IgSe^kUFX[A\GFITEHlLI7J�Se^RC&EH;>ITX�E
XO?iA\;~EH9FC_I fFI&Se^H��;Z=[I�fF^h;Z;Z^hP ^H��;Z=@Ip?eP�EHohIL`�wV=[I�J>ITA\U[SQ;DA6��^hJ�ITEkCD=<;>U@fFIgEHJ>I�XOITAZCmJZ?QfFITX
AWI&GFEHJ~EH;>I&SQ]<fFI&Se^T� `

� #���#(' �J<
L�� A=?K3�< �-? ��6@A=? :
6�L � ��1J. , 0�<=6�L

�)?eokU@J>I���`v��G@JZITAWI&9R;DA<;Z=@I�G@J>ITAZAWU@JZI�P<ITEhA\U@J>I&P<I&9R;DA�;~EHlLI&9 EH; ;Z=@I�I&9FX|^H�Y;>=@I�;>U@fFI
;>I&JZP<?e9FEH;>ITX�fR]g;Z=@I�SQ^hUFX@A\GFITETlLI&J�ET9FX<ET;V;Z=[IpC_I79O;>JZI�^H��;>=@I AW?BXOI�=@^kSeIMI7NO?e;@N EH;
GF^LAW?Q;Z?e^k9
� � `HP<P�Sp^T�LI&JYEs��J>I�� U[I&9FC_]�J~EH9@ohI$^T�g�B`%`�;>^ C%`B`%A���` 9 A+XO?iAZC_U}AZA\IrX�G@J>I&�O?e^kUFAWSQ]LK E
G@J>ITAZAWU@JZI2P{EHNR?QPgU@Pz?iA ��^hU@9FX|EH;Y;Z=[I$fFEhA\I2^H��;Z=@I ;ZU@fFI�EH; Es��J>I�� U[I&9FC_]�^T���k�B`%A���K
C_^hJZJ>ITA\GF^k9}XO?Q9@o ;>^p;Z=@I49FEH;>U@JDETS@JZIrA\^k9}EH9FC_I4^H�a;Z=[I�EH?eJ
C_^hSQU@P<9�U@Gg;Z^p;>=@I�AW?BXOI4=@^kSeIp`-wV=@I
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TRU�� V�W.X �+[ ��^ x�JZITA>A\U@J>I<�hEHJZ?iEH;>?Q^k9�EhA�E0��U@9FCm;Z?Q^h9�^H����J>I��LU@I&9FC_]���^kJg;>=@I<;ZU[fqI ��?Q;Z= E
AW?Q9@ohSQI2AW?BXOI =@^kSeIL` � IrEkA\U[JZI&P<I79O;~A��VI&J>I0;~EHlLI&9�fO]�;>=@I$G@J>ITAZAWU@JZI2;>JDET9FAZXOU}C_I&J EH;<;>=@I
fF^k;>;Z^hP ^H�-;Z=@I�;ZU@fFI8N C_?QJ~C_SQITA�S�EH9}X{?e9<;Z=[I C_I&9R;ZJ>IM^T��;Z=@Ip=[^kSQI�I&NO?e;
SQI&�LI&S[��?Q;Z= ;Z=@Ip;>U@fFI
� EHSQS N C_JZ^�AZAWITA S~`

G@J>ITAZAWU@JZIY?Q9}A\?BXRIg;Z=@Ig=@^hSQIg?iAMokJ>ITEH;>I&J�EH;M��J>I�� U[I&9FC_?eITA fFI&Se^T��;Z=[IgJZITAW^k9FET9FC_I���JZI�� U@I79FC_]
;>=FEH9�ETfF^H�LI�?Q;&`-wV=@I�G@JZITA>A\U@J>IM�hETJZ?BET;Z?e^k9<��?e;Z=Y?Q9FC_J>ITEkAW?Q9@op��J>I�� U[I&9FC_] A\=@^T�VIrXj;>=@IpA>EHP<I
;>JZI&9FX<fF^k;>=2ET;�;Z=@I =@^hSQIpI&NR?Q; N�� � `HP<P�S�EH9FX EH;�XO?iA\;~EH9FC_IrAV^H���HP<P�ET9FX :7uHP<P�?Q9FAW?BXOI
;>=@I =@^kSeI

�)?QohU@JZI<��`�t A\=[^H��Ap;>=@IYA\;>JZITETP<?Q9@oY�LI&Se^RC_?Q;W] C_^k9R;Z^hU@JpP�ETGFA ��^hJp;Z=@IY;ZU[fqIg��?e;Z=2;>=@I
AW?Q9@ohSQI2=@^hSQI EH;<I&N[C_?e;DEH;>?Q^h9 ��JZI��LU@I&9FCm?QITAYEH;�ET9FX�EHfF^T�LI�;>=@I2JZITAW^k9FET9FC_I2��JZI��LU@I&9}C_]�^H�
�h�%`%A��L`�wV=[I$?Q9R;ZI79FA\?e;\] SQI&�LI&S�ET;<;Z=[I$fFEhA\I�^H��;Z=@I ;ZU@fFI2� EkAZ:mtL�O` �kX >!EH;<;>=@I2JZIrA\^Hc
9FET9FC_I���J>I�� U[I&9FC_]L`4wV=@IYXO?eJZITCm;Z?Q^h9�^H�
;>=@IgAW;ZJZIrEHP<?e9@o+P ^k;Z?e^k9�?BA�C_SeITEHJ>SQ]�XOI7GqI79FXOI&9R;M^h9
��J>I�� U[I&9FC_]L`Y�)?eokU@J>I<�L` t N:E�S AW=@^T��A�;Z=[I+�LI&Se^RC_?Q;W]<nFI&SiX2EH; ;Z=[I+J>ITA\^h9FEH9R;���J>I�� U[I&9FC_]L` 9 ;
J>ITA\^h9FEH9FCmILK@;Z=@IGFZI&; EHG@GFITETJDA�;Z^Y^kJ>?Qok?e9FEH;>I�EH;�;Z=[I�;>^kG�ITXOohI ^H�-;Z=@I =@^hSQILK[XO?QJ>ITC_;ZIrXjfFEhC l
;>^H� EHJ~X@Aj;>=@I�SQ^hUFX@A\GFITETlLI&J&` 8:9FC_JZIrEkA\?e9@o2;Z=[I{��J>I��LU@I&9FC_]�fR]��BA��=N nFohU@JZI2�L` t N�f�S�S~K6;>=@I
AW;ZJZIrEHP<?e9@ogP<^k;>?Q^h9<fFITC_^kP ITAVAW]OP<P I&;ZJ>?QC7EHS:Kh��?Q;Z= FZI&;~AVG@JZ^RXRUFC_ITX EH;�fF^k;>=2;Z=@I ;Z^hG EH9FX
fF^k;>;Z^hP�ITXOokIrA)^H� ;Z=@I4=@^kSeIL`�wV=@I�J>ITA\U[SQ;Z?e9@o FZI&;�?BA-XO?QJ>ITC_;ZIrX�A\;>JDET?Qok=R;�^hU@;�^H� ;Z=@I4=@^kSeIL` 9 A
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N E S

15 cm/s

660 Hz

N�f�S

15 cm/s

665 Hz

N C/S

15 cm/s

668 Hz
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ET;MI&N[C_?e;DEH;>?Q^h9+��JZI��LU@I&9}C_?QITA
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;>=@I ��J>I��LU@I&9FC_]�?BA)?e9FC_J>ITEkAWITX���U@JZ;>=@I&J7K_NBnFokU[JZI �L`�t N:C/S SDKL;Z=[IpAW;ZJZIrEHP<?e9@oM�LI7SQ^RC_?e;\] fFITC_^hP<ITA
AW;ZJZ^h9@okI7J�ET;p;Z=[I�fF^k;>;Z^kP!ITXOohIg^H�
;>=@Ig=@^kSeILKFJZITAWU@SQ;>?Q9@oY?Q9 E FZI&;�?Q9$;>=@IYAZETP<I�XO?QJ>ITC_;>?Q^k9
EhA ;>=@I P�EH?e9+�F^T� `

�
^kP<G}EHJZ?e9@o<;>=@I�J>ITA\U@Se;DA�?Q9�nFokU@J>ITA���`v�<ET9FX��L` t@KF;Z=@IYEhC_^kUFAW;Z?iC&EHS�fFI&=FE&�O?e^kU@J�^H�
;>=@I
AW?Q9@ohSQI�=@^kSeI EHG@GFITETJDAYC_^k9FAW?BAW;ZI&9R;���?e;Z=�I&NRGqIrC_;DET;Z?Q^h9FA_` �@^kJY;Z=@I�C7EkA\I�^T��E2A\?e9@okSeI�A\?iXOI
=@^hSQI�?Q9 Ej;>U@fFI I&N@Cm?Q;ZIrX<EH;�JZITAW^k9FET9FC_ILKF;Z=[I�G[JZITA>A\U@J>I�9[^RXOI*N��LI&SQ^RC_?e;W]<ET9O;>?Q9@^RXOIBS
^H�
;>=@I
AW;DEH9}XO?Q9@o � Er�LI4��?QSeSO9@^h;
fqI�GF^�A\?Q;>?Q^h9@ITX�I&N[EkC_;>SQ]�EH;-;Z=@I�^hGqI79g=@^kSeI�f@U@;
E A\=[^kJZ;�XO?BAW;DEH9}C_I
XO^T��9FAW;ZJ>ITEHP N ? `�IL`-E&��E&]j��J>^kP ;>=@I SQ^hUFX@A\GFITETlLI&J"S 	v�Tu 
:` 9 A\;>JZ^k9[o+?e9O;>I&JDEhC_;Z?e^k9<?iA6;Z=[I&JZI_c
��^hJZI<Se?QlLI&Se]<;Z^ ^RC&C_U@J fFI&;W�VI&I792;Z=@IYGF^k?Q9R; ^H��P�ETNO?eP+U[P EhC_^kUFAW;Z?iC+�LI&SQ^RCm?Q;W]�^LAZCm?QSQSiEH;>?Q^k9
ET9FX+;Z=[I ��U@J>;Z=@IrA\;VIrXOokI�^H� ;Z=@I�=@^kSeILKLJZITAWU@SQ;>?Q9@o ?e9<E�A\;ZJ>^k9@o A\;>JZITETP<?Q9@o�P<^k;>?Q^k9YXR?QJZIrC_;ZITX
fFEhC l�;Z^T� EHJDX[A�;Z=[I<SQ^hUFX@A\GFITETlLI&J�XOU@I<;>^$;>=@I<GF^LAW?Q;Z?e^k9�^T��;Z=@I �LI&SQ^RC_?e;W]$ET9O;>?Q9@^RXRIL` 9 A
;>=@IM��JZI�� U@I79FC_] ?BA
?Q9FC_J>ITEkAWITXgEHfF^T�LIpJ>ITA\^h9FEH9FCmILKL;Z=@I�EkC_^hUFA\;>?BC���E&�LI&SeI&9@ok;>=g��?QSeS�XRITC_JZIrEkA\I
ET9FX<=@I&9FC_I�;Z=@IpGF^�A\?Q;>?Q^h90^T��;>=@IpG@J>ITAZAWU@JZI�9@^RXOI ��?QSeS�P<^T�LI�fFEhC lYU@GFAW;ZJZIrEHP2`�H|=@I&9<;>=@I
GF^LAW?Q;>?Q^k9�^H��;Z=@IgG@J>ITAZAWU@JZI�9@^RXOIg?iAMSQ^RC&ET;ZITX�?Q92;>=@IgC_I79O;>JZI ^H�4;Z=[I�=@^hSQI*NBnFokU[JZI<�L` t N�f�S�S~K
;>=@I��F^T��^kU@;p��?eSQS�fFIYA\]RP<P<I&;>JZ?eC&EHSa��?Q;>=$I��LUFEHS-?Q9R;ZI&J~EkC_;>?Q^k9�fFI&;W�VI7I&9$;>=@IYA\^hU@9FX$nFI&SBX
ET9FXs;>=@Ig;Z^hG�ET9FX2fq^h;Z;>^kPzITXOohITAM^T��;Z=[Ig=@^kSeIL` H|=@I&9�;Z=@IgG[JZITA>A\U@J>Ig9@^RXOIYP<^T�LITA6��U@J\c
;>=@I&J4XO^T��9+;>=@I�;ZU[fqI�EHo�EH?e9 K@E A\;>JZ^h9@okI&J
?e9O;>I&JDEhC_;Z?e^k9g?BA�I&NOGFITCm;ZITX�fFI&;W�VI7I&9g;Z=@I�EhC_^kU}A\;Z?iC
nFI7SBX$ET9FX$;Z=[I�fF^k;>;Z^kPzIrXOokI�^H�
;>=@Ig=@^kSeILK@okI79@I&JDET;Z?e9@o�E FZI&;�?Q9 ;Z=@I�^kG@GF^�A\?Q;>IYXO?QJ>ITC_;>?Q^k9
E&��E&]<��JZ^hP ;Z=[I�SQ^hUFX@AWGqIrEHlLI&J7` 9 A�;Z=[I�G[JZITA>A\U@J>IgEH;�;Z=[I�=[^kSQI�I&NR?Q;V?iA Se^T�VI&J�ET; ��J>I�� U[I&9Oc
C_?eITA�ETfF^H�LI�J>ITA\^h9FEH9FCmILK�;Z=@I AW;ZJZI79@ok;>=�^T�p;>=@IOFZI&;�?BAgETSBA\^2I7NOGFITC_;>ITX2;Z^2fFI��VITETlLI&J&K-EkA
^hfFA\I&J>�LITX�`

�)?QohU@JZIp��`v� A\=[^H��A
;Z=@I�I7 �IrC_;�^H� �hEHJZ]R?Q9[o�?e9O;>I&9FAW?Q;W] SQI&�LI&SL^h9+;>=@I�EkCm^kUFAW;Z?BC�fFI&=FE&�R?Q^kU[J
ET;gE+��JZI��LU@I&9}C_]�^H���k�h�%A���`+wV=[I+G@J>ITAZAWU@JZIY?Q9R;ZI79FA\?e;Z?QIrA oh?Q�LI&9$��^hJ�n}okU@J>ITA8N:E S�c�N X_Sp�4I&JZI
P<IrEkA\U[JZITX�ET;+;>=@I�=@^kSeI�I&NO?e;*N � � `TP<PZS�fR]�;Z=[I0G[JZ^kfFI P<?BC_J>^kG@=[^k9@IL` MM^�AW?Qoh9@?dnaC7EH9R;
AW;ZJZIrEHP<?e9@opP<^h;Z?Q^h9g��EhA6^kf}A\I&J>�LITX�U@9R;Z?QS}EH9<?e9O;>I&9FA\?e;W]�SeI&�LI&SR^H� :%:%:h`d�rX > N nFohU@JZI �L` � N�f�S�S~K
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N E S

15 cm/s

109.2 dB

N�f�S
15 cm/s

111.7 dB

N C/S
15 cm/s

115.4 dB

N X_S

15 cm/s

119.9 dB

TRU�� V�W.X �+[ �+^ �L;ZJ>ITEHP<?e9@o<�LI&Se^RC_?Q;W] C_^h9O;>^kU@J�P�EHGFAM��^hJ�;>=@I A\?Q9[okSQIY=@^hSQI C_^k9On}okU@J~EH;Z?e^k9
AW=@^T��9���^kJ ��^kU@J
XR?  aI&JZI79O; ?e9O;>I&9FA\?e;W]MSeI&�LI&SBAmKTC_^kJ>JZITAWGF^k9FXO?e9@op;>^MG@J>ITAZAWU@JZI4SQI&�LI7SBAqP ITEkAWU@JZITX
ET;M;>=@I =@^kSeI�I7NO?e; N�� � `HP PZSD`
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TRU�� V�W.X �+[���^ x�J>ITAZAWU@JZI<G[JZ^Hn}SQI�EhAgE{��U@9FCm;Z?Q^h9�^H��XO?iA\;DET9FC_I<?e9FA\?iXOIY;Z=@I�CmI&9O;>JZIY^H��;>=@I
=@^hSQI ��^kJp;>=@IgC&EhA\I�^H�4;Z=@I A\?e9@okSeI_c:=[^kSQI ;>U@fFIL`pwV=@I ��^kU@J�?Q9R;ZI&9FAW?Q;W]YSQI&�LI&SiAVC_^hJZJ>ITA\GF^k9}Xs;>^
;>=@I ?Q9R;ZI&9FAW?Q;W]YSQI&�LI&SiA�?QSQSeUFA\;>JDET;ZITX<?Q9YnFokU@J>ITAp�L`v�;N:E�S c�N:X_S~`

��=@I79<;W�V^gAWP�EHSeS.FZI&;~A-��J>^kP�;Z=@I�;Z^hG�EH9}X{fF^h;Z;Z^hP�IrXOokITA
^H��;>=@IM=[^kSQI�C_^k?e9FC_?BXRITX�;Z^ ��^kJZP
E+�4ITEHl�FZI&;�XO?QJ>ITC_;ZIrX0AW;ZJ~EH?Qoh=O;�^kU@;p^T�
;Z=[Ig=@^kSeIL` 9 AM;Z=[I�?Q9R;ZI79FA\?e;\] ��EkA�?Q9FC_J>ITEkAWITX�K@;>=@I
XO?eJZITCm;Z?Q^h9�^H�
;>=@IGFZI&;�fFITC&EHP I XOI_�FIrC_;ZITX<;>^H� EHJ~X@A ;>=@I SQ^hUFX@A\GFITETlLI&J�EkA�A\=[^H��92?e9<nFokU@J>I
��`v� N C/SD` �)?Q9}EHSQSe]LK ET;�ET9�?Q9R;ZI79FA\?e;\]�^T� :%:&�R`v�hX > NBnFokU@J>I$�L` � N X_S�S~K)E A\;>JZ^k9[o8FZI&; ��EhA A\;Z?eSQS
^hfFA\I&J>�LITX0��JZ^hP ;Z=@Ig;>^kG2ITXOohI�^T�V;>=@Ig=@^hSQI�?e9$;>=@IYAZETP<I�XO?QJ>ITC_;Z?e^k9 KaEHSe;Z=@^hU@ok=2;>=@I��F^T�
fFI&=FE&�R?Q^hU@JMfFITC7EHP<I�?Q9FCmJZITEhA\?Q9[okSQ] ;ZU@J>f@U@SQI79O;7`

wV=@IgG@J>^HnFSeI�^H�4;>=@I�G@J>ITAZAWU@JZIg?e9O;>I&9FAW?Q;W]�EkA�Ej��U@9FC_;>?Q^h9$^H� XO?iA\;~EH9FC_I�?Q9FAW?BXOI�;Z=@I�=@^kSeI
?iAgA\=@^T��9 ?e9�nFokU@J>I2�L`v�0��^hJg;Z=@I<��^hU@Jg?Q9R;ZI&9}A\?Q;W]�SQI&�LI7SBAp?QSeSQUFAW;ZJDET;ZITX�?Q9�nFohU@JZI2��`v�O` 9 A
C&ET9<fFI A\I7I&9 KRE�SiEHJZohIpG@J>ITAZAWU@JZIpohJDEhXO?QI&9R;
^RC&C_U@J~A6^T�LI&J
;Z=[I nFJ~A\; :�`HP P�?Q9FAW?BXOI�;Z=@I�;ZU[fqI�K
E&��;ZI&J
��=@?iC =�;Z=@I�G@J>^HnFSeI�?BA)J>I&SBET;Z?e�LI&SQ]M�qEH;&`
wV=[?BA)J>ITA\GF^k9}A\I�?BA�AW?QP<?eSBEHJ���^hJ
ITEkCD=�?e9O;>I&9FA\?e;W]LK
AWU@okohITA\;>?Q9@o<;>=FEH;�;Z=@I G@J>ITA\I&9}C_I ^H�4E<AW?BXOI =@^hSQI�^k9@Se]�A\?eok9@? naC&EH9R;ZSe]�E� aITCm;DA�;Z=@I�G@JZITA>A\U@J>I
nFI7SBX�?Q9�;Z=[I$=FETSd��^H� ;>=@I�;ZU@fFI$9[ITEHJ>ITA\;g;>=@I�=@^kSeIL` wV=[?BA�^kf}A\I&J>�kET;Z?e^k9|ETG@GFITEHJ~A+;Z^�fFI
?e9FXOI&GFI&9FXRI&9O;g^T�p?e9O;>I&9FAW?Q;W]2U@G�;Z^ EH9FX�?e9FC_SQU}XO?Q9@o ;Z=@I�^h9FA\I&;Y^H��;ZU[JZf@U@SeI&9R;�fFI&=FE&�R?Q^kU[J
^hU@;DAW?BXOI�;Z=@I ;ZU[fqI�`
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9@IrC_ITAZA>EHJ>] ;Z^ ?Q9FC_J>ITEkAWI$;>=@I2?Q9R;ZI&9}A\?Q;W]�SeI&�LI&S4P<ITEkAWU@JZIrX EH; ;Z=@I2fFEhA\I2^T��;>=@I2;ZU[fqI2fR]
�hX >�C_^hP<GFEHJ>ITX+;>^+;>=@I SQI&�LI&SiA6J>I�� U[?QJZIrX+?Q9�;Z=[IgC&EhA\I ^H�
;>=@I ��?BXOI7SQ] A\GFEhC_ITX0=[^kSQIrA_`4wV=@I
AW;ZJZIrEHP<?e9@o<�LI&Se^RC_?Q;W] C_^k9R;Z^hU@J P�EHG}ApC_^kJ>JZITAWGF^k9FXO?e9@o$;>^�;Z=@IYJDET9@okIY^H�4��JZI��LU@I&9FCm?QITA�A\U@JWc
J>^kU@9FXR?Q9@o�;Z=@I�=@?eok=@I7J�JZITAW^k9FET9FC_I�GF^k?Q9R;
ET9FXj?e9FC_SeUFXO?Q9[o EHSeS@;Z=@J>I&IV�F^T��JZI&oh?QP<IrA ?iA�A\=@^T��9
?e9$nFokU@J>I<�L`):&uO`�8:92C_^h9O;>JDEhA\; ;Z^<;>=@I�J>ITA\U[SQ;DA�^kfFAWI&JZ�LITX���?Q;>=2;Z=@Ig��?iXOI&SQ]{A\GFEhC_ITX2=@^kSeITA_K
9@^YAW?Qoh9@?dnaC7EH9R;VAW;ZJ>ITEHP<?e9@o P<^k;>?Q^h9ZN�?Q9Y;Z=@IM��^hJZP�^H�-EGFZI&;"S���EhA�A\I&I79+^hU@;�^H��;>=@IMfF^h;Z;Z^hP
=@^hSQILK I&�LI792EHG[G@SQ]R?Q9@o E<=@?eok=@I&J�?Q9R;ZI&9FAW?Q;W]�I&N[C_?Q;~EH;Z?e^k9 A\?Qoh9FEHS4ET;�;>=@IgfFEhA\IY^H��;>=@Ig;ZU[fqI�`
AM^T�4I&�LI&J&KL;>=@I�EkC_^hUFA\;>?BC�P ^k;Z?e^k9<?iA�A\;>?QSQS C_SQIrEHJZSe]<XRI&GFI&9FXOI&9R;�^k9<��J>I�� U[I&9FC_]L`

8:9�;>=@Ijn}JDA\;p�F^T��JZI&oh?QP<I N ��JZI�� U@I79FC_?QIrA fFI&Se^H���k�B`%A��%S~K�A\;ZJ>^k9@o A\;>JZITETP<?Q9@o P<^k;>?Q^k9
^T�VI�� UFETS)P{EHok9[?Q;ZU}XOI ?BA�^kfFAWI&JZ�LITX�ET;p;Z=@I�I&NR?Q;�^H�4fF^k;>=2=@^kSeITA_KFf@U@;�EH;>;ZI&9RUFET;ZITA�� U[?BCDlOSe]
��?e;Z=�XO?iA\;DET9FC_I<��JZ^hP ;>=@I$=@^hSQITA N n}okU@J>I��L`):&u;N:E S SD` 9 ; �k�B`%A�� N�;Z=@I�;ZJ~EH9FAW?Q;>?Q^k9|GF^h?Q9R;
fFI&;W�VI7I&9gJZI&oh?QP<IrA :MET9FXgu S~KRE�P ^kJZI4JZ^h;DEH;>?Q^h9FEHSFP<^h;Z?Q^h9�?iA)^kfFAWI&JZ�LIrX�^kU@;~A\?BXRI�;Z=@I�U@G[GqI7J
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:T�T�



���������
	���� ���4	�� $�#/��	��Z	��+�����L�	�
�;#%$�� ���@$�� ��	����*�)�
�*� � $��0& 	 � �!� 	�$

N:E�S

645 Hz

15 cm/s

N f�S

660 Hz

15 cm/s

N:C/S

675 Hz

15 cm/s

N:X_S

685 Hz

15 cm/s
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NBnFokU@J>I2�L`�:7u N�f�S�S~`�8b9}C_JZITEhA\?e9@o2;Z=@IY��JZI��LU@I&9FCm]s��U@J>;Z=@I7J�?Q9R;Z^2;>=@I�AWITC_^k9}X �}^H��JZI&oh?QP<ILK
;>=@I$G@J>I&�hEHSeI&9O;YAW;ZJ>ITEHP<?e9@o2P<^h;Z?Q^h9 ?iAj?e9�;>=@I0��^hJZP ^H��E*FZI&;Y^kU@;Y^H��;Z=[I0U[G@GFI&J<=@^hSQILK
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A\UFCD=2;Z=}EH; ?Q;
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^T�
;Z=@I U@G[GqI7JM=@^hSQI�A\U}X@XOI&9@Se]<XR?BAZETG@GFITEHJ~A_KaEkA�A\=@^T��9 ?Q9<nFokU[JZIg�L`):&u N X_SD`

9 P<^kJ>I<XOI7;DEH?eSQITX�G@?BC_;>U@JZI ^H��;Z=@I EkCm^kUFAW;Z?BCYfqI7=FE&�O?e^kU@JYET;YEH9FX�EHfF^T�LI0;>=@I<=@?eok=@I7J
J>ITA\^h9FEH9FCmI���JZI�� U@I79FC_]g^H�6�%C%`BA��-N ?e90;>=@I�A\ITCm^k9FX�EH9}X{;>=@?QJ~X+�F^T��JZI&oh?QP<IrA S�?BA�AW=@^T��90?e9
nFohU@JZI<��`�:7�O` wV=@I�?Q9R;ZI&9FAW?Q;W]<SeI&�LI&S ET;p;Z=[IgfFEkAWI�^H�4;>=@Ig;ZU@fFI���EkA�A\I&; �hX > =@?eok=@I7JM;>=FEH9
UFAWITX+��^kJ�;>=@IpJZIrA\U@Se;DAVAW=@^T��9$?e9+nFokU[JZIg�L`):&u�;Z^gI7N@ETP<?Q9@I�;>=@I EhC_^kUFAW;Z?iC�fFI&=}Er�R?Q^hU@JVP ^kJZI
C_SeITEHJ>SQ]L`

8:9�;Z=@I A\IrC_^k9FX �F^T�zJZI7ok?QP I N:EH;���JZI��LU@I&9}C_?QITAgfFI&SQ^T� �BCHt�A���EH9FX A\=@^T��9�?e9 nFoTc
U@J>ITA+�L`):&�;N:E S EH9}X ��`�:7� N f+S�SDK4E2A\;>JZ^h9@o*FZI7;�?BA�^hfFA\I7JZ�LITX�SeITE&�O?e9@o$;>=@I<U@G[GqI7Jg=@^kSeI<G@JZ^Tc
FZITCm;ZITX�XO^T��9�;Z^T� EHJDX[A�;Z=@IYSQ^hUFX@A\GFITETlLI&J&K���=@^LAWI�A\;>JZI&9[ok;Z=�?e9FC_JZIrEkA\IrA���?e;Z=�?Q9FCmJZITEhA\?Q9[o
��J>I�� U[I&9FC_]L`�wV=[I0�F^T� ^hU@;+^T� ;Z=[I0Se^T�VI&Jg=@^hSQI�;ZJ~E&�LI&SBA U@G|ETSQ^k9[o�;>=@I$;>U@fFI$��ETSQS EH9FX
?e9O;>I&JDEhC_;DAM��?e;Z= ;Z=@I FZI&;�9@ITETJp;Z=[Igfq^h;Z;>^kPz^H�4;>=@IgU@G@GFI&Jp=[^kSQI�` 9 ;��%CTt�A��LKa;Z=@Ig;>JDEH9}A\?dc
;>?Q^k9 fFI&;W�VI&I&9Y�F^T��JZI&oh?QP<IrAVugEH9}X$�OKF;Z=[I�AW;ZJ>ITEHP<?e9@o�P ^k;Z?e^k9 EH;�fF^h;Z=2=@^hSQITA�ETf@JZU@G[;ZSQ]
CD=FEH9[okITA
EkA
AW=@^T��9g?Q9�nFohU@JZI �L`):&� N C/S��L;>=@I�A\;>JZ^k9[o FZI7;�^kU@;-^H� ;>=@I�U@G@GFI&J-=@^kSeI�XO?BA>EHG@GFITETJDA
ET9FX$EgAWP�EHSeSQI&J�J>^k;~EH;Z?e^k9FETS)P ^k;Z?e^k9Y?BA�AWI&I&9 KR��=@?QSiA\;6�}^H��?BA
^k9@Se]+^hfFA\I7JZ�LITX<I&9R;ZI&J>?Q9@o ;>=@I
Se^H�4I&J�=[^kSQI�`28:9FC_JZIrEkA\?e9@o$;>=@I+��J>I�� U[I&9FC_]���U@JZ;>=@I&J&K�=[I&9FC_IYP<^T�O?e9@o�?Q9R;Z^ ;Z=@I<;>=@?QJ~Xs�F^T�
J>I&ok?eP<ILKLEgAW;ZJZ^h9@o FZI&;
JZITAWU@P<ITA
EHo�EH?e90^hU@;�^H�-;Z=[IpU@G@GFI&J�=@^hSQIp?e9<;Z=[I AZETP<IpXR?QJZIrC_;Z?e^k9 EkA
fFI_��^hJZI8NBnFokU@J>I��L`):&�;N:X_S SD` 9 A
;Z=@I���JZI��LU@I&9}C_]�?iA�?e9FC_J>ITEkAWITX ��U[JZ;Z=[I&J N nFohU@JZITA��L`):&� N�I%S c�N ?]S�S~K
;>=@I�XO?QJ>ITC_;>?Q^k9�^T��;>=@I8FZI7;+?iAjohJDEkXRUFEHSeSQ]|XRI_�FITC_;>ITX�;Z^T��ETJDX@AY;Z=@I2=@^hJZ? �&^k9R;DETSMGF^LAW?Q;>?Q^k9 K
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N E S

680 Hz

15 cm/s

N�f�S

682 Hz

15 cm/s

N C/S

684 Hz

15 cm/s

N X_S

686 Hz

15 cm/s

N�I%S

688 Hz

15 cm/s

NB�"S

690 Hz

15 cm/s

N�o S

692 Hz

15 cm/s

N�=�S

694 Hz

15 cm/s
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9 A ^kfFAWI&JZ�LITXp?e9�n}okU@J>ITA6�L`):&u�EH9FXg�L`):&�OKh?Q9R;ZI&J~EkC_;>?Q^k9 fFI&;W�VI7I&9 ;Z=@I4A\;>JZITETP<?Q9[o�P<^k;>?Q^k9
^hU@;V^T� ;Z=[IM;W�V^ =@^hSQITA�� EkA�^k9@Se]g^kfFAWI&JZ�LIrX ��^hJ���J>I��LU@I&9FC_?eITA fqI7;\�4I&I&9Y�L�T�%A�� EH9FXY�%Chu%A���K
?e9$;Z=[IgA\IrC_^k9FX<�F^T��JZI&oh?QP<Ip��=[I&9$;>=@I�G@J>ITAZAWU@JZI EH;�;Z=@I�U@G@GFI&J�=@^kSeI�� EkA�okJZIrEH;ZI7JM;>=FEH9
;>=FEH;�EH;�;Z=@I�SQ^T�VI&J�=@^hSQIL` 8:9$^hJDXOI7Jp;Z^ �LUFET9O;>?d��]�;Z=@Ig?e9O;>I&9FAW?Q;W]<SQI7�LI&S���=@I792?Q9R;ZI&J~EkC_;>?Q^k9
^RC&CmU@JZJ>ITX+fFI&;W�VI&I79+;>=@Ip;W�V^ FZI&;DAmKOET9�I&N@Cm?Q;DET;Z?e^k9���JZI�� U@I79FC_]g^H�-�L�.CBA�� ��EkA4C =[^LA\I79 KREH9FX
;>=@I ?Q9R;ZI&9FAW?Q;W]YSQI&�LI&SF�hEHJ>?QITX�EhA fFI_��^hJZI �@;>=@I JZITAWU@SQ;~A�EHJZI�AW=@^T��9$?Q9<nFohU@JZIg��`�:_t[`

9 A C&EH9 fqI A\I7I&9 K�ETSQ;>=@^kU@oh=�E$AWP�EHSeS
EHP ^kU@9R;p^H��?e9O;>I&JDEhC_;Z?e^k92^RC&CmU@JDA fqI7;\�4I&I&92;>=@I
;W�V^ FZI&;DApET; EH92?e9O;>I&9FAW?Q;W]<SQI7�LI&S N P<IrEkA\U[JZITX�EH;�;Z=@IgSe^H�4I&J�=@^kSeI�I&NR?Q;�SV^T� :7u%`hX > NBnFokU@J>I
��`�:_t N f�S SDKaA\?eok9@? naC&EH9R;�?Q9R;ZI7JDEkCm;Z?Q^h9<?BAV9[^k;�^kfFAWI&JZ�LITX<U@9R;Z?eS ET9$?Q9R;ZI79FA\?e;\]gSeI&�LI&SF^H�6EHJZ^hU@9FX
:7uk�kX > N n}okU@J>I���`�:_t N:C/S SDKk��=[I&9g;ZU@J>f@U@SeI&9O;��F^T��fFI&=}Er�R?Q^hU@J�?e9g;Z=@I��R?BC_?e9@?Q;W]p^T�a;Z=@I�U@G[GqI7J
=@^hSQI ?BAV^hfFA\I7JZ�LITX�`

� ITEkAWU@JZI7P<I&9R;DAp^H��;>=@I<G@J>ITAZAWU@JZI<�hETJZ?BET;Z?e^k9�EkAgE<��U@9FC_;>?Q^k9 ^H��XO?BAW;DEH9}C_I<?Q9}A\?BXRI+;>=@I
U@G[GqI7J EH9FX�SQ^T�VI7J�=@^kSeI���?Q;>=$?e9FC_JZIrEkA\?e9@oY?Q9R;ZI&9FAW?Q;W]LK[EH;�;Z=@I�;\�4^+J>ITA\^h9FEH9}C_I���J>I�� U[I&9FC_?eITA
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N E S
10 cm/s

112.6 dB

N�f�S
10 cm/s

120.0 dB

N C/S
10 cm/s

124.9 dB
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