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+�,(-/.10/2�354�687:9<;=0?>A@�B(.C7D9E;=0/>F@HG50?I?0?>J0�4LKA@M0�4L,�0=N�0/KOKH4P7DQ(R

S�7DTE2EKA-VUXWV4PY�Z![�;D9<-/\]7DT_^`B�a/bVb/c

d�e fhgjilknm�oqp*r/instmjg

+*TE-Vu(KA;=0/>*;Dv`;D>O-VU(7D2xwM,yR(T&TEKA;=0/U(7D2hBj9'vzu�,(-z-/U(2hB{7:9<;?4}|~0?TE7��`KA-V>O7DUy9_2&9E-VTE.C2�;h0/u�0/\�>O7�-?@�KOU���KA;D9EKOU(�
�VT&7=0?9xQ(7D2&9ETER(;:9<KO-/U{4�687:9<7D-VTE-V>A-V�VKA2&9<2�,�0=�V7�>O7=0?TEU(7DQ�9<-�@t-VTE7D;=0/2
9�9<,(7D2E7�2&9E-VTE.C2�N�KA9E,�2ER(uj7hT&\
0/;D;hR(TE0/;Dv/4���-lN�7:�V7hTDB�U(-�@t-VTE7D;=0/2
9�KO2�uj7hT
@t7h;:9=B�0/U(Q�-/U(7�N�0=v�9<-C0/KOQ1KOU�9<7DTEu(T&7D9�0�9<KO-/U�-/@�9<,(7�@t-/TE7h;h0/2&9E2
KO2�9E-x;h-V.Cu(R�9E759E,(75u(TE-/\�0/\(KA>OKA9'vC9<,(0?9�0�2&9<-/TE.�N�KA>O>�2
9<T&KOI/7�0xu�0/T
9<KO;DR(>J0?T�>O-`;=0?9EKO-VU�4

+�,(KA2CQ�-z;DR(.�7DU�9�Q�7h2E;DTEKA\]7D2�9<,�7�.�0?9E,(7h.�0?9<KA;h2�R�2E7hQ�9<-X;h-V.Cu(R�9E7�2&9<T&KOI?78u(T&-V\�0/\�KO>OKF9<KA7h2
@t-VT59<T&-Vu(KO;h0/>�;Dv`;h>A-VU(7D2h4�����3���;D-zQ(7CN�,(KO;�,�KO.Cu(>O7D.�7DUy9E2�9E,(7h2&7�7h�yR�0�9<KO-/U(2�KA2�0=�?0/KO>O0/\(>A7x@tT&-V.
,�9E9Eu{Z}�/��N�N�N54P2&-V>J0?Th4LKA@M0�4L,�0=N�0?KOK�4L7hQ�R��?+*TE-Vu(KA;=0/>J�/��KAU��V `9ETEKOI?7=�¡TE-/\{4Pu�>�4�+�,(7�;D-zQ(7�;=0/U�\]7�TER(U�@tTE-V.�9<,�7
N�-VTE>AQ�N�KAQ(7�N�7D\¢0?9�9E,(7�£_3��¤,�9E9Eu{Z¥�V��N�N�N54L2E-V>O0/Th4LKA@M0�4L,�0=N�0/KOKH4P7DQ(R��?+*TE-Vu�KO;=0?>¦��9ETE-Vu(KA;=0/>H4P,�9E.�>H4

§ KA�V7DUX012E7:9�-/@¡@t-VT&7h;h0/2&9�uj-V2&KA9<KA-VU(2_0/U(Q~9EKO.C7h2hBj9<,(7�7h�yR�0?9EKO-VU(2_\]7D>O-lN¨�VKA�/7�9<,�7�u(TE-/\�0/\(KA>OKA9'v
9<,(0?9�9E,(7�2&9<-/TE.�;h7DU�9<7hT!N�KO>A>(\]7�N�KA9E,(KOU�05;hKOT&;hR(>O0/T�TE7D�VKO-VUC-/@�T<0/Q(KAR(2�©�0/\j-VR�9�0�2&7h>O7D;D9<0/\(>O7�>A-z;h0?9<KA-VU{B
ª�B�0�9�9E,(7��/KA�V7DU8@t-VT&7h;h0/2&9�9<KA.�7D2h4�«�R(.�R(>J0?9EKA�/7�u(T&-V\�0/\�KO>OKF9<KA7h2�@tT&-V.¬-VU(7�@t-VTE7D;=0/2
9�9E-�9E,(7�U�7:­`9�0/U�Q
@t-VT�9E,(757hU�9<KATE7�@t-VTE7D;=0/2
9�u]7DTEKO-`Q�0/T&7�0?>O2E-�;D-V.Cu(R�9<7DQ{4� z7h7�®¯KA�VR(TE7�W5@t-/T�9<,(75�V7D-V.�7:9<T
vV4

° UyR(.�\j7hT�-/@¯0/2E2&R(.�uz9<KO-/U(2�0/TE75.�0/Q(7�KAU�9E,(75;=0/>A;hR(>O0?9<KA-VU�-/@q2&9ETEKAI/75u(TE-/\�0/\(KA>OKA9EKO7D2hZ

WV4�+�,(757DTETE-/TE2�KOU�9<,�75@t-/TE7h;h0/2&9�uj-V2EKF9<KA-VU(2�0/T&7�0/2E2&R(.�7DQ�9E-x\]75U(-VT&.10?>O>AvCQ(KA2&9ETEKO\�R�9<7DQ{4

az4�+�,(757DTETE-/TE2�KOU�9<,�75@t-/TE7h;h0/2&9�uj-V2EKF9<KA-VU(2�0/T&7�0/2E2&R(.�7DQ�9E-x\]75KO2&-/9<T&-Vu(KA;/4

± 4�+�,(7�7DTET&-VTE2�KAU~9<,(7�@t-/TE7h;h0/2&95uj-V2&KA9<KA-VU(2_0/TE7�0?2E2ER�.�7DQX9E-�KOU(;DTE7h0/2E7�N�KF9<,¢9<KA.�7�0/2�9<,�7
2
9<-VT&.¬u]-/2EKA9EKO-VU�KA2�7:­`9<TE0/uj-V>J0?9E7hQ�@tR(T
9<,(7DT�KAU�9<-�9<,�75@tRz9<R(T&7/4

c(4�+�,(7�@t-/TE7h;h0/2&9E2x0/TE7�0?2E2ER�.�7DQ�9E-�\]71;h>O-/2E7h>Fv�2&u�0/;D7hQ²KOU�9EKO.C7�wt9E,(-VR(�/,�9<,(7�;D-zQ(7
.C7hU�9<KA-VU(7DQ80?\]-l�V75;h0/U8KAU�9<7hT&u]-/>J0?9E7�\]7:9'N�7D7hU~@t-/TE7h;h0/2&9E2�|³4

^z4��¡>J0?U(7��V7h-/.�7:9<T&v�KO2�0/2&2ER(.C7hQ{4

Y�4�´�-�0?;h;h-/R(U�9_KA2�.10/Q�7�@t-VT�9<,(7�9E-Vu]-/>O-V�/v�-/@*9<,(7���0/T
9<,{µL2�2ER(T
@M0/;h7?4
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®¯KA�(4�WV4 · ¸�7D¹(U(KA9EKO-VU�-?@�9<,(7��V7D-V.C7D9<T
v�R�2E7hQ�KAU�9<,(7�2
9<T&KOI/7�u�TE-V\�0?\(KO>AKA9'vX;=0?>O;hR�>J0?9EKO-VU(2D4�ª#KA2�9<,�7
>O-`;=0�9<KO-/Uº@t-VT�N�,(KO;�,»9<,�7$u�TE-V\�0?\(KO>AKA9<KA7h210/TE7X;h-/.�u(Rz9<7hQ�4½¼¾KA2�9<,(7�@t-VT&7h;h0/2&98u]-/2EKA9EKO-VU�B�¿ÀKO2�9<,�7
Q(KA2&9�0?U(;h7�@tT&-V.¾ª#9E-X¼CB!ÁÂKA2�9<,(7�7DTETE-/T�KOU�9<,(7�@t-/TE7h;h0/2&9Cuj-V2EKF9<KA-VU{B¡0/U�Qº©¨KO2�9E,(7�T<0/Q�KOR(2�-/@�9<,�7
;hKATE;DR(>J0/T�TE7h�/KO-VU�0/\j-VR�9�ª�@t-/T�N�,(KO;�,�9<,(75u(T&-V\�0/\�KO>OKF9'v1KA2�;h-V.Cu(R�9E7hQ{4

Ã{e Ä_Å�Æ�Ç�ÈqÉtÊ

®¯KA�VR(TE7D2�a¢0/U�Q ± �VKA�/719<,�7�@t-VTE7D;=0/2
9�Q�0?9<0¢0/U(Q�9E,(7�;h-/.�u(Rz9<7hQ�2
9<TEKAI/7�u�TE-V\�0?\(KO>AKA9<KA7h2�@t-VT
�_0?.�KA>A9<-/U{B���7DTE.�R(Q(0�Q(R�TEKOU��8,yR(T&TEKO;h0/U(7C�¡TEKAI?0�-VU²WlËVË�Ì� z7Du�9<7D.�\j7hT�Í�41®qKO�VR(T&7 ± 0?KOQ(25KOU�9E,(7
KOU�9E7hTEu�TE7D9<0?9<KA-VU�-/@*9<,(75TE0lNÎQ�0?9<0x2&,(-lN�U~KAU�®¯KO�VR�TE75az4�Ï'U�9<,�KO2�7:­�0/.Cu(>A7/B���0/.�KA>A9E-VU�KO2�9E,(75u]-/2EKA9EKO-VU
ª�KOU~®¯KO�VR�TE7CWV4�+�,(7�@t-VT&7h;=0?2&9�uj-V2&KA9<KA-VU(2DB]¼xB]0/TE7�>OKO2
9<7DQ8KAU¢®¯KA�VR(TE7�azB]0/U(Q~9E,(TE7D7�Q(KFÐ�7DTE7DUy9��?0/>OR(7D2
-/@�©Ñ0/T&7�R(2E7DQÒwMYVb�B¡Wna?b�B�0/U(Q�a?c�b�U(.CK¦|³4�+�,(7xQ(KA2&9<0/U(;h7C¿ÓKO2�9E,(7xQ(KO2
9�0/U(;D7�@tTE-V.Ô9<,(7�@t-VT&7h;h0/2&9
uj-V2EKF9<KO-/U(2�KAU�®¯KA�VR(TE7�aC9E-��_0/.CKO>F9<-VU�4�+�,�7�@t-VTE7D;=0/2
9�7hT&TE-VTDB{ÁCB{KO2_azÕ¥^V^(wHÖ�×&|<Ø'ÙÚØMÛlB]N�,(7DTE7xÖ�×�KO2�9<,(7
Ü 3�7h>O0?9<KF�V7_9EKO.C7/Z�®¯;D2&9<ÝxKAU�¹(�VR(TE7 ± 4

+*-$R�U(Q(7hT&2&9<0/U(Q�9<,(7�KO.Cu(>AKO;=0�9<KO-/U(25-/@�®qKO�VR(T&7 ± B¡9<,�7�¹�TE2
9xU`R�.�\]7DT�9<-�7:­�0/.CKOU�7�KO2�9E,(7
,(KA�V,(>OKA�V,�9<7DQ1UyR(.�\j7hT�KAU19<,(7_>J0/2
9�TE-lNÞ-/@�9<,(7 Ü «�Ý�;h-V>AR(.CU(2h4ß+�,�7h2E75UyR(.�\j7hT&2��VKA�/7_9<,�7�;hR(.�R�>J0?9EKA�V7
u(T&-V\�0/\(KA>OKF9'v8-?@�0�2
9<T&KOI/7�-l�/7hT�9<,(7�7DU�9<KOT&7�@t-VT&7h;=0?2&95uj7hTEKA-zQ²wtKOU¢9E,(KO2�;h0/2E7?B¡WlËVË�Ì� `7hu$Í�bVË�ZPbVb�£�+
9<,�TE-VR(�/,�WlËVËVÌ� z7Du�WVW�bVY�ZPbVbC£�+�|�KOU�u]7DTE;D7hU�9=4�+�,(759�0/\�>O75-/@¡u(T&-V\�0/\�KO>OKF9<KA7h2�9E7h>O>A2�R(2�9E,�0?9�9<,�7hTE7�KO2



¶ ± ¶

Name Date Time
(UT) Lat (degrees) Lon (degrees) Wind

(knots)
Actual /
Forecast WMO

ERIKA 1997-09-08 09:00 22.3N 63.2W 100 ACT WTNT21

ERIKA 1997-09-08 18:00 23.2N 63.1W 105 FOR WTNT21

ERIKA 1997-09-09 06:00 25.0N 63.0W 105 FOR WTNT21

ERIKA 1997-09-09 18:00 27.0N 62.7W 090 FOR WTNT21

ERIKA 1997-09-10 06:00 29.3N 62.1W 105 FOR WTNT41

ERIKA 1997-09-11 06:00 33.5N 60.5W 090 FOR WTNT41

®¯KA�(45az4 · +�,(7�9<0/\(>A7�2E,(-lN�2�9E,(7�@t-VTE7D;=0/2
9�Q�0?9<0�R(2E7DQ�9<-�;h0/>O;DR(>J0?9E7�9E,(7�2&9ETEKOI?7�u(T&-V\�0/\(KA>OKF9<KO7D2h4�+�,(7
@t-VT&7h;=0?2&9�KO2�@t-VT��¡T&KOI�0�-VUXWlËVË�Ìx z7Du~Íx0?9�bVË�ZPbVb�£�+

0��V7DT&v1�V-z-`Q�;�,�0?U(;h7�9<,(0?9��¡TEKAI?0�N�KO>O>j;h-/.�7�N�KA9<,�KOU�a?cVb�U�0/R�9EKO;=0?>].CKO>A7h2!-/@q�_0/.CKO>F9<-VU~wHÍVb�uj7hT&;h7DUy9�|
Q(R(T&KOU(��9E,(7�@t-VTE7D;=0/2
95u]7DTEKA-zQ{B�\(R�9�0�TE7D>J0?9EKA�V7D>Av82E.�0/>O>q;�,�0/U(;D7�9<,�0?9��¡T&KOI�01N�KO>A>¯;h-/.�7�N�KF9<,(KAU�YVb
U�0/Rz9<KO;h0/>j.�KA>O7h2_wHÍ�u]7DTE;h7DU�9³|�0?9�2E-V.C7�9EKO.C7_Q(R(T&KOU(��9<,(7�@t-VTE7D;=0/2
9�u]7DTEKA-zQ{4¯Ïà9�KO2!9<,(7DTE7D@t-/TE7�>AKOI/7D>Av/Bz\(Rz9
U(-/9�;D7hT
9�0/KAU{B(9<,�0�9��_0/.CKO>F9<-VU1N�KA>O>]\]752Eu(0/TE7DQ~0xQ(KOT&7h;:9�,(KA9 Ø 4

��-z-/I`KAU(��0?9�9<,(7 Ü Ï'Ý1;D-V>OR�.�U(2DB(N�,(KO;�,82E,(-lNá9E,(7�;DR(.�R(>O0?9<KF�V75u(T&-V\�0/\(KA>OKF9<KO7D2�@tTE-/.â-VU(7�TE-lNã9<-
9<,�7�U(7:­`9=B(9E,(7_9<0/\(>O7�0/>O2&-�9<7h>A>O2�R(2�9<,�0�9�9<,(7�2
9<-VT&.8µL2�;h>A-V2E7D2&9�0/u�u(TE-�0?;�,�9<-C�_0/.CKO>F9<-VUCKO2�.�-V2
9�>OKAI/7D>Av
9<-�-`;h;DR(T�2E-V.C7D9EKO.C7�-VU¤ z7Du�9<7D.�\]7DTxWlbXwMR(U�KA�V7DTE2E0/>¡+�KO.C7l|³B{N�,(7hUX9<,(7xu(T&-V\�0/\�KO>OKF9<KA7h2�KOU¢9<,�7CÝ/Ï'Ý
;h-/>OR(.CU(2_uj7=0?Ij4�Ï'U¢@M0?;D9=B��¡TEKOI�0�µL2_;D>O-V2&7h2
950/u(u(T&-�0/;�,¢9E-��_0/.CKO>F9<-VU�N�0/2�0/\j-VR�9 ± bVb1U(.CK*7=0/T&>Av�-VU
 z7Du�9<7D.�\]7DT5Wlb�wH£�+�|³4

+�,(7 Ü +�Ý~;D-V>OR(.CU(25�VKF�V7x9<,(7C2&9ETEKOI?71u(T&-V\�0/\�KO>OKF9'v�0?959E,(71KAU(2&9<0/U�9�-?@�9<,(7x@t-VT&7h;=0?2&9=4�+�,�7h2E7
u(T&-V\�0/\(KA>OKF9<KO7D2�0?TE75R(2E7DQ�9E-x;=0/>A;hR(>O0?9<7_9E,(75;hR(.�R(>J0?9EKA�/7�u(TE-/\�0/\(KA>OKA9EKO7D2�KOU�9E,(7 Ü Ï'ÝC0/U(Q Ü «�ÝC;h-V>AR(.CU(2hB
\(R�9�0/T&7�U(-/9��V7DU(7hTE0/>O>Fv1R(2&7D@tR(>�\�v�9<,�7h.C2E7h>F�V7D2�2&KOU(;D7�9<,(7:v�Q(-xU(-/9�TE7:@t7hT�9<-C0�9<KA.�7�KAU�9<7hT
�?0/>�4

+�,(7�äD7hT&-�,(-VR(T�Q(KFÐ�7DTE7hU�;h7�\j7D9'N�7h7DUX9E,(7 Ü ´�-lN�Ý1;D-V>OR(.CU¢0?U(Q~9<,�7 Ü @t;D2&9<Ý1;h-V>AR(.�U�KOU�Q(KO;h0?9<7D2
9<,(0?9_9E,(7�2
9<TEKAI/7�u(TE-V\(0/\(KO>AKA9'v�;h0/>O;DR(>J0�9<KO-/U�N�0/2�T&R(UCå&R(2
9�0?@¦9E7hT�9<,(7�@t-VTE7D;=0/2
9_N�0/2�.�0/Q(7/4�+�,(7�U(-lN
;h-/>OR(.CU~2&,(-lN�2�9<,�0?9�9<,(7�9<KO.C7�-/@�;h>A-V2E7D2&950/u�u(TE-�0?;�,¢KO2�>OKOI?7h>Fv�9<-�\j7�cy^C9E-�Ì/b1,�-VR(TE2_0=N�0=vV4�+�,�KO2
,(7D>Ou(2�N�KA9E,�9<,(75;h-/Uy�/7hT&2EKO-/U8@tTE-/.¬£�+Þ9<-x>O-`;=0?>�9<KA.�7?4

+�,(7�@t-VT&7h;=0?2&9�N�KAU(Q(250?9�9E,(7�9<KA.�7�-/@!;h>O-/2E7h2
9�0/u(u(T&-�0/;�,$0/T&7�KOU¢9E,(7xËVb19<-�W=bVb�IyU(-/95T<0?U(�V7/4
+�,(7DTE7D@t-/TE7/B�9E,(KO2�KA2�0x2
9<T&-VU(�C2&9<-/TE.�N�,(KA;�,82&,(-VR(>AQ�\]75.C-VU(KA9E-VTE7DQ�;=0/T&7D@tR(>A>Av/4

æ�ç�è:éHê�é�ë�ì�éßì�í:î�ï?ê&ð�ñ
ê
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õ¥ö�é�è�ë�ì:ïnï?ê&ò�éHë?ì³ò�é�è
ònè:éßë?ì³ïnï/ê
òyü�ý=ô¥÷�ô¥õ}ì³ð�õPö5ì:ò�í�ï?ê&ð�ñ
ê
òhé¡ïnð�è:ó�ì:ónôPõ¥ôPétö_÷�êEì³ò�ø¯é�ë�ì�é�ì_øté�ðHô¥ù:ê�ô¥ø�þ<ÿ�é�ôP÷�ê&øß÷�èDðHê�õPô¥ù:ê&õPö�ò�è³éßéHè�ë�ì:ïnï?ê&ò
éHë?ì�é�éHè�ë�ì:ïnï/ê
òyü



¶ c ¶

Name Date Time
Relative Time 60 nmi 120 nmi 240 nmi

Wind
Now Fcst T I C T I C T I C

ERIKA 1997-09-09 18:00 UT +33 h +33 h <1 <1 <1 <1 <1 <1 6 6 6 090

ERIKA 1997-09-10 00:00 UT +39 h +39 h <1 <1 <1 1 1 1 26 28 28 097

ERIKA 1997-09-10 06:00 UT +45 h +45 h 1 1 1 8 9 9 46 51 53 105

ERIKA 1997-09-10 18:00 UT +57 h +57 h 3 5 5 15 21 21 53 69 76 097

ERIKA 1997-09-11 06:00 UT +69 h +69 h 2 6 8 10 20 27 38 56 80 090

®¯KA�(4 ± 4 · +�,(7�9�0?\(>O7�2&,(-lN�2x0/U�7:­�0/.Cu(>O7�-/@�9<,(7�2
9<T&KOI/7�u�TE-V\�0?\(KO>AKA9'vX;=0?>O;hR�>J0?9EKO-VU$@t-VT��_0?.�KA>A9<-/U{B
��7DTE.�R(Q(0_Q(R(T&KOU(��,`R�TETEKA;=0/U�7��¡TEKAI�0�-VU�W=ËVË�Ì� z7huxÍ�4*+�,(7 Ü +�Ý_;h-/>OR(.CU�2&,(-lN�2¯9<,(7�2&9ETEKOI?7�u(T&-V\�0/\�KO>OKF9'v
0?9�9<,(7CKOU�2&9�0?Uy9�2E,�-nN�U�Z��1w������Ú¼�|:4�+�,(7 Ü Ï'Ý~;D-V>OR�.�UX2E,�-nN�2�9<,(7C;hR(.�R(>J0?9EKA�/7�u(T&-V\�0/\�KO>OKF9'v¢Q(R�TEKOU��
9<,�71Ï'U�9<7DT&�?0/>�@tTE-V.Â9E,(7�u�TE7D�`KA-VR(2�9EKO.C7x2E,(-lN�U�9E-89<,�7�9<KA.�7x2&,(-lN�U{Z��1w����
	 Ø�� �����Ú¼�|:4�+�,(7 Ü «�Ý;h-/>OR(.CU�2E,(-lN�2�9<,�7�;hR(.�R�>J0?9EKA�V7_u(TE-V\(0/\(KO>AKA9'v�@tT&-V.½9E,(7�9<KA.�7�-/@�9<,(75>J0?2&9�IyU(-lN�U�2&9E-VTE.½u]-V2&KA9EKO-VU19E-
9<,�7�9<KA.�752&,(-lN�U{Z
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9 u N�KA9E,¢>OKAIy>OKO,�-z-`Q# w u Ì |�0?9�7h0/;�,~uj-VKOU�9 u Ì N�KF9<,(KAU~©�-/@¯ª�4 # w u Ì |�KA2�9E,(75u(TE-/\�0/\(KA>OKA9'vC9<,(0?9�9<,(752
9<-VT&.¬KO2�0?9 u Ì �VKF�V7DU9<,�75@t-/TE7h;h0/2&9�uj-V2EKF9<KA-VU�-/@ u Z ØM 1 -Ð ) 	YX -× /01 -Ð 4



¶ Wna ¶

+�,(7�Q(7hU�-V.�KAU�0?9E-VT�-/@q7h�yR�0?9EKO-VU¤w ° W=cy|�KA2 ' Á (C G wM¿ C H³©�H<Á C |v% ' Á (C ��w u � ¼�|³B(2E-�G �nw��L� u |�% W' Á (C �1w u �Ú¼�| 3LK� 3 (0M� ) 	YÏ -Ð /01 -Ð G wØÑ&Ò�H³©�H�Á9Ò C |DN|6,P|6RN w ° Wn^/|% W' Á (C �1w u �Ú¼�|
4Z �´[���Ù �zw�©�H�Á9Ò C | 3LK� 3 (0M� ) 	YÏ -Ð /01 -Ð ) 	YÏ -Ú /01 -Ú Ð ` ÑvÒÁ
Ò C a ( � N|6,PO6,N`w ° WlYV|

N�,(7DTE7 Ù �'w�©�H�Á�|JÛ W]�^ �fbVd ] � W*HnwH©fe/Á�| (hg Õ w ° WnÌ/|

�G ��w��L� u |�0?2E2ER�.�7D2�9<,�0?9�@t-VT&7h;=0?2&9 u KA2_\j7D@t-VT&7�@t-VT&7h;h0/2&9<��4_Ïà@¡9E,(KO2�KO2�U(-/9_9E,(7�;h0/2E7?B���0=vV7D2hµ
+�,(7D-VTE7D.ÀwM7h�yR�0�9<KO-/U$W=Y�|�2E,(-/R(>OQ�\]7�R�2E7hQ�4

´�-?9<7�9<,(0?9n�G ��9E7hU(Q(2�9E-�W�N�,(7hU ° 0/U(QX�¨0/T&7��V7DT&v�;D>O-V2&7�KOU�2Eu(0/;h7x0/U�QX9EKO.C7/B]K�4L7/45N�,(7hU
¿��m��e?ÁÓ�/-z7D2�9E-xäh7hT&-10?U(Q�©fe/Á9Ò C �V-`7h2�9<-xKAU�¹�U(KF9'vV4�+�,yR(2hB�9<,(75;DR(.�R(>O0?9<KF�V75u(TE-/\�0/\(KA>OKA9EKO7D2�N�KO>A>{U(-/9Q(7Du]7DU(Q~-VU�9E,(75Q(7D9<0/KO>A2�-/@q9E,(7�@t-VTE7D;=0/2
9�KOU�9<7DTEuj-V>J0?9EKO-VU12E;�,(7D.�7?4

®�R(T&9E,(7hTDBqN�,(7DU���w u � ¼�|�0/u(u�TE-�0/;�,�7h21W/BÜ�G ��9<7DU(Q(2�9<-Ý��wt�5�Ú¼�|:4�+�,(KO2�KO2�7=0/2&KO>Fv�2E7D7hU�\�vN�TEKF9<KAU(�
G
wÊÑvÒOH³©�H<Á
Ò C |�0/2 Í K� Í (0M� ) 	YÏm-Ú /01W-Ú Ð N Ì 6,P Ì 6RN Ì 4�=»,(7DU�©lj Á C 0/U(Q�¿ C~Þ Á C B�9E,(7�UyR(.C7hTE0?9<-/T-/@�7D�yR�0?9<KA-VU�w ° W=c�|�\j7h;D-V.�7D2�9E,(7_;D-VU��V-V>AR�9<KA-VU1-/@�9'N�- § 0/R(2&2EKJ0?U(2hBz0/U(Q �G �nwt�5� u |¡�V-`7h2!9<-I��wt�5�Ú¼�|:B2EKAU(;h7�Á (C � Á (Ò C %ÑÁ (Ò N�,(7hU~Á
Ò9j a/Á C Á
Ò C 4

° 2_Q(7D¹�U�7hQ$0/\j-n�/7/Bf��wt�5� u ¼�|�2<0?9EKA¹�7D2�9<,�7�;h-VU�Q(KA9EKO-VU�9<,�0?9V�1w��L� u ¼�|
�q��wt�L� ¼�|�eQ��w u � ¼�|2EKAU(;h7?Bß0/2"��w u � ¼�|�0/u�u(TE-�0?;�,(7h2�WVBÜ�G ��9E7hU(Q(2�9<-ß�1w��L� ¼�|�@tT&-V. \]7D>O-lN�0?U(Q¤9E,(7�UyR(.C7hTE0?9<-/T�KA2
\j-VR(U(Q(7DQx0/\j-n�/7�\�vI��wt�5�Ú¼�|:4*+�,(7�;D-VU(Q(KF9<KO-/U�9<,(0?9v��wt�5� u ¼�|U�¨wt�1w��L�Ú¼�| � ��w u �Ú¼�| T Wn|_eO�1w u �Ú¼�|KO2�-/U(>Av��zKA-V>J0�9<7hQ�N�,�7hU89E,(7�@t-VTE7D;=0/2
9<2�0/TE7�U�-/9�KOU�9<7DTEuj-V>J0?9E7hQ�9E-�0�¹�U�7�7DU(-VR(�V,�TE7D2E-V>AR�9<KA-VU{4

+�,(KA2�KA2�9<,(75-VU�>Av�0?u(u(TE-=­zKO.�0?9EKO-VU��VKF�V7DU�,�7hTE75N�,(KA;�,82E0?9<KF¹�7h2�\j-/9<,�u(T&-Vu]7DT&9EKO7h2�9E,�0?9à�G ��9<7DU(Q(2
9<-�W�N�,�7hU ° 0/U(Q~�Ñ0/T&7��/7hT
v8;D>O-V2&7�KAU82&u�0/;D7�0/U(Q�9<KA.�7?B�0/U(Q{B�N�,(7DU �1w u �Ú¼�|�0/u(u(T&-�0/;�,(7D2�WVBá�G �9<7DU(Q(2�9E-â�1w��L� ¼�|³4�Ïà9�KO2DB�,(7DU(;h7?B{9<,(7�\]7D2&9�0/u(u�TE-=­zKO.�0?9<KA-VU{4�£�U�@t-VT
9<R(U�0�9<7h>FvVBj9<,(7�KAU�9<7h�/T<0?9EKO-VU8KOU
9<,�7�UyR(.C7hT<0�9<-VT�,�0/2�U(-/9�vV7D9�v`KO7h>AQ(7hQ�9<-10/U�v82&KO.Cu(>OKF¹�;=0�9<KO-/U{4�Ïà9�;=0?U¢\]7�2E-/>A�V7DQ¢UyR(.C7hTEKA;=0/>A>Av/B�\(R�9
9<,�7�Q(-/R(\(>O7�KOU�9E7h�VTE0/>�KO2��V7DT&v�Q(7h.�0/U(Q�KOU(��0/U(Q8.10=v�U(-/9�\j7�u�T<0/;:9<KO;h0/>�4 ° u(u�TE-=­zKO.�0?9<KA-VUXWVB�\]7D>O-lN5B
.�0/I/7D2�9<,�7_@tR(T&9E,(7hT�0/u(u(T&-=­�KA.10�9<KO-/UC9E,�0?9 # w u"Ì |v�Î;h-VU(2
9�0/U�9lBzK�4L7/4¡Á C j ©�-VTU�1w u �Ú¼�| Þ WVB`N�,�KO;�,
KO2�.C-VT&7�9<T<0?;D9�0?\(>O7?4

¾"¿
À�¿
À�¿Â¾�ÃRÃ2ÄhÅ�Æ*Ç$È £QÉ ÇÊÅ ¤ Á
+�,(KA2_0/u�u(TE-=­zKO.�0?9<KA-VU�0/2&2ER(.C7h2�9<,�0?9�9E,(7�Q�KOTE7D;D9EKO-VU�0/U(Q8Q(KO2
9�0/U�;h75@tTE-V. u 9<-5�¨TE7h.�0/KAU(2�9<,(7

2<0?.�7�0/2�9E,(7�@t-VT&7h;h0/2&9hB�\(R�9�9<,(7�>O-`;=0?9EKO-VU�-/@ u KA2�2&,(KA@¦9E7hQ~9E-�ªÒN�,(7hU�;D-V.Cu(R�9<KAU(����wt�5� u ¼�|:4�Ï'U9<,�KO2�;=0/2&7/By9<,(7�@t-VT&7h;=0?2&9�KO2�2E,(KF@¦9<7DQC9E-�0/;D;h-VR�Uy9!@t-VT¡9<,�7_0/2&2ER(.C7hQC9<T&R�9<,C-/@ u 0/U(Q �G Ø wÊ%S��wt�5� u ¼�|E|



¶ W ± ¶

KO2��/KA�V7DU8\�v �G Ø w��L� u |v% W' © ( 3 K� 3 (0M� G
wtãmH³©�H�Á�|DNO6�PO6RN w ° WlÍV|

N�,(7DTE7�ã ( %äN ( � ¿ (��� T aON?¿�����;h-/2WP`Bß¿��m�ÒKO2�9<,�71Q(KA2&9�0?U(;h7�\]7:9'N�7D7hU��½0/U(Q u B¯0/U(Q�ÁÔKA2: wHÖ�×�� T Ö�×D�q|:48��7hT&71N�7�.10?I/719E,(7�0/u�u(TE-=­zKO.�0?9<KA-VUX9<,�0?9�KA@ u KO259<TER�7/Bß9<,�7hU�9<,�712&9E-VTE. KA2
2E-/.�7:N�,(7hT&7�N�KA9E,(KOU8©º-/@ßª�0?9�9<,(759<KA.�7�-?@¯@t-VT&7h;=0?2&9 u N�KA9E,87D�yR�0/>*>OKOIy>AKO,(-`-zQ�7D�/7hT&vyN�,(7DTE7�N�KF9<,(KAU
©²-?@ßª�4

´�-?9<7�9E,�0?9 �G Ø wt�5� u |!0/2E2&R(.C7h2�9E,�0?9�@t-/TE7h;h0/2&9 u KO2�\]7:@t-VTE7�@t-VTE7D;=0/2
9|��4ßÏà@�9E,(KO2!KO2�U(-/9�9E,(7�;h0/2E7?B��0=vV7D2hµ�+�,(7D-VTE7D.ÀwM7h�yR�0�9<KO-/U¤WlYV|�2E,(-VR�>OQ�\]75R(2&7hQ{4
Ï'U(2&7hT&9EKOU(�x9<,�7�7³­zu(TE7D2E2EKA-VU8@t-/T

G
wØãmH³©�H<Á�|�KOU�9<-x7D�`R(0?9<KA-VU¤w ° W=Í�|:B�N�7�,�0=�V7�G Ø w��L� u |v% W' ©~( 4Z�\[�� W]_^ �cb µ ] � W*H ` ©Á a ( ¶ 3LK� 3 (0M� ) 	�å�-®/012- ` ãÁ a ( � N|6,P|6RN�Õ w ° WlËV|

° >F9<,(-/R(�V,¢0?U�0/U�0/>Fvy9<KO;h0/>�2E-V>AR�9<KA-VU�KO2_U�-/9�uj-V2E2&KO\(>A7/B�9<,(7�Q(-VR(\�>O7�KAU�9<7h�/T<0/>�;=0?U�\]7�;h-VU��V7DT&9E7hQ�9<-�0
2EKAU(�V>A7�KOU�9<7D�VT<0/>jN�,(KO;�,8KO2�7h0/2&v�9E-�;D-V.Cu(R�9<7�UyR(.C7hT&KO;h0/>O>FvV4

®¯KATE2&9hB{TE7D.�-l�/7�9<,(7�;D-VU(2&9<0/U�9�Á�B{2&KOU(;D7�KA9�å&R(2
95�V7D9E2�KOU¢9E,(7�N�0=v/4���7D9 �N{%ÔN*e?Á�B �æ %çãRe/ÁCB�©l%Î©fe/Á�B�0/U�Qè�¿S%Î¿ie/ÁC4¡+�,(7hU�9<,(75KOU�9E7h�VTE0/>{\j7h;h-/.�7D2
Á ( 3;éK� 3 (0M� ) 	 éê - w �æ | ( � �NO6,P|6 �N�H w ° a/bV|

N�,(7DTE7 �æ ( % �N ( � �¿ ( T a �N<�¿$;D-V2�Pz4
��7D9hµP2�U(-lNã@t-VT&�V7D9�0?\]-VRz9�Á�0/>A9E-V�V7D9E,(7hTDB�0/U(Q�å&R(2
9�@t-`;hR�2�-/U�9E,(75KOU�9<7D�VT<0?>�Z3 K� 3 (0M� ) 	 ê - æ ( � NO6,P|6RNëH w ° azWl|

N�KA9E, æ ( %ìN ( � ¿ ( T aON?¿X;h-V2�P�>jN�,(7DTE7�N�7�,�0=�/7�9<-1I/7h7Du�KOU�.�KAU(Q89E,�0?9�9<,(7��?0/TEKA-VR(2��`R(0/U�9<KA9EKO7D2,�0=�V7�\]7D7hU¢T&7hQ(7:¹�U(7hQ�4_+�,(7��`R(0/U�9<KA9'v æ .C7=0/2&R(TE7D2_9<,�7�Q(KA2&9<0/U(;h7�\]7:9'N�7D7hU�9<,�7�uj-VKOU�9<2�wH¿IH<b�|�0?U(Q
wtN�H�P/|:4
��7D9��1w æ |U% ) 	 ê - æ ( � Bj2E-C9<,�0?9�9<,�7�KAUy9E7h�VTE0/>�.10=v�\j7�T&7h;D-V�VU(KAäh7hQ~0/2�9<,(7��V-V>AR(.�7�0/\j-l�V7�9<,(7�;hKOT&;h>A7í wM;D7hU�9<7DT�wMbmH�b�|�0/U�Q¤TE0/Q(KOR�2�©�|³Bq0?U(Q�\j7hU(7h0?9<,X9<,�7�2&R(T&@M0/;D7{ãß%Î��w æ w�NëHhPV|E|³4x+�,(7C�/-V>OR�.�7xKO2
;=0?>O;hR�>J0?9E7hQ�R(2EKAU(��9<,(75uj-V>J0?T�7h>A7h.C7hU�9�-/@¯0/TE7h0�Z&NQ6,P�6RN`4
3�7D@t7hT&TEKAU(�89E-�®¯KO�/R(TE71^zB¯9E,(7�U(7:N½;D-z-/TEQ(KAU�0?9<7C2&v`2
9<7h.ÀN�KO>A>!\j719E,(71uj-V>J0?T�;D-z-VT&Q(KOU(0?9<7D2�wtî¬H�ï�|
0/2&2E-`;hKJ0�9<7hQ�N�KF9<,�9<,(75;h7DU�9<7hT�wH¿IH<b�|:B�0?U(Q�9<,(75uj-V>J0/T�7h>O7D.�7DU�9�-?@ß0/T&7=0�î,6�ïI6Rî�4



¶ W=c ¶

φ

R0 S

ρ
φd

d

d

ρ

φρ

ρ  is a constant along this arc

C ( ρ, φ  )
0

®¯KA�(4�^z4 · ¸�7D¹�U�KA9<KA-VU�-/@*9<,(75�V7D-V.C7D9<T
v�R(2&7hQ8KOU�9<,(75KAUy9E7h�VTE0?9<KA-VU{4

+�,(7�KOU�9<7D�VT<0?>]9<,�7hU~\j7h;D-V.C7h23 XY� KX�	 K 35ð.ñ	 ð�ñ ��wtî`|�î,6�ïI6RîF% 3 XY� KX�	 K î��1w�î`| 3�ð.ñ	 ð.ñ 6�ïF6Rî�%ãa
3 Xm� KX¬	 K î���wtî`|fï��nwtî`|?6Rî�Õ w ° aVa/|

+�,(7x;=0?>O;hR�>J0?9EKO-VU¢-?@�ï��nwtî`|�KA2�2EKA.�u(>A7��V7D-V.�7:9<T
vV4�+�,(7xuj-VKOU�9Cw�î¬H¡ï2��|_KO2�-VU�7C-?@!9E,(7xKOU�9<7DTE2&7h;D9EKO-VU
uj-VKOU�9<2�-?@q9E,(7�9'N�-�;hKOT&;h>A7h2

w�! T ¿5| ( �Bò ( %�î ( 0/U(Q ! ( �Bò ( %ã© ( Õ w ° a ± |
+�,(7�2E-V>AR�9<KA-VU�KO2��/KA�V7DU�\yvjZ!7% ¿ ( � © ( T î (

a/¿ 0?U(Q ò % · © ( T ! ( H w ° a?c�|

>O7h0/Q(KAU(��9<-
;h-V2*wØï2�nw�î`|E|&% ¿ ( T © ( � î (

a?¿Vî Õ w ° aV^/|

° ¹�U�0/>]@t-VTE.�@t-/T�9<,(75KOU�9E7h�VTE0/>{KO2�9E,(7hU

a
3 Xm� KX¬	 K î¢;h-V2 	 Ø,ó wH¿ (JT © ( � î ( |_e�w�a/¿Vî`|0ô���wtî`|?6Rî¬H w ° a/YV|



¶ Wn^ ¶

-VT
a
3 XY� KX�	 K î ( �\� Ø ;h-V2 	 Ø ó wH¿ (&T © ( � î ( |_e�w�a/¿Vî`| ô ) 	,õ�- 6,î�Õ w ° aVÌ/|

Ï'U89E,(7�;h-VR(T&2E7�-/@¡2E-/>A�`KOU(��9E,(KO2�KOU�9<7D�VT<0?>�U`R�.�7DTEKO;h0/>O>FvVB(N�,(7DU�¿ � îâ�Þ©�9<,(7�;h-V2 	 Ø 9<7DTE.âKA2�2&7D9�9<-' 4�+�,(KA2�-/U(>Av�,(0/u(uj7hU(2�N�,(7hU~¿#KA2�>O7h2&2�9<,�0/U~©�4 ° >O2&-(B�N�,(7DU¢¿#KA2�>O7D2E2�9<,�0/U~©�B�9<,�7�>A-nN�7hT�\j-VR(U(Q
-VU�9<,�7�KAU�9<7h�/T<0/>{.�R(2&9�\j7�2&7D9�9<-CbxT<0?9E,(7hT�9E,�0/U8¿ T ©�B(2&KOU(;D7�9<,(75;h-/2 	 Ø 9E7hT&.¬KO2�2&7D9�9<- ' 4

®¯KAU�0/>O>FvVBzTE7.½àKOU�9<T&-zQ�R(;hKAU(��9<,(7�Á�µL2�0/U(Q�TE7:�V7hT
9<KAU(��9E-x9E,(7�-VTEKA�VKOU�0?>�Q(7:¹�U(KA9EKO-VU�2�-/@¡¿#0/U(Q~©�B(N�7
,�0=�V7�G Ø wt�L� u |&% a/Á (' ©~( 4Z�\[�� �fb µ ] � W*H ` ©Á a ( ¶ 3oö�÷ëøùö*úûøù î ( �´� Ø]�^ ;D-V2 	 Ø ó wH¿ (JT © ( � Á ( î ( |�e(w�a/¿Vî`| ô ) 	,õ�- 6Rî�Õ

w ° a/ÍV|=»,(7DU~;h-/.�u(Rz9<KOU���9<,(75KOU�9E7h�VTE0/>{UyR(.C7hTEKA;=0/>A>Av/B�KA9�KO2�R(2&7D@tR(>�9<-xT&7DN�TEKF9<7î ( �\� Ø]_^ ) 	,õ�- w ° a/ËV|

0/2 ) « ( �\� Ø ³_üzý�«�õ�³$	,üzý�«��
þ ³ÿ	,õ - Õ w ° ± bV|
>OU{w ]�^ |�;=0/U¤\]7C7�}C;DKO7hU�9E>AvX;h-/.�u(Rz9<7hQ�0/2�>AU�w ¸ w ] � Wl|E|�R(2EKAU(��2&9�0?U(Q�0/T&Q�UyR(.�7DTEKA;=0/>ß9E7h;�,(U(KA�yR(7h2D4° �?0/TEKO0/\(>A7�2&u�0/;hKAU(��KOU¢9E,(7�UyR(.�7DTEKA;=0/>qKOU�9<7D�VT<0?9EKO-VU8KO2�7D2E2E7DU�9<KJ0?>�Z_.C-V2
9�-/@�9<,(7��?0/T&KJ0?9EKO-VU8KOU¢9E,(7
KOU�9E7h�VTE0/U(Q�-`;h;DR(TE2�0?9�2E.�0/>O>vî�4 ° 9�>O0/TE�/75î�B*9<,(7�7:­zuj-VU(7hU�9EKJ0/>�9<7DTE. Q(-V.CKOU�0�9<7h2�0/U�Q�08>O0/TE�V7DT
2Eu(0/;hKAU(�x;=0/U�\]7�9E-V>O7DT<0?9E7hQ{4

®¯KAU�0/>O>FvVB`U(-/9E759E,�0?9è�G Ø wt�L� u |�9<7DU(Q(2�9<-�W�N�,�7hU ° 0/U�Q~�Þ0/TE7��/7hT&v�;D>O-V2&75KOU�2Eu�0?;h7�0/U(Q�9<KO.C7/B
K�4L7/4�N�,(7hU$¿ie/Á �V-z7D2_9<-1äh7hT&-�0/U(Q$©fe/Á½�V-z7D2_9<-1KOU�¹�U�KA9'vV4_+�,`R�2hB{9<,�7�;hR(.�R(>J0?9EKA�/7�u(T&-V\�0/\(KA>OKF9<KO7D2
N�KO>A>�U(-?9�Q�7huj7hU(Q�-VU�9<,(75Q(7:9�0/KA>O2�-/@*9<,�75@t-/TE7h;h0/2&9�KAUy9E7hT&u]-V>O0?9<KA-VU�2&;�,(7h.C7/4!Ï'U�9E,(KO2�2&u]7D;hKO0/>�;=0/2&7/B(9E,(7
KOU�9E7h�VTE0/>{;=0?U8\j75Q(-VU(7�0/U�0?>Avy9<KA;=0/>A>AvC0/U(Q�7h�yR�0�9<KO-/U�w ° WlËV|�\]7D;h-V.C7h2

�G Ø % Á (
©v( 4Z�´[�� �cb µ ] � W*H ` ©Á7a ( ¶ ( w ° ± Wl|

@t-VT�¿��m��e/Á@%Îb�B�0?U(Q{B �G Ø %¨W w ° ± a/|
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