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=�>@?BADC E FHGJI%K#LMINCPO
Q"CHAR?S>%KUT@AWVYX Z%[]\�Z^F`_a>bTcV;>%K

d�egfih�j]d k Kl>@mnFbZ�Co[p>%Kl>`CaFq>sr Z)K6t5T5_PZ�u
h Zv?S>`w xv>%K�y{z}|`~J~7�
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Äq¶5º ¸Y´H¼)¸�Ì�´BÆ ¼Å¶5º
ÍbÍqÍ

Î Ï ONZ�C)Ð�V L�ADtÑ> VÑ_P> A�w uHL�A�FaIoVÑAÒZ7C VÑ_vI
V·ÓÔ> ÕBCaOB>%KUTÖVÖIBCaO AWV INL'L�×
r > ONZ7C^Ð�V
×

Î d Z ÓØ_1I
VÙOBZ^>ÅTiVÑ_P> uN_BKÚI
TÛ> Õ
TÅÕ1IBL'LÜX Kl>Å[Ú>`K�VÝZ^Þ
ß à f OB>ÅTÛF%K A�uqVÑAÒZ7C Z%[áV�_P> Ó±>aIBt`z9TcV�KlZ7C
â IBCaO >%L�>bFÅVÑKlZãwäIaâ%m

Ca>ÅVåAÒF][pZ)KlFq>ÅTæF
IBÕ
TÛ>bO xÉXç>ÉèvF%_vINCaâH>ÅTéZ`[�[2ÕNCPO�w¨>`CoV<INLBuSI%K�m
VåAÒF%L�>ÅT

ß à QÔCHAWê7FaIoVÑAÒZ7C Z`[ëÓÔ>
I)t IBCaO >%L�>bF5V�KlZ�w·I
âãCa>ÅVåAÒF [pZ^KlFb>ÅT
ß à k KlZ%V;Z7C^zsCP>%Õ
VÑKlZ7C^zi>ÅVÝFNìçw¨Z^OB>%L�>bO xÉX TcV�KlZ7C
âãLÜX x%Z7ÕNCPO

í ÕvI%K6t@T
Î r _vIoV«>%LWT<> w A�â�_
V·x%> Z7Õ
V�V�_P>%Kl>PÞ

ß à h >5Ó [pZ)KlFb>bTbzîu1IvK�VÑAÒF%L�>ÅTbzðï6T;X^w wØ>5V�K AÒ>ÅTÖñòÞ
ß à ó èòuHLMIBC1I
VåAÒZ7C [pZ)KÔ_P>
Io?oX âH>`Ca>`KÚIoVÑA�Z�C
T�Þ
ß à QÔCHAWê7FaIoVÑAÒZ7C Z`[:TÖVÑKlZ�C
â IBCPO >%L�>bFÅVÑKlZ%mYÓÔ>
I)t·[pZ)KlFq>ÅT
ß à ô KÚIo?BARVYXJÞ
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ô KÚIq?BAWV¹Xoz ó LW>qF5V�KlZ�wäIaâ�CP>5VÑAWTbw z d V�KlZ7Caâ
IBCaO r >aIBt h ÕaF`LW>aIvKáG%Z)KlFq>ÅT
ý ºq½Nµ�¼B¸Yºb½ xÉX G%Z)KlFq> þ�I%K#K AÒ>%KUT Force

Carrier

Gravity at Work

Î ÿ �Ý	���$/���
ß à f V2VÑKÚIPF5VÑAR?P> [pZ)KlFq> x%>5VYÓ±>q>%C

u1I%K�VåAÒF%L�>ÅT Ó¨AWV�_ wäIaTÖT Z^K >%Com
>`KUâ%X

ß à � Z7Caâ KÚINCaâH>Hz9w·IPF%KlZ`TÛFbZ�uHA�F
ß à � Z7L�ONT uNL�IBCa>ÅV2Tqz T<Z7LMI%K TcXPT;m

V;>`w¨Tbzãâ^INLMIÅè^AÒ>ÅT«V;Z`âH>ÅVÑ_P>%K
Î ����� &B�J�n�3� 	ã83���B�%$.()�

ß à f V2V�KÚIaFÅVåAR?S>�Z^K�Kl>`uNÕNLWT@AR?S>á[pZ)KlFq>Øx%>@m
V¹ÓÔ>b>%C uSI%K�VÑA�F`LW>bT Ó¨ARV�_ >`LW>qF5V�K A�F
F%_vIvKUâN>

ß à � Z7Caâ KÚIBC
âH>HzîwäIPF%KlZ`TÛFbZ�uHAÒF
ß à � Z�LWONT I
VÝZ�w¨T V;Z`âH>5V�_P>%Knz tÑ>q>`u
T

wäI
V�V;>%K [2KlZ�w FbZ7L'LMIBu
T@ADC
â ÕNCPON>`K
â�KÚIq?BAWVYX Shockingly

Electromagnetic
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Î �ë�J�6�4�ã8 � ��&-���+	�� �-�ë��& �
ß à e _P> CBÕaF`LW>`Õ
T Z%[ IBC I
VÝZ�w FbZ7Com

V<INA'CaT LWZ`V2T Z%[iu1KlZ`VÝZ7CaTçVÑ_vI
V¿Kl>`u%>%L
>aIaF`_ Z%V�_P>%Kë>%L�>bFÅVÑKlZãwäIaâ�CP>5VÑA�FaINL'LÜX

ß à d V�KlZ7Caâ [pZ)KlFq> xJADCPOHTùVÑ_P>`w
ß à E A�F`KlZ`T<FqZ�uJAÒF � ºqÂÅ¼HÄq¶5º AWV AWT

TÖVÑKlZ�C
âg×

Î , �7	
	 � ��&����+	�� �-���2& �
ß à \�>bTÅu%Z7C
T5ADxNL�> [pZ^K�� OB>bFaIÉXòìqìbìÖZ`[ CBÕaF`LW>%A
ß à d Z ÓØ_aZ FaI%Kl>ÅTÑÞ

Protons

Deuterium
ß à G ÕaT@AÒZ7C Kl> í ÕNA'Kl>bT4V�_vIoVÔI uvKlZ%VÝZ�C F%_vINCaâH>¿A'C
VÝZ I Ca>`ÕoV�KlZ7C
ß à e _HA�TsA�TðV�_a> A'Co?S>%KUTÛ> uvKlZ^Fb>bTÖTiZ%[
� ON>qF
I@X{×
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Äq¶a¸��U¾SÆ��î¸¹¼aÆ¿³JÆ#º�� ¼vÀbÃòÇ ¾1Æ#º
ÍqÍbÍ
Î ó ?S>%K�X uSI%K�VÑA�F`LW>�Ó±>ätvCaZaÓ I)xvZ7Õ
V"_vI
T4IùFqZ)K#Kl>ÅTbuvZ7CPOãA'Caâ INC
VåARm

uSI%K�VÑA�F`LW>
ß à k KlZ%V;Z7C _vI
T¨IBC IBCoVÑARm�uvKlZ%V;Z7C���>%L�>bFÅVÑKlZ�C _vI
T uvZ`T5ARV�KlZ7C
ß à k _PZ%V;Z7C AWT¯AWVÝTùZ
ÓØC INC
VÑA�m�u1IvK�VÑAÒF%L�> ×

Î f C
VÑA�m�u1IvK�VÑAÒF%L�> _vI
T¨IBL'LNV�_a>¿TåIBwØ> uvKlZ�u%>%K�VÑA�>bTbzîADCaF`L�ÕPOB> T�I)wØ>
wäIaTÖTqzîxHÕ
V]ZãuNu%Z`T@AWVÝ> >%L�>bFÅVÑK AÒF F`_1I%KUâH>

Î E I
V�V;>%K+INCPOäINC
VåARm�wäI
V2VÝ>`K^FaINCØxv>±FbZãw xHA'CP>bOØVÝZ wäI)tÑ> ï�uNÕBKl>
>%CP>%KUâ%XPñ
ß à E >
IBCHADCaâ [pZ)KlFb> F
I%K#K A�>`KUT«[pZ)K:I u1I%K�VåAÒF%L�> uN_qXPT5A�F%AWTÖV
ß à f CPO >%CP>%KUâ%X F
IBC wäI)tÑ> u1IHADKUT Z%[ w·IoV2V;>%K INCPO INC
VåARm

wäI
V�V;>%Káu1I%K�VåAÒF%L�>ÅT
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Î k KlZ%V;Z7CaT &2INCPO CP>%Õ
VÑKlZ�C
T(' I%Kl> wäIPOB> ÕBu Z%[
VÑ_BKl>b> í ÕvI%K6t@T
ß à ï�Q"u
ñ í ÕvI%K6t@T¿_1Io?S> F%_vI%KUâH> )s|+*�,
ß à ï.-4ZaÓØC
ñ í Õ1I%K6t5T¯_vIq?S> F`_1I%KUâH>·må�/*0,
ß à k KlZ%V;Z7C 1 Õ Õ O
ß à h >`ÕoV�KlZ7C 1 Õ O O

Î � ZaÓ FaINCsF%_vIvKUâN>bO ïÛÕañ xv> x%Z7ÕBCaO VÝZ ïÛÕPONñ
FbZ�w xJADCvIoVÑA�Z�C%Þ
ß à d VÑKlZ7Caâ [pZ)KlFq> A�TðTcV�KlZ7Caâ I
Tiâ�L�ÕP> ×
ß à d Z TcV�KlZ7Caâ{z%V�_1I
Vû[2Kl>b> í Õ1I%K6t5T�FaINCBCPZ%Váxv>

[ÚZ�ÕNCPO

Î r _vIoV í ÕvI%K6tsFqZ�w xJADC1I
VÑA�Z7CaTäIvKl>¯[pZ7ÕBCPOòÞ
ß à e _a> tÑ>5X A�T¿w·IBt1ADC
â ARV ï6FbZ7L�Z)KÔCP>%Õ
VÑKÚIBLWñ
ß à e _NKl>q> FbZ7L�Z)KUT &ÛKl>bO}z�xNL�ÕP>Jz�â�Kl>q>%C0'ðFbZ�wùm

xJADCa> L.A�tÑ> L�AWâã_oV
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Î \�>bO�) â�Kl>b>`C�) xHL'Õa> 4 FqZ7LWZ^K#LW>bTÖT
Î e _a>bT<>sV�_BKl>b> í ÕvIvK6t¿FbZãw xHA'CvI
VåAÒZ7CaT I%Kl>¿F
IBL'LW>qO ïÛ_vIPOãKlZ7CaTÖñ
Î 5 Õ1I%K6t6)sIBCoVÑA í ÕvIvK6t"FbZãw xHA'CvI
VåAÒZ7CaT7&Jï�wØ>ÅTÛZ7C
T<ñ8'�I%Kl>ÙIBLWT<Z·IBLÜm

LWZaÓ±>bO
ß à þ9Z7L�Z)K9)¿INC
VåAÒFbZ�LWZ^K:4 FbZ�LWZ^K#LW>bTÖT

Î r _vIoVÔ_PZ7L�OHT±IsCBÕaF`LW>`Õ
T:V;Z`âH>ÅVÑ_P>%K Þ
;9<.=?>A@B>DCFE$GHCFIJCFKALM@N=O>�CFE�G.=?K
PQ>�RS>H=TRSKQE9ENU
ß à \�>bT@AÒOãÕvINL TÖVÑKlZ7Caâ [pZ)KlFq>ÅT
ß à e _NA�T]A�T�ÓØ_qX CNÕPF%L�>%ÕaT]A�TÙCPZ%VëTÛZ

w ÕPF%_ xJA�âJâH>`KûVÑ_vINC uvKlZ%V;Z7C
Î r _vIoVØ_vI)uNu%>%CaTsAW[ûXqZ7Õ V�K�X VÝZ OB>@m

[Ú>aIoV]FbZ7C
êgCP>`wØ>%C
V�Þ
ß à þîZ7Co?S>%K�Vð>%CP>%KUâ%X ADCoV;Z w·IoV2V;>%K
ß à � A�tÑ>¿T5CvIBuBuHA'Caâ I TbuvK A'Caâg×
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r _vI
ViI%Kl>¯V�_a>bT<>¿V�_NA'CaâJTÑÞ

Î ï�G%Z)KlFb> þ�I%K#K AÒ>%KUTÖñ IvKl> VÑ_P> u1I%K�VåAÒF%L�>ÅT Kl>@m
TÅu%Z7C
T5ADxNL�> [pZ)K�F`Kl>
I
VåADC
â VÑ_P>¿[pZ7ÕBK�[ÚZ^KlFb>bT Force

Carrier

Î ï 5 Õ1I%K6t5TÖñ I%Kl>"V�_a> VÑ_NADC
âJT:V�_vIoV"w·IBtÑ>ØÕBu¿uvKlZ%V;Z7CaTéIBCPO CP>%Õom
VÑKlZ�C
T INCPO I%Kl> xvZ�ÕNCPO VÝZ`âN>5V�_a>`KÔA'CaT@AÒON> I CBÕaF`LW>`Õ
T

Î ï � >`uoVÝZ7CaTÖñ ADCPF%L'ÕaOB> V�_P> >%L�>bFÅVÑKlZ�C IBCaO VÑ_P> CP>%Õ
V�K A'CPZ
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Î e _a> wiXPTcV;>%K AÒZ7ÕaTç>ÉèSVÑKÚI uSI%K�VÑA�F`LW> A'C xv>ÅVÖI ON>qF
I@X

��mnON>qF
I@X

β
a b ced >.fhgi>jIik =?KlGlPm@NnS>�Cpo KARqKQPm@r=?>DC

KACFKA=?sAktEmul>DLvRqIwg(KyxvzAKQI
a b { uFKA=?K I|nSI @rulK >A@rulKA= KAClKA=Os.k

s(>~}
�������7���v�l�v�T�T���v�j�

Î � I
TsCPZ >%L�>bFÅVÑK AÒF Z^K ï6FbZ7L�Z)KUñ F`_1I%KUâH>��gADC
VÝ>`KÚIaFÅV2TðÓ±>
I)tvLÜX{×
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� � ��� �4	������ � �î$��}���6(P�
a b � KQPlGrk�E�>A��@ruFK uFKlG��lk:siKACFKA=�G�@NnS>DCFE RqKlG���K�� ���A�H�FPQP\>A��KlGlPAuy@�kv<(K

>A� CFKALM@r=�n�CF>¡giKAuHn¢ClI
a b c uFKQE9K:G�=OK(o£g¤k¥Cl> d o6��KA=¦k PQ>�RSI§;TEmRq> d U GHClI§uAG�=OI¨@B>©IvKm@BKQPm@
a b ª L�@mo+nS�8@ruFK©CFKALM@N=Tn�CF>Ju.GlE
E¤nSs�CHnSx�PlGHCM@¬«yGlE­E¬;®�m��Km¯�Uro|@ruFKmk d >DLvRqI«yGH°rK�Lv< «¬>iE±@ >A�²@rulK�«
GlE9E�n¢C�@NuFK´³eCHnµ�FKA=OE9Kp¶

� � ��� �´���
νe

a b · �¸@ruFK:EmLHC©E¤uHn¢ClKQE
�¹=?>�« �ºLFE¤nS>�Cpo£KACFKA=?s.k�»�L�z¥>�C©KlG�=¦@ru¼�º=O>�« R½nSs�uM@
GHClI§CFKALM@r=�n�CF>(E�G�=OK
Ern�«:n�R¾G�=

a b ¿ gi>DL�@ �m�A�´gHn�R�RÀnÁ>�C¨ClKALM@r=�n¢Cl>(EÂ<(KA=�Ã¤Ä ¡ <(KA=ÅE9KQPQ>DClI =�G(n¢C�Iv> d Ct>�C@NuFK�KlG.=¦@ru
� � 	��£���Ý	��´Æð	{
3$.�û	{&)�%$��î$/���
a b { KÇPQ>DC�@hG(n¢C GHgi>DL�@ÉÈ�� «¬s >i� �B��Ê o d uHnSPAu nSEÉG =�GlI|nÁ>vGlPm@Nnµ��K Ë

KA«�nq@¹@±KA=
Ì Í GlPAut>A�ÎLFE^KA«:nµ@±E�GHgi>DLM@��DÏ½Ð¥g(n¢R½R½nS>�C©ÑÒ�FE­KQP

a b ¿ @y@NuFKÓKlG.=¦@ru~ÔÕE:EmLv=Ö�×GlPQK(o8@ruFK CAG�@NLv=�GHR�=�GlI|nS>~GlPm@®nq�Hnq@�kØn�CÙ@ruFKÓKlG�=¦@ru
=?KQE¤LvRÚ@±E¬n�CÙ�m�Ó«:n�R�RÀn½nÁ>�C�ÑÛ��PA« ¡ �FE­KQP
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Ï [«Z)KlOãA'CvI%K�X w·I
V�V;>%K«I%KlZ7ÕBCaO ÕaT AWT wäIPOB> Z%[
Õ)u IBCaO ONZaÓØC í Õ1I%K6t5T IBCaO >%L�>bFÅVÑKlZ7CaT ìqìbì

ìqìbìÝÓØ_vI
VðI%Kl> INL'L)VÑ_PZ`T<> Z%VÑ_P>%Káu1I%K�VåAÒF%L�>ÅT
OBZ+ADC
â VÑ_P>%Kl>SÞ

Î ô Z^Z^O í Õa>bTcVÑA�Z7Cã×
Î e _a>`Kl> IBuBuv>aI%KîV;Z x%>sV�_NKl>q>¿FbZ�uHA�>bTðZ%[�>aIaF`_ Z%[�V�_P> ïÛL�AWâ�_
VÝñ

uSI%K�VÑA�F`LW>bTðV�_1I
Väw·I)tÑ> ÕBu Z)KlOãA'CvI%K�X w·I
V�V;>%K
Î k IvK�VÑAÒF%L�> uH_oXPT@AÒFvA�TcVÝTçFaINL'LNV�_P>ÅT<> ï#âH>`Ca>`KÚIoVÑA�Z�C
T<ñ
Î e _a>¨Z7CBL�X uvKlZ�uv>`K�V¹X·VÑ_vIoVéTÛ>b>JwçT±V;Z T<>JuSI%KÚI
VÝ>iV�_a>Jw AWTçw·I
T<T

top

up

5

charmdown

10

bottom

200

strange

1500 4500

175,000 MeV !
Î f CPO V�_a> Z7CBL�X ÓáI@X [pZ)K u1IvK�VÑAÒF%L�>ÅT Z%[ Z7Ca> âH>`Ca>`KÚIoVÑAÒZ7C V;Z

F%_vINCaâH> ADC
VÝZ IBCPZ%VÑ_P>%KÔA�Tqìqìbì
Þ�ß�à á à+â�ã äMå¥Þjà�æ0â¬ç¸ÞAä(è�å étêÜë ìîíyà�çÅâðï¥ñjò
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ö ®i­$_

÷ GHC GHRqE9> LFE9K @ruFK KAClKA=Os.k
PQ>�CM@hG(n�CFKQI n¢C @rulK giKlGH«¬E @±>
<.=?>pI6LFPQK «
G�@Ü@±KA= @ru.G�@ d GlECl>A@^>H=TnSsjn¢CAGHR½RÚk:@rulKA=OKp¶

ø ø b ùÛú ³ ·¾c
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� ¨ è�s8� � � � d � k���x$n�h!k{l ¨ � x��J��xzk{l � k\�¬k��\hts � o­� ® �H¨ � '
¯ ° ±{²w³:´µ²�¶�·¹¸5ºµ»½¼¾³:´N¿*ÀÁ´Â¸Ã¼yºÁ´DÄa¸Å´�ÆÇÀ	¶<ÀJÈr¸É²�ÀJ³:´Â¸ÅÊË¼ÇÌÍÀÁ´t¼y¶�¸$À�Î2´�ÆyÀÁ´LÈ�¼¾³JÀ�Ï2·

À�ºJÈ�¼yÌM¸Å´µ·ÐÀ�ºÑ´Â¸ÓÒUÌÍÀÁ´Ô´t¼y¶�¼yÎÉ¼¾³:´Â¶Õ²�ºË·©Ö×¿p²�·�¸Å´�¶�²­ºË·jØ
¯ ° Ù­²p·&¸Å´�¶�²­ºJ·�³¾²­ÌMÚ�¸ÛºJ¼¦Äa¸Å´�ÆÜ¼yÎÉ¼¾³:´Â¶Õ²�ºË·N¸5º�Ú�²wÈ�ÏÜ´t²Ý¼yÌM¸Å´Þ¿�ß�¶Õ¼à¼yºË¼y¶�á*Ï

ÖX¿�ÆË²*´µ²�ºË·jØ
¯ ° ±{²w³:´µ²�¶âÈ�¼:´µ¼¾³:´t·H¿�ÆJ²y´µ²�ºË·HÖ3á�À�ÌÝÌÜÀf¶<À�Ï2·jØ
¯ ° ã�ÀJÈr¸É²�ÀJ³:´j¸äÊË¼�ÌÍÀÁ´µ¼y¶�¸$À�Î(¼yÌÝÚp¼¾È�È�¼¾ÈÜ¸5ºNå�æzç�èzç:é_æzêªëyè5èíìHëyêËî�æðï�ñ�ê¾ç�òàócç�ôpõ�ö2÷Ñø

ù ú�û á ûýü ¸ÛºÁ´µ²B·&ßËá�À*¶�´µ²�þ;¼¾¼¾ÈÿÆË¼JÀ�ÎÓ´�ÆÑÏZ´Â¸Ã·X·&ßË¼
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n o ºM´ÂÆË¼HÄ�¼yÚ
prqts#u#vxwzy|{ }�~���{a��u#��s�{K�����z�����������0���
���1�z���0�z�����a�z���:�����0�1 ��
¡ {as�¢ vxyZqt£ �����z��������¤�¤�¤9��¥0���a���8 ��`�t�
¦§sX¨©¨�ª©«¬q1��{a� �����z��������¤�¤�¤9�®­����¯�l ��`�t�
° ¨�s±�¬{�yxy����1�z���
����¤�¤�¤²�³���5´����z�S�0�µ�����������0���
°g¶\·¹¸ �����z��������¤�¤�¤9�������0�²�������
p�} ·�º¼»X°¾½D¶ ���������
����¤1¤�¤²�®���a´��������X�µ�:´����0�¿�����0�µ�����0�z�5���1�z�a�

n À ²w²zÁÁ·
¯ ° ÂÄÃÞÆË¼dÅ�²7È Ù_À2¶#´Â¸Ã³yÎä¼'Æ�Ú&ÏÈÇ2¼¾²­ºÈÇ2¼¾È�¼y¶�ÌÍÀ�º
¯ ° ÂÄÃÞÆË¼dÉ�Æ*À*¶�Ì ²pþ¬Êw´�¶<À�ºËáp¼ÌËàßyÀ2¶ÍÁ¾·�Æ ü À À2¶�ºË¼:´Ô´ ü
Î ßJ¼yÆ�¶#Ï ü Ëàß�¸5º�º

n Ã�²	´µ²­ß�¶
¯ ° É�²�¶3ºJ¼yÎ5Î ú Îä¼¾³:´�¶�²�ºdÊw´µ²�¶<ÀJáp¼�ã8¸5ºËá ü É�²�¶�ºË¼yÎzÎ�Ï\º�¸ÅÊ2¼y¶�·�¸ä´�Ï ü5Ð ´�Æ*ÀJ³JÀ ü
Ñ�Ò
¯ ° ã�¼yÎ�ÀÁ´Â¸äÊ�¸É·µ´Â¸É³gÓ ¼JÀÁÊJÏ Ð ²�ºKÉ ²�ÎzÎz¸ÉÈ�¼y¶ ü À ¶Õ²w²zÁyÆyÀÁÊ2¼yº Ñ ÀÁ´Â¸É²�ºyÀ�Î�Ç�À�Úp²�¶<À¾Ò

´t²�¶#Ï ü Ï\¿Ñ´µ²�º ü©Ñ�Ò
¯ ° Ã�¼.Ô�ÀÁ´�¶�²�º§É�²­ÎzÎz¸ÉÈ�¼y¶ ü�Õ ¼y¶�ÌM¸5Î$À�Ú ü À ÀÁ´UÀÁÊ�¸�À ü�Ð ÎzÎz¸5ºË²7¸Ã·


