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UV5WX "*6%& B6%57%& YIZ&[.8" 
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 6&T&<&0I MP&'K /&U)* & H&a& 67
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+)*&YC&^&r'K S&^&Y)* !R Z)\ :&^& )6
"I& $*H9;&b^&^&{R r& %: 6Y&=;

 F&86& "&(H& y$H /0 M&L5* ZC&4
+&+= )*C&a&7& G6 /U)* r^&b&^&9:)*
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4&C&^&T&0 6&LI /F&@x &" #&  
)*&Y&8,&&a&SG6L* 6Y  &U&= -:&+& +
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 G6&8H&P" !R #& .&K r&c*;#)*
 r^&c6&c5* g;5* G67&a)
 >& H&P)* y6^&@ /0 G:&^&0K
 /U)* r&<&=6&b)* G*;6^CY)* Nz&{

"^C&4 G:&".  
  

,#-&.&/$%01$203#$ $
$ $

 r^&.67&U&Y)* B6&'&@5* G*- %:&{5* Z)\ :&0&V)* /0
r&"6&}&o)* /0...$ 1z&uI#)6=H^&X Douglas 

Theobald )*;H&b^&0I:a"6&( /0 &r&+%#&8*:= & 2
P%:"5*&I r^r%H^&J)* 16^Y&^&P)* A)6&4  H&.6&W >&@

 rC&'" /0 :&'8 p,)* _&Ja)*Nature  6&" #& .% p,)*I
 %I;*$ "&+&LH&K. ..» F86&  #&<)�67. iK & G*;H

 &a&^&)* AC4 /0 y: 6^&(H)H^&a Nz&{+)*&<&Y)* #k6/ S
C&+&( 6&" 6&T7&"I&  &PYU&8 67 &"  n&kIs8&%:& r

%I;*$&  F&JK;6a&U&{x* = ?HC&ch) & A&%P&7PY"  ]6" &  
L&Ma « <%&X NH&)6=H^&# » 4& $#bU)*&bC&zG')* &^&^7r& 
)Genetic Sequences (PC)&O)* G6796& r%$:

oU%&46&c `zX M  d&G*H7SLI  67K;#&J)*6&cH r^=
!2* :^3P= %HLR  "^C4 F86  6Y"c no= MaL&*H7G «.  
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:w by'( m;G't z'E'K'- {'

 F!''x'V!C ?'Q&!'K';6 |''7'x;6
7'Q'R+ ...N'x;'"'V ^ !' b6~
#''4I4 T'-+''#%;6 ?'� b!'' S%

D':6+;6.  

 !6&^)6i%|* !*H&{5* B6&L Sr%:&V&Y)* G6&iC&b)*  " p$6" A&4$ ZC&4 NH&V&JC) 6Y&TKxI6&J" M&'0 #&+=
6Y&T&b&O7= 6Y&T&X6&J=R w96U&8 :&'7= /8H^C^&U&c6&  I#%:&O)RI HC^&'8E ...P&YK 6Y&T&8h= !6&+&7U&<&" 6Y&T&0  &" 67&

L Fa&3&K r&)$R ZC&4 ;H&3&+)*U&4* 6&Y)6&5 r&V& !I:^&3&P)* #&<6T&8R:^&V" fy;H&i&cR $:&'" 7^&(  ~CY)* 
/&86&3)* 2^a&Y&L /&c;6&O)* ... B6&4 :V&" I2&0= B6L ~CY)*525 "&"*H&L ]6&'^&( M&c;R A&X $z^&Y)* Ma&L 50 

x\ f %$:Y&U&Y)* N6U&<) yH^&c r&@*I Z)\ M&(; d)R]*#&=R "U&T&(I Z)\ M&V% A) 7^&')* !R  ... 9;.&YC) ]6&<&0I
)$*:&0R A&s&+" y6^&J= G$IR r^C&"; rO&W6&4 "&(*I 7^&')* S:KI$I:^&. /<%:&u|* ... B6&41996  &PYK 

&TU&i&u r^C&":)* !6a&3&P)* G6 :&JK !R x\ Sr<&i7&Y)* /0 B6&s&4 ZC&4 ;H&3&+)*  &" /8H^C^&U&c6&  !*H&{5* 6
]*$#&'" ... y:&Y)* ),&. F&7&PYK y#&%#&( r&3&+= A^&s&7&U&= !*H&{5* B6&<&0) #&+= ZC4100  " :U&"HC^&  
r&@*H)* ( A&') 1*2&(RI j*:&LR Z)\ r06&k\ S%:&{R B6&s&4 ZC&4 ;H&3&+)*  &")B6&') nY&( ( 6&T&}%;6K $H&+%

r^&c;6O)* r%;H&5*:a"x* Z)\.  

L&a& R M&  " :31504 &"6&]6 S 2);6&'K B#&L  %I;*$ "^C&4 #C&5R ]6&@*:U&L*8s&W5* r%:&+)* M&)6& /Y
'Y)*&U&�: IR The Theory of Universal Common Ancestry f)*/&U &K=:& ; ;H&W r&06& 
J)*&^& y6 r&i&c*H=(&^&7&X*;I G6&^&'" r&U& r :6&T&Y&c6&<&U&K n^Y&(P)* &96&7&J)* G6&^&rr^&.67U&Y)* ~C&K  &" f  
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1Q>6*%& =Q<5H6%&_5`.>%& aW!>9   
  

)Melanoma( % ra&b7= n&O&K:75 % *-\
 BH%;xH&b)* B*#&}U&c6= 6&" l&}&( R#&=

):Y&4  &"  ^&Xz&3)* ")H&WI #&7&4.  
I&0I %:&{R r&c*;#) ]6&<,&O&8G2& :&" /0   
  

 r&+"6&'=Albany ),&. B*#&}U&c* !<0 S
 rC&X6&Y" y;H&V= !6&"$\ Z)\ NH&JU&% y*$5*

]z&3" :&96&'&b)*  ^&{#U).  
  

4.50(!)607*8#$90*7$ $
$ $(44:07$$;$06-0<.=$ $
$ $

&L G;:r^)I#)* r)6& H)*!65:&b)* `6&J=5  International Agency for Research on Cancer 
 :&%,&JU)* %HU&b&" n&0;  &" !65:&b)* g:&Y= r=6&W|* :i&{1*:&(  r^&b&Y&')* =^=6&VY)* B*#&}U&c*) IR

r^&467&i&Wx* :^Y&bU)* y:&cR (Solarium  %HU&b" Z)\^&{#&U)* n&" y*I6&bY)* B#&L ZC&4 6&T&+&o&%&  
r^)H&J&P)* G6=I:&'Y)*I.  

& H)* r&^Y)6&+)* r&J&V)* rY&s7&Y) r&+=6&U)* r)6 B*#&}&U&c* !R G#& R r^&467&i&Wx* r^&'&b&O&7a)* DH&0 r&+&(5*
 N6Y&U&@* y$6%3 Z)\ p$.&% y;H&V= r&3&^&a&{ B*;Ih= r=6&W|*r^C&( ... /0 G:&'8 /U)* r&c*;#C) ]6&<&0II

 rC&'Y)* r^86&i%:a)* r^a&i)*Lancet Oncology0 S& !<@*C&')* !6&5:&b= r=6&W|* N6Y&U&&#  

! c.*W%& /(!d8%& BC LO?O!A 1"E  
  
&b)6=r&%$H&+ ... #%:&0  ^%$H&+&cI  ^^&P%:&"R 16YC&4 A&k

&3&+)*  &"  &PY&K ZC&4 ;H  &" /&"6&"5* 12&')*Y&'Y&( r
&. A&c* "^C&4 #C&5R p,)*  &96&P)* *,c&+&8*#&H^1 
@&'&6%3&b7&^&: Saadanius Hijazensis.  
&+)*;$ #&+=I S16&YC) A&TU&c* !R *I#& R Se6&'U& x* n&LH&Y

 !R Z)\ :^&'&K r)$5*r&+^a&i)*0')* &7YC) r^0*:&i&<&r 
 -\ frOC&U&}" F&86&  &86& F/&k*;56= r^&7&u )*}&o& 1*:
y;*2&0= G2&^&YKI5* "&i6& ; ;6&T85* 6T&^0 G:&3& I

G*:^&Ja)*I.  
&P)*  ^&= !2&% !6&  d&'U&PY)*  &9615 I 20 

 ]6"*:&uHC^& I F&86& cR&867"&=6^8RI "&5 &@6&r7...R 6&" 
(I&T0 "&P&5 !6& z%H"U&Ta&(I F&86& I r&+&c*I F&b^) 

MP&')* r&3C&3"... Sr&^)IR y;H&V=I !6&  5&" ")H&U&:]* 
@*I&#]* 5* ZC4 &3&:.  

'8& rC&'" G:Nature  e6&'U& 6= m6&{ _&J= M^&W6&O&K #&@R 16&YC&+)* )#&+% 6&".R& A)*J&C/U)* G6<& F86  
O"&<&y$H!6&b8|* ;H&iU&= #C&+U% 6Y&^0 ...96  /.I &  r<&i7&" /0 7^&+% !6& L &?:r&7%#&" P" &r  
  

&{Nz  6T^&0 :&(6&. /U)* ra&<&J)*
  &" _%#&J)* !6&b8|* 6^&<%:&0\

 Ma&L ^= 6" 100d)R  Z)\ 50 
d)R SB6&4 H&. >C&u5* ZC&4 

 n&" >I*2&KN6K;#&86^&7)* 6&" f
 /7&+% "&K67&^&( !R %#) y$H&(H&"

:&'a)* :7&')* $*:&0R n^Y&( p
r&L;6&05* 167&3&U&c6= ... /&. ),&.

&'^&U&7)* 6&T&^)\ M&WH&K /&U)* r
 "&cR:&K p,)* _&Ja)* #%:&0

Svante Pääbo &"  #&T&+" 
 ~&8z= :& 6&"^&86&Y)h=6 p,)*I 

 6&.:&'&7= B6&L&'" /0&C& r
Science.  

  

&Ja)* r<&i&7&Y)* !R Z)\ :^&'&% _
  ^&= 16<&U&)x* 6&T&^&0 A&K /U)*

&4 F&86&   ^&4H&7)* >C&u5* ZC
;&cI5* D:&')* /0.  

  

&c*;#)* ]z^C&JK G,&O&8 r H&J7)
 ;6^C&"pIH8 +Y&@ 12&(  &" 

N6K;#&86^&7)* BH7&^&(RI  !R G#& 
N6&K;#&86^&7)*  ]6&4H&8 !6& 

 !6&b8|*  &4 ]z&V&O&7&") IR
:7&^=6c H&"H&T)*.(  

  
  

Cancer Center Sloan-Kettering   
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$ $

&>?!9$ $
@)+0<3$ $
-#?!$ $
20AB8#$ $

$ $

&bK r^&P%:&"5* 16&oO)* r)6& I #&+UNASA  IR N6&c;| /)E M&(; NHC&J= 16&oO)* Z)\
B$6&<)* :a&Y&0H8 :&T&(... &.H&=I:)* *, A&c* MY&J% p,)* GRobonaut  r&Wz&{ H&.

 B*$ MY&410G*H7&c  �H&P"  U&" ZC&4 r^)I#)* 16&oO)* r&i&J" Z)\ M&V^&cI S
/&96&o&0 ... GH8H=I;;$6&L !H&P^&c]*^&O&7&K ZC&4 & r&i&JY)* M&{*$ r&86^&V)* G6Y&T" ,

I ~&O&Y)* B*#&}U&c* ZC&4 ;$6&L "&8R -\ f6&T&(;6&{ A&X S]xIR /&u*:&a)* -6U&O&" 6&.:^&uI
 6Y& p:&'a)* 16&oO)* #&9*; 6&T"#&}U&b%]6&"6Y&K  ...* H&. ""*#&}U&cx :&{2* e#&T)
&+" r^&8H&P)* r&+&(5* :^&XhK r&0: 7%H&'U)*I"K2&T&(R ZC&4 /b^&567&0"I:&T&P)*.  
  

&4R C!6&Y)6&+)* p:^&"\ 8H&(  Josh Emery  &" I /b&^7&^K r&+"6&( ^&P&O%; I;#&8E Andrew Rivkin r&+"6&(  &"  27&P=H&. 28H&(
 ZC&4 6Y&.;H3&4 o&4 $*H&"I 16&Y)* ;6&XE r&%H&>&P%H&  ZC&4 Themis 24f&.I  ):&i&L 3I6&'U% x :^&0&W B:&( H200:U&"HC^&   #&(*HU&" 

p:U&'Y)*I q%:Y)*  ^&= ... r%:&s&8 F&a&3% #&L e6&'&U& x* *,&.Panspermia ) %' -$""!d'#'u .'8$ .'#" <'�& JI'P;6 29DO'xN;6 .#  ( !R #& .K /U)*
FaC&( G6a8,&Y)*I G6a&P%H&P)*  r^&c6&c5* G68H&PY)*I 16&Y)*6^&J)* ;H&iKI ;H&T&s= rW6&})*y G*;6^C" ,7&" g;5* Z)\  ^7&b)* ...8 w96U& *,&.

_&Ja)* rC&'" ]*:&{.&" "K:&'8 Nature  /&.IB*#&i&W* !R Z)\ :^&'K x g;56= �36^&8 IR G6a&P%H&  %x*I ;6&"#)* Z)\ ;&<&0 p$.&g*:&<&8 
 M&= SG67&96&P)*  &" rC&"6&  v*H&85y6^&J)* f):^&u  &4 >& H&P)* *,&. 2^&Y% 6&" >C&'% H&..  

&"\8H&P&" M^C&JU= 6&"6&L  ^&P&O%;I p:^ B*#&}U&c6= >&P%H&P)* =&i&c G6?H&P&bC&K r&+&(5* A&bL )* F&JK&J #&W:" /0 1*:&YMauna Kea /0 
p*I6&. ...I "b&P&+% p,)* 1H&o)* r&c*;#&= Themis 24  #&^C&')*  &" r&<^&L; r&<&a&i= Z&i&0" "&8R *I#&(I*H&"Ir%H&o&4 $ f»  ZC&4 /&.
>C&u5*  G6?&%2&( ra& :&"z&c  &" r8H&P"G*;,)*  &" rC%H&5 M&c «p:^&"\ NH&<&% S »  *-\r^&9*#a)* g;5* ZC4 Fi&<&c #&L F86& r06&k\ Z)\   

&Y)* #&L F&86&P) S16 y;*:&( FC&+&(R
y6^&J)* ;H&iK /0 1#&a)*  «.  

)*&Y *,&. /0 %:a&P)* yh&(6O d&'&P)*
 !R -\ f16&Y)* ZC&4 ;H&3&+)* F&86& 

 >&P%H&P)*) ]*#&( ]*$;6= :^)]6^a&b8 ( /& 
U%)* ZC&4 16&<&=|*  &"  &PY& #^C&'

rC&%H&5 G*:U&O) *,&.  ^&3&@6aC) ]6&<&0II f
 !R /7&+%6&Y)* F&JK y:&0H&= y$H&(H&" 1
 "&J&i&c G6a&P%H&  =&i&c F&JK 6Y&=;I

%:&{R G6a&8,&"I ... NH&T&'Y)* :&"5*
 $H&(H&Y)* 16&Y)* ;#&V" H&. !2* ZU&@

>&P%H&P)* ZC&4 : r&@:U&<Y)* r%:&s&7)*
 67&U&4H&Y&'" M&P&'K r&%*#&= /0 "8R
 B*2&@ r<&i&7&" F&86&  r^&bY&')*

a&P%H&P)* q%:&Y)*I p:U&'Y)*  ^= G6
^7&u &^Y&3)* M&96&b)6= r.  
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d'jN8 c'A!d' D7Z'e'E;6 DZ'CI;6 cE'-  
!j7U't&!U'-$ 0;_ !'"'M6%'E-6 g'dN;"  

#YU&+&K  &"  &PY&U&K /&  ;6&Ja)* #&^C&( ZC&4 r^a&i&<)* ra&=#)* 
 r^&b^&9:)* 6&.;$6&V" #&@R M&P&'K /U)* rY&<&O&)* $6^&i&W*

1*,&0C) ... 6&P&^&U& ;6&U&8R /0 lC&<&U&% #&^C&')*) >&i&<)*
/=H&7&')* #Y&'U&Y)* ( 6&T&^&0 lC&<&U&% /&U)* 6&T&K*- r&4:&b)6=

)* >&i&<)* /0 #&Y&'&U&YS�67&. r& 6Y&c M&LR H&. M&= f/)6&Y&')*  
 

  

D�!eO; &I\Nt %7]!'>@6 =6I'iU'Q6 .'jN8 c'A "  
 :&Y&')* y;*:&J) /C&P)* :^&XhU&)*  &" wU&7&% ;6&V&4|*

r^&=-6&')*I g;5* !*;I$I ...M&{*$ #&(H&K /8I2C&J)* "C&P&( 
&}a&K  &" r&%;*:&@ r&L6&5 r^& :&@ r&L6&5I r&%:&Ja)* )6^&Y)* :

 p,)* :^a&P)* ;6&"#)* >a&b&K r%6&0C) r%H&L -6&%; MP&( ZC&4
6&T&@6&U&'% /U)* /&k*;5* /0 )*:&8 ... r&L6&i)* ;$6&V&" #&@R

 ^&%z&" r&bY&{ r&=*:&L wU&7&K /&U)* -6&%:)* ~C&K /&. r7&PYY)*  
  

D8,+'d;6  !8!'K'd;6 .'# %O'iU;6 !d'd'jN'8 c'A  
'E;lC$!'!'LK;6 ?4 !'""  

  

&%IH&7)* Gz&46&OY)* H&J8 !2* w&U&7&K g;5* 16&(;R r06&  /0 r12 d&)R 
)* G6%6O&7)*  &"  &5r&"6&bB6&4 M&   ... G6%6&O&7)* ),&. G6&^Y&  A&s&+"

 ^7&b)*  &" r&"$6&L ex2 y:^a&  y;H&V= r&+&'" Z&<&a&U&c ... rCP&'&Y)*
6&T)6&V%\ r^&O&^&  /&. 16&oO)* /0 6&T96&<)<= r<C&+U&Y)* r&^&b^9:)* �67&. Z)\ 

 y;H&V=r&?&Y)* /0 r&?&" r&7&"E ... ),&. vH&(:&= :^&P&O&U)* $:&'&Y&0
6&T&7&" 12&( ZU&@ IR rC&K6&<)* r&+&'Y)* $*H&Y)*  &" G6^Y&P)*  

  

!"'4G': I'PC D7'\d;6 c'$!'Q%;6 *!'u%'UQ6 .'jN8 c'A"  
  *,&. A&+&8 &PY&" ... r^&V8 M&96&c; �67&. F&86&  *-\SMS x r%:&c 

 ~&"6^&L $:&'&Y&0 f;,&J)* ~^C&4 S6&T^)\  %:&{E NH&WI /0 >&u:&K
 6&T&0,&J=)Delete ( 6&TU&)*3| e6&  :^&u NH&Y&JY)* ~&O&K6&.  &"

M&"6&  MP&'= ... rL6&i= ZC&4 !2&}K M&96&c:)*@I&+K y#&'Y)* d%:&�:U 
)SIM Card ( Z<a&K /&T0 6&T&0,&@ IR 6&TC&<&8 #7&4I SG6&86^&= G6OC&Y& 

 S�67&. !R -\ #7&4 6&.;6&T&A\ B#&+= dK6&T)* ;6a&{\ H&. "C&Y&+= FY&L 6&"
=U&0  

>&4:)* >C&'% g;5* Z)\... 
 eH&c y:&P&O)* ),&. ,^&O&7&U)

 Z)\ >6U&J8450 rC&@; 
  &P) S]6%H7&c /&96&o&0 �H&P"
 vHY&'" !R 67&0:&4 *-\
 ZU&@ r^& H&PY)* Gz&@:)*

 H&J8 H&. !2*100 F&+&LI 
X;6  6&T)z{& y:&PO)60 S ^&U

aVK,^&O&7&U)* ra+W =.  

 =&U&0&'" ZU&@I Sr&"$6&<)* M&96&c:)* #C
 M&96&c:)* #C&'"  &" 6&TU&)*3\ #&+=
 y:& *- /0 Z<a&U&c /&T0 Sr0I,&JY)*

rL6&ia)* ... v6&(:U&c* ~7&PY% x
 S"&bO&8 dK6&T)*  &" r0I,&JY)* M&96&c:)*
 B*#&}U&c6= ~),= B6^&<)* ~7&PY%  &P)

 &)* G6L6&ia) r&9;6&L G*I$RSIM&PY%   
 #%:&5  &4 :KH^a&Y&P)* 36&T&'= 6&T&i=;

 &)*USB]z&3&"  ... ~C&K #^&+^&c 6&"
y6^&J)* Z)\ r0I,&JY)* M&96&c:)*.  

  

  ) y:&P&O)* ),&. *,&T)
y#^&O&" !H&P&K ... ]6%:&s8

Lh&U)* r&a&=#)* ),&T)  &PY% AC
&" 6&P^U& ;6U&8R eI:&A n
=& $6^&U&4x* /&0 R#&&a&K !h

 $6&&^&&&i&&&&&W* Z&&C&&&4
 *,&.  &P) f#%;6&ia)*
 w96U&8 Z)\ p$.&^c
 $#&TY)* #%:&iaC) r^&X;6& 

]6&c6&cR .  

 r&46&b)* /0 NH&() 6&" pR
 "&'U&7% 6&" N$6&+%1000 

pIH&8 M&46O&" ...( rC&P&'Y)*
 ~C&K ZC&4 NH&V&J)* /&.

&&L6&&&i&)* G6&7&&^&&&=;H&U&0 Sr&
  &"  &P&Y&U&K  ) -6&%:)*
 ),&. "&(I /0 MY&+)*

r%H&<)* d&W*H&+)* ... *,&T)
 !2* ZU&@  &PYY)* :^&u  &"

rL6&i)* ),&.  &" y$6OU&cx*.  
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 )'e'Q 0O'> R!7'9;6_o-'Jy7,* &!'N'�$ I':$ 5
+y'v,6 0O'> DO'"'Q /+'jV .'; 5c':w ... TZ'e'� I'd'P4

 %'xK'd'# &!': gZ'- I'u+'8 ?C+'d'x;6"Geyser "
  6&+OC, &!'iZ;6 -'K'd'8) ^!U'o'8%'t ,$ ('x;6 ?U;6 I7'O

/O'1;!'t )'e'o;6 0O'> p'�!'o'U'V ... gZ'd;6  !'v!'r-
I''t0'8  5 J$  6G'A  &6%'N'U'Q!C  %'x'K'd'N;6 .''(!''o;6  
 6%'#  RI'>  %'N'E;6 &6I''# %'7'7'B'V  0;_  5'!'N'O''P;6  

 T'i8&!V ?4).7'd'o;6 .7'8y'#  !## 2I'# 0O>.(  
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 +'9- [!d'A170D7'oN'r;6 !d'U'>+'N'x# 3't6+'t b+': h6%N'�  ... c'\V I'� !"'L'PC
 0;_ D'9'e'Q R&6%': D'u&J200%'K'\;6 z'9V D8+'## D'u&J  ...'KO'B8 !"'9e'Q T

I7O'x;6 ... !-+C,%tI7";6 .'# !'"; D8!'"- ^  !e7'9NC 0'e'B# !'"N' 'P# ... ?'-!'PV,
%7Z't ?'-!'t%'C f!'r- .'# ... )O'\V ^ !'"d# %Z't@6 JI'P;6 q,%'5 /$ <'n&,

 !'"'L'PC /$ /,%'8 '!'NO'P;6 /$ ^_ 5R!7'9O;– h!'8%' '- – ?U;6 c'#6+'P;6 %'4+'8 
6 D4!'LU'Q!C )N'oV%'(6C ,$ cj'rC R!7'9;.  
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I'7'N'7'-!''u 7;!'Z';6 F%'e'E'C 5W%'U''rN;6 &!'N'�$ I':$ 5527056%U'#+O7't   
D7'o'N'r;6 !dU'>+N'x# ?4 %Z't@6 %N'E;6 +'A ...'7;!'n +'7O'7;!'n /!'t ?O  

 =!'P;6 ?4 m;H /!'t 8F)& .'# b,$1610T'C+'j''oO'V =6I'iU'Q!C 5...  
 6%'# .y'2 !-%N'� bJ!'P8, J&!'e'> 3't+'t .'# %Z't$ I7'N'7'-!'u  
J!'E'U'>^6 .'j'N'N;6 .'# c'P'x8 W+'� ?o7'v!'d'B# b!'x# T;,  

DO'$!''Q /J!'P# .'# /+'j# T'ZO'� /$ ...  !''Q6&IO; 9!''E''4,,  
6c''$!''o;6 '!'N';6 .'# p''7'9'# [!'d'A /+'j8 I'� 5R%'7'(@  

 :'N'> 0O'>200T'9'e'Q .'# h6%U'#+O7't . 

*+U7C!8_.7'-+O;6 .7'C <'o'E'# 5c':w &!N'�$ I':$ 5  
Id'> p'o'Z'd# T-$ H_ 38%'n cj's T;, J+'Q@6, X7'C@6  

T$6+U'Q6 p'( Id'>, .7Z'e'E;6 ....'> R&!Z'> Dd't6I;6 RJ!N;6  
I':6, %U'# !'"'jN'Q D'EZ'v ...TZ'odC I7O'x;6 .'# /+'j# %N'E;6  

80 % DZ'o'dC &+'i] .'#,20%. 

 /$ ^_ 5T7'e'BV ?U;6 D'j7'N'o;6 I'7O'x;6 D'E'Z'v <'n&!C,&,$ 
)W%U'rN;6 &!N'�$ I':$(  *,Jy7'o-_, +'8_ &!N'�@6 T'P'#, 5

 D7':!- .'# D8,!N'o;6 =6%'u@6  %'1't$ .'# I'P'8 5/+U'86%V,
D7'oN'r;6 !dU'>+N'x# ?4 ?'-!'t%'Z;6 f!'r'd;6 ... %N'E;6 6G'A 3O'�

 W%'UrN;6 D7'CH!''u !'A&I''\# R%'7'Z't f+''B'L; Y%''P'U'8
)'xN;6 3t6+'t %Zt$D'>+N ( 0O'> %'20V ?U;6

 c''\V 0U': !"V&6%': D'u&J g4%8 !# F&+i']                  
&!'"'\-^6 D'u&J 0;_                               ... h!'E'4,,

'!N'O'P;6 .'jN'U'8 <';  !8%' 'd;                                      
                                        5!'"'U'9'] .'# :'E'9U;6 .'#  

D'EZ'e;6 z'9'V I'''u+'8                                                
 De'7''9N;6 RI''N'xU'N;6                                                
!'C,&,$ )''e''''oC                                                     

            <'''i''M p'7'''9'#                                           
'!'N';6  .''''''''#                                                         
!NC&, 5c'$!o;6                                                           

                                                  q,%'5 Iu+V         
D''Z''Q!'d'''#                                                              

 J+''''u+'''';                                                             
R!7'9;6                                                             . 
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+'8)W%'U'rN;6 &!N'�$ I':$ 5 … <N'9;6 .'# D'N'i'M  6%'7'9C T'9'e'Q ?'e'BV
 D7'-!'t%Z;6)Lava ( 0;_ !'"'L'PC Y%'> c'\8200h6%U'#+O7't  ... %N'E;6 6G'A

 D'7':!- .'# D7'o'N'r;6 D>+N'xN;6 ?4 D8,!'N'o;6 =6%'u@6 %'1't$ .'# +'A
T7O'> D7-!'t%Z;6  6&+'1;6 ...!'B;6  6&+'4!d'C !'"U'7'N'oV !d'd'jN8 !# &!Z'B;6, w

 .'jNN;6 .'# RI'N'>$ R&+'] 0O'> ;%'iV I'� Td'7't6%C  6&+'2 .'> D'xV!'d;6
 0;_ !'"'>!'K'V&6 b+'],500%U'#+O7't  ... 3't+'j; D7'CH!'x;6 R+'� 3Z'oC 6G'A c't

 F%'23'V /$ ?d'P8 !'# 5cj'r;6 W,!'L7C T;+': %N'E;6 &6I'# /$ H_ 5W%U'rN;6
J~'V 3't+'j;6 D7CH!'xC2%'($ /!7':$ ?4 X'K'id'V, /!7':$ ?4 J6 ... &+'i'\;6,

 f!'B'L-^6 0;_ <'2 5JI'N'U;6 0;_ R%'A!' ;6 FG'A 3Z'oC Y%'PUV T'9e'Q 0O>
D'P'K'V%'N;6 R&6%'9;6 3Z'oC.  

 ,I'Z'8/!U'7'V DO'A+O; 5c':w &!'N'�$ I':$ 5
%7'Z't I': 0;_ Y&@!'t 0;,@6 ...9'e'Q 0O'> T'

  6%7'9C I'u+'V) !-+C,%tI7";6 ( b!Z'u, byV,
2&!9'\;!t D'P'Q6, '6J%'u  !':!o'#, ... [!d'A

 &!'e'#$, S!Z'M m;G't)D7'L'N': ...( TU':!'o#
 R&6%'9;6 D'u&I; )N'o'V ^ <N'r;6 .'>

 .'> *!K'V&^!C180%'K'\;6 z'9V D8+'#'# .  
E;6  6%7'9C /l4 5R%7'(@6  !'Q6&IO; h!'E'4, %N'

 .'# D'-+'j# F&!'e#$,8,6'1'N;6, /!'7'1' /!
Z;6,'@6, /!C,%'Q7'U'7'O'.7. 

+U'o7;!'t5 I':$�$ 'rN;6 &!N''W%U D'>+N'xN;6 ?4 %N'� %Z't$ -;!'2 +'A, 5
I7'N'7'-!'u I'PC 3't+'j;6 &!'N'�$ .7'C ?-!'1;6, D7'oN'r;6 ...E;6'N' %'#j'# /+' .

3'o-# 'U'o'EV D8,!'8%'h!Z# 'x;6 .'O'I7 +'A, 5&+'i'\;6, j#'/+ D7'o7$& R&+'\C 
 .'#x;6'O' I7,o;6'7'O'j7' ! N;6,'P;6 J6+'L'D8+.. . D'x'V!'d;6 %'K'9;!C 0'e'B# %N'E;6

T'9'e'oC  !Z'j8+'t, 3'"'s =!'e'V&6 .'> ... J+'u, 0;_ %7'rV c'$^J I'u+'V ^,
T7O'> ?'-!'t%C f!'r- ... I7'o't$ ?'-!2 .'# h6I'u :7'�& W+'u qy'BC f!'9# %N'E;6

, /+'C%'j;6)3O'n@6 0O'> (t@6'o'x'.7x;6 '8~'#'? ...oN;6' &!Z'n;!'7'7O' + {'r't
/$t '7;!'o'U' +T';- 'R6+ D'-+'j# Q$'Q!'h!Q .# '7'7O'j'  !t,'r'> {'_ . b!N'U':
u,'9# J+'7'N;6 .# p'!'o;6 '$!' cId'> 8T'9'e'Q z'9V>$ 'N'V +!'U'x' w,!100 
t+O7#!"7'4 R!7'9;6 J+'u, D'7-!j#_ D"'u6+;6 0;_ I7'P8 !# +'A,8%'U. 
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 !"#$ %&'()# *+',)-  
=+'d;6 ?4 !d'V!7': -O'2 ?'LN- 5RJ^+;6 Gd'# ... !'A!'L#$ J+'E'> I'PC,

'Q6&I;6 ?4 '!NO'P;6m;H 3Z'Q q%'P'- ^ !d';w !'# 5-9Z;6, D.  
=y':@6 8=+'d;!C pZ'V%'# %'() *+'M+# h!'L8$ [!d'A ... 5'!NO'PO; DZ'od;!C

h6%'Q b6~'V ^ ?'"4 5.!'9C@6,  !7'M%'K;6 .'# %7'1'j;6 <'n&, ... 6G'";,
=!'";6 b60'o;6 0O'> DC!'u_ I8I'9V c'u$ .'#  !'Q6&I;6 c']6+'UV : +'A !'#

# FG'A 0d'P"%'\E;6 ""=+'d;6 <;!'> c'(I- .7': !'A6%'- ?U;6  
  

 !"#$ %&'()# *+',)-  
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);6&XE ...J)*  &4I "&bO&8 BH&7)*  &4 :^&3&P)* e:&+8 x 67&8R r&<^&<&
67&K6^&J) "K;I:&k ... /0 67&aC&0^&c "&8RI S"&^)\ r&(6&J= 67&8R e:&+8

)67&"I6&L *-\ r&%6&T&7)* ... G6&46&c n&b&K Z)\ na&c #&+= "&8R e:&+8
 t6&<&^&U&cz) ]*$#&'"  %#&+U&b" !H&P7&c S") Bz&bU&cx*  &"

^&i&'8 #&+= A&X Sr^&"H&^)* 67&K6&56&'&8 r&c;6&YY)  &15 Z)\ 17 
]*$#&'" "&(6U&J7&c r&46&c ... !R e:&+8 S!:&L d&V8 H&J8 ,&7&"

 rC&@:&" ZY&b% 6&" 6&T7&" M&@*:&" y#&4 Z)\ A&b&<&7&% 6&7&"H&8
REM Nz&{ "&56&'7) ]z&X6&Y&" C6&"#)* j6&'8 6&T^&0 !H&P% /&U)* 

8R x\ Sr&s&<^)*&= >&@6&V&" "&"MC&( " 67&Kz&o&4 r&06&P)
r&%$*;|* ...B6&7&K ;H^&i)*I G6^&%#&3)* n^Y&( !R ~),&  e:&+8 ... x\

 !R >&'% G68*H^&J)60 f6T&7&YX 6&T) j6&'8z)*  &" y:U&O)* ),&. !R
  " 6T&9*#&45 rC&T&c r&b&%:&0 6TC&+&'% 6&" S6&T)z&{ r7& 6&c Z&<a&K

O&Y)* G68*H^&J)*r&c:U& ... /U)* y#&96&O)* r0:&+" >&+&V)*  " ~),)
BH&7)*  &" 6&T^C&4 M&V&J8 ... ^&06'U&'U%; !x2 ]6&<&0II  

Allan Rechtschaffen  /0 /b&O&7)* >&i)* ;H&b^&0I:&=
 H&u6P&^&( r&+"6&(» r&O^&AI #&(HK x "8R M&+O)6= ]6^&<&^&<&@ !6  *-\ 

hi&})* ]*-\ H&T&0 SBH&7C) r%H^&@ r^CY&4 "Ua&P&K;* p,)* :a& 5* 
 6&T&}%;6&K Nz&{ /&(H)H^a)* ;H&iU)*«.  

 r^&7&"3 y:U&0 $:&'" :&^) BH&7)* !R #& .&K r^)6&J)* 67&0;6&+"
 r^&P^&"67&%$ r)6&@ H&T&0 f>&b&J0 /4Iz)*  &" r)6&@ /0 6T^&o&<&8
 #&Y)*  &"I /&96=:&T&P)* j6&'7)*  &" rOC&U&}" G6%HU&b&" /0 M&3&YU&K

* ;2&')*I r&OC&U&}" #&567&" /0 r^&96^Y&^&P)* $*H&Y)* #&0#&U&= m6&})
C6&"#)*  &" ... Z)\ ra&b7)6= r&56&ba)* ),&T= :^) :&"5*  &P)

 6&Y= ri&a&K:&" rOC&U&}" GzP&'"  &" /&86&+%  &" �67&T0 f+&+a)*
BH&% M&  "&c;6&Y8 ]6^&+^a&5 ]*:&"R 67&Y&s&+" )*:&% ... ),&. %#&@\

Gz&P&'Y)*IR F&^&Y&Y)* /&X*;H)* D;56= ZY&b&% 6" /&.   
Fatal Familial Insomnia) FFI]*;6&VU&{*  ( 6Y&  SH&.I

BH&7)* ZC&4 y;#&<)* B#&+= m6&})* g:Y)* S"&Y&c* :^&'% ... /0
 G*:U&O) BH&7)* ZC&4 y;#&<)* !*#&<&0  &" +%:Y)* /&86&+% r&%*#&a)*

 ;6&T&7)* Nz&{ y$I#&J")r)HC^&<)*( S  &"  &PY&U)* B#&4 Z)\ /&TU&7&^)
M&^C)* Nz&{ r^&+^&a&5 y;H&V= BH&7)* ... d&LH&U)* Z)\ M&V&% ZU&@

M&"6&  MP&'= BH&7)*  &4 ... %#) rCP&'&Y)* ),&. R#&a&K y$6&4
 r7&c :Y&U&b&KI S):&Y&4  &"  ^&bY&})* ")H&WI #7&4 +%:&Y)*

y#&@*I ...GH&Y)6= ]6Y&9*$ /T&U&7&KI ...8 6&" !R H&. !2* ZU&@ "&0:&+
 �6&7&. !RI /&X*;I g:&Y)* *,&.40 /0 "7&" /&86&+K rC&96&4 

A)6&+)* ... &" d^&O&}U)* IR "U&T&(*H" r^&O^&  #&+= e:&+&8 x 67&7&P)  

h6%'jZ'# =+'d;6 0;_ T'u+'U;6 ?4 /+'E'A6%'N;6 $IZ'8 !#I'd'> "D'E'A6%'N;6 R%U'4 ?'"U'd'V 0U'# ... c']+'V !'# 6G'A
 D'P#!'u .'# !7'u+;+7'Z;6 '!'NO'> T7';_BaselD'8%'o'8+'o;6  ... <'"UO'C!'E'# I'PC1187!o'KU'Qy; RI7'Q  &

D'E'A6%'N;6 D'8!'"- Id'> ĥ +'9V 6,I'u, 5=+'d;6 ?4 .'"V6J!'> .'> .'"d'# ...  !7'U'K;6"  !d'$!'t 0;_ .;+'9U8
D'7O7; " ?4 =+'d;6 .'# !!'E7'U'Q^6 ?4 DC+'P'] /I'x8, 5b,@6 ."'L7'9; D'7;!'U;6 <N'i;6  6+d'o;6 by'(

=!Z'\;6 ...'BV .I'98 5*J!'o;6 =!'P;6 Id'> .'j; %Z't@6  6I7'o;6 =+'d; ?'P7Z'e;6 2+U'oN;6 0;_ .'"O']+8 %'7
h!d'Q ... /$, 5 6+d'Q z'Q, <N'( .7'C =,6%'UV D'E'A6%'N;6 R%U'4 /$ D'Q6&I;6 0O'> /+'#J!'E;6 I't08 56G'";

*!7'EN;6 ?'A =+'d;6  ^I'P#.  
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r&(6&J)*(" 6&7&o&+= /&86&+% *-6&Y) S ;H&W �67&. ED;5*  &
 Dz&u\ ZC&4 ;$6&L :^&u m6&}(5* +&+a&0 fD;5*  &" rOC&U&}"
 y$6&4\I M&'&O)6= ]6Y&9*$ 1Ha&K BH&7)* "&U)I6&J" !R pR SBH&7C) "^&7^&4

 ^7&^&+)* =U&0 ...  &%,)* m6&}&(5*  &" :&{E vH8 #&(H%  ^&@ /&0
 !H&s&<&^&U&b&% A&X y$I#&J" y:U&O) !H&"67&%r?&(6&O&" y;H&V= ...

 l&}&( 6&T)z&{ /86&+% #&L /U)* r^7&"2)* G*:&U&O)* dC&U&}K ~),& 
 IR /b&O&7)* ;&0&o)* p$.&% !R MY&U&JY)*  &Y0 fD;5*  &" 6&"
 IR ]6&4Ha&cR :YU&b&K #&L rU&L.&" D;R Gx6&@ Z)\ ?6&?&U& x*

]*:&T&( ...C&4 #C&i% 6&" /&. r&<C&<&Y)* Gx6&J)*  &P) 16a&55* 6T^
 &"2&Y)* D;5* A&c* ... 6&T7Y&0 f"&=6a&cR dC&U&}K #&L :^&{5* *,&.I

 G6=*:&i&kx* IR A&b&')*  &" 6&" r<&i7&" /0 A)h= ;H&+&')* ]z&3&"
= ZY&b&% 6&" IR r^&8H&":&T)* GxH&JU)* IR r^&b&O7)*u:)6&a r

r^&k:&Y)*JCY)* &JU= "& ~%:IR. &<)* F2& B#)Restless legs 

syndrome (:^&3&P)* 6&.:^&uI.  
 /&b&O&7)* M^C&JU)* H&=5 ]6&<&0I EBz&@5*  &4 *-6&"I0^c&8HY& #

%I:0&# f67&b&O&85 6&T= _&+a&8 M&96&c; x\ /&. 6&" Bz&@5* S
 12&'C) r^&O&{ n&0*I$I G6a&u; /&4Iz)* 6&T^&0 d&'&P% M&96&c;

p:&'a)* M&<&+)*  &" /&4*H)* ...^&<&J)* ZC&4I Bz&@5* !R /&. r&<
F&a&&+) 6&T8R #&'8 *,&T) f:&'a)* NH&o&0 G;6&XR r7&"35* :&"  

  

 :O'B8 R%'# c't ?4 /!'o-,6 <O'98 c'A
 /!t !N'"# 5!# z'�+; =!'d8, T7'd7'> !'"7'4

"h6%7'\�  
E'4, 5=+'d;6  !'Q6&J ?4 .7'\'\'iU'NO; h!'

 .'# RJI'9# DO':%NC D'eZ'V%'# =y':@6
 R!'N'oN;6 mOV 8=+'d;6REM ,$ Rapid 
Eye Movement)  DP8%'o;6 Dt%'9;6

.7d7'PO;.(  
 3'O'n@6 0O'> R&+''\;6 ?4 c'K'e;6

"I'A!'r8 " /+'LE8 b!K'v@!4 8h!'NO':
 <;!'> ?4 <'"'#+-  !'>!'Q <' 'P'#

6=y':@.  

  !" #$!%&'( $))!*+, -!./'(  !" 0!1
23/!4 567  

 ?4 z-!'t !'"'x$!U'- /$ ^_ 5R%7'1't *+'M+'N;6 6G'A b+':  !'Q6&I;6
D'L�!d'U'# b6+':@6 <' 'P# ... W$ /!'j#lC T-$ q,%'PN;6 .'#

'r;6, =!'P'e;6 .'> *!dU'#^!C &!'9U'-^6 %'i's .'# T'-$ ^_ 5S6%
=+'d;6 .'> To'K'- gd'NC &!'9U'-^6 g7'e'U'o8 /$ c7'9U'oN;6 ...

q!'eN;6 D'8!'"- ?4 ?'V37'Q *!'P'd;!'4 ... /$ ^_9;6'# /!#%' .
;6'=+d4, 5'h!EZ; 'P'P;6 X'O' 5'!N'Q7'0;_ WJ0.,I': M6 'e'  !C6%
K-'o'D7D;!'9# ^ .. .N;6';0': D7NOP;6  !K'A b+'N;6 6G'M+' *+VE' =I
#$'1't DO'1'0O> R%7/$ 4@6 'u$ .8G;6 J6%' 0O> 6,%Z /,J .'# '!'E'Z;6

;_ 6+'M%'PV =+-M6 0'e' !C6%<'"U7'\'i's ?4 R%7'e'( ... '!NO'> 
.# /!#%'9;6 R%U'4 by'( TU' ':y# zN'V !# /$ /,%8 /,%'()  

   <7;, J!"'u>; D'x7U'- ^_ +'A !'# =+'d;6
D'#!'A D'K7'5, 0;_ D'u!'9;6 3Z'oC ?4 

=+'d;6 by'( <'UV a!'#I;6 ... 0O'> c7;I;6
m;H : =!'>1966 0>I8 %'is .j'NV 

 %-J&!n WI-6&) F%N'> /!t17h!#!'>  (
 RI'# h!' 'E8 '!'EZ;6 .'#264 D>!'Q 

 Y6%'>$ W$ T7O'> %"' V /$ /,J
D7'oK- Y6%#@.  
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       D4-), E+#@() F%#G(7  
 
 
 

  
 
 

OF SCIENCE 
PROSPECTS 

 #%:&u|*I 16&"#&<)*  ^%:&VY)* G*;6&o&@ /0 rOC&U&}" ]*;*I$R
 rOC&U&}" G*:^&b&O&K A%#&<&K A&T&7&" M&  NI6&@  %,)* S!6&"I:)*I

6&T) ...  &" $#&4 ;6&b&" /0 ]6&Y&T" ]*;I$ ~),&  Fa&+) 6&T&8R ZU&@
A)6&+)* /0 r^&b^9:)* !6&%$5*.  
5* !R H&. "U&0:&+" A&TY)*67&) r&%;I:&k Bz&@ ... EAC&J8 *-6&Y)  &P)

 /&. Bz&@5* !R Z)\ M&WH&K 6&T&o&+= fF&YK y:^&3&  G6&c*;$
 #&'% #&L "&8R -\ fMY&+)* ZC&4 C6&"#)* y;#&L ZC&4 G&06&JK /&U)*
 y:U&0 #&+= /&+^a&i)* "&56&'8 Z)\ y$H&+)* /0 y:^a&  r=H&+&W

"r&=Ha&^&0)* " M%H&i)* G6a&b)* IRM^&C)* Nz&{ 6&T= :&" /&U)* ...
 C6&"#)* ),&}U% p,)* #%:&i)* /&. Bz&@5* !R #& .% :&{2* 6&T&o+=
 BH&<%I BH^)* Nz&{ "= G:&" /U)* G6&"HC&+Y)* r&')6&+" y$6&4|

#&"5* rC&%H&5 "K:& *- /0 6&T7&" A&TY)* G&O&J= ... M&3&" S!I:&{E
 ~%:&  :^&b&8*:&0Francis Crick&J)*  M=H&8 y2&96&( ZC&4 MW6

 !R Z)\ !I:^&'&% SpIH&7)* +Y&J)*  &4 d&'&P)* /0 );I#)
 ZC&4 MY&+K Bz&@5*"d^&s&7&K " G6&"HC&+Y)*  &" C6&"#)* y:& *-

r&+&06&7)* :^&u ... /&. Bz&@5* !R #& .U&0 %:&{R G6&c*;$ 6&"R
&X*;H)* G6&"HC&+Y)* >^&K:&KI n^Y&'K M&O&P% p,)* ?HC&c5* r^

A)6&J)*  &96&P)* "^&)\ /Y&U&7% p,)* /8*H^&J)* vH&7)6= rW6&})*.  
  

 .'# p'E'4 I':6, 5D7'Q&I'N;6 <7O'PU;6  6+d'Q by'(
 ?U;6 g'o'U;6  !'>!o';6 =!d'8 .7'E'A6%'# D'oN'( c']$

!"O'#!'jC !'"C )'\'d8 … /+'#!'d'8 .8G;6 G7'#y'U;6
 D7-IU'#  !'#y'> 0O'> /+O'\'98 5c'�$  !'>!'o;

-&!'E'#%1't$ /+'#!d'8 .'8G;!C D' … .'# R%U'K;6 mOV ?4
 ?4 h6%'(3U'# =+'dO; +'A T'u+U;6 /+'j'8 5/!'o-,6 R!7':

=!Z'\;6 ?4 h6%'(3U'# !!'E7'U'Q^6, c'7O;6 … 6G'A,
 c'P'x8 !'# 8D'Q&I'N;6  !'>!'Q g# Y&!'P'U'8
 ~7't%'U;6 FI'E'K8, WI'o'u +!'A&lC %'P'r8 :'A6%'N;6

%\'9;6 by'(D7'Q6&I;6 .  

2$)!"/4 89!: 0;*!<4 (=$!+'  
  

'9U;6y'( .I +'"'4 8hy'7; a!'#I;6 f!'r- 0;_ D7'P7Z'v R&!'s_ =+'d;6 b
 ^"=!d'8 " ?4 &!'j'4$ ;!'U'-6 ?4 %N'U'o'8 c'C DO'#!'t R&+'\C

^ =$ <O'9- !d't 6H_ !N'> %' 'd;6 X'BC 8?'>,y;6 ... X'PC ?4
 5g'K'V%'#  +'\C -8I'9;6 0;_ &!'j'4@6 FG'A !dO']+'V 5/!7':@6

%'(6 0;_ !'NC&,0d'PN;6 DO'#!'jU'# cN'u ;6.  
 h!'E7'od'V I'PC 6,&+'e8 <; <'"'4 8b!K'v@6 g'# T2,I': %1'j8 %'#$ 6G'A

T'u+;6  y'L> .7'C, D'BO;6 .'> D;,0'oN;6 ~'t6%'N;6 .7C ... /$ _̂
 /,%N'8 !#Id'> h!']+'\'( 5m;G't .7'B;!ZO; .I'9'V R%'A!' ;6 FG'A

$ ?o'K'd;6 p'B'L;6 .'#  ^!'9CD'8J!'> 0N'9C 0U': , ... /$ <'n&,
 ,$ h!8Io'u :'A%'# g'M, z'9V %'i'r;6 *+'�, ?d'P8 I'� T2,I':

?Z'\'> Y%'# Y6%'>$ I':$ m;G't /+'j8 I'� T-$ ^_ 8h!7'o'K-.  
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OF SCIENCE 
PROSPECTS 

 !"#$% &'($%  

 )*+ ,-(.+%  "/0+% 

J8&V= !2*  &0) $#&  2&a&I :^J"&^&LR Z)\ :&V&(;$ Z&r... 
U)I&ba&. ;^&0C)* *,&2... 8&" ?:o= R#a&@ N63/&I b=&" ;^&  

nL*H)*... @ Z0&^)* ~K6^&+)* r^"H&r%$6Su &]6a)6V% 6" &0$6&LH" ~& d
"&0 M3&<&K;6^c =^K6O" !*#&IR ~k &@R v6^&<" #&U&K6^7& ~

}')*&V&r^... 0&})* !HPU&i&)* yH&K ZU)* r^)6U&~)- #+= 6T= BH< /&. 
Ja)*&4 _& 6YF&+&kR... 0&U&J= R#a&3& ~ /0 6"5*&JY)*  &U& MY
(*HK&# )6T^0... @& e6iY)* ~= ZTU7% ZU Z)\'K !R& x IR )#
'K&)#.... '= ~)6= 6"  P)&   " 12&!HP)* rCU  !K x&.#7&'0 7& 12

   "&U&  rC&O" 678H&$H<@ &]6<I P)&b%  &U&+&V/&4 &^C&a)* 67&J&& _
4&i)6= 6T7&c r<%:&)* rO)6& ,&:!  

'K&@I :C&]*#^A Z0 &"*$ Bz&:...  
K>&L*:&b)* &W Z0 16Y&I FY.;&ra...  
K& I#aR"&"6&  ~&<&i&+&}Y)*  " r&c5* MY&Y)* $H&W:&')6= n&.*H& :
I)5*&16Y... P)*&b% M&0 =a/0 &PC&})* "&m6... %I&.$p=R & v#

P)* "K6VL;&r^8H... 0/@H) &0 r&7&= r^&%#&r+... (&)6Y&J% 6T& :a
85*&16O... L&% #& ~) I#aR  !&( M1/% &U&T= A&cI 1I#&cz&r ...
P)&]zT"  fbUK x &@ Z0 v:&P&4 ~Y&K 6" ZC&" )*:&.  &P)* *,&!H... 

8* H)&U&s&:]z^CL G) &+&C&. !2* )*:K 6" !R FY&LR H&P= M&:^3 6Y" 
.&)*:K !R nLHU" H...   !RI&8H&. 67&J% *,&Hp( &=H^]6{ &;*HK r^Op 

K x 6"&4R )*:&677^... HJ%p R &a&)R :&'a)* 360&4 r%:&5|* ZC&Dz :
")*&sY)* y$6Y&rYC."  

  

 !"#$%&'()*+",-./"01"" "
 

1"23 :4!56 7849 :(;$ 
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 %OC,J %723VDoppler Effect  
i-'U'23V %Z'7'4 %OC,J %?: 'V!7'r- /$ /,J D7#+7;6 !d'P'%... %NV !#Id> 

&!7Q !dC R_Q'o# q!P'- 5D>%':y'(6 ?'4yUh!4 ?] 3o;6 ++C  ,3 R&!8
�'Z'2$, c'C, '!d'P' I$V /'N'o;6 %'oN;6 R&!7'D>% .P-,'~WoKV '7' m;H %
_(6 0;'U'4 qy?V '\;6 JJ%']6+;6  +' c_x7U- !d7;': D'L-6 .,I' f!B

;6 04'u+N' ! \;6': D7V+'\V !N;!'e'C =I'> !d'V !#Id'E'o;6 S%U' R&!7
#'5!doUV !Nd7C 'L-6 g'v!B'u+N;6  !'\;6  !'V+'4 D7?: ' !AJ!PUC6 D;!
!d>...ed8 'Z'- :'K'$IZN;6 < 0O'> N;6'u+'"j;6  !'v!dB#,%'o7' D7
L;6,''+#, '4 Td# RJ!KUQ 6̂ <2 .?9V 'Q I8I': D>%'xN;6 Dt%'  6%
xd;6,'xV6, =+': F!'t%'V *!7EC !"U'L;6 JJ%'\;6 '+'&J! >'!"d. 

 

 
 

       () 02#H0() JK%#0 ...O+#R() wy#Z1 XY Xu#6 z.#8  
 
 
 

  
 
 
 

OF SCIENCE 
PROSPECTS 

0) $*$2%&K 682&+&<&]*#^kI &5* ?:"&3&'% x rC&O8 %#&+&]6... ]*-\ 
O%&o&8 !R M&'U& Z)\ "i)*&<%:&)* r&U&<&C&b) r%#^&LI $:&"5* n96& ;H
8I&(:& *,= n&1*;H)* Z)\ q%;6U)* y:... XzX Z)\&^&<)* G6^7& !:
+)*&'& %:S 0/J)* ~)- & ^S &8*V&.* >&O)* 16YC4 B6YU& ZC4 ~C
'"&P)* G*:&P+0 !H&O&4 *H&c*;$ ZC&@ r& :&@I 6TU&b&  ?6&U&C& 6TU
M=K &%3H&+6&. G&P)* ),&U&#= rC{*&C&6T. 

'" %R !3I  PY% 1#= %- H$6=&i= y:&X\  " r<%:&7&U& ^f4 6"\ &  
5&<" 16^L #%:&  ;*#&o)* r063&+a7Y)* !6+YC)* IR 1H&  " _

'Y)*&y:... "&.  &=I 67&)x#&<" r&. ;*#& `6+a8x* IR !6+YC)* *,
@  PY% /9Ho)*&  ?6b&'Y)* rCU&y:. ..IR r<%:5  4 r&0:&+"  

c&4:&* !*;I$ r<)&'Y)* m:& %: :aU&+% p,)*+)*&"6&c5* M&c6/ 
'%|&P)* $6&rCU...    P) I&d^EI 6"% *-+&7/. & *,]*#%#&JK :&"5* E 
4$&{h8 68H&'" ,&K:&U)* ?;$ 67&86a&N63Y  rS7)I &U&4 e:+&4 6T^C&  
L&?: … #'8R8&(R 6T&<= "a&b" m:&:%#U ..."&K$6&c5* "&c6& Z. r^

G*;6^C&"'7)* &ZU)* BHL &PK #& *:" !H&'Y) 2&4HY&( G6&bY& r^
(&s7= "T^a&"6&')* 67&bY/&...) &s8 H&K Z)\ 68:&%3H&. n&'7)* ),& BH

'8 y:'Y)* Z0&8R #&K 6T&U&@*2&  $*$2KI A&063&<)6= r&" ?:& :"  & 2
'Y)*&K 6Y  y:&" v3HU&L G6?&C&4R  " 6T7" rC^&"I ZC&OcR  & M

:'Y)* m:<)* p)y;HV)* Z0 6Y .(   
  

4&c*;$ #7&'Y) 67U&U)* ?;$ y:&r86aSc &O8 eH&( g:U&8R x#& 6T
'K&L "a&J)* m:&c6&Y)* ?H&"#&w) CD(I P)/&P8 &LR !H& Z)\ ?:

c nL*H)*&8 eH&<&VU= BH&. ;H&<)* *,&"#Y)* m:&I w% H.& ;I#
   J8I&'Y&4HY&( r&bY&'Y)  !6PcI r^&U)* ?;$ y:&86a&8 r&+&U&:a  

  

 &7&. ZC4 ri<&" ;I#8 w"#Y)* m:<)* *,+&"...i= &a&+^&J)* r&N6S 
67&8*;I$ Nz&{@ &" NH& :&'Y)* 2&Sy:K '& ;6&@:)* 67&'8 rC& BH

I %:{RU%&}&  ,&'8 M&b" A&})* );6& m6Ic&4:&})* "U&= rW6& "
 !*;I#C)@&+= >b& :Y)*  " "=:L IR )#&0 2&b^&a&<&I 67%&a&U&+&4 #& 67
  ++a)*&<% 6Y&" ?:U&JC%I 67&= #&67+a)* &{2* +&:... s8&:]* 

K:'" r+^ai)&U)* ?;$ 67&a&86&" r&PK  &'8 1#&L 6T"H& :Y)* ?:& 2
IL&(*HK rC&.#&5* #74 6e*:5S *0&+)* g:U&c !R 16YC&'7)* r4:& BH

 :Y)* ?:L&x 2 PK !RI #=& R !H&P= :a&c  " :^3&K r4:& ~C'7)*& BH
K ZU)*&4 n<&5* #7e*:5f  &. 6Y&J)* H&0 N6/'" &4HY& 67U

')*&bY&r^-\ S'8 &  !R #&4 > H&. $;6i& R H&P)* :3& *H&]6=:L >  " 
')*&Y&:-  2 :" &'Y)* rCU&4HY&')* r&bY&r^-.I &  H& R ~),& :3
P)*& *H&c >&@  " r4:&@ !*;I#)* _^&')* NH& I :Y&U=* 6YC& 68#+
4&')*  & :Y"&]*;I:'Y= HY&P)* r4& *H&{*#)* >&C& r^)4&i& $;6

.2)*I&y: 5*II g;%:Y)*&q (I]xHW'" Z)\ &4HY&P)* r& *H& >
})*&(;6& r^)'Y)*&I %:U@3&I MR8*;I&I 1H8&a&!HU (oK&JY& M
c&4:&. r&P)* ),& *H&V= >&JC" y;H&AH&a) r&+&.#&P)* 6&a&4 :^&  

 :"&P)* 2&U&rC f')*&:Y. ..P)I&(R  "  & M\X&(I G6a&T&7)* r&s& :
.&),= S&+)* R#&= 16YC6c&U&0&" Nz&K 6&0H&T) ):&PU)* A&(H)H7& 6^
Y)*&@6U&rS 4&5  &%:&o)* #&W*H)* 1H& M\)&^&" 67&   &'8 M& A
bJ)&c ?6&4:&'K*I "U&.6&c "& R 1*H&a" !6&+U&<" IR *#&0 6=:U/ 

XhK Ac6= e:+K y:.6A&:C=I$ :^.  
  

�'B;6 .# &%'j;6 &!Z'-+?r# '# J,I' .
>'@6 Idv'KC q6%'P'u c'CH!';6 D7' RJ!N
N;6' 'O'DN. 

                        D'4!1't J6J~V, <':6~'U'V =+'xd;6  
           6 ~'t%# .'# S%'E;!CDO7'O'�  !#'# *w+U'V !Nt R%'xN;  

               2%xN;6 &%E;6 c'KQ$ .'#, 0O'>$ .# !"d# 
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        02#H0() JK%#0() ...O+#R() wy#Z1 XY Xu#6 z.#8  
 
 
 

  
 
 
 

OF SCIENCE 
PROSPECTS 

'Y)*  "& G*:u& :^)*43HY&= r68&U&s&B6...(I &P%I3 #/@ !R & :& r
'Y)*&4 G*:&@ #7&+)* r06&K $H<7&c !HP&C) r+%:&J= r%60&K _^&O&b&# 
c*&U&<&8I ;*:&@ B6s&= r :&L6/& 'Y)*&KI G*:&$.p. &b)* ),&4:& r

.:)*&^&K Z)\ ra&46a&'Y)* #&4 G*:&o+=  &I 6TKPO&+)* ~&7&<&x $H 
J"&r)6S3Y)*I >%:0)*  P)I &.#C) :^&'&+)* !R r&7&6" $H<  N*3

c6YU"&]6P I}K A)&R >:p'"  " &4 "K*:&b"  &eH)hY)* 6.;6... 
.I&" H&6L 6&POU)* Z)\ )$&( Z0 :^1/J% &( ZC4 G06&=-6&+)* r^&7&<& $H
+=&o&+a) "&%I +&Y&K n7&'&U&0 "U/oO)* &16...= *-\I &0 68R#/ 

Ja)*&_ V"  4&'C) ;#&0 r^=-6&7&<&NHP=I &X M&<&r" :0&U&4 7&  
)*&y$6Y" f0&%h&7&(I 6Y&)* G#&y$6Y S(I&')* G#&=-6&P)I r^&b)  & 1H

J)*&G0 &Y&. 67K$6&67... s"&C&uI rY&9:" :^&r^.  
c*&U&+)* :Y&0 16YC/L* &U&XR 16O&)* :&sY)* y$6Y&0 rYC/(;R &P)* 16& !H
b"&}U&0  ^"#/ ~)- >&^)6&cR4 &KI y#%#&<&7&}" G6^&U&rOCf@R &.#& 6
.&K H&Xh&^&96%2^0 :/= e:+% 6c& A"K&Xh&4 :^&c#&')* r&=-6&r^ 
"Gravitational Lensing"I .&ba= H&56&o)* !R r&)* 1H&<& B$6
)\&^&" 67&'Y)*  &+a)* G*:&^&% y#&&Y ::a&4'" &Y&4H&'" G6& r%:
4&  rLzY&a&)* y:^&P&U&+= BH<K rC&Y&c#+)* M&o)* G6&9H&r^SJ7^0 &7/ 
.&o)* *,&u; 1H&Y]64 &I "7%V& M\)&^&) 67&U&C&U&<& "i&KbC&P&=H&K6& 67
5*k;&r^fKI &P&7)* !H&U&'^&W r&'" ;H&.Hr&.... &U)* *,&'&. )H& H
8&U&'^&5 r&^a&J8x r^+&o)* 167&)* 1H&<&+=  " B$6&0 #^&^&" 16<&<& ;*#

%I*3&. r&J8x* *,&<)* 167&T&:fp.  " &% 67&Y&P&7&K 67&<&%#&  :&U& M
'Y)*&U)* G*:/=6L &o)* 6TC&I 1HK&Xh&= :&'K Z)\ G$RI 6T&".H.  

IP)&   &"I$ NH<8 6Y&]6KhK /'K x 6Y= -6%:)* &b)* ZTU&O& S 
'Y)60&.6&<)*I G*#&= r^CY+)* G6c6^6c&}U&bK A) :C=I$ :^XhK B*#&O& :

(:Y)* w96U7)*  4&yH fK A)&3&iK Fa&cx* #=6&U&7&>6U7)* &:sp" & n
+)*&CY/KR M= &(6OY= F&.," yh&I rC"#"&P) y:&x* Mc&U&7&(6U& G6
b)*&I r<=6./)* !R &a&+&4 #& :"  &'Y)* 2&% A) y:&bU&a&<8 Z0 >& l
c&'8 !*;I$ r4:&  6T"H&. 6Y&" H&U&nLH= &A M&C&b)* F&4:&=6X r& rU

5 ZC4&V8 NH&L d&i&: WI y:'Y)*&]xHe*:55* Z)\ .  
  

V ,'rjd'9;6 {'E'7'E' N;6 D'DNO... 
{R&+)* ,&0 16YC/)* &U&PO&+= :^&  #Y&a&0 :^/cR &= ?6a&b)* 16<&4:& r
=6X&4 rU&u:)* ZC&" A& :K  &+" 2&s&'8 A&U)* ?;$ BH&a&86&0 r /

VU7Y)*&I d6&.$#&4 g6O&}8*  &'K* 6YC&T&55* Z)\ 67&Ee*: +%R&7/ 
.&P)* !R *,&b^) rCU& :" F&7Y)* Z0 y2&U&dV  & 6Y*4&U&<&8#&&6 E 

. Zo0R&POU)* *,&0 :^/x* Z)\ r%6T7)* 4&U&(H= $6<&  $H&U&" M&u 6& :^
9:"&)6= r^&5R  " ?:<&'Y)* e*:&I y:./)* &U/c &K Faa&v3H 
P)*& Z0 rCUR'Y)* 16J8&^)I y:&)6= :&" ?:<& :Y)*  &0 2&<;... B#+)I 

86P"\&%/; r^&. r&P)* ),&'Y)* MU&T&r)HS5R &4 #C&C" Z&JK 6&" "%H&  
"& y$6*c& A")*&Y&sY)* y$6&C&rY Dark Matter" I'K x 6T85 ~)-& n

P+K IR&R :pk &1H I.  "&( 67&16rYC&  G" s"&C&Y&r".  
  

4 Z0& B619334 !6  &O)* 16%2^O)* A)6&PC&b)* r^&b%H&:p0 &K:^& 2
P%I3/. &@x  " NIR H&XhK G&)* :^&sY)* y$6Y&4 rYC&L 6"#7& B6
c*;#=&@ r&+)* r :&L67&'Y)* #^&HJK ZU)* r%:p G*;6^C&"J)* &'&$H  

  

T'K'�, .'jN8 ^ :'4I'V  
 ?o7$%;6 &I'\'N;6 ?'A <N'r;6

6+d8%V+7dO; +%U'iV ?U;6  
Y&@6 ... 5RI':6+;6 D7'-!1;6 ?4

 +%U'iV65 FG'A .'# h6&!7O# 
 gC%'# %U'N7U'd'Q c't  !N7'o'x;6
 <'x- T'u6+8 )'e'Q W$ .'#

D7'oN'r;6 !dU'>+N'x#. 
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        02#H0() JK%#0() ...O+#R() wy#Z1 XY Xu#6 z.#8  
 
 
 

  
 
 
 

OF SCIENCE 
PROSPECTS 

sY)*&C&rY ./" &4 y$6&%$6&( r&]*#K &U&P&" !H&=  &KI:&8H& G6
I8H^&K&I G68I:\P)& G68I:UIP)&" 6T7&)*  &,)* vH7p% &UY&  l& M

o)*&b)* 1H&L6&T^C4 ;6f+K x &P&K xI :&a&R _pL &" ;#&0 "7& z
8&7" %:&( 6T1/.  
"R&J)* 6&)* ?2&863/0 &^&%.&)* !R #&Y)* y$6Y&s&. rYC/" &'" y$6&T&)H& r

8  " IR&( vH&%#&u #&" :^&)h&b7)6= eH&) ra&67... i)6=I&) na&P& z
J)*&=2&J)*  ^&0 #/X\ &(I G6a&T&8 r&s&"I ):&@  &<&J8 67&o%R  &]6 
8 !R&%.&8 IR #&0:&@*I +&#]*" &J)*  &=2&^& .  

 

D'4,%'PN;6 RJ!'N;6 S~': 

%&+a)* %:&R +)* !&sY)* y$6Y&C&L rY&K #&P&X !H&<&=H]6&c & IR 1*$H
]6"H'8r^8I:U^8 . ..3)*&<& 1*$Hb)* ?H./0; &'7)* G6&= BH&)6& r0
o)*&}6= r"&+&8* #&T&.;6^&JK 6&5I Fh&( y&=-6&^&)* 6TU&{*#&C&8I r^&O& -6
LI&.$H&T)* 6&^&(I;#&7^/U) &JU&0 NH/@I Z)\ r%6T7)* &  7&c6&0 :/ 

oO)*&0 16&U&C&U&  AT&" M&% 6&<&0 n/'" &( N6&=-6&^&U&<)* 6T&Hp@ S& ZU
o)*&O8 1H&b&b% x "&iU&0|* n^&=  " Gz&X*:&3)*  &<&5* >c&$Hf 

8 ~),)&O&V& " &)6="cR&$H "UY% HT0&o)* l&I 1H% x&) �:U& 67
a)*&+&" +&b7) "7&U&4 N#&(I ZC&)$H...')*I &%#&)6= :& ,& !R :
')*&=-6&)* r^&96T&C3C) r&<&5* >c&) $H&K A&0  " Gh&= C*:&. M/ 
8&U&'^&5 r&a&^&+&P) r^&U& "UCrC&96&T)*I  :Y)*&2yL Z0 &C&"a...) & A
%&U&LH&4* d&U&<&@ $6&)* ?2&Y)* y$6Y&0I:+&4 r&)* #7&3&<&b)* ?H& 1*$H
0&<&;. S&o%R �67&]6L5* &a)* B*2&7&I r^./b^) F&LR &+Y)6= B*2&Z7  

 

)&@H&K G&Xh&4 :^&c#&')* r&=-6&4 r^& #7*)&U&W j6<&7+C) ;H&<& $H
'7)*&Y/" Abell 2218 " &x* !6J8&k*I 167&J&]60 /V)* &y;H 
 I&8h&T&" 6&4 G:&4 :a&c#&rP" &4 y:a&LzY&0 r/O)* &o&" 16& x 6Y
%&'" v#&]x6'C) &o)* !h= ~&L 1H&K #&Xh&P= :&U& R rC&a&P= :&3&" :^&  
 &U&+)* rC&7&<&=I $H&K ~),&P&)* !H&sY)* y$6Y&. rYC/b)* &@H)* M^a& #^

MY)1. &)* *,&O&P)* C*:&U&C/OY)* &$H<.  
U=&i&a&J)* :O8 #^&b&I G6=6'U)*&+)* ?;6&4 r^CY567" ZC& #R{& %:

P)* Z0&K !H&a&)  ^& 67R8&kI "&4 n&'"I B6&  Z0 �:U& M
'Y)*&Y&4H&'7)* G6&Y&4I %:{5* r^&5 ZC&})* NH&; ...9*$&]6Y=RI &]*# 
"&'8 6&8 #&O&P)* :&U& rC"OY)*&<&y$H "U)*/+8 &% AC&<&^&]67(H= &.$H& 6

P)I&7&b8 x 67&U&i&%/; n^&U&K IR 6T&a&"  ^&)6+&6TY. 
=&+&J=R #&5 `6&%H&rCS}K &) Ia&8 67&96U&.," w&P= rC&Y)* M&<&%6&^& :
LI&V% #&L#&a)* 6T&+&I +%&0:&o&T&+a)* 6&{2* +&P)I :&7&L*I 6T& n
'%&b8 !R >&= AC&(I f"&)* #&+&C&  !R 16Y&8 6" M&   " )*:&8H&. 67& *,
"&"  &'" I y$6&cI G*:&uI B#&  ;6a&8H/% &Y&3&0 M&<&J8 ;& H4  %
"b8  &a&(HY)* r&0 G*$H/P)* &!H..."R & 68&b&ra&)*  96 %)*&^L6a&rS 
T0/u &9:" :^&) r^&)I 67&b8 A&iU&x* nc&U&4 Nx#&(I ZC&.$H&= 6&hp 
(1/. 
 

DNO N;6 RJ!N;6 DP7Zv 
J=&+)* _& 16YC]z&%H&54 &"  &.6&)* r^&sY)* y$6Y&8*I SrYC&<&b&0 *HY/ 
)*&7&@ Z)\ r%6T&=2&^&U"  &4367&^ . J)*&5* ?2% NI&%.&)* !R #&Y&y$6  
  

L;6';6 '+'# =J!E'xN;6 .'%  6
Z;6'P'RI7 %Z'P8 x#'N'  !>+
x#'> D8%'V D�yN'E'PC =+' cN
P;6'QI'L;6  !'$+'D7 WJ08 !'# 8

T$!d'9-6 0;_ ...74\' c_;0 
oOV'j'V!C+'@6 !d&M' D7 ?U;6

; T'e'E'UO'VU'j'd;6 /+'U'7'x' D
&+]h6r# 'A+D'...A 'rU;6 6G' F+

 '!'u-'U'x7'D^ L;6 '!d9-' '+
;6'PC .# =J!E'I7.  

U;6 p'E'U'O'V Y&@6 0O'>  !C+'j'oO
  !'>!'P's6)D8J!#& ( !'"-3't, ,IZ'V

 {O'U'i# F!'xV6 .'#  '!'u
)D7;!'E'V%Z;6, '6%N'9;6.(  

  6%'xN;6 gN'xVAbell 2218 I'PZ8 
D7'$+'M Dd'Q W&!7O'# Y&@6 .'>.  

 +'9- !d'> I'PZ'V R%'x#10  6&!7O# 
D7'$+'M Dd'Q ...'( 0O'> g'E'V, p

 g# I':6,Abell 2218 Y&@6,.  

<''L'V !''A6%'- ?U;6 R&+''\;6  
 Abell 2218 0;_ D'4!'M_ 

 D'A+'r#, R%Z'j'# R&+']
RI7'PZ;6 R%'xNO;.   ?"'4 8'+'L;6 0O> %'20'V D7'CH!'x;6

T'$!d'9-6 0;_ WJ0'V.  
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        02#H0() JK%#0() ...O+#R() wy#Z1 XY Xu#6 z.#8  
 
 
 

  
 
 
 

OF SCIENCE 
PROSPECTS 

J)*&0:/PC) &C&0 SrY/)* &L*H&. n/LR &0 ?:/')* & "a Z)\'7)*&P) BH&  
P% A)&T%#)  6&}Y)* &0*H)* !I2/ )*  "&I 360) ;6a0)*&K 1#a&O&46&TKz6& 

)*&7&%IH& r /& K&U&J& NH=+O)6&M'8 Z)\ &BHS  &. ~),/b^) F& 
 *H &af]60 P&U&)* rC&<&a)* B2&7/K &Ca&X J&86Y&k  ^&+&  d&U&  rC& H& >
'Y)*&U&:p...'Y)* &P&. rC/45* !R &UY)* $*#&0H&" y:&5*  L& B*2
)*&a&7&0 r^/P)* &) !H&b^&  F&06&0U) r^&i/P)* &)* G6^Y&T&96&" rC&  
)*&* y$6YY)s&C&0 rY/P)* &!H.... &o%R �67&]65* L&b)* B*2&*$HI 1/&. 
=&<%6&'7)* 6&V)* BH&0&UY)*I y:^&cH&i&J)* r&'&.I A/  &3&^&( y:&]*# 

4RI&.$*#&0 6/P)* & x !H&K+& xI #KJ&V/SP)I &7&o%R "&]6 :^) 
+)6=&P)* $#&Xx Z06&  G6a&)* 6T8H&sY)* y$6Y&C&rY.  

 

D'4,%'PN;6 %7'n RJ!'N;6 S~': 

%&4 %:&C&Y&O)* 16&C&)* !R ~&sY)* y$6Y&C&PK rY&8H&" F&7&"3 ,&  
=&+&^&" #&(  &b&^&8 G6Y&'K6&4 r&4  &CY&" r^&P)* $z^&XR !H& 167
x*'O8&+)* ;6&s&A^ Big Bang. &')* ),&b&^&% G6Y&i&C4 #C&^& 6T
*c& A"')*&b&^&P)* G6Y&U&C&k r^&+&^&)* rO&U&46O& MWIMPS"... 
I.&')* ),&b&^&4 G6Y&s&^&P)* rY&U&PY%I rC&4*  &U&. 6.;6a/)* &Y&$6 y

sY)*&C&"I rY&% 6&%2&" #&@*  &U&W N6Y&J&. r&s7)* ),&%:&8R r&T& 6
"&k y$6&+&^&)* rO&U&46O&" M&)* n&)* y$6Y&+&%$6&I r%&U&@ A&)6&]6^+)* &Y& M

X\ ZC4&a&(I G6&.$H&0 6/A &+" eI:&Y&C&+" r^&^&K r7&U&JK A& F
5*JY) g;&K r)I6&<&C&^&K M&Xh&(5* :^&+&P)* r&8H&4 r^&A ZC& eI:
'U)*&=:&r...^) &b&Y%I F&a& :WIMPS. /')* &b&^&@H)* G6Y&^& y#
<Y)*&U&@:&r f.&o%R �67&]6" 7)*^HH7%:K Neutrino" f.I&@R H& #
')*&b& G6Y^u& :^)*Y&'&J&8H&)* r&'K67&4 r&4  &Y&C&)* r^&U&46O& Gz
)*&T&^&(I;#&^&7&{*#)* r^&C&) r^&'7)* %#&" BH&3&')* M&I :Y.&% H&+& #
"&6s" y$&C&V)*  " "85 rY&+&W* >&i&b"x*I )$6^&= �6&"  
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@zY)&s&I "UL&c6^&" IP)&'K  &:pc*;$ &@ G6&)6&]6^x  &U&'& e6\ *-
 !6  6")T&')* *,&b&^& A &U&0 Sx BR rC<& * 6" *-&U&'& dR) !&  "&U& rC

0&T& ~),= H"&(:&L =&Hp /& % P&)* !H&sY)* y$6Y&C&rY. ..o8I&^& d
c 6" Z)\&(  " #a&b& G6Y^" 5*&b&!H^ Axion  "I.&( H&b&^& A

LR&  M&U&)I :aY%H)*  " rC&3% A&a&(I F&0 )$H&+&]6^C@ &!2* ZUf 
'"&0* $:&U& A) g*:&K3&JW Fa&U&P)I "&7&u; "&" ~)- A&6 @R N*3& #
x*L&U&@*:&)* G6&<&96&Y&r. 

 

/+'j;6 %7'\# 

%&PY&4*  &)* ;6aU&y$6YsY)* &C&)* rY&^&})* #&O&)* r^&U/K &U&J&P&0 A/ 
V"&. :^&P)* *,&0 !H&"<& 6R% !&  Z<C&8H&@ 67&U&O&" "&U&<&VC&]64 & ZC
bO8&{*#)* Z)\ "&8 M&U&'^&')* r&=-6&')* r^&C) y#%#&sY)* y$6Y& !R IR rYC
PK&8 !H&%6T&0 "U/'K &U&U&I "K&46a&'" #&K*:&+= "&o&+=  4 6T&+ 
\})* Z)& >;6  !5&Y&)* r^&sY)* y$6Y&C&u rY&  :^&. n7Y) r^06& *,

'U)*&U&Y)* F&ch6&Ip. ..+)* N*3 6"&J% 16YC&)I6&0 !H&5 ~&cz& A
)*&sY)* y$6Y&C&I rY{&.6%6a&6/0 A&TUa&u:) ~)-I  * &U&'&')* e6&^&?H  

             })* &O&^&)* r&K ZU&}a&U&0 I&^&{*$ 6T&+Y)* M&i& d
                            Y)*&}&Y&C/T) &P)* *,&!H.  
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OF SCIENCE 
PROSPECTS 

 !"#$%&$'()*$+,-./$012345 
627845$923*$:;$62#0<=45$23,/>/$2;(3* 

5\&LR Dz&W ;6Y&467&JK r^&(R MY&( r4:&bY&4 r^&LzY&K r& ;I#
4& ZC*K;V% v6O& Z)\ M36)R &  d&HC^"&:U0 &c DH&g;5* =i. ..
+K&Y&(5* M&')* r4:&bY&+)* r^&LzY&4 r&'K ZC&(R n^Y&+&')* r&Y& :

kI&0&(R /0 6Ti&) r+&P^" IR r%;2^&X  "I r%I:&c;\ A& Z)\ 6T)6
.&" G6^9*H&3&a&J" /0 rU&i&4 G6&Y&Lz&V% g;5* ZC4 r&5 M& NH

@*H)*&" y#&X Z)\ 6T7&Xz&  r&"HC^&G*:U. ..IK&U& H)* nLH&)* r)6&86=6^& r^
K !R&7&JY)* wU&i&@*H)* r&" y#&" 6&<&( );*#&'^&6*Ij) )R&" d&'^& 6
*Ij ("&P)*  &T&=:&16f.I &P% 6" H&" ZO&  r7%#&a&= y:^&T&{ 6&bY& r96Y
)R&" d&7&N2.   
  

^)I&b&)* F&. !6=6^&@I /&" 6.#&+K  &'= MY&"I #&=63&4 y:& ZC
K&0H&P)* :^&" 16=:T&4  &b)* !67&16Yf 0&<& #Rc;&PY)* M&)* >U&5H&Z7  

  

b)*&K x 16Y&iY&.- :&]6a. ...&" *,&8 6&+&0:&( "&*#^.... &<Y)* ),&Hr) 
c&U&U&^0&bY)* Z0 :&U&<)* Ma<&%:&>...c & %:7b)* !R&c 16Y&VU& =a

V"&;#]*% x &7&o&C) >&U&P)* ;6^&T&/96=:.   
  

 I&86=6^)* 16oO)* r)6& r^JAXA  p:&'K'K&4 r=:&YC&3" r^& /0 y:^
L&46&'= 6TK#&. y:%2& H&%6&@ I#&c _^&<^&. BH&  N6c;\ /9*H&a&^& :

'U=&Y&(R n^&')* r+&I :Yk&0&4 6Ti&. ZC&(R r?^&) r+& IR ;2^
"&P^" G6(H&X  "I r%I:& Ac;\&. Z)\ 6T)6&{E /9*H&4 :&+= ZC& #
{&bY&:U"  ^K*" &"7...)*I &)* /9*HT& /863)bY)*&U&<&Ma (c&^&<& BH
JU=&(R M%H&')* r+&c:Y)* :Y&)\ rC&  Z)\ "^&T&16=:.  

  

T)*& e#.  "&'U)* ),&. r=:&J)* H&V&4 NH&= ZC&. G686^&7&c#& r
k&TYK AU% /  r%;I:&i)* #^&J8 #%:&)* H&P)* e#T&a&:^ ,.I xR&H  
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       "T" %1U@3#R() %@.#3 N1 L%$PQ#=() O%@#L%0  
 
 
 

  
 
 
 

OF SCIENCE 
PROSPECTS 

PU)*&C&rO   ^=400" &CK Z)\ ;6^& !H^C%:))R&;6^C" d (;xI$.. .P)&  
PU)*&  rOC&%R; 6Y&}8* 67&  FoO&b= *:^3&iU)* >a&PU)* ;H&)H7&(H& /
)*&T&96&)* Mp,)\ 67CWI &^" Nz{ )*+&<&=;5* $H&+&k6Y)* r&r^.  

K A) !-\&. #+&4 r%R �67&<&bY)* ZC4 ra&%HU&^&U)*I /YC+)*  &<& Z7
K&<& dRK B6"&O7&. ,^& *,J)*&P)* AC&:^a. ..T)I&8 *,&U&LH&+8 !* n&^& /0 7

LI ZC4 B$6<)* #<+)*&)* n&U&P)* ;6^&=:T9616Yb)*  " B$6<)* /...i)6= & na
.&0 �67&  DI:&.  ^= y:^a&U)* ),&<&P)* r^7&<U)*  ^=I r^8H&7& r^

bY)*&}U&@ r"#&^)6]6})* /0 &')* 6%z&bY&"%#^C<U)* r^S  " ;<0 :^) 
@&J)* _^&'&Af  M=Ic5* /0&K p,)* /96%2^O)* 16&<&4 BH&  "^C& M

6T7"...uI &4 /7&)*  &<& NHRK !&)H&P)* #^& #YU+K G6iJ"  " 16=:T
4&. ZC&& r4:(5* ),)*'&bY&c r%;*#Y)* r^&0H^&) 6" :&)I A&  
bK&iU&( "+^& n^Yi)* ;$6V"&)* rL6&U& r%#^C<Ri)* I&'UY)* rL6& y$#R I
i)*&@  " r%IH7)* rL6&^P)* _&x*I r^Yc&x*I r%;*:YUc&r^)z<U.  
.&P&PO% *,&rL6iC) >o7K x ;$6V" :^0HK Z0 A)6+)* :SJ%I &NI6 
L&<K !6P"|* ;#&x* M^CVY)* ZC4 $6YU4&)* ;$6&U&<& G:kR ZU)* r%#^C
 &3&^&:K*P= & H&a67.... &VY)* *,&')* ;#&c #%#&P^&!H 5* &3&"R :&7 ]6

 5*I&3&K :&0*H&<]6&* n" r?^a)...8 !R /<= &<& NH\')* !&  :Y&86& F
cI&U&s&VY)* M&@H)* ;#&iC) #^&L6& H  ZC4 r&g;5* >f 
0)6K  " %:{5* ;$6VY&<&^C&%#&"I r&'U&8I y$#&b^) r%IH& x\ F

;HW]*JU" & r)H:Y&')* r&L6&5  &"...')* B6s7)*  P) &c #%#&+^& MY
c* ZC4& Nz0U)*')* rL6i&Y&6c5* 6.;#V"  " r^/cf !R MaL %R 

')* ez0)* D:U}K& y;HW Z)\ NHJUK !R MaLI g;L) pH
%:{R....I &cR ++= ZC4 1Ho)* ++= /<C% #L *, ?6a* ;6Ta8

:%#<U)* r(;#) :Y')6= A%#<)* !6b8|*... *:"  PK A)I &')* >& :Y
:Ts" x\ r^8H4:O)*]*) &)* p:VY)* -I; nCiU&J8 A%#<&. H& !HK5* *,

(;5*&UY)* /8*HYTCUb" 16Yb)* #a  /0 #)h]6@I; rL65 "7" &%#=R r^&r.  

"L)&O)*  &o&96&)* /&) n=6U&0#)* y;*3H&P%:"5* v6& r^)7a)*&(6U&!H (
\J)* Z)&P&* r"HP%:"5&" r^&{.&]*:= /WH% &0HU&^&4 :&'& G*;6^C" y:

) ;xI$&YU&%H&'" M&4 vI:&5 /YC&b% -HY&U&) :Y&4 y#Y&'& y:
4R&" B*H&U&U&%I r^)6&T&5\ Z)\ e#&LR Dz&W ;6Y&467&J= r^&3&" r^&  
(R&(\ M&x* 1*:{&<)*I G*;6aU&c6^&o)* G6&= r%;I:&8\ e#T&'& 16
8&s&&) B6&)HU&i)* #^&L6& rP)*&=:T96% r^&+&U&4 #Y&5\ ZC&(R Dz&4:& r
(&bY&4 r^&LzY&" Z0 r&@ G*;*#&  NH& H&g;5* >.... & ),

(5*&4:&K r&<&= BH&U& :&^&(R 2&')* r+& :YX&c:K A&C& Z)\ 6T
g;5*...T% ZP%:"5* vI:'Y)* &)HK Z)\ e#&4 #^&'&*I 6'^" y:j 

"&P)*  &T&16%:.  
+K&. $H&PO)* ),& y:\4 Z)& B61968@ &^&L* 6Y7&U&@:&)* 6T&TY&7& 1#
=&^&( :U&^C&b&: Peter GlaserS I &VU)* F86&Y& Z)I5* G6Y^
K&U&i&(R >C&( r4:&bY&b" r^&@*H)* r@6& 6T7" y#KV& Z)\ M50 
 &HC^U"&:]*+=:" f]6&.I &  6" H&% !6>C&i&U)* &Y&oO)* $*I;  " G6?& 16

(R  "&3K M&a&U^&6T. ..P)&'Y)*  &P&W5* rC&@ ZU)* >+& !I$ F)6
K&7&. ,^O&L y:PO)* ),&+=;R Ma&c  ^&PU)* F86  r7&%$6Y)* rOC& r
)*&.6a&s&rf% /PC0 &7= AU&b% B6s8 16&K n^iU&)H&8 #^&O&" :&<& ;*#
)*&L6i&P)* r&=:T96J" 6.#)HK ZU)* r^&i&K r&<&^C&%#&" r&cHU&  ri& !6

 AU&% !R g:U&O&Y)*  &"8&<& M30005 &"  &Y)*  &*Ho)* $&r%;I: 
;*#Y)* Z)\ g;5* =ic  "....I &  " G6?Y)* >CiU% !6  6" H

@:)*&oO)* Gz&r^96 ,4&]6YC 6^)6@ #CiK x y#JUY)* G6%xH)* !h= 
 R&  " :315@; &]6%H7c r^96o0 rC...K !* nLHUY)*  " !6 I &-I*:U  
   

 !ot!u *,%rN; D7N�& R!t!9#
 DPs$ g7NxV 0;_ qI"8 WG;6
 D8&6I# D>%s$ ?O> <Nr;6
 %Z> !";!Q&_ <2 .#, D�yN>
 De9N;6 0;_ D8&~7; DPs$

D7M&@6.  

A'&,6 ?$6+Q' ?4 b!
xV'C%' D;!t, DJAXA 
;6'-!C!7'D7.  
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 .'# ?'A 5!'"EO'( ,$ 5R!7'9;6 D'>!d']
.8%7'1'j;6 D'81%; h!'E'4, 5D'";@6 &!'\U'(6 ...

 ?4  6w!'x-,6,  !4!'rU't^6 %'2$ /!'t !N'"'#,
t '!7N'7'j;6, '!8~7'K;6 b+'E': !7'u+;+7Z;!4 5h6%7Z'

)'!7':@6 <O'> ,$ (D'KO'U'i# 0EZ'V... /+d#0N;!4 
 /$ /,%8 /!'8J@6 .'# W3C !8y'i;6 cN'>

 cj'r'UV ?U;6  !d$!j;6 +N'-, !"U't%':,  6&G;6,
 /$ %'rZ; .'jN8 ^ D7'";_ D'L#, F&I'\# !'"d'#

"O'1NC ?V38! ... %7'(@6 w!'x-,6 ?'E; 56G'";,
'7'4 7'8%j; h!'L4&, R%7Z't D7'#y'>_ D7'e'BV %U'd

 ,$ D7'd'8I;6  !'o'Q0N;6 cZ'� .'# h!'K7'd'>
 XPZ;6 b,!': /_, 0U': 8!'"7;_ .7'NU'd'N;6
T;!js$ D4!'jC ?NO'P;6 &+'e'UO; TN'>J &!'"'5_.  

   

 !"#…  
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=;5* y6^&J)* #&4*H&L /&.In ]IRpIH7)* +Y&J)* #&4*HL [ «... 
 6&T7&" y:^&3&  /&YC&+)* #a&b)* *,&.  &" y:&sU&7&Y)* G6"*#&}U&cx*I
 S!H=:&P)* #^&b& R /&86&X �z&TU&c* ZC&4 y;$6&L >)6&J&5

*H&8R n7&W ZC&4 y;$6&L G6=I:&P^"I  &" IR $H&LH)*  &" y#&%#&( v
 Sr^&a&i)* G6&@6&<C)* >6&U&8* n&%:&b&KI Sr^&96&^Y&^&P)* $*H&Y)*

&UC) F&k:&+&K /&U)* /&k*;5*I )6^&Y)* d^&s&7&KI`H&C.  
  

D7'4!'E'1;6 D'#I'\;6  
:&{E Z)\ "&(I  &" F&)H&JK rC&P&'Y)* ... M^&W6&O&K :&'8 Ma&<&0

 G6&J&O&W ZC&4 36&'8|* *,&. rC&'"Science _&%$6&@R F&86&  S
 rOC&U&}Y)* !6&%$5* /C&3&Y&") r%I6Y&b)* G686&%#)* m6&{ MP&'=I

rXz&3)* (% 6&" ZC&4 !6&b8|* y;#&L B#&+= B2&'&K "^C&4 #C&i" #C&{
y6^&J)*..." 6&" NIR E!2*  &%#)* N6&(; ):&P&U&a&% !R  &PY% p,)* 6&" 

" M&^C&<&U)* !6&  "&^)\ *I.&') :U&7&^&0 "&= B6&L 6&" r^&Y&.R  &
�:&JY)* n^7&VU= B6&L M&= y6^&J)* #C&}% A) "&8\ A&T&)H&<&= )/6L#&WRI  

  

 n7&V= m6&})* "&YC&@ :U&7^&0 J%:&  n=6&K S]6"6&4 :'&4 r&bY&}) 
 BH7&^&()/&@  96P) r^X*;H)* G6"HC&+Y)* vHY&'" IR ( A&X  "I

 y6^&@ 167&a) ""*#&}&Uc**Wi&r^&467& ...  &"  &P&YK "&8R I#a&% S!2*
)\ -6&'7= "C&<&8I BH7&^&')* M^&P&'&U= B6&L #<&0 fAC&J)* *,&. #^&<&JK Z

/&+^a&i)* pIH&7)* +Y&J)* 6&T7&" N*3R #&L !6&  6%:^&U&P=.  
  

  &" M&  Z)\ $H&+% 7&.#Y)* /YC&+)* 36&'8|* *,&. /&0 M&o&O)*
 :U&7&^&0 J%:& Craig Venter !H&b&7&'&U&. #&%z& I Clyde 

Hutchinson _&^&Y&c !HU&C&"6&. I Hamilton Smith 

 r^&?%2&')* 6^&(H&)Ha&a)* 16&YC&4C&"6&+)* J%:&  !H&( #&T&+&" /0  ^
r^&P%:&"5* #&8z%:&" r&%xH&= :&U&7&^&0 ...» r^&C&})* 6&T8\ 

 !6&b8|* Ma&L  &" 6&T&+^7&VK AU&% /&U)* Z)I5* r^&467&i&Wx*« 
 :U&7&^&0 =&kH%» A&oK 6&T&85 r^&467&i&Wx6= 6&T&O&V8  &J8I 

Y&L SM&"6&P)6= r^&467&i&W* G6"H&cH"I:&  B*#&}U&c6= 6T&96&'86= 67
frOC&U&}" r^&96^Y&^&  $*H&" r&+=;R ZC&4 pHU&JK G6&(6&(3 n=;R  

  
 DO'x#  &+'] 6G'jA

The Week 
 <;!'P;6 D7-!'e8%Z;6
 I'PC %U'd7'4 78%'t

 w!'x-,6 .> /y>,6
 8%7Z'j;6 ?NO'P;6
 <;!'P't TV&+']

 m#;,$ c1'# /+d'x#
 ?4 <AI'A!'r- .8G;6

 =y'4$ =+Q%;6
Dt%'9UN;6. 
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 &"I pIH&7)* +Y&J)* H&.I xR f;&<&0C&{$R A&X  /&0 ""16&4I "
r&+&^a&i)* /0 ]6&c6&cR $H&(H&" ...* �;#&8 6&7&7&P) Z&<&a&K 6&" !R BH&^)

 yH&i&{ x\ H&. 6&" S]*#&<&+" !6&  6Y&T&" S16&YC&+)* B6&"R y#&@*I
&  /&@  &96&  16&'8<= =Y&bKr&^YC&+)* G*:a&U&}Y)* /0 M&"6. .. H&.I

rC&Y&U&JY)* ):&56&}" Z)\ y;6&(|* /0 +&+a)* R#&= 6&".   
  

%'v!'iN;6,  6JI'9N;6  
 #&L /U)* :56&}Y)*  &4 *-6&" e;6&+Y)* ),&. vH&LI  &" h&'&7&K

  &" Sr&s&JC)* Z&U&@ Er^&=6&.;\ IR r^&"*:&(\ #&%R /0 6^&(H)H&7&PU)*I
 G*H&i&}&0 fr^&aC&c G6"*#&}&U&c* pR /0 :^&P&O&U)* >&+&V)*
 G*H&i&{ r=HC&iY)* w96&U&7)* Z)\ NH&WH)* #a&bK /U)* M&Y&+)*

 &P&YY)*  &" =&a&V% /&  r&%6&0C) y#&<&+" -z&b&  6&T)6&Y&+&U&c* 
]z&3&" /&(H)H&^= ... MY&4 /U)* r^&467&i&Wx* 6%:^&U&Pa)* n^&7&VU&0

  %:&'&4 #&T&(I ;xI$ !H^C&"  ^&+=;R H&J8 dC&PK :&U&7&^&0 6&T^C&4
  &4 G$*3 y#&Y) /&YC&+)* lV&}U)* G6%H&U&b" ZC&4R ZC&4 ]6&3&@6=

G*H&7&c :&'&4 ...»&a&  G6=H&+&W �67&.  6&.3I6&'K >&(HU&% y:^
IR A^&Y&VK y$6&4\ r^&7&^&')* r&c#7&T)* ;I#&<&Y= =a&V% !R Ma&L  

 I'PC D'7>!d'\;6 !8%7U'jZ;6 !8y'(  I'C 6G'j'A
!'"P7d'\V 0O'> cN'P;6 '!'"U'-6...FG'A  

!8%7U'jZ;65 0O> qy'Q$ W$ !'"; I'u+8 ^ ?U;6 
0O> %'2!'jU;6 ?4  $I'C 5+y'v,6&+'K;6 .  

 ';6 D;6wlC =!'� '!NO'P;6DNA6+- .'# ?'P7Z'e;6  R
!8%7U'jZ;6 D7O'(  

 c'E'- <'V T'-!'j# ?'4,DNA%ZU'iN;6 ?4 gd\'#    R&6J_ ?4, cN'P;6 ?4 $IC I8I'x;6 W,+d;6 XN'9;6
%'2!'jU;6 m;H ?4 !'NC 8!8%7'U'jZ;6 R!7':  

D7'>!d'e']^6 !8%7U'jZ;6  
Mycoplasma Mycoides  

JCVI-syn1.0  

T'P'7'd'\'V <''V  
 .'''#  D''86I'''C
 J6+# =6I'iU'Q6

D7'$!7N7't  

 ';6DNA?>!d'e']^6   
  

 A'od'C F1!d'C <'VDNA !8%7U'jZ; ?'P7Z'v 
Mycoplasma Mycoides.  

  
 h!7'$!7N'7t !"'P7N'xV <'V D#I'iU'oN;6 J6+'N;6

%ZU'iN;6 ?4.  
)'> +'A /+7O'# I'>6+�  yC!'E'U'# JI

?'>!d'e']^6 W,+d;6 XN'9;6...  
3 I'>6+'�  yC!'EU'# JI'> +'A  6&!7O'# 

/!'o-,6 2I; W,+'d;6 XN'9;6.( 

RI':,  

!8%7U'jZ;6 .'# R%N'PU'o#  DNA %ZU'iN;6 ?4 gd'\#  !8%7U'jC D7O'(  '6~'u$  
 ';6DNA  

DC%'xU;6 q6I'A$  
  

 ?4 DC+O'e'N;6  !#+O'PN;6 b!'(JlC
7'x';6'd''; !8%7U'jZ;6 g'4J .'jN'N;6 .'# 5=+:  

-D'8,J$,  !':!'E; ;!U'-_   
-\U'#6 6 .# /+C%j;6 I7'ot$ ?-!2 &!x;'+  
-" c't$ "p'K'd;6  
- J6+'# .'# D'oC!7;6, &!'9Z;6 {7' 'd'V 

D'#!'Q     
-?'u+;+7'C J+'�, ;!U'-_ . 
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 /U&)* ?6&a&c5*&L 6^&cE  &" "&k*:&<8* Z)\ G$R d)R  ^&bY&{ Ma
B6&4 d)R  ^&Xz&X Ma&L 6&=I;IR  &"I B6&4.  

 r^&86&P"\ H&. #C&<C) y;6&X\ :3& 5*"#C&{ " IR p:^&U&P=  &96& 
 !H&P%  ) M&K6&L g:&" :&'8 ZC&4 ]*;$6&L !H&P&% #%#&( /&cI:^&0

;H&O)* ZC&4 ") p#&VU)*I "&O&LI 6&7&86&P&"<= ... A&.R H&. 6&" S*,&T)
7&Y)*  &"G*:&A6&S ^&= ?6&J&WR I r^&7&%#)* r&%/:)*  AC&+)* N6&(;
_&Ja)*IS?;6&'U)* ),&. 1*:&(\ Nz&{ ;,&J)* H&.  ...  67&^C&4  &P)

% A) H&T&0 Sd&LH&U&%  &) BHC&+)* ;6&i&L !R :& ,&U&8 !R dLH&U /0
!2* d&LH&U)* ZC&4 #&@R ):a&'%  )I H^C&^)6&u  &"3.  

  

( ;C&{ IR M&"6&P)6= /&@  &96&  BH&7&^& &" "&+^&7&VK IR  
B#&+)* « A&^&  NH= #& .&% Paul Keim r&X*;H)* AC&4 -6&U&cR 

0 /?&%2&')*&&( /&&"6&& r&+Northern Arizona ...'"&C&&r  
The Economist vH&kH&Y)* *,&.  &4 6&T)6&<&" FY&U&U&{* 

&WH&K !R r^&86&P"\  &4 N/6&bU)6= _&+= Z)\ BHC&+)* ),&. 67&C
 :3& R H&. 6&" IR f67&a& H&  ZC&4 y6^&JC) 6&TK$6&4\I G*;H&W67&%#)*

OC) y;6&X\&)* N6K;#&86^&7)* _&+= Z)\ 67&C&WHK !R SNH&o B6&L p,
&= 16&YC&+)*  &" #%:&0 B6&+)* *,&. "= m6&})* BH7&^&')* ;^&i&}U

8|*  ^&=I "7^&= G6&0z&U&{x* #&%#&JU)+Y) _&%#&J)* !6&b&r&0:  
  

 DO'xN;6 z'dO'>$ 5FG'A qy'B;6 R&+'\C
R%'7'"'r;6 D'7'-!'e''8%'Z;6 D7'>+''Z'Q@6  

 The Economist  :8%'4 .'jN'V
 R!7'9;6 gd'] .'# ?'j8%'#@6 '!'NO'P;6

h!7'>!d'e']6.  
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 b+': !'"'N' - <'V ?U;6 &!'P's@6 q%'P8 ^ !d'# .'# h!']+'\'( F%'9'Q, %N'E;6
6 Id'>N'U't!;T ...8 ,$ $%'E'8 <; !d'# .'#,I'A!'r)  !'s!'s 0O'>!Nd7'o;6  ( !'86,& 

=y'4$ ,$d'> %'"' V R%7'1't  !7'\'i's .'> Ic1'# 8T;!N'U't6  .7Z'$GU'oN;6 ^ ,$ 5
 c'7O;6 ?4 ^_ %'"' V F&+"'5 Id'>'!#I;6 ?']!'\Nt.  

  

 .'#08 .'# [!d'"'4 5S%'�@6 !-&!'x'C De'Z'V%'N;6 RI7':+;6 &+'#@6 z'o7; FG'A .'j;
+': DKO'U'i# %'\'� D'9'\C {'], .'j'N8 !'# c'�$ 5W,!N'o;6 =%'x;6 6G'A b

<7O'o;6 :'ed'NO; {;!'iN;6 0U': ,$ {7'i'o;6 ,$ c7'9U'oN;!C !'"d'# %'7'1'j;6 ...
 3Z'o'U'8 c'"'4 !'-%N'� b,0'o# +'A c'A, "y1'# bw^~;!'t D7'P7Z'v .&6+t .,I'9C
;6 J!8Jw6 .'> !N'o, " !-6+7'9;6 X'PC 2I; D7-6,I'P;6 !# :O'PU8 !N74 F&,J 

"RJ^+;6, cN'9;!C  
   

 !"#$%  &"'(")*  !"#$%  &"'(")* 
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 B6&42007 ;6&= p#&8E B6&L SAndy Parr r&5:&')* #&<&J" 
 6^&86&i%:&a&= :&Pc6&c r+&56&<&" /0 r^86&i%:&a)* >C&i=2&%2&+KG* 

 r^&06&k\)G*H&<G6%;I#)* ,&O&7&K /&U)*  &"5*  /&U)* /)6&^&C)* /0 
f]z&Y&U&P&" :&Y&<)* 6&T^&0 !H&P%  6&"#&7&4)-:&W 6Y&  ( n&O&K:&K
G*1*#&U&4x*I A&9*:&')* >&b8 ...» /U)* /K:a&{ ZC&4 ]*$6&YU&4* 

 B6&4 d&AH&Y&  ]6&"6&4  %:&'&4 r&=*:&L Z)\ M&VK«  B6&"R N6&L
 &)* G*:^&"6& BBC » M&YU&P% /&U)* /)6&^C)* /0 "8R #&^& hK /77&P&Y% 

 IR ra&%:&u G60:&VK pI- m6&}&(h= /&<&UC&8  &J8 S:&Y&<)* 6&T&^&0
 rb& 6&'" IR r^a&V&4« ... &P&% A&) ;6&= NIRR  &" . #& & *,&

 S:&"5*^&) #)H&8;E /&P&%:&"5* :&O7)* A)6&4 NI6&@ #&<&0 :a&
Arnold Lieber)* *,&. G6a&X\ pR: fr7&c  ^&Xz&3&= "C&a&L 

 B6&L 6&"#&7&4  &" :&3& R M^&'&b&U&=11 /0 1*#&U&4* r)6&@ d)R 
B*H&4R r&bY&{ Nz&{ *#&%;HC&0 ... `$*H&J)* ),&. r^&a&C&uR– #&0I 

6&.:&'8 /U&)* G6&"HC&+Y)*–0 F&&+&LI  IR MY&U&P&Y)* :Y&<)* /)6^&) /
)* /06&T&U&<&a&c /&U)* G6&46&b. .. "^&)\ G;6&(R 6&" )#&@I *,&. :&^)

)* +&+=G6&c*;# $;H&0$*:= r&+"6&( 16a&5R  &" #&%:&0 #& R #&<&0 f
 #&+= r&%2&^&C&'8x*_&J= :Y&U&c* B6&4  &" 1997 Z)\ 1999S  

  

 ~'K'98 cN'U'jN;6 %'N'E;6 /$ I't0'8 .'# [!'d'A
 =+'EV ?'U;6 5 !-6+7'9;6 2I; D7'-6,I'P;6
 0O'> '6IU'>^!C &+'P'r;6 6G'A .'> <'7K'd'U;!C

 '?s W$)%'i's ,$ (!'"'OC!'E8.  

L r&c*;#&= 6&T)z&{ *H&"6&1600 N6Y&U&@* !R S+&4 r)6&@ 
 6&" !*H^&@  &" r&o&+) g:&+U)*% 6"#7&4 d&+&o)* Z)\ n&O&K:&

8M"6P)* ;#&a)* rC&@:&"  &" ?:&U&<&. ..  &P&Y&U&K A&) w96&U&7)* ),&.
 G*:&0&3)*  &" :^&3&P)* $H&(H) ~)-I f/YC&+)* nY&U&'Y)* v67&L\  &"

6&T&^0 ... /0 B6&+)*1996 /C^&  !6O&%\ !H&3&@6a)* B6&L SIvan 

Kelly !H&KI; :Y^&(I James Rotton :&OC&  :&(I;I 
Roger Culver l&J&O= 100 G:&'&8 /U)* G6&c*;#)*  &" 

 ]6Y&9*$ �67&. !R !6&  "^C&4 *I:&3&4 6&"I Sp:Y&<)* :^&XhU)* NH&@
r^&96&V&@\I r^&'&T7" 16i&{R ..." "8R Z)\ r&06&k\ _&J= M&  M=6&<&

)$H&(I /&O&7&% :&3& R IR _&J= �67&. S:^&XhU)* *,&. $H&(I #& .&%.  

*.'/)# 0+.'1'2# 3'4$ 56 ...7'4&'8 9: ;'<#6'=*  
   :^&u G60:&VU)*I A&9*:&')* vH&LI 2&O&JK ;#&a)* rC&@:&" !\ N6&<&%

r^&46Y&U&(x* ...&'&K rC&@:&Y)* ~C&K !R #&<&U&+%  &" �67&.I G68*H^&J)* M&+
y:^a&  y;H&V= r^&8*I#&4.  

 53(5<=% :>5?5@  
 B6&"h&0 fr&o&L67&U&" vH&kH&Y)* *,&. NH&@ `6&J=5* w&96&U&8 Sr<&^&<&J)* /0

r^&aC&c w96U&7&= >:&}% _&J&= �67&. r^&=6&'%\ w96U&7&= >:&}% _&J= M&  .  
  

, 5h6I'u 38%'�.'# h!'>+- 3Z'o8 6G'"; !'NC&  
X'PZO; ;!'>w,6 ...%'N''E;6 &,I'E'N'C c'A  

"bw^w *+'�+'C hy'P4 3Z'o'U;6  
h6%'NU'o'# b6~'8 ^ }!E'd';6.  














