
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!"# $%&# '() '*+#), ,- ."# /0%1#23+#*.
,+4#5. 6788889 :'20('
;'<%) =#>%.."? @#2<# A0$$#*" B A'2,( C<'($#

" !"#$%$&$' ()* +#$*)"),-. /012 3))4567" 8*%9'. :)")5&5&. :676%% ;01//. <=+
#8'>6*$,'"$ )( ?@-#%A# 6"4 +#$*)"),-. =<BC6$ =$)"- D*))E. =$)"- D*))E.
B'7 C)*E FFG;HIJ122. <=+
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

"#$%&'()*+,$ +'%& )-% .($) /%0(/% -('% &%'%(.%/ )-% %1*$)%,0% +2 (
.(&3% ,45#%& +2 #+/*%$ +&#*)*,3 )-% 64, #%7+,/8%9)4,%:! ;,+<,
($ )-% ;4*9%&=#%.) +#>%0)$ ?;@"$AB )-%7 (&% #%.*%'%/ )+ #% 2+&5%/
*, )-% +4)%& &%(0-%$ +2 )-% 9&+)+9.(,%)(&7 /*$C (&+4,/ )-% 7+4,3
64,B (,/ -('% #%%, .*)).% (.)%&%/ $*,0% )-%,! D-%7 (&% 9&+#(#.7 )-%
$+4&0% +2 $-+&)=9%&*+/ 0+5%)$E! D-% ;@"$ (&%B -+<%'%&B /*2F04.)
+#>%0)$ )+ $)4/7 #%0(4$% +2 )-%*& /*$)(,0% 2&+5 %(&)-B $+ %'%, #($*0
9-7$*0(. 9&+9%&)*%$ $40- ($ )-%*& $*G%$ (,/ (.#%/+$ &%5(*,
4,C,+<,! H&%'*+4$ $*G% %$)*5()%$ 0(5% 2&+5 ($$45*,3 (,
(.#%/+ <*)- )-% 0(,+,*0(. '(.4% #%*,3 I!IJ! K%&% <% &%9+&)
$*54.)(,%+4$ 5%($4&%5%,)$ +2 )-% )-%&5(. %5*$$*+, (,/
&%L%0)%/ +9)*0(. .*3-) +2 )-% #&*3-) ;@" ?EIIIIA M(&4,(B <-*0-
(..+< 4$ )+ /%)%&5*,% *,/%9%,/%,).7 #+)- )-% $*G% (,/ )-% (.#%/+!
M(&4,( -($ (, %N4*'(.%,) 0*&04.(& /*(5%)%& +2 ! ! OII" :EO

! :JP C5
(,/ ( &%/ 3%+5%)&*0 (.#%/+ +2 "Q ! I!IRI" I!ISI

! I!I:R! T)$ $4&2(0% *$
/(&C%& )-(, H.4)+U$B $433%$)*,3 )-() *) *$ .(&3%.7 /%'+*/ +2 2&%$-
*0%B #4) #&*3-)%& )-(, 9&%'*+4$.7 ($$45%/ 2+& ;@"$!

$%& '()* +,-./'&-*/0 1%2)34/0 15(1&5*3&) (+ 678) /5& *%&35 )39&
/-. /0:&.(! ;00 1,:03)%&. &)*3'/*&) (+ *%& )39&) (+ 678) /5& (- *%&
:/)3) (+ /- /)),'&. /0:&.( (+ <!<=>*%& /0:&.( (+ *%& 4('&*/52
-,40&3?@A>/-. '/2 :& 4(-)3.&5/:02 3- &55(5B! 81*34/0 (:)&5C/*3(-)
15(C3.& (-02 / '&/),5& (+ *%& 15(.,4* (+ *%& D&('&*534 /0:&.( E3*%
*%& 1%2)34/0 45())F)&4*3(-! $%& /0:&.( /-. 45())F)&4*3(- 4/- :&
.&*&5'3-&. )&1/5/*&02 :2 4(':3-3-D (1*34/0 ./*/ E3*% / )3',0*/F
-&(,) '&/),5&'&-* (+ *%& *%&5'/002 &'3**&. G,HI! $%& *%&5'/0
&'3))3(- 5&),0*) +5(' ),5+/4& %&/*3-D :2 ),-03D%*J /-. C/53&) 3-
15(1(5*3(- *( KB! /0:&.(L *3'&) *%& 45())F)&4*3(-! $%& *E( 4(-F
)*5/3-*) ),1103&. :2 *%& (1*34/0 /-. *%&5'/0 E/C&0&-D*% (:)&5C/F
*3(-) 1&5'3* / )(0,*3(- +(5 *%& *E( 153-431/0 ,-M-(E-)J *%& /0:&.(
/-. *%& )39&! $%3) *&4%-3N,& %/) :&&- /1103&. E3.&02 *( '/3-F:&0*
/)*&5(3.)J +(5 E%34% *%& O0/-4M '/H3',' +/00) 3- *%& (:)&5C/*3(-F
/002 /44&))3:0& B<@P<"' E/C&0&-D*% 5/-D&! ;* %&03(4&-*534 .3)*/-4&
K ! =< ;QJ %(E&C&5J *%& 678) %/C& &N,303:53,' :0/4M:(.2 *&'F
1&5/*,5&) -&/5 =R 6 /-. *%& O0/-4M '/H3',' /* I<"' 4(55&)1(-.)
*( / E/C&0&-D*% /* E%34% *%& /*'()1%&5& (+ *%& S/5*% 3) (1/N,&!
$%&5&+(5&J '&/),5&'&-*) (+ *%&5'/0 &'3))3(- +5(' 678) ',)* :&
*/M&- +5(' )1/4&J (5 *%5(,D% ),:'3003'&*5& E3-.(E) 3- *%& /*'()F
1%&534 *5/-)'3))3(-! T( D5(,-.F:/)&. *%&5'/0 (:)&5C/*3(-) %/C&
:&&- (:*/3-&. :&+(5& -(E (E3-D *( *%& +/3-*-&)) (+ 678 */5D&*) 3-
*%& /*'()1%&534 E3-.(E)!

$%& (1*34/002 :53D%* 678 KP<<<<L U/5,-/ K+(5'&502 P<<<
VWB<AL E/) .3)4(C&5&. (- PX T(C&':&5 P<<< :2 *%& Y1/4&E/*4%
*&0&)4(1&X! 8:)&5C/*3(-) :&+(5& .3)4(C&52 ./*3-D :/4M *( BZR=
/00(E&. / N,34M 40/))3[4/*3(- /) / 40/))34/0 678 K5&+! BL E3*%
)&'3F'/\(5 /H3) =?!PI ;Q

Z! Y,:'3003'&*5& (:)&5C/*3(-) (+ KP<<<<L
U/5,-/ E&5& (:*/3-&. ,)3-D *%& Y,:'3003'&*&5 ](''(- Q)&5
7(0('&*&5 ;55/2 KY]Q7;L /* *%& ^/'&) ]0&5M _/HE&00 $&0&)4(1&
K^]_$L (- _/,-/ 6&/J `/E/33J (- Q$ ?<@?B a&4&':&5 P<<< E3*%
)3',0*/-&(,) (1*34/0 1%(*('&*52 +5(' *%& Q-3C&5)3*2 (+ `/E/33
P!PF' *&0&)4(1&! ;* *%& *3'& (+ (:)&5C/*3(-J *%& %&03(4&-*534 /-.
D&(4&-*534 .3)*/-4&) (+ KP<<<<L U/5,-/ E&5& K ! =?!<R ;Q /-.
! ! =P!<A ;QJ 5&)1&4*3C&02! $%& 1%/)& /-D0& E/) <!<?!! Y&& $/:0& B
+(5 *%& 1%(*('&*534 '&/),5&'&-*)!

$%& .&-)3*2 (+ +/3-* :/4MD5(,-. D/0/H2 )(,54&) :53D%*&5 *%/- ?'^2
/* XR<"' 3) /:(,* B<? .&D!P K5&+! B<L! $%& 15(:/:303*2 *%/* ),4% /
)(,54& '3D%* +/00 3- *%& Y]Q7; :&/' 3) /:(,* <!<B! ;) / 15&4/,*3(-

/D/3-)* *%3) K)'/00L 1())3:303*2J E& *((M ./*/ (- *E( -3D%*) )( *%/*
*%& '(*3(- (+ KP<<<<L U/5,-/E(,0. 15&C&-* /-2 )3-D0& :/4MD5(,-.
(:\&4* +5(' 4(-*/'3-/*3-D *%& 1%(*('&*52! $%& 15(:/:303*2 *%/*
*E( .3++&5&-* :/4MD5(,-. (:\&4*) '3D%* 4(-*/'3-/*& *%& Y]Q7;
:&/' (- *E( -3D%*) 3) (+ *%& (5.&5 (+ B<!= /-. 4/- *%&5&+(5& :&
-&D0&4*&.! b- /..3*3(-J E& [-. -( D/0/4*34 )(,54& 3- *%& b-+5/5&.
;)*5(-('34/0 Y/*&003*& A<F"' ),5C&2 E3*%3- R /54'3- (+ KP<<<<L
U/5,-/!

$%& E&/M *&'1&5/*,5& .&1&-.&-4& (+ *%& O0/-4M +,-4*3(- 3- *%&
W/20&3D%@^&/-) 03'3* 4(-C&2) / )3D-3[4/-* /.C/-*/D& *( *%& 3-*&5F
15&*/*3(- (+ ),:'3003'&*5& *%&5'/0 &'3))3(- ./*/BB! Y1&43[4/002J
,-4&5*/3-*3&) 3- *%& )1/*3/0 .3)*53:,*3(- (+ *%& ),5+/4& *&'1&5/*,5&BP

%/C& / '3-3'/0 &++&4* (- *%& W/20&3D%@^&/-) &'3))3(-J E%&5&/) *%&35
3'1/4* (- *%& G,H &'3**&. -&/5 *%& O0/-4M '/H3',' 4/- :& C&52
)*5(-DB?JB=! b- *%& W/20&3D%@^&/-) 03'3*J *%& .3/'&*&5 3) D3C&- :2BBc

8 ! !!
P=#

"E#)'

! "B"P $KP

LY,-

! "B"X
#35%

B!+

# $B"X

#B$

E%&5& ! ! XR<"' 3) *%& E/C&0&-D*% (+ (:)&5C/*3(-J ! K'L 3) *%&
D&(4&-*534 .3)*/-4&J =# KV'!P `9!BL 3) *%& '&/),5&. G,H .&-)3*2J
E ! B!?X $ B<! P? ^ 6! B 3) 7(0*9'/--d) 4(-)*/-*J $ ! R!AI $
B<! X V '! P 6! = 3) *%& Y*&+/-@7(0*9'/-- 4(-)*/-*J K K;QL 3)
%&03(4&-*534 .3)*/-4&J /-. LY,- ! B#?A<V '! P 3) *%& )(0/5 4(-)*/-*!
$%& &'3))3C3*2 (+ *%& ),5+/4& /* ),:'3003'&*5& /-. *%&5'/0 3-+5/5&.
KO0/-4M '/H3','L E/C&0&-D*%) 3) D3C&- :2 #)' /-. #35J 5&)1&4*3C&02!
V& /)),'& #)' ! #35 ! <!Z! $%& +/4*(5 % 1/5/'&*539&) *%& .3)*53:,F
*3(- (+ *&'1&5/*,5& (C&5 *%& ),5+/4& E%&5& % ! P 4(55&)1(-.) *( *%&
e)*/-./5. *%&5'/0 '(.&0d /115(H3'/*3(-BR 3- E%34% *%& Y,- 3) (-
*%& 5(*/*3(- /H3) /-. )(0/5 %&/*3-D 3) 4(-[-&. *( / )3-D0& %&'3F
)1%&5&J E%&5&/) % ! = 4(55&)1(-.) *( /- 3)(*%&5'/0 :(.2! $%&
3-*&5'&.3/*& 4/)&J / :(.2 300,'3-/*&. &N,/*(53/002 /-. %/C3-D /
)%(5* 5(*/*3(- 1&53(. 4('1/5&. E3*% *%& 4((03-D *3'& K*%& )(F4/00&.
e3)(*%&5'/0 0/*3*,.& '(.&0dL %/) % ! "! V& /)),'& % ! P! f/)* 3-
&N,/*3(- KBLJ + 3) *%& K.3'&-)3(-0&))L :(-. /0:&.(J 5&0/*&. *( *%&
D&('&*534 /0:&.( :2c

+ ! >WM #P$

E%&5& M 3) *%& e1%/)& 3-*&D5/0d /-. >W 3) *%& WF:/-. D&('&*534 /0:&.(!
_&/),5&'&-*) (+ /350&)) 10/-&*/52 :(.3&) ),DD&)* M ! <!IRJ E3*% /-
,-4&5*/3-*2 (+ /:(,* ?<gBA! b- &N,/*3(- KBL &C&- +/4*(5F(+F*E(
,-4&5*/3-*3&) 3- %J #35 /-. KB!+L 4(55&)1(-. *( (-02 B<g ,-4&5F
*/3-*3&) 3- *%& .&53C&. .3/'&*&5J (E3-D *( *%& (-&F&3D%*% 1(E&5
.&1&-.&-4&! SN,/*3(- KBL 3) '(5& )*5(-D02 .&1&-.&-* (- #)'!
_&/),5&'&-*) (+ h/-2'&.&J ]/003)*( /-. O0,*( /00 ),DD&)*
#)' ! <!ZJ /) ,)&. %&5&BB! ; 5&.,4&. ),:'3003'&*5& &'3))3C3*2 :2 /

!"##"$% #& '(#)$"

**+ T;$QWS iU8f =BB i P= _;j P<<B i EEE!-/*,5&!4('

500 1,000 1,500

0.01

0.1

1

Diameter (km)

G
eo

m
et

ric
 a

lb
ed

o

Optical

Submillimetre

(20000) Varuna

!"#$%& ' !"#$%& '(% %)'*$+$, -&(.+,')(+. /,&* +0$ &1+)-'" '(% .2#*)"")*$+,$ +0$,*'"

&#.$,3'+)&(. &/ 4566667 8',2('9

© 2001 Macmillan Magazines Ltd



+/4*(5 (+ *E( E(,0. 3-45&/)& *%& .&53C&. .3/'&*&5 :2 PBkP /-.
.&45&/)& *%& /0:&.( :2 / +/4*(5 (+ Pl %(E&C&5J E& 4(-)3.&5 3* ,-03M&02
*%/* #)' 3) .3++&5&-* +5(' <!Z :2 / +/4*(5 (+ P!

$%& /11/5&-* 5&. '/D-3*,.&J ,WJ (+ / :(.2 C3&E&. 3- )4/**&5&.
),-03D%* 3) 5&0/*&. *( 3*) 1%2)34/0 15(1&5*3&) :2BIc

&#'$>W8
P ! X!ZA $ B<PPKP!PB<<!=#,Y,- !,W$ #?$

E%&5& &K'L 3) *%& 1%/)& +,-4*3(- /* 1%/)& /-D0& ' K.&D5&&)LJ 8 K'L
3) *%& .3/'&*&5J K K;QL /-. ! K;QL *%& %&03(4&-*534 /-. D&(4&-*534
.3)*/-4&)J 5&)1&4*3C&02J /-. ,Y,- ! ! PI!B 3) *%& 5&. '/D-3*,.& (+
*%& Y,-! $%& 1%/)& /-D0& 3) )'/00 )( *%/* E& '/2 )&* &#<!<?!$ ! B!
$%& (1*34/0 1%(*('&*52 15(C3.&)J *%5(,D% &N,/*3(- K?LJ / 4(-F
)*5/3-* (- *%& 15(.,4* >W8

P!
$%& *5/\&4*(53&) .&[-&. :2 &N,/*3(-) KBL /-. KPL /5& 10(**&. 3-

m3D! B! $%& *5/\&4*(53&) 3-*&5)&4* /* 8 ! Z<<" BPR
! B=R M'J >W !

<!<I<" <!<?<
! <!<BIJ E%34% E& */M& /) *%& :&)* &)*3'/*& (+ *%& .3/'&*&5 /-.

/0:&.( (+ KP<<<<L U/5,-/! $%& N,(*&. ,-4&5*/3-*3&) 5&G&4* (-02
)*/*3)*34/0 &55(5)! $%& (1*34/0 :53D%*-&)) (+ KP<<<<L U/5,-/ C/53&) :2
<!R '/D KR<gL E3*% / 1&53(. -&/5 ? % K5&+! BXLJ /-. *%& 1%/)& (+ *%&
(1*34/0 03D%* 4,5C& /* *%& *3'& (+ (,5 (:)&5C/*3(-) 3) ,-M-(E-! $%3)
3-*5(.,4&) / )2)*&'/*34 ,-4&5*/3-*2 3-*( *%& .&53C&. /0:&.( (+ ,1 *(
R<g! ; +,5*%&5 ,-4&5*/3-*2 (+ *%& (5.&5 (+ B<g 3) 3-*5(.,4&. :2 *%&
)'/00 1%/)& /-D0& /* *%& &1(4% (+ (:)&5C/*3(- K$/:0& BL /-. :2 *%&
,-M-(E- '/D-3*,.& (+ *%& (11()3*3(- ),5D&BZ!

m3D,5& P 4('1/5&) *%& /0:&.() /-. .3/'&*&5) (+ / -,':&5 (+ E&00
)*,.3&. :(.3&) 3- *%& (,*&5 Y(0/5 Y2)*&'! $%& (:)&5C/*3(-) )%(E /
*5&-. *(E/5.) %3D%&5 /0:&.() /* 0/5D&5 )39&)! $%& )'/00 4('&*/52
-,40&3 /5& *%& ./5M&)* (+ *%& (:)&5C&. :(.3&)J E%&5&/) O0,*( /-. 3*)
)/*&003*& ]%/5(- /5& *%& '()* 5&G&4*3C&! $%3) *5&-. 3) %3D%02
)*/*3)*34/002 )3D-3[4/-* :,* .3)/11&/5) E%&- O0,*( 3) 5&'(C&.
+5(' *%& )/'10& Km3D! PJ 0&D&-.L! $%& D0(:/002 %3D% /0:&.( (+
O0,*( 3) *%& 5&),0* (+ ),5+/4& +5()*) +5&)%02 .&1()3*&. +5(' / *&-,(,)

/*'()1%&5&! $%& )'/00&5 KP<<<<L U/5,-/J E3*% / 5/.3,) =<g *%/* (+
O0,*( /-. 1&5%/1) (-02 Ag (+ O0,*(d) '/))J %/) 3-),+[43&-* D5/C3*2
*( 5&*/3- /- /*'()1%&5&J /-. 4(-)&N,&-*02 0/4M) / D0(:/0 ),5+/4&
+5()*! O/*4%2 +5()* .3)*53:,*3(-) /5& -(* &H40,.&.J %(E&C&5J /-.
E(,0. :& 4('1/*3:0& E3*% *%& 5&4&-*02 '&/),5&. 0/5D&J 5(*/*3(-/0
03D%*4,5C&BX! !

W&4&3C&. BX ^/-,/52l /44&1*&. PI _/54% P<<B!

B! ^&E3**J a! n f,,J ^! 3- ?*)$)#$6*# 6"4 ?56"'$# !N K&.) _/--3-D)J U!J 7())J ;! n W,))&00J Y!L BP<B@BPPZ

KQ-3C! ;539(-/ O5&))J $,4)(-J P<<<L!

P! a,-4/-J _!J o,3--J $! n $5&'/3-&J Y! $%& (53D3- (+ )%(5*F1&53(. 4('&*)! +#$*)>@-#O PO SEVB fAZ@fI?

KBZXXL!

?! ]/'13-)J `!J ;d`&/5-J _! n _4m/..&-J f! $%& :/5& -,40&,) (+ 4('&* T&,\'3- B! +#$*)>@-#O PO S:WB

X=I@XRI KBZXIL!

=! ;d`&/5-J _!J ]/'13-)J `!J Y4%0&34%&5J a! n _3003)J W! $%& -,40&,) (+ ]('&* Ok$&'1&0 P! +#$*)>@-#O PO

SJRB BBRR@BBAA KBZXZL!

R! _3003)J W!J ;d`&/5-J _! n ]/'13-)J `! ;- 3-C&)*3D/*3(- (+ *%& -,40&,) /-. 4('/ (+ ]('&* Ok;5&-.F

W3D/,H! +#$*)>@-#O PO SEJB BBZ=@BP<Z KBZXXL!

A! m&5-/-.&9J j! '$ 65! O%2)34/0 15(1&5*3&) (+ *%& -,40&,) (+ 4('&* POkS-4M&! !A6*&# :JRB B=R@BA< KP<<<L!

I! ;00&-J a! ;! b-+5/5&. .3/'&*&5 (+ U&)*/! B6$&*' EERB BRX@BRZ KBZI<L!

X! _4_300/-J W! n f/5)&-J !̂ P<<< VWB<A! Q%")* ?56"'$ R5'A$*)"%A S%*A&56* P<<<Fp<P !4+/FEEE!%/5C/5.!

&.,k3/,k'1&4k6<<k6<<p<P!%*'0" KP<<<L!
Z! 6-(+&0J ;! n Y*())J W! P<<< VWB<A!Q%")* ?56"'$ R5'A$*)"%A S%*A&56* P<<<Fj=R !4+/FEEE!%/5C/5.! &.,k

3/,k'1&4k6<<k6<<j=R!%*'0" KP<<BL!
B<! 7/5D&5J ;!J ](E3&J f! n Y/-.&5)J a! W&)(0C3-D *%& ),:'3003'&*&5 :/4MD5(,-.c *%& XR< '345(- h/0/H2

4(,-*)! +#$*)>@-#O PO P:VB fR@fX KBZZZL!

BB! ^&E3**J a! ]! n f,,J ^! p! Y,:'3003'&*&5 4(-*3-,,' (:)&5C/*3(-) (+ P<A< ]%35(-! +#$*)"O PO :IJB ?ZX@

=<= KBZZPL!

BP! Y1&-4&5J ^! W!J f&:(+)M2J f! ;! n Y2M&)J _! U! Y2)*&'/*34 :3/)&) 3- 5/.3('&*534 .3/'&*&5 .&*&5'3-/*3(-)!

!A6*&# RVB ??I@?R= KBZXZL!

B?! ^&E3**J a! ]! n 6/0/)J O! $%&5'/0 (:)&5C/*3(-) (+ ]&-*/,5 BZZI ]QPA! +#$*)>@-#O PO JOOB fB<?@fB<A

KBZZXL!

B=! $%('/)J T! '$ 65! 8:)&5C/*3(-) (+ *%& *5/-)FT&1*,-3/- (:\&4*) BZZ? Y] /-. BZZA $fAA E3*% *%&

3-+5/5&. )1/4& (:)&5C/*(52! +#$*)>@-#O PO PSJB ==A@=RR KP<<<L!

BR! f&:(+)M2J f! '$ 65! ; 5&[-&. e)*/-./5.d *%&5'/0 '(.&0 +(5 /)*&5(3.) :/)&. (- (:)&5C/*3(-) (+ B ]&5&)

/-. P O/00/)! !A6*&# WVB P?Z@PRB KBZXAL!

BA! `/553)J a! f! 3- ?56"'$# 6"4 =6$'55%$'# K&.) 6,31&5J h! n _3..0&%,5)*J 7!L PIP@?=P KQ-3C! ]%34/D( O5&))J

]%34/D(J BZABL!

BI! W,))&00J `! T! 8- *%& /0:&.( (+ *%& 10/-&*) /-. *%&35 )/*&003*&)! +#$*)>@-#O PO JSB BI?@BZR KBZBAL!

BX! m/5-%/'J $! KP<<<<L P<<< VWqB<A! !+< S%*A&56* IRX? KP<<BL!

BZ! 7(E&00J S! '$ 65! 3- +#$'*)%4# !! K&.) 73-9&0J W!J h&%5&0)J $! n _/**%&E)J _!L RP=@RRA KQ-3C! ;539(-/

O5&))J $,4)(-J BZXZL!

P<! `(00/-.J V! Y! '$ 65! Y]Q7;c / 4(''(-F,)&5 ),:'3003'&*5& 4/'&5/ (1&5/*3-D (- *%& ^/'&) ]0&5M

_/HE&00 $&0&)4(1&! Q)"O B)$O KO +#$*)"O =)AO SISB ARZ@AIP KBZZZL!

PB! f/-.(0*J ;! Q7UWb 1%(*('&*534 )*/-./5. )*/5) 3- *%& '/D-3*,.& 5/-D& BB!R@BA!< /5(,-. *%& 4&0&)*3/0

&N,/*(5! +#$*)"O PO :IJB ?=<@?IB KBZZPL!

PP! 6&00&5J `! Q! '$ 65! ]('&* Ok`/00&2d) -,40&,) /-. 3*) /4*3C3*2! +#$*)"O +#$*)>@-#O :VRB X<I@XP? KBZXIL!

P?! ;0*&-%(++J V! !̂ n Y*,'1++J O! Y39& &)*3'/*& (+ e/)*&5(3.d P<A< 4%35(- +5(' PR<h`9 '&/),5&'&-*)!

+#$*)"O +#$*)>@-#O EOSB =B@=P KBZZRL!

P=! a/C3&)J ^!J Y1&-4&5J !̂J Y2M&)J _!J $%(0&-J a! n h5&&-J Y! KRB=RL O%(0,)! !+< S%*A&56* RAZX KBZZ?L!

PR! $%(0&-J a! n 7,3&J _! 3- ?5&$) 6"4 S@6*)" K&.) Y*&5-J Y! ;! n $%(0&-J a! ^!L BZ?@PP< KQ-3C! ;539(-/

O5&))J $,4)(-J BZZIL!

()*+,-.&/#&0&+12

$%3) E(5M E/) ),11(5*&. :2 *%& T/*3(-/0 Y43&-4& m(,-./*3(-! `!;! 3) ),11(5*&. :2 /
^/'&) ]0&5M _/HE&00 $&0&)4(1& +&00(E)%31! V& *%/-M *%& b-)*3*,*& +(5 ;)*5(-('2 a35&4*(5
+(5 /00(4/*3-D */5D&* (+ (11(5*,-3*2 ^]_$ *3'& /-. a! Y/-.&5) +(5 .(-/*3-D Q` *&0&)4(1&
*3'&!

](55&)1(-.&-4& /-. 5&N,&)*) +(5 '/*&53/0) )%(,0. :& /..5&))&. *( a!^!
K&F'/30c \&E3**r3+/!%/E/33!&.,L!

!"##"$% #& '(#)$"

T;$QWS i U8f =BB i P= _;j P<<B i EEE!-/*,5&!4(' **,

0.01

0.1

1

10 102 103

G
eo

m
et

ric
 a

lb
ed

o

Diameter (km)

Pluto

Charon

(10199) Chariklo

(20000) Varuna
(2060) Chiron

(5145) Pholus

AR

T2

H
E

N1
1993 SC

!"#$%& 3 :$"" %$+$,*)($% '"#$%&. '(% %)'*$+$,. &/ &2+$, ;&"', ;<.+$* &#=$-+.9 >0$

(2-"$) &/ .0&,+?1$,)&% -&*$+. ',$@ AB CDA(-E$FG !HB CD!,$(%?H)I'2JKG >5B CD>$*1$" 5

4,$/9 L7G MNB CDM$2=*)( N 4,$/9 O7G '(% PB CDP'""$<559 Q+0$, &#=$-+. )(-"2%$ -$(+'2,. 456F67

R0),&(5OB 4KNLK7 C0&"2.5L '(% 4N6NSS7 R0',)E"&NOB '(% C"2+& '(% R0',&(5K9 >0$ '"#$%& &/

R0',&( .0&2"% #$ -&(.)%$,$% '( 211$, ")*)+B &T)(I +& ($',?(2-"$2. %2.+ -&*'

-&(+'*)('+)&(9 ! 59U$ -&(V%$(-$ ")*)+ +& +0$ S6?"* W2J /,&* +0$ X(/,',$% ;1'-$

Q#.$,3'+&,< &( NSSO ;R T'. 2.$% +& &#+')( $.+)*'+$. /&, +0$ %)'*$+$, 4O5Y"KY
! FF E*7 '(%

'"#$%& 46!655" 6!6NO
! 6!66F7B T0)"$ &#=$-+ NSSF >ZFF T'. (&+ %$+$-+$% '+ )+. $J1$-+$% 1&.)+)&(

NL9

>0$,*'" &#.$,3'+)&(. &/ [\Q. T)"" #$ '( )*1&,+'(+ &#=$-+)3$ &/ M!;!]. 21-&*)(I ;XH>^

.'+$"")+$9 >0$ .&")% ")($ .0&T. +0$ ")($', -&,,$"'+)&( #$+T$$( '"#$%& '(% %)'*$+$,9 >0$

")($', -&,,$"'+)&( -&$/V-)$(+ /&, +0$ &#=$-+. ). 69S5B '(% +0$ 1,&#'#)")+< +0'+ +0). &, ' "',I$,

-&,,$"'+)&( *)I0+ #$ &#+')($% #< -0'(-$ /,&* 2(-&,,$"'+$% %'+' ). ! #6!S5#N5$% N6! L9

H$*&3'" &/ C"2+& /,&* +0$ 1"&+ ,$%2-$. +0$ -&,,$"'+)&( -&$/V-)$(+ +& 69USB /&, T0)-0

! #6!US#NN$ ! 6!66LB T0)-0 ). .+'+).+)-'""< )(.)I()V-'(+ 4O$ -&,,$.1&(%. +& ! ! 6!66O79

C"&++$% $,,&, #',. ',$ '"" N&9 !4JB<7 (&+'+)&( )(%)-'+$. +0$ -&,,$"'+)&( -&$/V-)$(+B "B '(% +0$
(2*#$, &/ %'+' 1&)(+.B #9

!"#$% & '()*)+%*,- ). /011112 3",45"

!"#$ %&'( '$)$*+,-$ ."/$)$01#2 3)45 6$0*7#89:"107#46$
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

;<<< !$+$:=$> ?<@ABCAD?<@EC;E FGH' IE<": ?@JA ' J@J< :F8
;<<< !$+$:=$> ?J@AIKCD?J@EBCA FGH' IE<": ;@?B ' J@;K :F8
G,:=70$6 IE<": ;@IJ ' <@IE :F8
;<<< !$+$:=$> ?<@ABEB &L ;@;: <@CE": JK@B ' <@J :"1
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'2$ FGH' ->,/76$* 67MM>"+#7,0N)7:7#$6 %JA ">+*$+ M4)) O76#2 "# 2")M :"57:4: %3.LH(( >$*,)4#7,0
7:"1$* "# ! ! IE<":@.$ 4*$6 #2$ PG&QR +":$>";< 70 -2,#,:$#>8:,6$O7#2 2,4>)8 -,70#701 "06
-2,#,:$#>7+ +")7=>"#7,0 ,=#"70$6 M>,: 0$">=8 S5$6 ,=T$+#* GUVCJIW <@BAEX;AJ "06 YF;IB@ '2$
-,70#701 O"* "++4>"#$ #, '; ">+*$+W O27)$ #2$ $-2$:$>7* "++4>"+8 O"* =$##$> #2"0 J ">+*$+@ '2$
#$)$*+,-$ O"* #>"+Z$6 ,0 #2$ :,#7,0 ,M %;<<<<( [">40"W "# "=,4# ?@J ">+*$+ 2!J O$*#O">6W 4*701
*,M#O">$ #, 70#$>-,)"#$ #2$ :,#7,0@ R#:,*-2$>7+ ,-"+7#8 O"* :,07#,>$6 4*701 *Z867-* :"6$ O7#2
#2$ FGH' "06 O7#2 " >"67,:$#$> "# #2$ 0$">=8 G")#$+2 P4=:7))7:$#>$ Y=*$>/"#,>8@ '2$ ;?<\L]
,-#7+") 6$-#2 ,M #2$ "#:,*-2$>$ /">7$6 70 #2$ >"01$ <@<CED<@<I<W +,>>$*-,06701 #, " O"#$> +,)4:0
"=406"0+$ ,M "=,4# J@E::@ PZ8 +"0+$))"#7,0 O"* "+27$/$6 =8 +2,--701 #, " -,*7#7,0 K< ">+*$+
M>,: #2$ *,4>+$ 70 $)$/"#7,0 "# " M>$^4$0+8 ,M B@IL]@ R++4:4)"#$6 ,=*$>/"#7,0* ,M "=,4# E 2 O$>$
*$+4>$6 ,0 %;<<<<( [">40"@ Y-#7+") ,=*$>/"#7,0* O$>$ #"Z$0 "# #2$ &L ;@;N: #$)$*+,-$W 70 #2$
-$>7,6 &' ?<@ABJED?<@E?CI !$+$:=$> ;<<<@ '2$ _Y>=7#` ;<AI " ;<AI -75$) +2">1$N+,4-)$6 6$/7+$
O"* 4*$6W O7#2 7:"1$ *+")$ <@;I ">+*$+ -$> =700$6 -75$)@ '2$ a"#NS$)6$6 >$6 %<@CE":( S)#$> 7:"1$*
O$>$ -2,#,:$#>7+"))8 +")7=>"#$6 4*701 ,=*$>/"#7,0* ,M *#">* M>,: >$M@ ;J@ b0#$1>"#7,0 #7:$ O"* JI< *@

© 2001 Macmillan Magazines Ltd


