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1
1

og '
(=

%$1 . /2
1
1

g '
(#

/2)$! 1A ' 4,&!%!

9%&#%/#,$!>!+'+/)7!/,!)U#+/H!

. / : ; . /. /1

2

1
1 1 0.25 /

11

ogR Sin e cycle

A
g

(

% &
) *() *7< ' ( 8 9

1 2% &) *( ) *3 4) *, -5 6, -

!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! \F]!

K4! . /2
1
1

og '
(#

%$1! . /2
1
1

g '
(=

/2)$! 10A > 4,&!%!

9%&#%/#,$!C!+'+/)7!/,!)U#+/H!

. / : ; . /. /1

2

1
1 1 0.25 /

11

ogR Sin e cycle

A
g

(

% &
) *() *7< ' ( 8 9

1 2% &) *( ) *3 4) *, -5 6, -

!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! \e]!

K4! . /2
1
1

og '
(=

%$1 . /2
1
1

g '
(#

/2)$! 10A > !4,&! %!

M%&#%/#,$! _! +'+/)7! /,! )U#+/H! ^Q$H! e! %$1! >B! %&)! #$9)&+)+!
0)*%.+)!4#)-1!*,.(-#$5+!2%9)!*2%$5)1!&)5#,$+H!

. / : ; . /. /1

2

1
1 1 0.25 /

11

ogR ASin e cycle

g

(

% &
) *() *7< ' ( 8 9

1 2% &) *( ) *3 4) *, -5 6, -

! !! ! ! ! ! ! ! ! ! ! ! ! ! ! ! \>B]!

K4 . /2
1
1

og '
(#

%$1 . /2
1
1

g '
(=

/2)$ 1A ' 4,&! %!

M%&#%/#,$! D! +'+/)7! /,! )U#+/H! ^Q$H! F! %$1! >>! %&)! #$9)&+)+!
0)*%.+)!4#)-1!*,.(-#$5+!2%9)!*2%$5)1!&)5#,$+H!!!

. / : ; . /. /1

2

1
1 1 0.25 /

11

ogR ASin e cycle

g

(

% &
) *() *7< ' ( 8 9

1 2% &) *( ) *3 4) *, -5 6, -
!!!!!!!! ! ! ! ! ! ! ! ! ! ! ! ! ! ! \>>]!!!!!

! O2) min 10nA ' <! . /max min 1 0.25A A' 8 9 !%$1! n !

+.((,&/+!J2,-)!$.70)&+H! !O2)!M>!%$1!MD!+'+/)7+!)U#+/!

%/! 0n ' !J2#-)!/2)!MC!%$1!M_!+'+/)7+!)U#+/!,9)&!%! 1n >
&%$5)H!!T%9)!4.$*/#,$!#$/)&4)&)$*)!2%+!+/%/#+/#*%-!4,&7<!+,!
(&)*)++#,$+!7.+/!%-+,!2%9)!+/%/#+/#*%-!4,&7H!=9)&%5)!%$1!
$,&7%-#3)1! (&)*)++#,$+!

. / . / . /
min max

2avg

R R
R

1 27< 8 7<5 67< ' %$1!

. / . / . /
min min

0.10
norm

R R R7< ' 7< ? 7< %&)! 5#9)$!

&)+()*/#9)-'H! ! O2)! %9)&%5)! (&)*)++#,$! #+! MC! %$1! M_!
0%+)1H!O2)!$,&7%-#3)1!(&)*)++#,$!#+!M>!%$1!MD!0%+)1H!!
!
Y)+.-/+!%$1!1#+*.++#,$!

O%0-)! >! &)4)&)$*)1! 1%/%! *,$/%#$+! %((&,U#7%/)!

9%-.)+H! ! O2)! /)&7+!M %$1! R &)(&)+)$/! /2)! +.$W+! 7%++!
%$1! &%1#.+! &)+()*/#9)-'H! O2)! (&,[)*/)1! +)7#@7%[,&! %U#+!

oa #+!%-J%'+!/%V)$!4&,7!/2)!(&#7%&'!7%++!,&0#/H!O2)!8;Y!

">?_Df>C<!8;Y!"C>CEf>>N<!8;Y!6>?>FfDeBD!%$1!8;Y!
"C_B_fD`!+'+/)7+!1%/%! #+! 4&,7! \P#*)!)/!%-H<! >ee`]H!O2)!
8;Y! ">e>_f>`! +'+/)7! 1%/%! #+! 4&,7! 6,2$+/,$! \CBBD]H!
O2)!8;Y!6>E?`@CC?>!+'+/)7!1%/%!#+!4&,7!\".&5%'!)/!%-H<!
CBB?]H! O2)! 8;Y! 6ZE_E@_B_e=! +'+/)7! 1%/%! #+! 4&,7!
\".&5%'! )/! %-H<! CBB`]H! O2)! M?D>! N'5$#! +'+/)7! 1%/%! #+!
4&,7!\N-%.1!a!;%$10)&5<!>eeF]H!O2)!:K!L)&*.-#+!+'+/)7!!
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!
!

1%/%! #+! 4&,7! \N-%&)/<! >eeF]H! O2)! =;! N%7)-,(%&1%-#+!
+'+/)7!1%/%!#+!4&,7!\d.#$%$!)/!%-H<!>ee>]H!!
!
P,/)S! O2)! MC! +'+/)7! 2%+! 7%U#7.7! (&)*)++#,$! %/!
7#$#7.7!%7(-#/.1)!%$1! /2)! &)9)&+)! #+! /&.)H!O2)!M_!%$1!

MD! +'+/)7+! 7#$#7.7! (&)*)++#,$+! &)4)&! /,! . /1

min
R(7<

!
J2#-)! /2)! M_! +'+/)7W+! 7%U#7.7! (&)*)++#,$! &)4)&+! /,!

. /1

max
R(7< H! !O2)!M>!+)7#@1)/%*2)1!+'+/)7+!2%9)! /2)!

+%7)!+/&.*/.&)!%+! /2)!M>!*,$/%*/!+'+/)7!\O%0-)!C]H!O2)!
M>! +)7#@1)/%*2)1! +'+/)7+! -,5#*%--'! +/%&/)1! %+! *,$/%*/!
+'+/)7+! %$1! +)(%&%/)1H! O2)! +)(%&%/#,$! *%.+)1!
$,&7%-#3%/#,$!%0,./!/2)!*,$/%*/!(&)*)++#,$H!O2)!+/%/#+/#*+!
%++,*#%/)1! J#/2! $,&7%-#3)1! %$1! %9)&%5)! (&)*)++#,$!
+.()&(,+#/#,$! %&)! +#7#-%&! /,! /2)! 1,.0-)! +-#/! )U()&#7)$/W+!
+/%/#+/#*+! 4,&! J%9)! 4.$*/#,$! #$/)&4)&)$*)H! O2)! +/%$1%&1!

1)9#%/#,$! . /
min

0.10 R@ ' ? 7< #+! $,/! .$*)&/%#$/'! 0./! %!

4.$1%7)$/%-! 4)%/.&)! %++,*#%/)1! J#/2! 2%&7,$#*! +(%*)H!
A.-/#(-)!,./*,7)+!%&)!%++,*#%/)1!J#/2!,$)!*,$1#/#,$!%$1!
7.-/#(-)! 7)%+.&)7)$/+! +#7(-'! &)(&,1.*)! /2)! +/%/#+/#*%-!
1#+/&#0./#,$! ,4! %**)(/%0-)! ,./*,7)+H! O2)! 8;Y! 6BE_E@
_B_e=!%$1!8;Y!6>?>FfDeBD!+'+/)7+!2%9)!7)%+.&%0-)!
%9)&%5)! (&)*)++#,$+H! 8;Y! "C_B_fD`W+! 7#$#7.7!
(&)*)++#,$! #+! 7)%+.&%0-)H! O2)! M?D>! N'5$#! %$1! :K!
L)&*.-#+! +'+/)7+! 2%9)! 7)%+.&)%0-)! 7#$#7.7! %$1!
7%U#7.7! (&)*)++#,$+H! O2)&)4,&)<! 0,/2! (&)*)++#,$+! %&)!
9%-#1H! ! A)%+.&)7)$/! *%$$,/! 1)/)&7#$)! /2)! %*/.%-! +/%/)!
0)*%.+)! *)-)+/#%-! 7)%+.&)7)$/! 7)/2,1+! *%$$,/! +/,(! %!
0#$%&'! +'+/)7W+! (&)*)++#,$! J2)&)0'! *,--%(+#$5! #/+!
%++,*#%/)1!J%9)!4.$*/#,$H!;.0%/,7#*!(&)*)++#,$+!%&)!!

!
!
7)%+.&)7)$/! 0%+)1! 0)*%.+)! (2,/,$+! *%$! +/,(!
(&)*)++#,$<! *,--%(+)! /2)! J%9)! 4.$*/#,$! %$1! #1)$/#4'! /2)!
+'+/)7W+! ! ! ! !%*/.%-! ! !+/%/)! ! !%/! ! ! /2%/! ! !7,7)$/H! !O2)!=;!
N%7)-,(%&1%-#+! +'+/)7W+! *,$/&%*/)1! +/%/)! 7%'! #$1#*%/)!
&)9)&+#0#-#/'!4,&!%--!+'+/)7+H!
!
N,$*-.+#,$!
! O2)!*-%++#*%-!J%9)! 4.$*/#,$! #+! /2)!7,+/!5)$)&%-! 4,&7!

4,&! . /,x t" !%$1! /2)! 0#$%&'! +/%&+! /)+/)1! (&,9)! /2)!

+/&.*/.&)! %$1! #/+! +/%/#+/#*%-! 4)%/.&)+! %&)! &)%-H! ! O2)!
*-%++#*%-!J%9)!4.$*/#,$!1)+*&#0)+!/2)!7,/#,$!,4!/J,!+/%&+H!
O2)&)4,&)<! #/+! 4)%/.&)+! 7.+/! )U#+/! J#/2#$! 5%-%U#)+! %$1!
5%-%U'! *-.+/)&+H! :%&V! 7%//)&! #+! /2)! 5%-%*/#*! 4)%/.&)! 4,&

10A > H! :%&V! /,! $,&7%-! 7%//)&! &%/#,! #+! +.((,&/)1! 0'!

min 10nA ' !%$1! . /max min 1 0.25A A' 8 9
!
J2#*2! 7)%$+!

1%&V!7%//)&!#+!2%&7,$#*!+(%*)!#$/)$+#/'H!:%&V!)$)&5'!%$1!
1%&V! 4-,J! %&)! /2)! 5%-%*/#*! )Q.#9%-)$*)! 4,&! /2)! *-%++#*%-!
J%9)! 4.$*/#,$W+! )U(%$+#9)! %$1! *,$/&%*/)1! +/%/)+!
&)+()*/#9)-'H!O2)+)!1'$%7#*!+/%/)+!)9,-9)!J#/2,./!)$)&5'!
0)*%.+)! J%9)! 4.$*/#,$+! 1,! $,/! *%&&'! )$)&5'H! d%-%U'!
*-.+/)&+!%$1!+/%&+!J#/2#$!5%-%U#)+!%&)!)$/%$5-)1!0)*%.+)!
0#$%&'! +/%&+! %&)! 1)+*&#0)1! 0'! %! J%9)! 4.$*/#,$H! ! O2)!
5&%9#/%/#,$%-! %$1! )-)*/&,7%5$)/#*! *,.(-#$5+! %&)!
+'77)/&#*!J#/2#$!/2)!*-%++#*%-!J%9)!4.$*/#,$H! !O2)&)4,&)<!
5&%9#/'! #+! %$! ,&1#$%&'! 4,&*)! %$1! /2)! *-%++#*%-! J%9)!
4.$*/#,$! 1)+*&#(/#,$! ,4! %! 2%&7,$#*! +(%*)! #+! ^#$+/)#$W+!
+(%*)@/#7)H! !O2)!+'77)/&'!%-+,!(&,9)+!/2)!)-)*/&,$!#+!%!
(%&/#*-)!7,9#$5!/2&,.52!/2#+!2%&7,$#*!+(%*)H!
!

O%0-)!>H!Z0+)&9)1!(&)*)++#,$+H

"KP=Yg!;O=Y;! h,&7! pM ! p sM M8 ! e !
oa ! . /

observed
R7< !

8;Y!">e>_f>`! N,$/%*/! 1.441M ! 2.828M ! 0.617 ! 2.80R ! 4.2 /o yr !

8;Y!">?_Df>C! ;)7#@:)/%*2)1!
! 2.678M ! 0.274 ! 3.73R ! 1.756 /o yr !

8;Y!"C>CEf>>N! ;)7#@:)/%*2)1!
! 2.712M ! 0.681 ! 2.52R ! 4.457 /o yr !

8;Y!6>E?`@CC?>! ;)7#@:)/%*2)1!
! 2.574M ! 0.1805 ! 2.756R ! 2.585 /o yr !

8;Y!6ZE_E@_B_e=! N,$/%*/! 1.338M ! 2.587M ! 0.0877 ! 1.415R ! 16.89 /o yr !

8;Y!6>?>FfDeBD! N,$/%*/!
! 2.62M ! 0.249 ! 20.04R ! 0.0111 /o yr !

8;Y!"C_B_fD`! N,$/%*/!
! 2.60M ! 0.658 ! 32.69R ! 0.010 /o yr !

M?D>!N'5$#! :)/%*2)1! 2.24M ! 4.48M ! 0.479 ! 1.88R !
0.60 /100o yr

0.90 /100o yr

:K!L)&*.-#+! :)/%*2)1! 5.185M ! 8.719M ! 0.489 ! 2.68R !
1 /100o yr

!

1.4 /100o yr !

=;!N%7)-,(%&1%-#+!
!

:)/%*2)1! 3.3M ! 5.8M ! 0.1695 ! 2.57R ! 15 5.8 /100o yr? !
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!
Y)4)&)$*)+!
>H ".&5%'!A<!N%7#-,!h<!:W=7#*,!P<!h%.-V$)&!=6<!L,00+!

d<!R&%7)&!A<!b,&#7)&!:Y<!b'$)!=d<!A%$*2)+/)&!YP<!
A*b%.52-#$!A=<!8,++)$/#!=!%$1!;/%#&+!KL!\CBB?]!8;Y!
6>E?`! !! CC?>S! %! $)J! &)-%/#9#+/#*! 1,.0-)! $)./&,$! +/%&!
+'+/)7H!=H8H6H!`>F<!b>>eib>CCH!

CH ".&5%'!A<!N%7#-,!h<!:W=7#*,!P<!h)&17%$!Y:<!h&)#&)!
8NN<! L,00+! d"<! R&%7)&! A<! b,&#7)! :Y<! b'$)! =d<!
A%$*2)+/)&! YP<! A*b%.52-#$! A=<! 8,++)$/#! ! =<!!
Y)'$,-1+! 6^<! ;%&V#++#%$! 6A! %$1! ;/%#&+! KL! \CBB`]!
Y)-%/#9#/'!4&,7!/#7#$5!/2)!1,.0-)!(.-+%&H!;*#)$*)H!!_>D!
\?Ee`]<!eE@>BCH!

_H N-%&)/!=!\>eeF]!;,7)!$,/)+!,$!/2)!&)-%/#9#+/#*!%(+#1%-!
7,/#,$!,4!:K!L)&*.-#+H!=+/&,$,7'!a!=+/&,(2'+#*+H!__B<!
?__@?DBH!!

!
DH N-%.1!LH!;%$10)&5!b%*'!\>eeF]!=0+,-./)!1#7)$+#,$+!

%$1!7%++)+!,4
!
M?D>

!
NgdPK

!
%$1

!
/2)

!
5)$)&%-! /2),&'!,4!

&)-%/#9#/'H!=+/&,$,7#*%-H!6H!>>?<!FB>@FBFH!
?H A%-,$)'! h8<! d.#$%$! ^h! %$1! A.V2)&[))! 6! \>ee>]!

^*-#(+#$5!0#$%&'!+/%&+!%+!/)+/+!,4!5&%9#/'!/2),&#)+S!$)J!
+,-./#,$+!4,&!=;!N%7)-,(%&1%-#+H!=+/&,$,7#*%-!6H!>BC<!
C?`@C`>H!!

`H 6,2$+/,$! Y! \CBBD]! 6,2$+/,$W+! %&*2#9)H! "#$%&'! (.-+%&!
8;Y! ">e>_f>`H! Y)/&#)9)1! \A%'! B><! CBB`]! 4&,7!
2//(SccJJJH! [,2$+/,$+%&*2#9)H$)/c! &)-%/#9#/'c!
0#$(.-%&H2/7-!

7. P#*)! :6<! O%'-,&! 6L! %$1! ;%')&! YT! \>ee`]! PSR 
J1518+4904: A mildly relativistic binary pulsar system
  Astrophys.J.Lett.!DD`<!bFE@beBH 

!

O%0-)!CH!N%-*.-%/)1!(&)*)++#,$+H

"KP=Yg!;O=Y;! O'()
!

$!
. /1p oR a e' ( !

. /1a oR a e' 8 !
9 !

minA !

maxA !

. /
min

R7< !

. /
max

R7< !

8;Y!">e>_f>`!
!

M>! B!
746,600pR km' !

3,153,600aR km'
!

3.223 ! 1! 4.133 /o yr !

8;Y!">?_Df>C!
!

M>! B!
1,884,754pR km' !

3,307,406aR km'
0.755 ! 1!

1.944 0.1944 /o yr?
!

8;Y!"C>CEf>>N!
!

M>! B!
559,500pR km' !

2,948,339aR km' !
4.269 ! 1!

5.081 0.5081 /o yr?
!

8;Y!6>E?`@CC?>! M>! B!
1,571,945pR km' !

2,264,406aR km' !
0.4405 ! 1!

2.362 0.2362 /o yr?
!

8;Y!6ZE_E@_B_e=!
!

MC! >!
898,469pR km' !

1,071,210aR km' !
0.1925 !

10 !

10.481!

17.49 /o yr !

16.66 /o yr
!

!

8;Y!6>?>FfDeBD!
!

M_! C!
10,474,828pR km'

17,420,852aR km' !
0.6631 !

100 !

116.57 !

0.01056 /o yr !

0.01232 /o yr !

8;Y!"C_B_fD`!
!

M_! C!
7,781,266pR km'

37,723,214aR km' !
3.847 !

100 !

196.19 !

0.0108 /o yr !

0.0212 /o yr !

M?D>!N'5$#!
!

M_! >!

681,718pR km' !

1,935,242aR km'
!

!

1.838 !
10 !

14.596 !

0.603 /100o yr !

0.881 /100o yr !

:K!L)&*.-#+!
!

M_! >!
953,158pR km' !

2,777,402aR km' !
1.913 !

10 !

14.782 !

0.992 /100o yr !

1.46 /100o yr !

=;!N%7)-,(%&1%-#+!
!

MD! B!
1,485,532pR km' !

2,091,908aR km' !
0.289( ! 1! 15.3 /100o yr !


