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Fig. 1 Sketch of pulsar timing observation�nIF;�09�>�LznIFTL1��l{qk$7K&V	Φ(t) = Φ(t0)+

ν(t − t0) + 1
2 ν̇(t − t0)

2 + 1
6 ν̈(t − t0)

3, U> Φ(t) �Q� t MvpYnI1�� Φ(t0) �LTQ� t0 p1�� ν � ν̇ Q ν̈ �'�nIEP�jn�h����jk�Æ�kLznIF�_� vHd<C ν̇ Q ν̈, (�4x2r℄�l^k�+BW�nIFMv1��OL t p#PIC�0M\�nIF;�09�>oknIFL%p�<Pm�I��Z�ognIFMl1�WR*0wÆupLA�y�nIFL PT, "vL=3ph�ZvL18�
3p TOA p PT �=3okp TOA 48 [11].ÆvL=3okp18 J\:�B
T�oknIFpTLF�n�$bj�nIFp�<�TJ�4Os0k�
ToknIFh�0kp
Lg..�\ PT p�&�I��l
�lZpnIk^LA�p�LznIFp=3�o\h-L�F� [11].d<nIFL�F�e�Bvk�G�px2���<nIF[TokpVTnIFL�l9Pvk$8�ok&�Q���2(pL�F��
4 W	%rD+
4.1 �j.���

PARKES 3Zp TOA l=3&p�Q��4pL��M��$��4p 1pps EP	I� GPS L� J�Æ��OL21�8 [12]. � BIPM (Bureau International des

poids et Mesures) 5-p cirlular T 0M\4SOL*�� UTC p�8�� UTC 	I:z�ok TAI, ( BIPM YZTPokp TT *�t��CAM��yVT\ TAI p=����Q�jhMpM.��(V
9P�j�jQu�L$b�[� \\Tn
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=3&3Zkp TOA L�LeknIF;�a%*�""P9i7,L�M14	
∆t = ∆c + ∆A + ∆EΘ

+ ∆RΘ
+ ∆SΘ

− D/f2 , (1)

∆c �3&p�8M1� ∆A �v&_�6n�TLwt�p�J8℄E� ∆EΘ
[�}b*>v&Q�y����t�pL��(QtVYj:Hp
qo~℄E�∆RΘ
�nIEPk^=3&Q}b*=CpL�℄E� ∆SΘ

� Shapiro ℄E�[}b"#pLB�)ÆEPV*:Hpx2� D �>=<Z� D/f2 p�j� f LwÆup>=Z�
Tempo2 >wCnpt[=3p>=66	I��=3\A.��"� CPSR2 9>=*�R{1�1&�OL9P>=�l?r4p3�vu.G�0	 Hobbs s [12].�3Z}b*=C�v&p1Æa%L�}b*��Q&pT!Æ\A18pvu�X_x2��
��Q&waKp$8�:\u�PARKESw�=3609\\AFQ�I — JPL p DE405[12].l,VTnIFLpvu6[h� Tempo2�lM1Zp TOA3Zk0�f8
TZokp18k0�T{p0�VTnIFLvup 4 <F J1744-1134� J2145-0750�
J1024-0719� J1045-4509pvL=3O^6S{ PARKES zp PPTA (PARKES Pulsar

Time Array) � 2009 � p=3k0�k� PARKES z_8<C=3va�� Verbiests [13] 5-pnIFvLO^h;�3�TPIC	 Verbiest s [13].

4.2 "oAtEPnIF[T/�>��ZQ�%1buphB�/�j��["P�_p�/pL��[\�)�Qvx�QL*� J�Æp�j%M��	nIFh��[��#pnIF��BdZ!�f=3E��^kpnIlI�G��",C"�LznIF�a"1Æ�L��BdZ�;�f	I=3E��^kpnIlIX��"XC"�
��LznIF��	nIFpF�$bj:o��TL2~���wl{�vL=3QbLpnIFh��LznIF��R�=�=3� vuT{�B!��G:"s�TL�$pLznIF0�VT�
4.3 �xÆ'2|Nq�VT�QLL�F��\�� Petits [11] �MpVTnIFL�o��- (3<l?) nIFvL18Q_p~,�6	

AT − PT =
∑

i

ωi(AT − PTi) , (2)

AT ��QL3Zp TOA Q_� PTi �vL�IokpdnIFL� i�nIF-k�
ωi �vuw/{p,C�,CpT*u#lt<nIF�opnIFL PT p=�����i0�ZT*��
h=L�F�,p���p��ik��TVTnIFLp�p[8;/�T�G�px2�okhB2~��pnIFL�F��& 1 [wT!pnIFph��L0k�
 2 [/dnIFL�~,�6VTnIFLp�� (EPT � ensemble PARKES time). �
�	�VTnIFL18��:o
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Table 1 The pulsars and essential timing parameters involved in the computing of

the ensemble pulsar time

Pulsar name MJD range ν(Hz) ν̇(Hz) RMS(µs) DM(cm−3
·pc)

J1744-1134 49729.1 ∼ 54546.9 245.426119 -5.38188 0.617 3.1830

J2145-0750 49517.8 ∼ 54547.1 62.2958878 -1.15588 1.88 8.9977

J1024-0719 50117.5 ∼ 54544.6 193.715683 -6.95 3.80 6.486

J1045-4509 49405.5 ∼ 54544.5 133.793149 -3.1613 6.70 58.137
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Fig. 2 Comparison between the single pulsar time scale and ensemble pulsar time scale

4.4 <yzd�
Matsakis s [14] 5�R{nIFL�183Zk0Q_K
Th- 3 ��4UKk��MhB$ p σz �8�vu��
L�183ZQ_�A m -QQ_ (m =

1, 2, 4, 8, · · ·), R{th-QQ_p183Zk0 J\:�B
T�S
R2 =

Nm
∑

i=1

[

χ(ti) − X(ti)

σi

]2

= min , (3)U> R2 �

TpZ� X(ti) = c0 + c1(ti − t0) + c2(ti − t0)
2 + c3(ti − t0)

3; χ(ti) �L�3Z18�σi �L�3Zp,.��� ti �=3L�� t0 �4mT*p�8L��Nm
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σz(τ) =

τ2
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√
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〈

c3
2
〉1/2

, (4)U> τ �QQ_WR/
L�� 〈〉 &VÆw�QQ_p c3  J~,�6�,CE�/T$8p���
 3 �?i 4 <nIFp���Q(~,�6ZpVTnIFLp��������#��QL��� J�Æ�
>"?\F|
L>C�Q�[p��� (TT-NTSC).�
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Fig. 3 Comparison of the stabilities of the single pulsar time, ensemble pulsar time and atomic time

4.5 ��T�"oA(tJ1}=�ok2OpVTnIFL�H�P\d'0~VTpnIFLu3�$Z(p=�����
u9il,r-ds	
(1) u�p~b�uad9ik,Cp>UEv�9vL$8gu`�,Cpi04
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σnormalized = σoriginal ×

√

∑

i

1/err2
i

L
, (5)�> L �k0L�F�� err2

i �t[=3Æup$84��� σoriginal �*��T$8�Oz�uL�E� 1, +.d'vL=33�$Z(pE�� [15];

(2) d�1gkZpnIF0~VT�
s=3�
,� N <nIF0�VT�\A$8
���Kp 1
√

N
;

(3) vLk0F�dZ7=�+.d'Æ�%F J=�,�
p=3�h�x�l�`|��Gpx2��M=����Op~Z�
h�x��%FpDR=3L�u$Z=�S�=����^k09�QL�F�p�6����"�
09�QLp�j�jx2�u:\_/� [11] .

(4) u09�QL%M TT(BIPM)20**. TAI *�[�X�/FCyO`℄~,Zokp#OL*��( BIPM YZTPokp TT *�t��CAM��yVT\ TAI p=����Q�jhMpM.��(V
9P�j�jQu�L$b�[� \\TnIFL[+pL�09*� [16].

5 
+�{�K�g4m�{w5��h[LznIFvL._pvL=3>�q�tV+px2[pm/p�7H�18>DPVTnIFLpx2�
��(-�nIFpvL=3&�lntV+�3&��
 4 ∼ 5 � PPTA A�F J1909-3744�DPVTnIFL ZpvL18$b��&�_��(\ 16%.

6 � �d<LznIF�opnIFL��e�B�G�px2��=�Q������,7O��
�<LznIF�opnIFL JVTvuZokpVTnIFL�h�C�?8;\vk�G�px2�SoVTnIFLp=����ok�(�(�=L%?>I�QL�0�vuVTnIFLpnIFuHdT!vL&��(pLznIF�"vL=3F�u$��=�=3L��DWR�vNFz?�K��nIFvL._3`p7$�7 PARKES k
 20 �<LznIFpvL=3_8<C3`�ApvL=3�H
hR�&�+SonIFLp�TQu{A����nIFL%�T�X��pnIC!F�phR?�"T�}b*4��qZ9P\v&��px2�"�/℄��"O3V�_ [17]. R{LznIFL=����Op�L`3�QLI+℄�p�$�(�3�QL$8��TQ�DVTnIFL�F�,f�l�4hB�Tp�3�2(=����pL�F�0�FzL��j�*�
L�LznIFvL._=318>DPVTnIFL���(rWtV+p&�s�3�Cdpu{Q[+�6�
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Æ 4 N|pKH J1909-3744 rxN29 (0.238 µs)

Fig. 4 The timing residuals of PSR J1909-3744 (0.238 µs)

Æ 5 N|pKH J1909-3744 EQXVpKHN\rxN29 (0.198 µs)

Fig. 5 The timing residuals of PSR J1909-3744 after deducting the ensemble pulsar time (0.198 µs)
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A Research on the Ensemble Pulsar Time Based on

Observational Data

CHEN Ding1 ZHU Xing-zhi2,3 WANG Na4
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(4 Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumqi 830011)

ABSTRACT Several significant applications of pulsar timing have been introduced. The

brief definition of pulsar time scale is proposed. The ensemble pulsar time integrated by

four millisecond pulsars has been produced based on the observational data observed by

Parkes Observatory in Australia. Its stability is compared with atomic time. Four factors

influencing the ensemble pulsar time and its effects on timing precision are discussed.

Key words astrometry, time, pulsars: general


