FERS  MEE HhE RXF 20174 %474 % 9HA: 099503 ¢ CRIEREY Zediil
> 7N
SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com 77 SCIENCE CHINA PRESS

'I. e jz @ SrossMar1<

B T TS A S M O B 44T 5

L. v ERL B E SRR L, 7 2%2 7106005
2. RL A B N TR S T SR, 79 % 710600
* IR, E-mail: mltong@ntsc.ac.cn

Wik H #: 2016-10-30; #2352 H: 2017-01-03; ®AI%% Hfi H #: 2017-06-14
E &R BARBEEE S GRS U1531112, 11103024, 11373028, 11403030),  H ERF BP0 2 767 H 424 H AXAB2015A06) 11 H Fl1 Bk 76 44 15 4R 3T AL 10
H (&5 2015KIXX-56)% B

FEE kot Bt et A S8R0 A R Bk BT e R R R R Al Blod Bt e R E A LT . R
MEHFEMEE. RNEZELHTT —LBHE, 87, AEF/LARNNRZURREREER R 258
WITE R Z. AU N EA AR E, AR ELFRERET —HUEME L. 2T, RINLET &
HREHEASHE LM ERZOBM LR, BRET —LERSHNEREN EFNEB AR LAELEAN
TUZNEREWET, REATSUMNNTHEEZIRAWER, I T AN+ lior ENEERLFSH

REEIR Bov E,TRCEAL ME A, TR, B iR =
PACS: 97.60.Gb, 95.75.Wx, 95.10.Jk

%, HESE-N SN BE. BT W R
BUE 28 LR R A U 240, SRABTOARY M

g $§$%;”EE@HZRYEPE%&%§% E ?ﬁﬁﬂg%ﬁj‘iﬁrj—%*’ Yﬂ“iﬁ(jﬁ, élﬂ:l:/ﬁ\ﬂ%d\:%ﬁyi, ﬂu%ﬁ@ﬂ“i%\{*iﬁ‘
R R M b, o R sk MRV S ROIR, KB SRR LT

jilllg

1 35l

S R B S B B A ik ek (EAPHARBUG (SSBYAAS i R TOA, IR ik /2
B 2 B I (TOA), ATk B gy sk 1 TAUNE RO BEA TR, kb 22 o ML) 2 O
B, KR O B A R I ER g et A e PRIUE R Bk B L SRR, bk 2 T
G T &R R L OV, R e g, T IRIARIIS] g3 02, R AR Sk sk 2 B TR
B Sl A, WEkiiEs s, xF sy 0 PTAEORBIAAT R BUR B AORIE AT
Wk R IR, ok N R B Rl AT HESROT

. 2 IR 2 4 AL I 2 R 5 PRI LS SRR e B 8 S

IR WmUIE, MEEE, B, S5 ko R R S RS B T S A R P A% ROCE, 2017, 47: 099503
Tong ML, Yang T G, Zhao C S, et al. Analyses and estimates on measurement precisions of model parameters in pulsar timing (in Chinese). Sci Sin-Phys
Mech Astron, 2017, 47: 099503, doi: 10.1360/SSPMA2016-00462

©2017 (PERZFE) FEKit www.scichina.com



physcn.scichina.com
https://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA2016-00462&domain=pdf&date_stamp=2017-06-14
www.scichina.com
https://doi.org/10.1360/SSPMA2016-00462

HYES.

ThERLE: B Jii RO

2017 4F H47H oW

PRARITEIN R, R R UE AL R R PUTE, AR B
AR 2 AT B S THIN B S HOR 2 P R T SR
(AT 2l 2. A L BE A B Al T &% Dk B T I AR R
SHMEARS L, IFan i — Ve T a2
IR, Rkt B U I AR O AT % P SRR TR, 41 4
R RS, 8 e AR R AR PR BT 51 RS A 2116 7,
S 3B FEEE, AR EEAE A S 1R v L

2 BroRETEHRE

A3 X 2 A K o 2 BB S B L — B S U vk
FEN &L, T DA ST ik B2 R RY,, SR AR S5 N A ik
P A ShF sk [ 110

1. 1 ..
ty =1+ NPy + ENZPOPO + 6N3PO103, (1)

Forv, ey Mt N K B B, 1985 2% JJ1 6, Pore ik
TR A 1B Z0 4 3 5 380, Po R Py i) 2 o st 220 ) 340
[ — B A0 B S5 BT ik, mT DLAEAT AT 4 B T
55 NS K 55 I ] (TOA), W2 1 2% B B (45
TE TR AT A5, TR Bk A 2K BH R 5 0 (SSB) Y
B[], ) 75 2225 R B R A R B H(DM) f AR
1b(DM(1)) 51 2 {4 1E 17, ShklovskiiR S, 5% SCHH %t
VIR TR I O 25 G SR 2 ik b B T U R G,
U 3 22 EE U LB A B IE. Bk oh B TR i AR
B AR AR TR, ARG AT R R T A

B(1) = o + V(1 — 1p) + %V(t —10)" + é%t -1, (2

S, v, RIS Rty BRI SR ) B G 55
. HE W SR AL TR 52 T
HrH

$(1) - N(1)
V 2

R(1) = 3)

HrPN )R B B () i AR an Rk ok 2 B e A
1822 AR A AR S 2 20, I8 Al Bh e 4

Vv
n=

7 4
MAZEE T3, SRTI A K 22 Bk 2, KRR 40 i 4 g
BB Ey, v R, 5 R EFEWE3R K. 55—

73 T, VIR X R 25 1 By A R AR 2 P [,

XK BP0, 8RR ELP, [ B 34
S UL b A /R I e R AL

ik b 2L BB e DA S B T 0 5 PR B
i), &P 7 — R AN EIEREAN LT RN ) 52
Wi, EL4E 51 33m I m. RERA BRI, AL R
Ri. HIERAG 2 BE M E ey XUR A B S8 8 o - XL
BRGNS JAI 5AR (55, F 0 iRiX
LERGN R FE A, H AT 4 N T BB BB A Y
SR Ik i A S I 2, (P 3R (3) % HY) 5 R B A U
IS 20 g (M 3285 J BT 3% R R 1)) 2 1] ) 5 2% T80

1
ty =tops + Ato + —(f2 - 1) —
p b c(n ) 2¢Ry

— l(ﬁ -V)At + L[v cr—(@-v)@-r))At
c cRy

1 2 ~ 2 (A2
- — (A -v)|Ar
2CR() [V (n V) ]

i
o -r)[v2 — - v)z]mz

[N - . 2
— c_R(z)(n Vv -r—@-v)i-r)]At

1
2GM; . .
+Z —Inl - g+ 1yl
k=1 ¢

C Srotanysing 2 Ba. ©)
Hort, Ar B FE VI 2 2% 5L 31 1 BRISFTT )
COIEAITTR B O AL BRI TCB R 2LIE, BRI 362 % 5
Bl ) b 22 R AT 2 DR B AE N TR SE SR ot O I,
AsE K h B AECR BH )0 O A4 5 2RI A7 R i, rd
MW B Z1) B8 370 5 AH 6 T K FH &R B0 B AL LR B
v ik AR TOKBH RO R &, Ar = 1 — 1,
BRI I 2 5 2 2% [ ot Z1H. Ros& 225 i oo ik
AR T RKBH RO EEE. G4 5] 1% 4,
My Bk K BH F AR 5T &, ro 2 75 W00 B 2] 22
LB AR T 28N R BH R RAR AL B R &, nogrf)
185, /& 1 H Shapiro4E 38 K H i K BH £ 3 22 R AR %L
B ro e LI B Z1) B8 1 B 1 OK BH I R 55, Mot K FH
JoT &, o R BH AR K g B2 A R0 B 220 A B ot 5 1)
S AL Do (B B R UL R E R K R R
Ap A& K i XU $U1E d2 3l 28 IR 2 IE, A9 FfRoemer &
iR, ShapiroZEiR. Einstein iR 1 5GAT 2 48R B 1E

099503-2



HYES.

ThERLE: B Jii RO

2017 4F H47H oW

S 001 5(5)H 23T i i Roemer iR, 55470172
P22 5| AR REIR, 555 Tk i B2 PR A8 [ 3 B2 5| B (1) 48
B, 61 /& —FiRoemerE iR, 25750 &ShklovskiZi
N, EE8L AN EEOT f2 — FrRoemerZE iR, 55105 Al
B 1135143 34X 2% — B Shapiro ZE iR A1 [/ Shapiro 4E
IR, 120K B B i e iR, ARG+, &
PEBS S50 el K PH R AT 2 7 R AN 3K 50 ) R 15 5.
ik B AEZ 2% g, M B Z 8B ¥ AL gy B E%
gy K Gy, RIENEZSHGRE. R4, B
17 MEFXUEHE S HE LA SH. A
EE SCRRI12125 HH R B 19 35058 8 T AN 55 9 1) S s 2 X
FTWR =B IR, IS 7 L2 /Ry B
Jik b B R RFAEBE Ry ~ kpefRNTT 1R, /Ry ~ 107°.
DRI 177 3 P 0T (%) T ik 2 A W] 20 B Ok AR ARk
.

T(5) A2 ik e 2 T ) UL 7 R ) — M B A AR A,
X T BTG B AR A, 3 2 AL 4 R KR
Wiy RS 8 5 /o A AR B 380 XUER Joi3 4o A AR B (1) 480 55
1 Y B R AR I B T T RAT T R R A 2
R 22 M I AN U5 SR BT, R b A S AN
LT T k. BT MR A %, AEHBER _EOULI K
MR 25 52 3 22 3 ) 0N PR 5 i, D] bl R B R B
LI 2 I TOA > B1) % i 1) — A 55 - 1HE 15 1 R SSB,
ifi B 2(5) AT L5 HE fESSB AL 18 TH 4R I TOA T 41,
T ERRONTI IR ZE . AR TN AR ZE 1 R R AR
Z, BB A R 22, W RS, TR AR A, 5
T R GEZE. JRFReh 2%, N3 2t
Wkt B RN ESHRZ S EIESHRES
THIBRZE I OC R, 40 B HARFAE VT Al KA.

3 BKHREXFNESHIRESIEMN IR
TRE

AR TE Pk o 2 0 B e DA R 22 = A T I
W R EAEARAL, T B IR — B S 8O iR 2R
i ik ok B T H I PR 22 B AR L. X — S b
REFERE, QM)A H 2] v I ERZEH
FIHE2(r — 1) FIBUAN TH IR 5K 22 v AR D006 22 0
SR (r — 10BN I IR ZE. T HAR S 8% 22 5
T A ZE A A AN F . AT AR AR, R

T FRATT 23 Hr — T R A B 2 B0 22 1 S, AL dE
MERZE. BT RZEMNMEIRZ. 5002+
(1 [5] 038 3 ADAAS [F], FRAT T4 Hb Bk SeSSB I Jil 412 3
BT A N TR A SR R ARG 5 0, T 0T R O
Fe =0.0167.

31 (EIRERFM

Jok i I 20 7 B O A I RS B R AR
#\IER. KO)F, RZIUEE Ea, HEFRoemerit
IRT(A - r)/cBEize izt KT HABIN, Z 505 Bk 2 17
] o B DA K Ik AR 6 - SSBI AL B K Er = s + rg
H I, Hors g Ik 2 10 A7 B R &, Mirg e Hud
X SSBRIAL B R 8. BARG - 5)/crt i HALI,
HIKADEW @ - re)/c DSDER, BIILIRAT T 2%
FETOA M Hi 0> 2 SSB ) % 4, RIRoemer %iE 15 T /T AL
5HH

(6)

FEHE— 27 i Tut, kit 22 1 7 1) R R AE B0E A AR
ERIE V)

cos Ay cos By

it =| sin Aycosfy |- (7
sin 3
— M AR A E T R
2
e = l"fe;c(;fﬁ ®)
Horhy ik g, B n] il s &R A
rg = a(l — ecos u), )

Hoha #aE 2K, B H PR AU. e AL
T 0 3R, w9 mals s5 A HLW 2 30 R 9% &

u—esinu = wyt, (10)

Hwy = GM/a® I FTHEE. TA&Kul, MK
FH 22 51 &, AT DAR R BH o RIS . 25 2 15 21
Ho O AETETE AL AR R A B R &
a(cosu — e)
re=|avVvl—e?sinu|. (11)
0

099503-3



HYES.

ThERLE: B Jii RO

2017 4F H47H oW

B ROAMADARNR(O), I 8 B HUE oL Fe =
0.0167 N/N, Al 15

a ae
Ar = — —cos By cos(u — Ay) + — cos A cos By
c c

ae* . .
+ e sin u sin Ay cos By. (12)
c

tie = 0, LU N HUE L, BY A 55— 2L
HFFRE, A2 R IR B T
i Lo 28 (1) — B o B0 A A& IE R 100 4 4%
i v, J5 P T EL B — T 43 Sl /2 AS FiAAS 4. R T
(it i, BATT R R B e 2R 1 100
FHBAE — FHLMELS MR AMERZE S
TFI ik 2=, Loy NS &, % (12) RAEE 57, 15

OAR = — 4 [cos By sin(u — Ag) + e cos By sin 4] 64
c

+ 4 [sin By cos(u — Ag) — e sin By cos Ag] 6Bo.
c
(13)

R, R AR 2 BN TN B B A Y
PE, BN LEE. AR T REBUE R B O, Lk Re
WERRBEAREMRZ | DL T H B 1L
UL, 25 AN R Mk L B AT B, 0 T R A e [
T H, 72— ) 5L P 2 i 5 22 0 2= T xd
TR IS, £ —A R AP T iy — Ik
EE T fR B0, AN 2R (E DI ) A R SR, 4
WIS TS0, = R R ik k2 B R IR AL
U, RIS BE (015 DL -5 B PE 7 DL bk o 2 PR 7
EWEE, B 1 ARG 5 A AR, 2Rk
ZE).

32 BITIREHFN

ik A TR BRI AR LA, A
KALIE 5, 5T ML TT W R s sht 27 42 J AT
T, R ZI Rkt 25 [ R E T LU
cos(Ag + paAt) cos(By + pgAt)

it = | sin(Ag + uaAr) cos(By + ppAt) |, (14)

sin(By + pgAr)

HpAr =t -t X B FEFGH A, CHR[12] B
R10)A H Bk 2 7 17 % s A . B AR E

A7), RIS L NS, 3 Bl il Jo% B
T

6Ag = — 4 [cos By sin(u — Ag) + e cos By sin Ag| Atdu,
c

+ 4 [sin By cos(u — Ay) — e sin S cos Ay| Atdpg.
c
(15)

KRBT AL EIRENTEO, BT RZERZ R, H
R Tre HIZEI, BB I 8] ) AR 2k 1k 1
TN, MG ) Fy BER U, 2RI [RIAE TE R 3, o=
R B ik b 2 B R IR B R BRI, T
B EAT D, ARG B 1T P 7 0L A (B T ) 1 0
AR R .

3.3 HERERZY
N HEFRAT S — T Bkl 2 A 2R ZE R AR
ZRsem. fa(s), MZE R TN

1
M= [ré (@ ~rE)2]. (16)
LA H Bk R ZERr = a/Ro T HFTE N

Ap = %[”é_(ﬁ'rﬁf]- A7)

A A EAR 5 AT B AL TR
0A, =% (2 — cos? ,80) on — % cos’ Bocosu — 24y)om
ae ae
— — cos udm + — cos~ By cos Ay cos(u — Ay)om,
c c

(18)

Forb, B 1IUR H RO, 5255009 A AR I, T A5 3 TR
SEATE N IELE el A SR 300, % 7 BUE (115 D2
B AT R, 2N8) A AR TR R 22 1%
Z2 1 BRFAL, T S T2 R i B A7 B 2 A AU
i, X R AR . XS E S5
MUEZ B E SR, Gkt 2B 5 MES
KO . DR X M A AE R SRR A 25,
ANRE A A JE T, K BE P R AR R S 2
UL 1) AL A S B 0 300 A 2 o, i R o R X
T-SSB AL B /& R FHIDE R 41 P R HIME, HuBRi) A e
BB I A, DAL AE AR R 3 A e A R
i, TR ZR P S AT A SEPR AR . 11 2 A

099503-4



2017 4F H47H oW

Residulas (us)

53500 54000 54500 55000 55500
MJD

B 1 (M ROR B ik FET0437-4715 (¥R 22 4% 22 51 RS ¥ 7
N 7k 22 AUV AR 5 AT A TR 1) B, A AR T I R 22, DA
TR B s, REARAR A (A7 20 (75 s H (MID). 5 i A5 22 2 fik
FHLI0437-471S R T I 5 22 12100 ns I 18 2. % (ke
LRARAR B U 15 10 A AP AT R 2R, T 21 € S B AR R A [ L 1
DLEA AT R T

Figure 1 (Color online) The comparison of timing residuals of pulsar
J0437-4715 induced by the parallax error for the simulated data and the
analytic model. The vertical axis stands for the timing residuals with unit
of microsecond, and the horizontal axis presents the Modified Julian Day
(MIJD). The points and the error bars mean the simulated timing residu-
als of pulsar J0437-4715 and the observational errors with amplitudes
of 100 ns, respectively. The green dashed line stands for the analytic

model of the case of the circular orbit, and the red solid line stands for
the analytic model of the case of the elliptical orbit.
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Figure 2 (Color online) The timing residuals per unit parallax errors
induced by in the analytic models. The blue solid line stands for the case
of circular orbit, and the red dashed line stands for the case of elliptical

orbit. The ecliptic latitude was chosen to be Bp = 84° and the ecliptic
longitude was chosen to be A9 = 30° for both cases.
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Figure 3 (Color online) The comparison of timing residuals of pulsar
J1643-1224 induced by the binary orbital error for the simulated data

and the analytic model. The points and the error bars mean the simulated
timing residuals of pulsar J1643-1224 and the observational errors with
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ps, the number of data is 260 (corresponding to the observational fre-
quency is once every two weeks and the data span is 10 years), and the
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Analyses and estimates on measurement precisions of
model parameters in pulsar timing
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The precise measurements of the model parameters in pulsar timing are the basis of the applications of pulsar timing. Pulsar
timing model contains geometrical, physical, orbital effects, and so on. In this paper, we regarded the Earth’s revolution
as the elliptical orbit and obtained general conclusions in the ecliptic system of coordinates. Based on that, we gave the
analytic expressions of estimating the measurement precision of these model parameters, and obtained the measurement
precision of some model parameters depending on ecliptic latitude. In particular, for the estimation of the measurement
precision of the parallax, a quite different result from the previous work was obtained. This is meaningful for the choices
of pulsars in the practical observations.
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