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Long-term timing observations of 374 pulsars
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ABSTRACT

We present pulsar timing solutions for 374 pulsars. Each ephemeris was obtained by analysing
archival data stored at Jodrell Bank Observatory. This data archive contains over 5600 yr of
pulsar rotational history with individual data-spans of up to 34 yr. A new method has been
developed to mitigate the effects of timing noise by whitening the pulsar timing residuals. This
whitening is applied before standard fitting procedures are followed to measure the astrometric
and dispersion measure (DM) parameters of a pulsar. We show that the values obtained using
this new technique are consistent with other methods, and that the new timing solutions are, in
general, significantly more precise than those in earlier publications. We consider the second
derivative of the frequency ν of pulsars, ν̈, and the DM gradient, d(DM)/dt, in detail. The ν̈

values are obtained by fitting to timing residuals that have not been whitened and are found to be
orders of magnitude larger than those expected from magnetic dipole radiation; the measured
values are dominated by the effects of timing noise, and therefore lead to braking indices that
are not consistent with magnetic dipole radiation. We find a dependence between |d(DM)/dt |
and DM of |d(DM)/dt | ≈ 0.0002

√
DM cm−3 pc yr−1, which allows DM variations to be

estimated for any radio pulsar.
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1 I N T RO D U C T I O N

More than 500 pulsars are being regularly observed using the 76-m
Lovell Radio Telescope at Jodrell Bank Observatory. These observa-
tions provide us with more than 5600 yr of pulsar rotational history,
which we supplement, for 18 pulsars, with early data from the Jet
Propulsion Laboratory (Downs & Reichley 1983). This gives indi-
vidual data-spans of up to 35 yr (Fig. 1). The majority of the pulsars
that have been observed for fewer than 6 yr were discovered dur-
ing the Parkes Multibeam pulsar survey; timing solutions for these
pulsars have been published in Morris et al. (2002) and in Kramer
et al. (2003a). Here, we present ephemerides for almost all of the
pulsars for which we have data spanning more than 6 yr. We do
not include an ephemeris for the Crab pulsar (PSR B0531+21),
which is observed daily at Jodrell Bank. An up-to-date ephemeris
can be obtained from the Jodrell Bank website.1 We also do not
provide a timing solution for PSR B1737−30, which has been ob-
served to glitch 18 times since 1987 July. The timing behaviour
of this pulsar has most recently been described in Krawczyk et al.
(2003).

�E-mail: george.hobbs@csiro.au
1 http://www.jb.man.ac.uk/∼pulsar/crab.html

The new ephemerides given here are suitable for producing ac-
curate timing models and are, in general, significantly more precise
than the timing solutions currently in use. Our timing models pro-
vide precise positions for other studies, such as optical and X-ray
identification of these pulsars. Many of these pulsars also have very
poorly measured values of frequency derivative in the literature;
frequency derivatives are used in estimating many of the derived
pulsar parameters such as age, magnetic field strength and energy
loss rate.

Owing to the presence of timing noise in the timing residuals (see
e.g. Lyne 1999), it is necessary to ‘whiten’ the pulse arrival times
before attempting to fit a timing model. We describe a new method
to overcome this problem, and show that the astrometric parameters
obtained agree with VLA and VLBI interferometric measurements.
The large sample of pulsar proper motions determined during this
work will provide the basis for an analysis of pulsar velocities to
be described in a forthcoming paper and has already led to the
association of PSR J0538+2817 with the supernova remnant S147
(Kramer et al. 2003b).

Each of our timing models contains standard pulsar timing pa-
rameters: the pulsar’s rotational frequency (ν) and its first deriva-
tive, position, proper motion, dispersion measure (DM) and any
orbital parameters necessary for binary systems. We also measure
two less common parameters: the second derivative of the pul-
sar’s rotational frequency (ν̈), and the pulsar’s dispersion measure
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Figure 1. Histogram of the number of years of data stored for every pulsar
in the Jodrell Bank data archive. Timing solutions are given in this paper for
the pulsars to the right of the dashed line (indicating pulsars with data-spans
of more than 6 yr).

derivative, d(DM)/dt . We compare the value of ν̈ expected for a
pulsar slowing down solely by magnetic dipole radiation,2

ν̈dipole = 3ν̇2/ν, (1)

to the measured values. A forthcoming paper will contain a descrip-
tion of the long-period structures (periods greater than 1 yr) that
remain in the non-whitened timing residuals after fitting a timing
model for the rotational frequency and its derivative. These struc-
tures affect the measured values of ν̈. We note that these ν̈ values can
be used in a timing model to predict the pulse phase at an arbitrary
time, but emphasize that they are orders of magnitude larger than
ν̈dipole and probably do not reflect the physics of the pulsar braking
mechanism.

A pulsar’s dispersion measure may vary due to ionized struc-
tures moving across our line of sight to the pulsar. Such variations
are seen for pulsars embedded in supernova remnants, such as the
Crab (Lyne, Pritchard & Smith 1988) and Vela (Hamilton, Hall &
Costa 1985) pulsars, and for those occulted by the solar corona (e.g.
Phinney 1991). It is also possible for the thermal electron plasma in
the Earth’s ionosphere and the solar wind to make small variations
to a pulsar’s dispersion measure (Backer et al. 1993). Using a wedge
model for the interstellar electron plasma fluctuations, Backer et al.
(1993) predicted that |d(DM)/dt | scales as the square root of the
dispersion measure and is related to the pulsar’s transverse veloc-
ity. We continue this study with a significantly larger sample of
pulsars.

2 O B S E RVAT I O N S

The majority of pulse times of arrival (TOAs) were obtained us-
ing the 76-m Lovell Radio Telescope at Jodrell Bank Observatory.
Results are also included, for the brighter pulsars, from the 30-m
MkII telescope also situated at Jodrell Bank. The earliest TOAs
for 18 pulsars (between the years 1968 and 1981) were obtained

2 For magnetic dipole radiation, a pulsar’s braking index n = νν̈/ ν̇2 = 3.

Table 1. List of observing frequencies from 1997 onwards for the Lovell
Telescope at Jodrell Bank Observatory. The filter bandwidth column (Filter
BW) gives the number of polarizations, times the number of filter bank
channels, times the bandwidth (MHz) of each of the channels.

Freq. Start Finish Total BW Filter BW
(MHz) date date (MHz) (MHz)

410 97/02/14 97/02/26 8 2 × 64 × 0.125
410 97/03/19 97/03/19 8 2 × 64 × 0.125
408 97/06/12 97/06/16 8 2 × 64 × 0.125
408 97/08/28 97/09/08 8 2 × 64 × 0.125

606 97/01/21 97/02/14 8 2 × 64 × 0.125
610 97/06/16 97/07/10 8 2 × 64 × 0.125
610 97/10/08 97/11/03 4 2 × 32 × 0.125
610 97/12/23 98/01/05 4 2 × 32 × 0.125
610 98/03/16 98/03/30 4 2 × 32 × 0.125
610 98/12/08 99/01/05 4 2 × 32 × 0.125
610 99/10/01 99/10/11 4 2 × 32 × 0.125

1380 98/01/05 98/02/19 96 2 × 32 × 3
1380 98/02/26 98/03/16 96 2 × 32 × 3
1376 98/03/30 98/12/08 96 2 × 32 × 3
1376 99/01/05 99/08/20 96 2 × 32 × 3
1396 99/08/21 99/10/01 32 4 × 32 × 1
1412 97/01/03 97/01/21 32 4 × 32 × 1
1412 97/02/26 97/03/12 32 4 × 32 × 1
1412 97/03/27 97/06/12 32 4 × 32 × 1
1412 97/07/10 97/08/28 32 4 × 32 × 1
1412 97/09/08 97/10/08 32 4 × 32 × 1
1412 97/11/03 97/12/23 96 2 × 32 × 3
1412 99/10/11 03/02/25 32 4 × 32 × 1

1613 98/02/19 98/02/26 32 2 × 32 × 1

from observations using the NASA Deep Space Network (Downs
& Reichley 1983).

On the Lovell Telescope, a dual-channel cryogenic receiver sys-
tem sensitive to two orthogonal polarizations was used (except for a
few early observations where only the total intensity was received).
Observations were made predominately at frequencies close to 408,
610, 910, 1410 and 1630 MHz, along with a few early observations
at 235 and 325 MHz. The signals of each polarization were mixed
to an intermediate frequency, fed through a multichannel filter bank
and digitized. The data were dedispersed in hardware and folded
on-line according to the pulsar’s dispersion measure and topocen-
tric period. The folded pulse profiles were stored for subsequent
analysis. Each observation had a duration up to ∼45 min accord-
ing to the pulsar’s flux density and was divided into a number of
subintegrations all lasting between 1 and 3 min. The earliest observ-
ing sessions were described in Gould & Lyne (1998); the frequen-
cies and bandwidths used since 1997 are provided in Table 1. At
a later off-line processing stage, any subintegrations dominated by
radio-frequency interference were removed (Hobbs 2002), the po-
larizations combined, and the remaining subintegrations averaged
to produce a single total-intensity profile for the observation. TOAs
were subsequently determined by convolving, in the time domain,
the averaged profile with a template corresponding to the observing
frequency. The uncertainty on the TOA was found using the method
described by Downs & Reichley (1983), which incorporates the off-
pulse rms noise and the ‘sharpness’ of the template. These TOAs
were corrected to the Solar system barycentre using the Jet Propul-
sion Laboratory DE200 Solar system ephemeris (Standish 1982).
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3 R E S U LT S

The pulsars’ parameters were determined as follows.

(i) An initial timing model that contained the pulsars’ rotational
frequencies and their first and second derivatives was fitted to the
TOAs using TEMPO.3 This resulted in timing residuals that, in gen-
eral, were dominated by timing noise.

(ii) These timing residuals were ‘whitened’ by modelling the tim-
ing residuals with harmonically related sinusoids. The period of
the shortest-period sinusoid used in the whitening process was set
to ∼1.5 yr. The function obtained from the summation of these
sinusoids was subsequently removed from the TOAs to form the
‘whitened’ timing residuals. Full details of this method (hereafter
known as ‘harmonic whitening’) are provided in Appendix A.

(iii) The pulsars’ positions, proper motions, dispersion measures
and dispersion measure derivatives were obtained by fitting a timing
model to these whitened timing residuals.

(iv) These astrometric and dispersion measure parameters were
held fixed during a final fit for the pulsars’ rotational parameters
(rotational frequency and its first two derivatives) using the timing
residuals that had not been whitened.

During the fitting procedures, the central epoch of the timing
model was set to an integral MJD near the centre of the data-span
and a weighting used that was based upon the formal errors in the
TOAs. To compensate for TOAs with any exceptionally small for-
mal errors but which might be prone to non-thermal or systematic
errors, all uncertainties less than 0.25 of the median uncertainty
were set to this value. The uncertainties were subsequently scaled,
if necessary, so that the fitting procedure achieved reduced χ2 val-
ues close to 1.0. Sight inaccuracies could have been produced in
the measured parameters (particularly for the dispersion measure
and its derivative) if the templates for different frequencies had not
been accurately aligned. This alignment is not trivial, as the shapes
of the pulses generally are generally different at different frequen-
cies; the alignment of templates has traditionally been carried out
by making subjective judgments as to the position of the template’s
centre of symmetry (which reflects the centre of the pulsar’s polar-
cap region). For the data presented here, an initial estimate of the
alignment was carried out by eye. If there were clear offsets between
the TOAs at different frequencies, the timing residuals at different
frequencies were allowed to have small time offsets in the fitting
procedure. These offsets were used to align the templates precisely.

For each of the 374 pulsars, Table 2 gives the pulsar’s J2000 and
B1950 names, right ascension and declination in J2000 coordinates,
and the rotational frequency, frequency derivative and frequency
second derivative. The remaining columns contain the pulsar’s dis-
persion measure, dispersion measure derivative, the epoch of the pa-
rameters, representing the centre of the data-span, and the final rms
value of the non-whitened timing residuals. The uncertainties, given
in parentheses after each quantity as the error in the least signifi-
cant digit, represent twice the standard errors obtained from TEMPO.
The dispersion measure derivatives are linear changes in dispersion
measure across the data-span; they do not account for short changes
in dispersion measure due, for example, to the Earth’s ionosphere.
As the spin frequency and its derivatives were measured from the
original, non-whitened, timing residuals, they represent average val-
ues over the entire data-span and not the exact values at the epoch
of the fit.

3 See http://pulsar.princeton.edu/tempo

In this paper, small glitches have been treated in the same way as
timing noise; the effects of the glitch in the timing residuals were
removed using the harmonic whitening process. For larger glitches,
it is not possible to obtain a coherent timing solution across the
glitch. In these cases, listed in Table 3, only the part of the data for
which a coherent solution could be obtained was used (usually this is
the post-glitch solution). A full analysis of the glitching behaviour
of these pulsars has been provided in McKenna & Lyne (1990),
Shemar & Lyne (1996) and Krawczyk et al. (2003).

The timing residuals for a few pulsars have previously been anal-
ysed in much greater detail than will be given here. For the mod-
ing pulsar PSR J0538+2817, a full timing solution has been ob-
tained using data from the Jodrell Bank and Effelsberg telescopes
(Kramer et al. 2003b). PSR B1828−11 is thought to be undergoing
free precession (Stairs, Lyne & Shemar 2000); for our solution the
free-precession oscillation has been removed during the whitening
process. More details about the timing of PSR B1931+24 will be
provided in Kramer et al. (in preparation).

Orbital parameters have been obtained for the 32 pulsars in our
sample that are known to have binary companions (Table 4), by
fitting a binary model to the whitened timing residuals. For the
majority of cases, the ‘ELL1’ model (Lange et al. 2001) has been
implemented (indicated by an ‘E’ after the pulsar name in the ta-
ble), although the ‘BT’ model (Blandford & Teukolsky 1976) was
used to model highly elliptical orbits.4 The ‘DD’ model (Damour &
Deruelle 1986) was used for the double neutron star systems PSR
B1534+12, B1913+16 and J1518+4904. Our fits allow us to de-
termine an upper limit on the gravitational redshift/ time dilation
parameter of γ < 4 ms for PSR B1534+12, which is in agreement
with γ = 2.070(2) ms obtained by Stairs et al. (2002). For PSR
B1913+16 we obtain that γ = 3.6(4) ms and that the time deriva-
tive of the binary period Ṗb = −2.9(8) × 10−12 compared with
values of γ = 4.294(1) ms and Ṗb = −2.4211(14) × 10−12 from
Weisberg & Taylor (2003). For each pulsar, Table 4 contains the
orbital period (Pb), projected semimajor axis (A1), eccentricity (e),
epoch of periastron (T 0), longitude of periastron (ω ) and its deriva-
tive. For those pulsars modelled using the ELL1 model, we also
supply the time of the ascending node (T asc), EPS1 ≡ e sin ω and
EPS2 ≡ e cos ω . The planetary system containing PSR B1257+12
is not included in Table 4 because of the extra orbital terms required
to form a coherent timing solution. For this pulsar, the BT2P binary
model has been applied, in which the first orbit is relativistic, and the
second and third Keplerian (cf. Konacki, Maciejewski & Wolszczan
2000). The orbital period, epoch of periastron, projected semimajor
axis, eccentricity and the longitude of periastron for the two most
massive planets are given in Table 5 along with the more precise
values given in Wolszczan et al. (2000) for all three planets. Our re-
sults provide the only independent observations of this system and
confirm the general nature of the orbital parameters.

For each pulsar, Table 6 contains its ecliptic latitude and longitude,
proper motion in ecliptic and equatorial coordinates, the number of
TOAs used in the timing solution, the epoch of the position measure-
ments, the MJD range covered by the timing observations, and the
final rms value for the whitened timing residuals. Pulsar positions
and proper motions are naturally measured in ecliptic coordinates;
for a pulsar close to the ecliptic, the uncertainty in measured ecliptic
latitude is large, but ecliptic longitude can often be determined to
high precision. However, proper motions are traditionally published

4 The ELL1 model is used when the errors in the TOAs exceed A1e2, where
A1 is the projected orbital semimajor axis and e is the orbital eccentricity.
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Table 2. The pulsar’s name is followed by the right ascension and declination in J2000 coordinates, the pulsar’s rotational and dispersion measure parameters, the epoch of the period and the final rms value for the
timing residuals. A superscript ‘g’ indicates pulsars that have been reported to glitch. Asterisks indicate those pulsars whose timing residuals contain timing noise with structures smaller than ∼1 yr. Pulsars without
d(DM)/dt measurements do not have TOAs measured at different observing frequencies spread throughout the data-span.

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J0014+4746 B0011+47 00:14:17.75(4) 47:46:33.4(3) 0.805997239145(7) −0.36669(9) 0.0007(15) 30.85(7) 0.005(25) 49664.0 3384
J0034−0534 – 00:34:21.8281(11) −05:34:36.62(4) 532.71343818222(12) −1.4073(13) −0.04(4) 13.7632(14) −7(5) 50690.0 70
J0034−0721 B0031−07 00:34:08.86(2) −07:21:53.4(6) 1.0605004987209(19) −0.459098(7) 0.00021(6) 11.38(8) −0.007(10) 46635.0 2945
J0040+5716 B0037+56 00:40:32.363(6) 57:16:24.91(5) 0.8942741320036(10) −2.302390(9) −0.00012(17) 92.595(9) −0.009(3) 49667.0 557
J0048+3412 B0045+33 00:48:33.98(2) 34:12:08.0(3) 0.821629025162(5) −1.58949(4) −0.0010(7) 39.94(4) 0.002(10) 49875.0 1434

J0055+5117 B0052+51 00:55:45.378(8) 51:17:24.98(8) 0.4727749811340(8) −2.131817(8) 0.00078(14) 44.125(15) −0.0004(57) 49664.0 926
J0056+4756 B0053+47 00:56:25.51(2) 47:56:10.5(2) 2.11847951725(3) −14.9381(3) −0.027(5) 18.09(4) −0.007(8) 49872.0 3970
J0102+6537 B0059+65 01:02:32.960(16) 65:37:13.38(9) 0.595534363281(4) −2.11198(3) −0.0287(6) 65.853(16) 0.006(6) 49675.0 2801
J0108+6608∗ B0105+65 01:08:22.67(5) 66:08:34.0(3) 0.7790225779(3) −7.9203(18) 0.31(5) 30.46(5) −2(19) 50011.0 133581
J0108+6905 B0105+68 01:08:29.504(19) 69:05:52.63(9) 0.933603858245(4) −0.04192(3) −0.0008(7) 61.092(16) −0.010(4) 49875.0 1287

J0108−1431∗ – 01:08:08.30(3) −14:31:48.4(9) 1.23829100810(3) −0.11813(18) −0.009(8) 2.38(19) 0.001(64) 50889.0 3779
J0117+5914 B0114+58 01:17:38.661(3) 59:14:38.391(19) 9.85813488508(19) −568.5151(16) −3.38(4) 49.423(4) −0.0019(11) 49751.0 11196
J0134−2937 – 01:34:18.6691(12) −29:37:16.91(2) 7.301317419150(5) −4.17794(5) −0.0005(16) 21.806(6) −0.0021(18) 50846.0 158
J0139+5814∗ B0136+57 01:39:19.744(4) 58:14:31.73(3) 3.67038973818(20) −144.3051(15) 0.02(3) 73.779(6) 5(16) 49289.0 48525
J0141+6009 B0138+59 01:41:39.938(8) 60:09:32.30(6) 0.8176959072274(12) −0.261480(9) 0.00027(16) 34.797(11) 0.003(4) 49293.0 1068

J0147+5922 B0144+59 01:47:44.6596(15) 59:22:03.217(13) 5.093691338515(8) −6.66206(7) 0.0339(12) 40.111(3) 0.0018(9) 49677.0 808
J0151−0635 B0148−06 01:51:22.701(11) −06:35:02.8(4) 0.682750190448(3) −0.206313(19) 0.0054(4) 25.66(3) −0.003(8) 49347.0 2147
J0152−1637 B0149−16 01:52:10.8536(17) −16:37:52.99(4) 1.2008526831899(18) −1.873510(8) −0.00498(12) 11.922(4) −0.0007(8) 48227.0 1046
J0156+3949∗ B0153+39 01:56:55.3(2) 39:49:29(4) 0.55201023568(3) −0.0462(3) 0.001(4) 60.0(6) 0.02(19) 49701.0 10785
J0157+6212g B0154+61 01:57:49.937(18) 62:12:25.90(13) 0.425216180759(11) −34.15937(9) −0.0219(19) 30.21(3) −0.014(9) 49709.0 15370

J0215+6218 – 02:15:56.626(9) 62:18:33.38(7) 1.821892452777(9) −2.19776(9) 0.032(6) 84.00(5) −0.004(20) 51341.0 906
J0218+4232 – 02:18:06.3511(15) 42:32:17.43(2) 430.4610663457(3) −14.340(3) 0.03(9) 61.252(5) −0.0009(12) 50864.0 188
J0231+7026 B0226+70 02:31:14.00(3) 70:26:33.88(13) 0.681746765985(3) −1.44545(3) 0.0002(5) 46.64(3) −0.004(9) 49692.0 1485
J0304+1932 B0301+19 03:04:33.115(16) 19:32:51.4(8) 0.7206768587625(14) −0.672713(10) −0.00245(17) 15.737(9) −0.001(3) 49289.0 1411
J0323+3944 B0320+39 03:23:26.618(12) 39:44:52.9(3) 0.3298074763345(10) −0.069138(7) 0.00007(12) 26.01(3) 0.011(8) 49290.0 1973

J0332+5434 B0329+54 03:32:59.368(5) 54:34:43.57(7) 1.399541538720(6) −4.011970(14) 0.00053(15) 26.833(10) −2(13) 46473.0 6947
J0335+4555 B0331+45 03:35:16.6470(12) 45:55:53.48(2) 3.7147027882896(17) −0.101429(13) −0.0004(3) 47.153(3) −0.0003(9) 49912.0 233
J0343+5312 B0339+53 03:43:12.91(4) 53:12:53.4(6) 0.516935299969(4) −3.58677(4) −0.0018(6) 67.30(6) −0.022(16) 49309.0 3453
J0357+5236 B0353+52 03:57:44.8155(13) 52:36:57.70(2) 5.075366707885(7) −12.27674(6) 0.0103(12) 103.706(4) −0.0002(12) 49912.0 628
J0358+5413g B0355+54 03:58:53.7124(14) 54:13:13.67(2) 6.39458076050(6) −179.7906(5) 0.410(9) 57.153(3) −0.0026(8) 49616.0 7741
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J0406+6138 B0402+61 04:06:30.047(4) 61:38:40.92(4) 1.68187563468(3) −15.7752(3) 0.058(6) 65.303(7) −0.0005(17) 49876.0 8757
J0415+6954 B0410+69 04:15:55.653(3) 69:54:9.89(2) 2.5594097227140(17) −0.501782(16) 0.0018(4) 27.465(4) −0.0010(10) 49874.0 297
J0421−0345 – 04:21:33.557(13) −03:45:06.6(6) 0.462682676962(3) −0.24905(3) 0.0019(10) 44.61(9) 0.03(4) 50847.0 1208
J0448−2749 – 04:48:41.568(4) −27:49:46.73(11) 2.220010446257(8) −0.73112(9) −0.0002(35) 26.22(4) 0.002(15) 51009.0 770
J0450−1248 B0447−12 04:50:08.781(3) −12:48:07.10(9) 2.283031270545(4) −0.53503(3) −0.0009(5) 37.041(10) 0.002(3) 49338.0 1046

J0452−1759 B0450−18 04:52:34.0979(9) −17:59:23.45(2) 1.821695294426(7) −19.09211(5) 0.0034(9) 39.903(3) 0.0010(10) 49289.0 2756
J0454+5543 B0450+55 04:54:07.709(3) 55:43:41.51(4) 2.93487997706(8) −20.4336(6) −0.179(14) 14.495(7) 0.0021(20) 49910.0 11203
J0459−0210 – 04:59:51.942(5) −02:10:06.6(2) 0.882553236380(4) −1.08910(4) −0.0019(13) 21.02(3) −0.005(9) 50845.0 1009
J0502+4654 B0458+46 05:02:04.561(4) 46:54:06.09(9) 1.566010110074(5) −13.69006(4) 0.0113(5) 42.187(8) 0.030(3) 48717.0 2252
J0520−2553 – 05:20:36.185(3) −25:53:12.28(10) 4.138350423366(11) −0.51536(14) 0.0005(57) 33.77(3) 0.003(11) 51216.0 390

J0525+1115 B0523+11 05:25:56.4483(11) 11:15:19.08(7) 2.8213711397405(10) −0.585907(4) −0.00033(7) 79.345(3) 0.0047(7) 48262.0 302
J0528+2200g B0525+21 05:28:52.308(11) 22:00:01(3) 0.2669861473886(16) −2.853854(5) 0.00026(5) 50.937(17) 0.005(3) 46517.0 9745
J0538+2817 – 05:38:25.0604(14) 28:17:09.1(3) 6.985270964317(11) −179.06616(16) −0.676(9) 39.86(5) 0.017(17) 51434.0 236
J0543+2329 B0540+23 05:43:9.660(11) 23:29:05(5) 4.06545762605(3) −254.9054(3) 0.242(3) 77.7115(17) −0.0049(6) 48892.0 4939
J0601−0527g B0559−05 06:01:58.9821(12) −05:27:50.56(4) 2.525449143310(3) −8.30464(3) 0.0242(5) 80.538(5) −0.0020(16) 49379.0 651

J0612+3721 B0609+37 06:12:48.6868(14) 37:21:37.35(7) 3.3559037259175(20) −0.669735(20) −0.0165(4) 27.135(4) −0.0015(10) 49679.0 307
J0613−0200 – 06:13:43.97354(13) −02:00:47.115(6) 326.60056745630(4) −1.0184(4) 0.045(13) 38.7850(10) −1.4(30) 50823.0 43
J0614+2229g,∗ B0611+22 06:14:17.16(3) 22:30:36(17) 2.9854313983(14) −529.861(10) 6.68(20) 96.91(7) −1.3(176) 49674.0 407833
J0621+1002 – 06:21:22.11139(12) 10:02:38.734(11) 34.657407176931(3) −0.05676(4) −0.0019(18) 36.6036(12) 0.0005(6) 51312.0 21
J0624−0424 B0621−04 06:24:20.028(2) −04:24:50.45(10) 0.9623930704244(13) −0.769156(11) −0.00007(23) 70.835(11) −0.005(4) 49876.0 657

J0629+2415 B0626+24 06:29:05.728(4) 24:15:43.3(11) 2.098095022707(15) −8.78519(12) −0.008(3) 84.195(4) −0.0034(14) 49438.0 4697
J0630−2834 B0628−28 06:30:49.478(5) −28:34:43.13(8) 0.80358811986(5) −4.59962(13) −0.0118(15) 34.468(17) 0.003(3) 46603.0 85154
J0631+1036g,∗ – 06:31:27.516(12) 10:37:03.8(9) 3.47496648597(12) −1264.095(3) 2.56(14) 125.4(9) −10(4) 51711.0 5509
J0653+8051 B0643+80 06:53:15.09(3) 80:52:00.22(11) 0.8234244415576(13) −2.575683(10) 0.00082(14) 33.332(17) −0.003(6) 48712.0 1004
J0659+1414 B0656+14 06:59:48.134(4) 14:14:21.5(3) 2.59813685751(3) −371.28820(19) 0.764(4) 13.977(13) −0.005(4) 49721.0 7264

J0700+6418 B0655+64 07:00:37.802(4) 64:18:11.20(4) 5.110620788131(4) −0.01790(3) −0.00006(32) 8.771(5) 8(10) 48806.0 471
J0725−1635 – 07:25:00.404(4) −16:35:45.81(14) 2.356759664005(6) −0.51455(6) 0.0015(19) 98.98(3) −0.002(10) 50884.0 595
J0729−1836g,∗ B0727−18 07:29:32.351(3) −18:36:42.79(7) 1.96016803372(9) −72.8382(7) 0.376(15) 61.293(10) −4(3) 49720.0 30699
J0742−2822∗ B0740−28 07:42:49.058(2) −28:22:43.76(4) 5.9965594774(7) −604.866(5) −1.32(8) 73.758(8) 3(3) 49326.0 102811
J0751+1807 – 07:51:09.1564(8) 18:07:38.61(6) 287.45785867548(5) −0.6431(4) −0.007(17) 30.2480(15) −0.0002(5) 50982.0 46

J0754+3231 B0751+32 07:54:40.688(5) 32:31:56.2(2) 0.6933132465193(10) −0.519073(8) −0.00023(11) 39.949(8) −0.002(3) 48725.0 1100
J0758−1528g B0756−15 07:58:29.0708(7) −15:28:08.738(19) 1.465705762893(3) −3.47785(3) −0.0237(6) 63.327(3) −0.0001(7) 49896.0 1078
J0814+7429 B0809+74 08:14:59.50(2) 74:29:05.70(11) 0.7738491923691(13) −0.100674(8) 0.00016(12) 6.116(18) −0.004(6) 49162.0 892
J0820−1350 B0818−13 08:20:26.3670(8) −13:50:55.49(2) 0.8076699283629(5) −1.373272(4) 0.00018(5) 40.938(3) −0.0004(8) 48904.0 523
J0823+0159 B0820+02 08:23:9.768(2) 01:59:12.41(9) 1.1562393852218(11) −0.139772(8) −0.00079(13) 23.727(6) −2(15) 49281.0 689
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J0826+2637g B0823+26 08:26:51.3833(16) 26:37:23.79(7) 1.88444396743(9) −6.0700(3) 0.015(3) 19.454(4) 0.0017(6) 46450.0 89099
J0828−3417∗ B0826−34 08:28:16.62(16) −34:17:07(3) 0.54085663363(3) −0.29144(13) −0.0010(20) 52.9(6) −0.07(15) 48132.0 19035
J0837+0610 B0834+06 08:37:05.642(3) 06:10:14.56(14) 0.7850721411512(4) −4.190619(3) 0.00010(4) 12.889(6) 0.0001(18) 48721.0 419
J0846−3533 B0844−35 08:46:06.06(3) −35:33:40.6(5) 0.895979340143(4) −1.285527(19) 0.0009(3) 94.16(11) 0.01(3) 48719.0 1419
J0849+8028∗ B0841+80 08:49:01.5(3) 80:28:59.1(7) 0.624130907903(12) −0.17386(8) 0.0011(20) 34.66(17) −0.05(5) 49993.0 3332

J0855−3331 B0853−33 08:55:38.413(5) −33:31:39.30(9) 0.788932412575(3) −3.934249(18) 0.0005(4) 86.635(16) 0.001(6) 49886.0 1321
J0908−1739 B0906−17 09:08:38.1822(11) −17:39:37.67(3) 2.4898809777858(11) −4.150570(10) 0.00110(12) 15.888(3) −2(7) 48737.0 358
J0921+6254 B0917+63 09:21:14.135(14) 62:54:13.92(11) 0.6377575349233(15) −1.467547(13) 0.0002(3) 13.158(18) 0.002(4) 49687.0 842
J0922+0638∗ B0919+06 09:22:14.022(4) 06:38:23.30(17) 2.32223600805(4) −73.98624(16) 0.123(3) 27.271(6) −2(12) 48227.0 13383
J0943+1631 B0940+16 09:43:30.10(15) 16:31:37(6) 0.919609800526(8) −0.07703(6) 0.0004(9) 20.32(5) −0.001(15) 48865.0 5712

J0944−1354 B0942−13 09:44:28.9559(11) −13:54:41.63(3) 1.7535734003402(10) −0.139163(7) −0.00023(13) 12.497(3) 0.0019(8) 49337.0 378
J0946+0951∗ B0943+10 09:46:07.6(8) 09:51:55(34) 0.91099098381(5) −2.89918(16) −0.043(5) 15.4(5) −0.06(14) 48483.0 11326
J0953+0755 B0950+08 09:53:09.3097(19) 07:55:35.75(8) 3.951551372963(14) −3.58762(4) −0.0076(4) 2.958(3) 0.0002(3) 46375.0 7986
J1012+5307 – 10:12:33.4339(2) 53:07:02.574(2) 190.267837610405(17) −0.6202(3) 0.003(7) 9.0234(5) −0.00006(15) 50914.0 29
J1012−2337∗ B1010−23 10:12:33.73(3) −23:38:22.4(6) 0.397149259359(6) −0.13895(5) 0.0006(9) 22.51(9) −0.000(17) 49874.0 3610

J1018−1642 B1016−16 10:18:40.365(19) −16:42:10.1(5) 0.554110267968(3) −0.53492(3) −0.0003(5) 48.82(7) −0.005(20) 49688.0 1868
J1022+1001 – 10:22:58.02(2) 10:01:53.1(9) 60.779448950912(5) −0.16022(6) −0.0002(29) 10.2520(9) 0.00007(37) 51246.0 23
J1024−0719 – 10:24:38.7003(4) −07:19:18.915(15) 193.71568669103(6) −0.6953(6) −0.003(25) 6.491(3) 0.0011(12) 51018.0 66
J1034−3224∗ – 10:34:19.51(2) −32:24:26.0(3) 0.869118997779(7) −0.17408(6) 0.0004(20) 50.75(8) −0.009(26) 50705.0 1529
J1041−1942 B1039−19 10:41:36.196(5) −19:42:13.61(11) 0.7213091662526(12) −0.491593(10) 0.00007(11) 33.777(10) −0.003(3) 48738.0 1019

J1047−3032 – 10:47:00.815(13) −30:32:18.0(2) 3.027293603866(17) −0.55909(18) 0.014(7) 52.54(7) 0.06(3) 51019.0 1106
J1115+5030 B1112+50 11:15:38.400(5) 50:30:12.29(5) 0.6037044172606(9) −0.908518(7) −0.00014(12) 9.195(8) −0.004(3) 49334.0 966
J1136+1551 B1133+16 11:36:03.2477(18) 15:51:04.48(5) 0.8418124429095(18) −2.645977(6) 0.00087(5) 4.864(5) −0.0008(5) 46407.0 5578
J1141−3107∗ – 11:41:25.64(9) −31:07:52.2(10) 1.85724483405(20) −6.8642(19) −1.18(7) 30.73(16) −0.03(6) 50845.0 18900
J1141−3322g – 11:41:42.761(4) −33:22:37.41(7) 3.43091382310(4) −5.4555(5) −0.309(18) 46.448(17) 0.0008(68) 51019.0 2615

J1238+21∗ – 12:38:23.17(8) 21:52:11.0(11) 0.89398205209(3) −1.1553(3) −0.009(15) 17.5(12) 0.3(15) 51438.0 1827
J1239+2453 B1237+25 12:39:40.4614(12) 24:53:49.29(2) 0.7233539359980(5) −0.5023367(15) −0.000508(15) 9.242(6) 0.0008(8) 46531.0 1245
J1257−1027 B1254−10 12:57:04.769(15) −10:27:05.8(5) 1.6199377532557(20) −0.951798(16) 0.0005(4) 29.634(9) −0.000(3) 49667.0 661
J1300+1240 B1257+12 13:00:03.0482(11) 12:40:56.70(3) 160.80965893010(12) −2.9567(17) −0.0003(108) 10.166(3) −0.0002(6) 48700.0 66
J1311−1228 B1309−12 13:11:52.650(11) −12:28:01.6(4) 2.234548432167(3) −0.753271(19) −0.0018(4) 36.214(8) −0.0018(20) 49667.0 507

J1321+8323 B1322+83 13:21:46.18(7) 83:23:38.92(10) 1.492453962361(5) −1.26139(5) −0.0054(7) 13.312(18) 0.003(6) 48889.0 1865
J1332−3032∗ – 13:32:52.48(6) −30:32:17.3(14) 1.53743384519(4) −1.3243(9) 0.03(3) 15.10(19) 0.17(11) 50625.8 3997
J1455−3330 – 14:55:47.9624(10) −33:30:46.36(3) 125.20024533089(5) −0.3806(8) 0.008(22) 13.5708(12) −0.00001(58) 50597.9 84
J1509+5531g B1508+55 15:09:25.689(5) 55:31:32.79(4) 1.351932457770(7) −9.13534(7) 0.0516(15) 19.613(20) −0.003(6) 49904.0 7385
J1518+4904 – 15:18:16.7975(3) 49:04:34.263(3) 24.428979760784(3) −0.01630(5) −0.0005(18) 11.6109(17) 0.0001(7) 51203.0 26
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J1532+2745g B1530+27 15:32:10.364(7) 27:45:49.38(12) 0.889018691334(5) −0.61613(4) −0.0009(8) 14.698(18) 0.0001(43) 49666.0 3052
J1537+1155 B1534+12 15:37:9.9600(6) 11:55:55.514(15) 26.382133004381(10) −1.68619(10) −0.002(3) 11.6165(15) −0.0006(7) 50515.0 125
J1543+0929 B1541+09 15:43:38.815(13) 09:29:16.5(4) 1.336097422770(10) −0.77205(6) −0.0139(8) 35.24(3) 0.026(5) 48716.0 4683
J1543−0620 B1540−06 15:43:30.1579(16) −06:20:45.25(8) 1.410309790908(7) −1.74938(6) 0.0131(10) 18.403(4) 0.0022(11) 49423.0 3180
J1555−2341 B1552−23 15:55:33.186(16) −23:41:9.7(10) 1.877660147286(6) −2.44572(5) −0.0303(12) 51.901(15) −0.002(4) 49899.0 1311

J1555−3134 B1552−31 15:55:17.952(3) −31:34:20.10(13) 1.930092885690(3) −0.23183(3) −0.0002(6) 73.045(7) −0.0010(15) 49874.0 551
J1603−2531g – 16:03:04.893(2) −25:31:47.36(14) 3.53269039200(15) −19.8709(13) 0.11(5) 53.763(4) 0.0003(12) 50719.0 7805
J1603−2712 B1600−27 16:03:08.063(9) −27:13:27.6(5) 1.284829820773(5) −4.96787(4) −0.00004(73) 46.201(16) −0.002(5) 49911.0 1073
J1607−0032 B1604−00 16:07:12.1034(8) 00:32:40.83(3) 2.3707006046372(7) −1.720308(3) −0.00201(3) 10.682(5) 0.0015(6) 46973.0 377
J1610−1322 B1607−13 16:10:42.77(3) −13:22:22(2) 0.981939436993(10) −0.22161(8) 0.0006(15) 49.13(8) 0.02(3) 49691.0 3845

J1614+0737 B1612+07 16:14:40.906(7) 07:37:31.0(2) 0.828636733302(3) −1.620171(19) −0.0007(5) 21.39(3) 0.003(6) 49897.0 1041
J1615−2940∗ B1612−29 16:15:52.83(8) −29:40:16(5) 0.403621636589(7) −0.25811(3) −0.00002(58) 44.79(14) −0.03(5) 48390.0 4041
J1623−0908 B1620−09 16:23:17.676(4) −09:08:49.2(2) 0.7834253398860(10) −1.583925(6) 0.00040(8) 68.183(10) −0.0002(27) 48715.0 691
J1623−2631∗ B1620−26 16:23:38.2193(7) −26:31:53.80(5) 90.28733155763(9) −3.5936(9) 18.703(16) 62.8647(17) 3(4) 49874.0 711
J1635+2418 B1633+24 16:35:25.782(13) 24:18:47.3(2) 2.038708913957(7) −0.49592(4) 0.0009(5) 24.32(4) 0.007(10) 48736.0 1334

J1643−1224 – 16:43:38.1563(2) −12:24:58.723(16) 216.37334080825(4) −0.8655(4) −0.013(12) 62.4161(11) 0.0009(4) 50836.0 55
J1645−0317∗ B1642−03 16:45:02.0414(6) −03:17:58.32(3) 2.57938244186(4) −11.84559(11) 0.0066(11) 35.727(3) 1.2(29) 46515.0 19700
J1648−3256 – 16:48:06.057(14) −32:56:41.6(10) 1.38994057405(3) −6.8144(3) 0.058(9) 128.35(6) 0.004(15) 50853.0 2777
J1650−1654∗ – 16:50:27.21(5) −16:54:40(6) 0.571574977551(10) −1.04633(12) −0.0006(36) 43.25(15) 0.02(5) 50862.0 2978
J1651−1709 B1648−17 16:51:31.75(2) −17:09:22(2) 1.027333553063(5) −3.20540(5) 0.0014(9) 33.46(6) 0.001(19) 50027.0 1211

J1652−2404 B1649−23 16:52:58.53(5) −24:03:51(6) 0.5869443142906(17) −1.088206(12) −0.00185(16) 68.41(3) 0.004(10) 48742.0 1495
J1654−2713∗ – 16:54:23.63(5) −27:13:01(5) 1.26290939372(3) −0.2673(3) −0.003(11) 92.31(12) −0.03(5) 51002.0 2633
J1659−1305 B1657−13 16:59:53.088(19) −13:05:08.8(16) 1.560164141185(11) −1.50355(9) 0.0328(17) 60.37(7) −0.003(23) 49725.0 2030
J1700−3312 – 17:00:52.980(18) −33:12:46.5(12) 0.736210585862(5) −2.55438(7) −0.0216(20) 166.97(9) −0.004(28) 50856.0 1604
J1703−1846 B1700−18 17:03:51.089(6) −18:46:15.7(8) 1.2432536715719(18) −2.675571(15) 0.0003(4) 49.551(15) −0.006(5) 49905.0 478

J1703−3241 B1700−32 17:03:22.541(4) −32:41:48.0(3) 0.8252288334107(15) −0.449345(12) 0.0016(3) 110.306(14) −0.010(6) 50005.0 504
J1705−1906g B1702−19 17:05:36.100(3) −19:06:38.6(4) 3.344622243443(18) −46.28835(11) 0.0334(15) 22.907(3) −0.0024(7) 48733.0 3652
J1705−3423g – 17:05:42.378(14) −34:23:44.7(10) 3.91502600366(7) −16.4873(8) 0.12(3) 146.36(10) 0.005(23) 50856.0 2847
J1708−3426∗ – 17:08:57.79(4) −34:26:44(3) 1.444850253954(19) −8.77457(19) −0.013(7) 190.7(3) −0.006(58) 50856.0 2002
J1709−1640∗ B1706−16 17:09:26.4413(15) −16:40:57.73(16) 1.53126700704(8) −14.7952(3) 0.383(3) 24.873(5) 1.1(67) 46993.0 56037

J1711−1509 B1709−15 17:11:55.061(6) −15:09:39.8(7) 1.151007262132(4) −1.46056(3) 0.0099(6) 59.88(3) −0.005(7) 49907.0 1010
J1713+0747 – 17:13:49.52864(6) 07:47:37.536(2) 218.811843953840(12) −0.40877(14) −0.0009(51) 15.9899(6) 0.0001(3) 50913.0 15
J1717−3425 B1714−34 17:17:20.244(6) −34:24:59.6(4) 1.52369521716(14) −22.7604(10) 0.03(3) 587.7(7) – 50253.0 17103
J1720−0212 B1718−02 17:20:57.269(11) −02:12:23.9(5) 2.093296799451(11) −0.36281(8) 0.0002(15) 66.98(4) 0.002(13) 49429.0 3170
J1720−1633g B1717−16 17:20:25.208(8) −16:33:33.6(11) 0.638732285846(12) −2.36545(9) 0.0073(18) 44.83(3) −0.012(9) 49686.0 6674
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J1720−2933 B1717−29 17:20:34.117(8) −29:33:16.2(9) 1.611737665617(4) −1.93788(4) −0.0151(8) 42.64(3) 0.0001(82) 49863.0 699
J1721−1936∗ B1718−19 17:21:01.48(4) −19:36:51(7) 0.99597877881(18) −1.6110(15) 0.29(5) 75.7(3) −3(7) 50434.0 56142
J1721−3532 B1718−35 17:21:32.778(15) −35:32:49.7(9) 3.56603038405(7) −320.2818(10) 0.69(5) 496.0(4) – 51374.0 1913
J1722−3207 B1718−32 17:22:02.955(2) −32:07:45.34(19) 2.095743987113(14) −2.83848(11) 0.00009(300) 126.064(8) 0.007(3) 49894.0 2019
J1728−0007 B1726−00 17:28:34.820(6) 00:07:45.0(3) 2.590648582519(10) −7.53466(9) −0.0119(20) 41.09(3) 0.002(8) 50089.0 965

J1730−2304 – 17:30:21.653(3) −23:04:30.8(8) 123.110289166312(14) −0.3059(3) −0.005(6) 9.6187(7) 0.0003(3) 50830.0 34
J1730−3350g,∗ B1727−33 17:30:32.579(10) −33:50:39.1(7) 7.1705039813(9) −4361.600(9) 61.9(4) 259(5) −1.4(129) 50198.0 27653
J1732−1930∗ – 17:32:20.03(3) −19:30:09(6) 2.06709800946(3) −0.7768(4) 0.006(13) 72.43(14) 0.05(6) 51197.0 1150
J1733−2228 B1730−22 17:33:26.44(3) −22:28:38(8) 1.147206256861(3) −0.056201(13) −0.00022(17) 41.14(3) −0.0008(64) 48712.0 1061
J1734−0212∗ B1732−02 17:34:45.66(2) −02:12:39.1(12) 1.191335192834(12) −0.59752(10) 0.0032(19) 65.05(9) −0.009(27) 49699.0 2630

J1735−0724 B1732−07 17:35:04.9717(11) −07:24:52.49(7) 2.384728392905(6) −6.90811(5) 0.0047(12) 73.512(4) −0.0092(17) 49887.0 1051
J1738−3211 B1735−32 17:38:54.186(6) −32:11:53.6(5) 1.301237959897(4) −1.34596(3) 0.0004(5) 49.59(4) 0.009(11) 49595.0 1287
J1739−2903g,∗ B1736−29 17:39:34.278(4) −29:03:03.6(5) 3.09710254134(8) −75.5834(6) 0.063(12) 138.56(3) 1.2(77) 49448.0 13854
J1739−3131g B1736−31 17:39:24.304(5) −31:31:15.3(5) 1.8887846273(5) −66.297(5) −0.30(9) 600.1(12) 0.09(30) 49138.0 108282
J1740+1311g B1737+13 17:40:07.3455(12) 13:11:56.69(3) 1.245252064335(5) −2.250493(18) 0.0166(4) 48.673(4) −0.0008(9) 48262.0 2548

J1741+2758∗ – 17:41:53.41(10) 27:58:09(3) 0.73489553869(4) −0.9939(5) −0.02(3) 28.9(13) −0.1(4) 51318.0 3266
J1741−0840 B1738−08 17:41:22.556(15) −08:40:31.9(9) 0.4894565052369(13) −0.544946(10) 0.00004(11) 74.90(5) 0.008(13) 48714.0 1429
J1743−0339∗ B1740−03 17:43:08.18(3) −03:39:11.4(12) 2.2489846054(5) −7.871(4) 0.15(9) 30.26(11) 4(4) 50067.0 54438
J1743−1351 B1740−13 17:43:37.622(6) −13:51:38.0(6) 2.46708325869(6) −2.9064(5) −0.075(9) 116.30(3) 0.010(7) 49666.0 7184
J1743−3150g B1740−31 17:43:36.685(14) −31:50:21.9(14) 0.414151469577(10) −20.71555(10) −0.024(3) 193.05(7) −0.02(3) 50241.0 8046

J1744−1134 – 17:44:29.39325(5) −11:34:54.593(5) 245.426123676413(12) −0.53842(16) −0.008(6) 3.1401(4) 0.00016(12) 51098.0 10
J1745−3040 B1742−30 17:45:56.3019(10) −30:40:23.65(11) 2.72161606708(3) −79.01873(19) −0.083(5) 88.373(4) −0.0081(13) 49890.0 4398
J1748−1300 B1745−12 17:48:17.4077(15) −13:00:52.07(14) 2.537212363771(9) −7.80664(7) −0.0414(17) 99.364(6) 0.0002(23) 50021.0 1300
J1748−2021∗ B1745−20 17:48:52.66(8) −20:21:42(23) 3.46497149980(15) −4.8050(14) 0.08(4) 220.4(3) −0.001(94) 50255.0 17429
J1748−2444 – 17:48:48.511(17) −24:44:37(8) 2.25815958180(3) −0.56761(17) −0.002(6) 207.33(9) 0.02(3) 50477.0 2132

J1749−3002∗ B1746−30 17:49:13.49(3) −30:02:35(3) 1.63968389547(4) −21.1608(3) −0.035(8) 509.4(3) −0.06(7) 50279.0 6050
J1750−3157 B1747−31 17:50:47.320(6) −31:57:44.1(6) 1.098462939960(5) −0.23712(4) −0.0004(10) 206.34(4) 0.008(11) 50271.0 1102
J1750−3503∗ – 17:50:44.58(12) −35:03:20(8) 1.46195921721(15) −0.0842(20) 0.01(8) 190.6(7) 0.7(4) 50548.0 15166
J1752−2806 B1749−28 17:52:58.6896(17) −28:06:37.3(3) 1.77759563969(8) −25.6868(3) 0.013(3) 50.372(8) 0.0014(10) 46483.0 63027
J1753−2501 B1750−24 17:53:30.62(3) −25:00:25(13) 1.89273345976(8) −50.5662(6) −0.062(11) 672(3) – 49613.0 16351

J1754+5201∗ B1753+52 17:54:22.93(4) 52:01:12.3(4) 0.418165652037(5) −0.27351(5) −0.0005(9) 35.35(10) −0.001(35) 49666.0 4785
J1756−2435 B1753−24 17:56:57.914(5) −24:35:34(3) 1.491468881773(3) −0.633399(20) −0.0001(4) 367.1(4) – 49613.0 817
J1757−2421 B1754−24 17:57:29.3362(14) −24:22:07.4(12) 4.27166834160(7) −235.7385(5) 0.149(13) 179.454(11) 2(4) 49909.0 6344
J1759−2205 B1756−22 17:59:24.1569(13) −22:05:33.0(8) 2.16931914297(4) −51.1650(4) −0.257(7) 177.157(5) −0.0273(15) 49721.0 9089
J1759−2922 – 17:59:48.245(11) −29:22:07(3) 1.740946263509(9) −14.02839(9) 0.009(4) 79.42(6) 0.009(22) 50856.0 750
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J1801−0357g B1758−03 18:01:22.660(4) −03:57:55.0(2) 1.08519817776(4) −3.8981(3) −0.032(7) 120.37(3) 0.003(7) 49930.0 12414
J1801−2304g,∗ B1758−23 18:01:19.89(12) −23:08:21(509) 2.4049290229(8) −653.12(5) −9(15) 1074(6) – 52503.0 4162
J1801−2451g,∗ B1757−24 18:00:59.87(3) −24:51:53(24) 8.0048537226(5) −8195.90(3) 401(10) 289.0(10) – 52503.0 817
J1801−2920 B1758−29 18:01:46.836(3) −29:20:38.6(4) 0.924292603138(5) −2.81335(7) −0.0186(16) 125.613(14) −0.008(7) 50549.0 1296
J1803−2137g,∗ B1800−21 18:03:51.333(8) −21:36:27(3) 7.4840647890(14) −7511.372(19) 223.9(10) 233.99(5) 6(3) 49527.0 40237

J1803−2712 B1800−27 18:03:31.691(14) −27:12:06(3) 2.990292674144(18) −0.15302(11) 0.002(4) 165.5(3) 0.02(10) 50261.0 1150
J1804−0735 B1802−07 18:04:49.8954(15) −07:35:24.70(9) 43.28844052279(4) −0.8753(4) 0.003(8) 186.316(13) 0.001(5) 50337.0 307
J1804−2717 – 18:04:21.1311(8) −27:17:31.2(2) 107.03165103913(7) −0.4684(9) −0.0006(400) 24.674(5) 0.0002(16) 51041.0 131
J1805+0306 B1802+03 18:05:10.1546(19) 03:06:30.26(9) 4.57223191539(3) −20.89391(14) 0.017(4) 80.857(8) 0.0009(27) 49946.0 1118
J1806−1154 B1804−12 18:06:06.791(9) −11:54:28.6(9) 1.913442058714(14) −5.15786(9) 0.008(3) 122.41(5) −0.007(18) 50134.0 1634

J1807−0847 B1804−08 18:07:38.0274(4) −08:47:43.27(2) 6.107714243738(3) −1.074334(12) −0.00479(20) 112.3802(11) −0.0006(3) 48244.0 363
J1807−2715 B1804−27 18:07:08.496(6) −27:15:02.9(12) 1.208055612219(13) −17.76454(10) −0.082(3) 312.98(3) 0.004(9) 49891.0 3238
J1808−0813 – 18:08:09.432(9) −08:13:01.8(7) 1.141494802498(7) −1.61599(7) 0.002(3) 151.27(6) −0.019(15) 50862.0 917
J1808−2057 B1805−20 18:08:06.396(10) −20:58:07(3) 1.088837931564(12) −20.24485(10) 0.0787(18) 606.8(9) – 49612.0 4384
J1809−2109 B1806−21 18:09:14.329(3) −21:09:02.7(12) 1.423662580739(7) −7.74622(6) −0.0024(11) 381.91(5) 0.007(18) 49612.0 2471

J1812+0226 B1810+02 18:12:53.187(4) 02:26:57.13(16) 1.259600038490(4) −5.71114(4) 0.0004(9) 104.14(3) −0.015(7) 49906.0 1163
J1812−1718g B1809−173 18:12:07.209(6) −17:18:29.5(8) 0.82962336669(4) −13.1303(3) 0.058(6) 255.1(18) 0.04(36) 49612.0 19549
J1812−1733 B1809−176 18:12:15.89(2) −17:33:38(3) 1.85756026077(3) −3.38999(17) −0.014(5) 518(4) – 50283.0 3152
J1813+4013 B1811+40 18:13:13.280(6) 40:13:39.04(9) 1.074011086779(3) −2.93994(3) 0.0149(6) 41.487(18) −0.000(7) 49886.0 1045
J1816−1729 B1813−17 18:16:18.662(5) −17:29:02.7(7) 1.27826015924(5) −11.8659(4) −0.171(7) 525.5(7) – 49481.0 15901

J1816−2650 B1813−26 18:16:35.402(12) −26:49:53(3) 1.686667363811(6) −0.18893(4) −0.0012(5) 128.12(3) 0.002(10) 48739.0 1769
J1818−1422 B1815−14 18:18:23.758(3) −14:22:37.5(3) 3.43066535167(7) −23.9945(6) 0.011(10) 622.0(4) – 49478.0 8727
J1820−0427 B1818−04 18:20:52.6081(18) −04:27:38.13(9) 1.67202850073(4) −17.70049(10) 0.0357(10) 84.435(17) −0.0019(20) 46634.0 29482
J1820−1346 B1817−13 18:20:19.761(12) −13:46:15.3(10) 1.085234618514(5) −5.29417(4) 0.0142(7) 776.7(17) – 49609.0 1777
J1820−1818 B1817−18 18:20:39.088(4) −18:18:03.3(7) 3.226799541560(9) −0.97468(6) 0.0056(17) 436.0(12) – 50283.0 582

J1821+17∗ – 18:21:13.42(8) 17:15:45(2) 0.731699142500(15) −0.46551(18) −0.029(10) 60.2(19) −0.1(23) 51413.0 1386
J1822+0705∗ – 18:22:18.44(2) 07:05:19.0(9) 0.733774022731(10) −0.94076(13) 0.002(7) 62.2(3) −0.05(12) 51341.0 1074
J1822−1400 B1820−14 18:22:54.043(6) −14:00:02.4(5) 4.65611972198(12) −19.6609(10) −0.011(17) 651.1(9) – 49266.4 10383
J1822−2256 B1819−22 18:22:58.96(7) −22:56:32(26) 0.5335414804559(17) −0.385550(11) 0.00058(14) 121.20(4) 0.005(12) 48740.0 1442
J1823+0550 B1821+05 18:23:30.9731(11) 05:50:24.31(4) 1.3281860932565(17) −0.399977(15) −0.00005(18) 66.775(3) −0.0008(9) 48713.0 941

J1823−0154 – 18:23:52.145(7) −01:54:04.6(4) 1.316174862910(6) −1.96007(6) −0.0106(20) 135.87(5) −0.012(12) 50850.0 702
J1823−1115 B1820−11 18:23:40.31(4) −11:15:11(2) 3.57361490181(6) −17.6060(5) −0.187(8) 428.59(9) −0.01(3) 49465.0 10207
J1823−3021A B1820−30A 18:23:40.4843(8) −30:21:39.93(10) 183.82343541777(10) −114.3536(9) 0.51(3) 86.834(4) 0.0013(13) 50319.0 188
J1823−3021B B1820−30B 18:23:41.539(5) −30:21:41.7(7) 2.641334654041(6) −0.22451(5) 0.0072(13) 86.909(19) −0.002(6) 50320.0 661
J1823−3106 B1820−31 18:23:46.7885(10) −31:06:49.74(10) 3.52045310244(5) −36.2765(4) −0.201(9) 50.245(4) 0.0014(11) 50093.0 4571
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J1824−1118 B1821−11 18:24:29.539(7) −11:18:42.6(5) 2.29484628787(9) −18.7190(7) 0.004(14) 603(2) – 49480.0 17524
J1824−1945∗ B1821−19 18:24:00.4558(10) −19:45:51.8(2) 5.2816439280(4) −145.930(3) 0.05(7) 224.648(5) −3(15) 49877.0 31931
J1824−2452 B1821−24 18:24:32.009(2) −24:52:11.1(6) 327.40566514989(17) −173.5205(12) −0.03(3) 119.857(7) 0.0098(20) 49858.0 137
J1825+0004 B1822+00 18:25:15.325(2) 00:04:19.70(11) 1.283780435420(8) −1.44400(8) −0.0134(15) 56.618(9) −0.002(3) 49719.0 2338
J1825−0935g,∗ B1822−09 18:25:30.554(14) −09:35:22.1(10) 1.3004167942(3) −88.4188(15) 1.71(3) 19.38(4) −1.9(124) 49448.0 115534

J1825−1446 B1822−14 18:25:02.927(5) −14:46:52.6(5) 3.58183026823(6) −290.9526(5) 0.224(9) 357(5) – 49480.0 7539
J1826−1131 B1823−11 18:26:05.472(10) −11:31:43.8(7) 0.477751972175(3) −1.12077(3) 0.0069(4) 320.58(6) 0.004(17) 49464.0 3108
J1826−1334g B1823−13 18:26:13.175(2) −13:34:46.8(2) 9.8555319478(9) −7290.770(13) 154.7(6) 231.0(10) – 50930.0 25553
J1827−0958g B1824−10 18:27:05.480(11) −09:58:43.1(7) 4.06905813170(3) −16.59561(17) −0.057(4) 430(4) −0.07(75) 49480.0 2433
J1829−1751∗ B1826−17 18:29:43.1381(18) −17:51:04.1(3) 3.25591870206(5) −58.8540(5) 0.033(9) 217.108(9) −1.0(24) 49878.0 7215

J1830−1059∗ B1828−11 18:30:47.558(6) −10:59:27.3(4) 2.46887171470(7) −365.8728(5) 0.872(9) 161.50(20) 1.5(96) 49621.0 17406
J1832−0827 B1829−08 18:32:37.0201(10) −08:27:03.64(6) 1.54489610590(7) −152.4610(7) 0.019(11) 300.869(10) −7(3) 49442.0 25845
J1832−1021 B1829−10 18:32:40.8665(18) −10:21:32.77(13) 3.02705500539(4) −38.5035(4) 0.200(7) 475.7(3) – 49459.0 7806
J1833−0338∗ B1831−03 18:33:41.914(4) −03:39:04.35(18) 1.45623056406(7) −88.1436(6) 0.143(11) 234.538(13) −2(4) 49698.0 26282
J1833−0827g B1830−08 18:33:40.3000(8) −08:27:31.25(5) 11.72549427597(6) −1260.8566(4) −1.301(13) 411(2) – 50483.0 1507

J1834−0010∗ B1831−00 18:34:17.25(4) 00:10:53.1(17) 1.91955413102(4) −0.0388(5) −0.0003(92) 88.65(15) 0.09(5) 49123.0 4478
J1834−0426 B1831−04 18:34:25.603(2) −04:26:15.85(13) 3.446989859080(8) −0.85486(7) 0.0163(13) 79.308(8) 0.002(3) 49714.0 1083
J1835−0643 B1832−06 18:35:05.561(10) −06:43:06.3(6) 3.26978936174(18) −432.5360(15) 0.87(3) 472.9(10) – 49533.0 26446
J1835−1106g – 18:35:18.269(15) −11:06:16.7(13) 6.027403919(4) −749.58(4) 2.9(18) 132.79(10) 0.02(4) 50528.0 77330
J1836−0436 B1834−04 18:36:51.7905(16) −04:36:37.68(7) 2.82297272645(4) −13.2364(3) −0.087(6) 231.5(3) – 49532.0 5710

J1836−1008∗ B1834−10 18:36:53.922(3) −10:08:08.5(2) 1.77711199695(7) −37.2628(5) −0.195(7) 316.98(3) −3(8) 48880.0 22511
J1837−0045 – 18:37:32.155(14) 00:45:10.6(7) 1.620649156245(15) −4.42437(17) −0.004(7) 86.98(9) 0.003(36) 51019.0 1627
J1837−0653 B1834−06 18:37:14.651(17) −06:53:02.2(10) 0.524711633868(6) −0.21256(5) 0.0005(8) 316.1(4) 0.04(9) 49480.0 5107
J1840+5640 B1839+56 18:40:44.608(6) 56:40:55.47(6) 0.6050112405059(7) −0.547161(5) −0.00091(7) 26.698(11) 0.004(4) 48717.0 712
J1841+0912∗ B1839+09 18:41:55.961(2) 09:12:07.38(6) 2.622474171642(18) −7.49870(7) 0.0635(11) 49.107(8) 7(15) 48266.0 4196

J1841−0425 B1838−04 18:41:05.6622(15) −04:25:19.62(8) 5.37211214041(15) −184.4446(12) −0.081(20) 325.487(15) 0.012(5) 49477.0 16542
J1842−0359 B1839−04 18:42:26.477(13) −03:59:59.8(6) 0.543494708922(4) −0.15028(3) 0.0010(5) 195.98(8) 0.02(3) 49462.0 3685
J1844+1454 B1842+14 18:44:54.8946(11) 14:54:14.12(3) 2.66337559720(19) −13.2812(15) 0.06(3) 41.510(4) 0.0016(13) 49362.0 43162
J1844−0244 B1842−02 18:44:44.976(14) −02:44:40.9(6) 1.96958052943(5) −64.9403(4) −0.009(7) 429(3) – 49610.0 11013
J1844−0433 B1841−04 18:44:33.452(4) −04:33:12.4(2) 1.009054634312(3) −3.985748(16) −0.0015(4) 123.158(20) −0.007(7) 49626.0 1348

J1844−0538 B1841−05 18:44:05.1085(17) −05:38:34.19(9) 3.91084420181(12) −148.4430(8) −0.133(15) 412.8(3) – 49551.0 14238
J1845−0434 B1842−04 18:45:34.709(5) −04:34:29.8(3) 2.0544393618(13) −47.804(10) 0.10(19) 230.8(17) 0.1(4) 49610.0 31310
J1847−0402 B1844−04 18:47:22.8380(16) −04:02:14.19(9) 1.672886594826(6) −144.70527(5) 0.0797(5) 141.979(5) −0.0076(16) 48736.0 2523
J1848−0123 B1845−01 18:48:23.5916(14) −01:23:58.23(6) 1.51645647068(5) −12.0773(3) −0.018(7) 159.531(8) 0.0007(29) 50022.0 10982
J1848−1414 – 18:48:39.155(15) −14:14:17.3(19) 3.35830177748(3) −0.1589(3) 0.006(9) 134.47(9) 0.04(3) 50866.0 1264
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J1848−1952 B1845−19 18:48:18.04(4) −19:52:31(7) 0.2321160610787(18) −1.254382(9) 0.00022(14) 18.23(7) 0.001(21) 48695.0 2821
J1849−0636 B1846−06 18:49:06.436(4) −06:37:06.9(2) 0.689028170522(5) −21.95281(5) −0.0140(6) 148.168(12) 0.007(4) 48736.0 4557
J1850+1335 B1848+13 18:50:35.474(2) 13:35:58.39(6) 2.893670083930(3) −12.49655(3) −0.0106(5) 60.147(8) 0.0007(22) 49722.0 348
J1851+0418 B1848+04 18:51:03.298(11) 04:18:12.0(4) 3.51250044908(3) −13.43593(20) 0.224(5) 115.54(5) 0.006(12) 49845.0 2802
J1851+1259 – 18:51:13.215(4) 12:59:35.28(14) 0.82966670116(7) −7.9297(5) 0.147(11) 70.615(16) 0.023(5) 49908.0 23236

J1852+0031∗ B1849+00 18:52:27.42(10) 00:32:02(4) 0.45867453075(3) −20.3976(3) −0.017(4) 787(17) – 49613.0 22597
J1852−2610 – 18:52:59.467(12) −26:10:12.6(15) 2.973207255421(5) −0.77532(5) 0.0162(16) 56.814(19) 0.005(7) 50866.0 232
J1854+1050∗ B1852+10 18:54:29.34(6) 10:46:42.2(19) 1.74460092962(6) −1.9445(5) 0.077(10) 207.2(3) −0.00(8) 49692.0 13077
J1854−1421 B1851−14 18:54:44.293(6) −14:21:26.4(6) 0.872147648765(10) −3.16517(7) −0.0142(18) 130.40(3) 0.009(7) 49909.0 3536
J1856+0113g,∗ B1853+01 18:56:10.68(3) 01:13:21.3(13) 3.7391619008(9) −2913.147(8) 27.6(3) 96.74(12) −5(6) 49780.0 84891

J1857+0057∗ B1854+00 18:57:00.81(3) 00:57:16.6(11) 2.80167766010(3) −0.42846(17) −0.004(5) 82.39(11) −0.009(34) 49694.0 2553
J1857+0212 B1855+02 18:57:43.643(3) 02:12:41.11(11) 2.40486905991(4) −232.9083(3) 0.278(5) 506.77(18) – 49554.0 6646
J1857+0943 B1855+09 18:57:36.3925(2) 09:43:17.296(7) 186.494081561079(18) −0.62031(13) 0.0004(25) 13.2988(7) 0.00002(25) 49562.0 60
J1900−2600 B1857−26 19:00:47.582(4) −26:00:43.8(5) 1.6334285612669(17) −0.545714(12) −0.00276(14) 37.994(5) −0.0033(13) 48891.0 521
J1901+0156 B1859+01 19:01:34.2886(18) 01:56:38.23(8) 3.469581974618(12) −28.37907(13) −0.016(4) 105.394(7) −0.004(3) 49298.0 820

J1901+0331∗ B1859+03 19:01:31.7809(18) 03:31:05.92(6) 1.52566882999(9) −17.3627(7) 0.324(16) 402.080(12) 1.5(37) 50027.0 22567
J1901+0716g B1859+07 19:01:38.936(11) 07:16:34.8(4) 1.55279825358(8) −5.5148(7) 0.356(14) 252.81(7) −0.005(19) 49863.0 23610
J1901−0906 – 19:01:53.015(3) −09:06:10.8(3) 0.5611899770197(13) −0.515952(13) 0.0013(5) 72.677(18) −0.0003(86) 50873.0 367
J1902+0556 B1900+05 19:02:42.620(3) 05:56:25.93(11) 1.339445927984(3) −23.099535(20) 0.0529(4) 177.486(13) −0.002(5) 49722.0 1038
J1902+0615 B1900+06 19:02:50.278(2) 06:16:33.45(7) 1.484780275631(7) −16.98927(5) −0.0215(11) 502.900(17) −0.012(5) 49910.0 2021

J1903+0135g,∗ B1900+01 19:03:29.9865(15) 01:35:38.40(6) 1.371170580235(11) −7.58258(7) 0.0095(9) 245.167(6) 6(16) 48741.0 3907
J1903−0632 B1900−06 19:03:37.940(2) −06:32:21.96(13) 2.3154200149(3) −18.2355(13) 0.10(4) 195.611(10) −0.003(4) 50023.0 30669
J1904+0004 – 19:04:12.720(4) 00:04:05.3(2) 7.16719341857(5) −6.0645(5) 0.112(16) 233.61(4) 0.006(10) 50866.0 1136
J1904−1224 – 19:04:33.282(9) −12:24:01.4(9) 1.331898217656(5) −1.31691(5) −0.003(3) 118.23(4) 0.002(14) 51037.0 497
J1905+0709 B1903+07 19:05:53.62(2) 07:09:19.3(6) 1.54311449326(15) −11.7670(12) 0.67(3) 245.34(10) −0.04(4) 49466.0 56204

J1905−0056g B1902−01 19:05:27.7355(12) 00:56:40.96(5) 1.554771668389(5) −7.37678(5) −0.0196(9) 229.131(5) −0.0001(14) 49721.0 1113
J1906+0641 B1904+06 19:06:35.245(2) 06:41:02.88(8) 3.741464667847(6) −29.89530(5) −0.0068(8) 472.8(3) – 49613.0 693
J1907+4002 B1905+39 19:07:34.656(8) 40:02:05.71(11) 0.8092202865133(18) −0.354075(13) −0.00029(19) 30.96(3) −0.001(7) 48713.0 1336
J1909+0007 B1907+00 19:09:35.2579(18) 00:07:57.75(8) 0.98333409776(3) −5.33615(18) 0.0002(27) 112.787(6) 0.0012(18) 48740.0 18135
J1909+0254 B1907+02 19:09:38.311(2) 02:54:50.66(9) 1.010273259436(5) −5.63944(5) 0.0741(9) 171.734(9) 0.002(3) 49695.0 2110

J1909+1102 B1907+10 19:09:48.6938(9) 11:02:03.35(2) 3.52559143936(8) −32.8104(6) 0.061(14) 149.982(4) −0.0158(12) 49912.0 9942
J1910+0358∗ B1907+03 19:10:09.06(3) 03:58:28.1(9) 0.429136143440(12) −0.82339(9) 0.014(3) 82.93(10) −0.03(4) 50026.0 9461
J1910+1231 B1907+12 19:10:13.54(3) 12:31:40.1(12) 0.693605570599(7) −3.95923(3) 0.0014(5) 258.64(12) −0.01(3) 48741.0 2381
J1910−0309g,∗ B1907−03 19:10:29.676(5) −03:09:54.1(3) 1.98174964023(5) −8.5904(3) −0.130(8) 205.53(3) 2.0(86) 49985.0 6572
J1911−1114 – 19:11:49.2913(4) −11:14:22.39(3) 275.80534267831(9) −1.0650(13) 0.05(5) 30.962(3) 10(9) 51106.0 61
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J1912+2104 B1910+20 19:12:43.355(10) 21:04:33.8(2) 0.4478342454993(15) −2.041156(8) −0.00267(12) 88.34(3) 0.005(9) 48740.0 1541
J1913+1400 B1911+13 19:13:24.3574(11) 14:00:52.72(3) 1.917645876757(6) −2.95488(5) −0.0178(10) 145.052(5) −0.0001(15) 49910.0 985
J1913−0440 B1911−04 19:13:54.1735(16) −04:40:47.68(7) 1.210747852620(13) −5.96334(4) 0.0161(5) 89.385(10) −0.0013(13) 46634.0 12656
J1915+1009 B1913+10 19:15:29.9829(19) 10:09:43.78(6) 2.471940396178(14) −93.19340(15) 0.0132(18) 241.693(10) −0.000(4) 49053.0 4696
J1915+1606 B1913+16 19:15:27.998(4) 16:06:27.41(10) 16.94053848402(4) −2.4744(3) −0.005(6) 168.708(17) −0.009(8) 49717.0 1040

J1915+1647 B1913+167 19:15:19.11(2) 16:47:08.5(5) 0.618723247886(3) −0.155231(19) −0.00005(24) 62.57(7) 0.008(17) 48867.0 2061
J1916+0951 B1914+09 19:16:32.3445(15) 09:51:25.98(4) 3.700216735057(10) −34.48180(8) −0.0314(19) 60.953(6) −0.0009(20) 49910.0 1015
J1916+1312∗ B1914+13 19:16:58.670(3) 13:12:49.87(8) 3.5480820974(6) −45.938(6) −1.35(14) 237.009(11) −1.7(44) 49568.0 60586
J1917+1353∗ B1915+13 19:17:39.7907(9) 13:53:56.94(2) 5.13792812235(9) −190.0103(7) 0.255(15) 94.538(4) 5(10) 49763.0 9687
J1917+2224∗ B1915+22 19:17:44.23(5) 22:22:48.9(9) 2.34798414425(6) −15.7945(3) −0.020(7) 134.93(12) 0.03(4) 49724.0 3772

J1918+1444∗ B1916+14 19:18:23.639(5) 14:45:06.01(12) 0.84672334770(6) −152.2526(6) −0.302(11) 27.202(17) 4(7) 49690.0 43061
J1919+0021g B1917+00 19:19:50.663(5) 00:21:39.8(2) 0.786002629557(13) −4.73839(10) 0.0166(19) 90.315(16) −0.006(6) 49427.0 9880
J1920+2650 B1918+26 19:20:38.373(14) 26:50:38.4(3) 1.273039063907(6) −0.05568(6) 0.0003(10) 27.62(9) −0.02(3) 49912.0 1335
J1921+1419 B1919+14 19:21:24.159(14) 14:19:17.1(4) 1.61764503697(3) −14.65567(14) 0.037(3) 91.64(4) −0.009(12) 48741.0 7621
J1921+1948 B1918+19 19:21:03.801(14) 19:48:44.7(3) 1.217974753651(8) −1.32845(4) 0.0017(6) 153.85(5) −0.009(12) 48739.0 2348

J1921+2153 B1919+21 19:21:44.815(2) 21:53:02.25(4) 0.7477741603725(5) −0.753872(4) −0.00011(5) 12.455(6) −0.001(3) 48999.0 308
J1922+2018∗ B1920+20 19:22:08.01(3) 20:17:57.3(6) 0.852686908781(8) −0.47169(6) −0.0013(12) 203.31(10) −0.01(4) 49670.0 3131
J1922+2110 B1920+21 19:22:53.531(5) 21:10:41.95(12) 0.92770889396(4) −7.0403(4) 0.013(8) 217.086(18) −0.000(5) 49879.0 17508
J1926+0431 B1923+04 19:26:24.470(7) 04:31:31.6(2) 0.931030929202(3) −2.131441(20) 0.0140(3) 102.243(19) −0.003(6) 48716.0 1303
J1926+1434 B1924+14 19:26:57.227(18) 14:34:55.4(5) 0.754761428671(5) −0.12503(3) 0.0005(4) 211.41(8) 0.01(3) 48717.0 1977

J1926+1648 B1924+16 19:26:45.323(3) 16:48:32.78(7) 1.72466480135(11) −53.5237(7) 0.041(16) 176.885(11) −0.003(4) 49857.0 29906
J1932+1059 B1929+10 19:32:13.8622(12) 10:59:31.91(3) 4.41466731644(8) −22.5574(3) 0.015(3) 3.180(4) −5(5) 46523.0 24111
J1932+2020 B1929+20 19:32:08.024(3) 20:20:46.41(5) 3.72831885206(7) −58.6187(5) −0.157(12) 211.151(11) −0.008(4) 49887.0 5967
J1932+2220g,∗ B1930+22 19:32:22.71(2) 22:20:52.9(4) 6.9218635401(10) −2758.388(10) 43.9(8) 219.2(5) 1.3(195) 51418.0 22507
J1933+2421∗ B1931+24 19:33:37.819(7) 24:36:40.01(13) 1.22896880609(10) −12.2488(10) 1.16(3) 106.03(6) −7(3) 50629.0 18661

J1935+1616 B1933+16 19:35:47.8240(3) 16:16:40.252(7) 2.787546496219(4) −46.642103(11) 0.01449(11) 158.521(3) 0.0023(3) 46434.0 3661
J1937+2544 B1935+25 19:37:01.2659(11) 25:44:13.68(2) 4.975614452810(4) −15.91652(3) 0.0002(6) 53.221(5) 0.0024(12) 49703.0 301
J1939+2134 B1937+21 19:39:38.5602(2) 21:34:59.143(5) 641.92825693600(5) −43.31442(19) 0.022(4) 71.0375(20) −0.0004(6) 49014.0 52
J1939+2449 B1937+24 19:39:05.597(11) 24:42:55.6(2) 1.5496608915(5) −43.878(5) 0.93(14) 142.88(7) 0.03(4) 50679.0 77155
J1941−2602 B1937−26 19:41:00.4070(18) −26:02:05.75(12) 2.4822647836094(13) −5.891442(11) −0.0078(3) 50.036(3) 0.0005(9) 50076.0 162

J1943−1237 B1940−12 19:43:25.481(7) −12:37:42.4(5) 1.0283528703005(18) −1.750904(8) −0.00029(13) 28.918(15) −0.004(5) 48717.0 596
J1944−1750 B1941−17 19:44:05.24(4) −17:50:11(4) 1.188837612282(8) −1.39382(6) 0.0141(13) 56.32(6) −0.000(17) 49905.0 1789
J1945−0040 B1942−00 19:45:28.397(17) 00:40:58.1(8) 0.956359000718(6) −0.48901(3) 0.00005(32) 59.71(6) −0.006(13) 48103.0 1905
J1946+1805 B1944+17 19:46:53.044(6) 18:05:41.24(11) 2.269537144722(4) −0.124095(18) 0.00002(27) 16.220(16) 0.003(5) 48790.0 849
J1946−2913 B1943−29 19:46:51.734(8) −29:13:47.1(5) 1.042266043967(3) −1.616811(12) −0.00126(18) 44.309(15) −0.006(6) 48736.0 716
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Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J1948+3540 B1946+35 19:48:25.0067(10) 35:40:11.057(15) 1.394095109822(6) −13.72346(5) 0.0079(8) 129.075(3) 0.0030(10) 49449.0 3135
J1949−2524 B1946−25 19:49:25.41(3) −25:24:00.9(18) 1.044259224797(4) −3.566477(17) 0.0002(3) 23.07(3) −0.003(7) 48106.0 1336
J1952+1410∗ B1949+14 19:52:06.15(2) 14:07:29.4(6) 3.63602406451(4) −1.6942(4) −0.00002(900) 31.46(9) 0.02(3) 50110.0 2883
J1952+3252g,∗ B1951+32 19:52:58.214(6) 32:52:40.82(9) 25.2964792556(7) −3740.159(5) 14.62(11) 45.006(19) 1.1(54) 49845.0 18858
J1954+2923 B1952+29 19:54:22.554(2) 29:23:17.29(4) 2.3436944112479(20) −0.009396(12) −0.00028(15) 7.932(7) −0.004(3) 48719.0 348

J1955+2908 B1953+29 19:55:27.878(2) 29:08:43.53(4) 163.04791341540(12) −0.7899(12) 0.019(19) 104.573(7) 0.0007(22) 49429.0 352
J1955+5059 B1953+50 19:55:18.7637(13) 50:59:55.292(13) 1.9270125222336(18) −5.096111(13) −0.00982(18) 31.974(3) 0.0004(8) 48741.0 624
J1957+2831 – 19:57:19.397(5) 28:31:43.83(12) 3.250099739409(17) −32.8502(3) −0.073(12) 138.99(8) −0.03(4) 51429.0 719
J2002+3217∗ B2000+32 20:02:04.426(8) 32:17:18.31(14) 1.4352133702(6) −216.569(5) −0.87(8) 142.21(3) −1.3(81) 49444.0 263137
J2002+4050 B2000+40 20:02:44.030(3) 40:50:53.91(3) 1.1048907965256(12) −2.122678(9) −0.00218(20) 131.334(12) 0.001(4) 49887.0 521

J2004+3137 B2002+31 20:04:52.286(3) 31:37:10.01(4) 0.473649743674(7) −16.72494(6) −0.0011(12) 234.820(8) 0.002(3) 49723.0 7597
J2005−0020∗ – 20:05:43.75(4) 00:20:21.8(14) 0.438661702026(7) −4.93811(11) 0.0008(42) 35.93(17) −0.008(65) 50852.0 1893
J2006−0807 B2003−08 20:06:16.368(10) −08:07:01.9(6) 1.721551635017(7) −0.13637(7) −0.0048(15) 32.39(3) 0.007(7) 49766.0 1696
J2013+3845 B2011+38 20:13:10.367(3) 38:45:43.31(4) 4.344169168005(18) −167.03520(14) 0.026(3) 238.217(8) −0.010(3) 49718.0 2349
J2018+2839 B2016+28 20:18:03.8333(9) 28:39:54.212(16) 1.7922641135652(20) −0.475747(5) 0.00486(5) 14.172(4) −0.0015(5) 46384.0 1291

J2019+2425 – 20:19:31.9469(8) 24:25:15.229(15) 254.16034554856(13) −0.4557(17) 0.02(7) 17.205(5) 0.001(3) 51129.0 72
J2022+2854∗ B2020+28 20:22:37.0671(7) 28:54:23.104(11) 2.912037613413(11) −16.06270(11) 0.0240(18) 24.640(3) 6(7) 49692.0 1816
J2022+5154 B2021+51 20:22:49.8730(12) 51:54:50.233(11) 1.88965575261(6) −10.93868(15) −0.0227(16) 22.648(6) −0.0023(8) 46640.0 44997
J2023+5037 B2022+50 20:23:41.9426(9) 50:37:34.858(9) 2.683706020472(16) −18.09250(12) 0.035(3) 33.021(3) −0.0050(8) 49910.0 2891
J2029+3744 B2027+37 20:29:23.873(9) 37:44:08.17(11) 0.821824599075(8) −8.32061(6) −0.0634(13) 190.66(3) 0.001(8) 49725.0 3434

J2030+2228 B2028+22 20:30:40.446(7) 22:28:21.82(11) 1.586011010670(9) −2.22703(7) 0.0170(14) 71.83(3) −0.0006(73) 49953.0 1128
J2037+3621 B2035+36 20:37:27.440(19) 36:21:24.1(3) 1.61625282066(13) −11.7614(9) −0.294(20) 93.56(6) 0.062(16) 49936.0 21045
J2038+5319∗ B2036+53 20:38:03.16(5) 53:19:12.8(6) 0.701967086843(5) −0.46525(4) 0.0010(9) 160.1(3) −0.02(6) 50122.0 1707
J2046+1540 B2044+15 20:46:39.349(5) 15:40:33.61(11) 0.8785140801273(9) −0.140711(9) −0.00001(11) 39.844(11) 0.004(3) 48742.0 683
J2046+5708 B2045+56 20:46:46.609(16) 57:08:37.09(13) 2.09760208735(3) −48.93429(17) 0.005(4) 101.81(3) 0.002(8) 49766.0 4570

J2046−0421 B2043−04 20:46:00.157(5) −04:21:26.0(2) 0.6464382699590(7) −0.614907(7) 0.00016(9) 35.799(10) 0.002(3) 48739.0 690
J2048−1616 B2045−16 20:48:35.446(11) −16:16:43.0(5) 0.509795126164(3) −2.847929(8) −0.00092(8) 11.456(5) 0.0025(6) 46423.0 7514
J2051−0827 – 20:51:07.5154(12) −08:27:37.87(6) 221.79628733802(11) −0.6243(16) 0.06(6) 20.750(4) 1.7(140) 51116.0 105
J2055+2209 B2053+21 20:55:39.152(4) 22:09:27.20(8) 1.2267212728664(12) −2.016701(11) −0.00048(20) 36.361(13) 0.003(3) 49726.0 414
J2055+3630 B2053+36 20:55:31.3552(7) 36:30:21.489(11) 4.514517006178(5) −7.52313(4) −0.0107(7) 97.3140(19) −0.0015(7) 49361.0 724

J2108+4441 B2106+44 21:08:20.482(6) 44:41:48.87(6) 2.410390498047(3) −0.50088(3) 0.0006(3) 139.827(11) 0.002(4) 48736.0 517
J2113+2754 B2110+27 21:13:04.3895(18) 27:54:02.29(3) 0.8313576437031(8) −1.812877(6) 0.00005(8) 25.113(4) −0.0004(9) 48741.0 558
J2113+4644 B2111+46 21:13:24.309(15) 46:44:08.69(17) 0.985527729116(4) −0.694078(11) 0.01853(11) 141.26(9) 0.009(9) 46614.0 6807
J2116+1414g B2113+14 21:16:13.752(3) 14:14:21.04(7) 2.271936912618(7) −1.49309(5) −0.0085(6) 56.149(7) −0.0010(18) 48471.0 1759
J2124+1407 B2122+13 21:24:46.575(12) 14:07:19.3(3) 1.440811162444(6) −1.59434(5) 0.0041(8) 30.12(10) −0.018(14) 49872.0 636

C ©
2004

R
A

S,M
N

R
A

S
3

5
3

,1311–1344



1324
G

.
H

o
b
b
s

et
a
l.

Table 2 – continued

PSR J PSR B RA (J2000) Dec. (J2000) ν ν̇ ν̈ DM d(DM)/dt Epoch RMS
( h : m : s ) ( ◦ : ′ : ′′ ) (s−1) (10−15 s−2) (10−24 s−3) (cm−3 pc) (cm−3 pc yr−1) (MJD) (µs)

J2124−3358 – 21:24:43.8594(10) −33:58:44.33(2) 202.79389719138(9) −0.8458(10) 0.02(4) 4.566(5) 0.0021(14) 50884.0 84
J2145−0750 – 21:45:50.4673(3) −07:50:18.372(14) 62.295888845671(5) −0.11543(4) −0.0011(13) 9.0025(4) −0.00010(14) 50766.0 21
J2149+6329 B2148+63 21:49:58.657(4) 63:29:44.07(3) 2.630606827981(3) −1.17656(3) −0.0001(4) 129.692(6) 0.0017(20) 49421.0 698
J2150+5247 B2148+52 21:50:37.7331(17) 52:47:49.625(15) 3.010183406447(16) −91.57234(13) −0.011(3) 148.930(4) −0.0012(11) 49693.0 2788
J2155−3118 B2152−31 21:55:13.61(3) −31:18:54.7(8) 0.970871795612(6) −1.16965(4) 0.0023(5) 14.85(5) −0.006(13) 48714.0 1596

J2157+4017 B2154+40 21:57:01.840(5) 40:17:45.89(6) 0.655623504347(5) −1.47546(3) −0.0422(6) 70.857(11) 0.001(4) 49277.0 4979
J2212+2933 B2210+29 22:12:23.349(6) 29:33:05.71(10) 0.995428466049(3) −0.49065(3) −0.0028(5) 74.50(3) 0.001(7) 49686.0 1017
J2219+4754 B2217+47 22:19:48.139(3) 47:54:53.93(3) 1.857117736985(4) −9.536891(14) −0.00318(13) 43.519(12) −0.0009(15) 46599.0 2741
J2222+29 – 22:23:03.224(10) 29:23:58.64(14) 3.553671095841(20) −0.0779(3) 0.002(12) 49.38(6) −0.008(28) 51242.0 907
J2225+6535g B2224+65 22:25:52.424(9) 65:35:34.08(5) 1.46511940075(3) −20.73416(17) −0.009(3) 36.079(9) 0.0008(24) 49303.0 12403

J2229+2643 – 22:29:50.8860(4) 26:43:57.759(6) 335.81621346045(8) −0.1708(13) −0.02(5) 22.729(3) 0.0011(10) 51220.0 45
J2229+6205 B2227+61 22:29:41.836(10) 62:05:36.03(6) 2.257058359945(17) −11.48942(12) −0.012(3) 124.614(17) −0.009(5) 49840.0 2523
J2242+6950∗ B2241+69 22:42:56.41(11) 69:50:52.1(5) 0.600780731556(7) −1.74111(5) −0.0012(10) 40.74(18) 0.02(5) 49690.0 2676
J2248−0101 – 22:48:26.906(16) −01:01:48.1(6) 2.095411990345(9) −2.89505(10) 0.035(4) 29.05(3) −0.002(7) 50866.0 859
J2257+5909g B2255+58 22:57:57.744(3) 59:09:14.83(2) 2.71557265035(5) −42.4242(4) −0.081(10) 151.082(6) 0.0030(18) 50085.0 6119

J2305+3100 B2303+30 23:05:58.324(10) 31:00:01.76(15) 0.634563531429(3) −1.164725(19) 0.00212(20) 49.544(16) −0.002(5) 48714.0 1620
J2305+4707∗ B2303+46 23:05:55.89(8) 47:07:45.3(8) 0.937759718652(12) −0.50045(9) −0.0015(19) 61.87(16) −0.009(45) 49663.0 4013
J2308+5547 B2306+55 23:08:13.822(5) 55:47:36.03(4) 2.104963256901(4) −0.88392(4) −0.0042(4) 46.538(8) −0.0001(23) 48717.0 1079
J2313+4253 B2310+42 23:13:08.5976(8) 42:53:12.987(9) 2.861773352516(4) −0.920281(15) 0.0058(3) 17.2758(13) −0.00004(26) 48241.0 938
J2317+1439 – 23:17:09.2361(6) 14:39:31.252(16) 290.25460823239(8) −0.2031(10) 0.04(5) 21.905(3) −7(11) 51242.0 40

J2317+2149 B2315+21 23:17:57.829(4) 21:49:48.03(7) 0.6922076991330(10) −0.501694(8) −0.00017(11) 20.906(7) 0.0027(19) 48716.0 932
J2321+6024 B2319+60 23:21:55.213(13) 60:24:30.73(8) 0.4431664652530(9) −1.382020(7) −0.00106(10) 94.591(18) −0.0010(52) 49303.0 1228
J2322+2057 – 23:22:22.3476(18) 20:57:02.87(3) 207.96816672960(14) −0.4197(15) −0.03(6) 13.395(8) 0.004(5) 50958.0 104
J2325+6316 B2323+63 23:25:13.33(5) 63:16:52.3(3) 0.696228754897(5) −1.36960(3) 0.0007(3) 197.37(5) 0.009(13) 48309.0 3870
J2326+6113 B2324+60 23:26:58.697(3) 61:13:36.468(17) 4.279869765973(4) −6.45800(3) 0.0029(6) 122.613(5) −0.025(3) 49678.0 430

J2330−2005g B2327−20 23:30:26.885(7) −20:05:29.63(17) 0.6084123279226(15) −1.714007(15) 0.00003(28) 8.458(13) 0.003(3) 49878.0 856
J2337+6151 B2334+61 23:37:05.780(10) 61:51:01.69(6) 2.018976935437(13) −781.59659(10) 3.113(3) 58.410(15) −0.0004(36) 49721.0 3609
J2346−0609 – 23:46:50.454(16) −06:09:59.5(5) 0.846407950019(3) −0.97650(3) −0.0011(12) 22.504(19) −0.0007(70) 51021.0 586
J2354+6155 B2351+61 23:54:04.724(4) 61:55:46.79(2) 1.058443115007(12) −18.21923(9) 0.0240(16) 94.662(6) 0.0053(19) 49405.0 6476
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Timing observations of 374 pulsars 1325

Table 3. Parameters for pulsars where the timing solution was obtained using a limited segment of the available data as a result of large
glitches. The table contains the J2000 and B1950 names, the span for which the timing solution was obtained, the glitches just before
or during the data-span and the closest glitch after the data-span. The final column gives a reference for each of the glitches: (1) Lyne
(1987), (2) Johnston et al. (1995), (3) Shemar & Lyne (1996), (4) Krawczyk et al. (2003), (5) Wang et al. (2000) and (6) Lyne (private
communication). An asterisk indicates the presence of significant timing noise in the ‘whitened’ timing residuals with a period less than
1 yr.

PSR J PSR B Span Closest glitch Closest glitch Glitch
(MJD) pre-solution (MJD) post-solution (MJD) ref.

0358+5413 0355+54 46639–52619 46496 – 1
0631+1036∗ — 50724–52698 50730 – 6
1721−3532 1718−35 50121–52627 50001, 51741 – 6
1730−3350 1727−33 48416–51986 48000 52139 6

1803−2137∗ 1800−21 48266–50769 48245, 50269 50765 3, 4, 5
1826−1334 1823−13 49141–52718 49014 – 3
1833−0827 1830−08 48268–52698 48041 – 3
1932+2220∗ 1930+22 50244–52699 50264, 52210, 52394 – 6, 6, 6

in equatorial coordinates, and hence we provide results in both co-
ordinate systems. Note that there is a loss of information in this
conversion process and the components of proper motion in equato-
rial coordinates in general have larger errors. Later in this paper we
compare the proper-motion results obtained here with previously
published values. For this, we will use the proper motions listed in
equatorial coordinates. A subsequent paper will contain a discus-
sion on pulsar velocities using the more accurate proper motions in
ecliptic coordinates.

4 D I S C U S S I O N

In the past, while positions and proper motions have been routinely
measured using timing techniques for the rotationally stable mil-
lisecond pulsars, in general, it has only been possible to obtain ac-
curate positions and proper motions for young pulsars using inter-
ferometric, rather than timing, methods. We demonstrate here that,
even in the presence of large amounts of timing noise, with long
data-spans, pulsar timing can provide pulsar positions and proper
motions to a precision comparable with interferometric results.

Using the harmonic whitening method to whiten the timing resid-
uals and with the long data-spans in the Jodrell Bank archive, we
have managed to obtain positions for 374 pulsars and proper motions
for 303 pulsars.

The purpose of this discussion is (i) to demonstrate the accuracy
of the new timing solutions, (ii) to highlight any new, or significantly
more precise, results and (iii) to describe the implications of the large
sample of ν̈ and d(DM)/dt values.

4.1 Positions

Fig. 2 contains a plot of the difference between the equatorial coor-
dinates for the pulsar’s position obtained with the VLBA (Brisken
2001) and the results given in Table 2. For each pulsar, we plot the
position given by pulsar timing (1σ and 2σ error ellipses are shown)
as well as the interferometric position and its estimated error for the
pulsar at both the epochs given in Brisken (2001) and when corrected
to the timing position epoch. This correction assumes the proper
motion given by Brisken (2001) and the error ellipse is increased
to account for the uncertainties in proper motion. The positions are
consistent within the 2σ error ellipses.

4.2 Proper motions

Recently, Brisken et al. (2002) and Brisken et al. (2003) published 37
proper motions obtained using data from the VLA and VLBA. For
29 of these we have corresponding timing proper motions listed in
Table 6. In Figs 3(a) and (b), we compare the interferometric proper
motions in right ascension (µα) and declination (µδ) respectively
with the timing values. In almost all cases good agreement exists
between the two methods.

A 2σ discrepancy exists in µα for PSR B1552−31 [µα =
61(19) mas yr−1 using VLA data and −10(12) mas yr−1 in this
paper]. We believe that the VLA measurement is in error or that
its uncertainties are underestimated. This pulsar shows very little
timing noise and has almost 16 yr of well-sampled observations.
In Fig. 4 we plot this pulsar’s position in right ascension as mea-
sured every 2 yr through our timing data-span, which demonstrates
the robustness of our measurement. The solid lines indicate the 1σ

boundary for the proper motion given in this paper, and the dashed
lines give the interferometric proper motion. The interferometric
proper motion in right ascension does not agree with our timing
data; we emphasize that the proper motion in declination does agree
(although the interferometric result has a very large uncertainty) and
we find good agreement for all the other pulsars.

Traditionally pulse arrival times have been whitened by including
higher-order frequency derivatives in the timing solution. It is in-
structive to compare the interferometric proper-motion results with
those obtained (i) without whitening the TOAs, (ii) using polyno-
mial whitening by fitting higher-order derivatives of the spin fre-
quency (polynomial terms) and (iii) using the harmonic whitening
method (Appendix A). These results are displayed in Table 7. All
methods of obtaining proper motions give consistent results. How-
ever, the mean uncertainty for the proper motion in right ascension
obtained using these three methods are 38, 10 and 7 mas yr−1 re-
spectively. The corresponding uncertainties for the proper motion
in declination are 55, 14 and 11 mas yr−1. The harmonic whitening
procedure has three clear advantages over polynomial whitening.
First, harmonic whitening provides more control in selecting which
frequency ranges to model. For example, only low-frequency tim-
ing noise can be modelled without affecting the higher-frequency
signatures of position errors or proper motion. Secondly, the poly-
nomial whitening is, in general, limited to polynomials of order 12
in order to prevent floating-point overflows. Finally, timing noise
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Table 4. The orbital parameters for the binary pulsars. In column order, the table gives the pulsar name, the orbital period (Pb), the projected semimajor axis of the orbit (A1), the eccentricity (e), the epoch of
periastron (T 0), the longitude of periastron (ω ) and its derivative. Pulsars marked with an ‘E’ were modelled using the ELL1 binary model; for these pulsars the time of the ascending node and two other parameters
to describe the model are given (EPS1 ≡ e sin ω and EPS2 ≡ e cos ω ). The double neutron star binary systems were modelled using the DD binary model (indicated by a ‘D’). All other fits were carried out using
the ‘BT’ model. For some of our results (mainly for ω̇ ) the uncertainty on the values is significantly greater than the actual value. These should be thought of as upper limits to the corresponding parameter. The
three pulsars in binary systems given after the large gap are situated within the globular clusters M4, NGC 6342 and NGC 6539 respectively. PSR B1620−26 is thought to be a member of a triple system (Ford et al.
2000). Here we fit only for the inner binary of the triple; more explanation is given in the text.

PSR J PSR B Pb A1 e T 0 ω ω̇ T asc EPS1 EPS2
(d) (light-second) (10−6) (MJD) (deg) (deg yr−1) (MJD) (10−6) (10−6)

J0034−0534E – 1.589281801(4) 1.437769(9) 15(17) 48766.8(3) 283(55) −60(61) 48765.599416(3) −14(17) 3(14)
J0218+4232E – 2.028846084(8) 1.98444(3) 51(25) 49152.49(15) 334(26) 19(12) 49150.608825(6) −22(23) 46(25)
J0613−0200E – 1.1985125561(11) 1.091443(5) 10(9) 49032.7(3) 302(70) 0(30) 49031.6624328(14) −9(11) 5(13)
J0621+1002 – 8.318680(4) 12.032074(3) 2457.2(4) 49746.8669(4) 188.784(17) 0.009(8) – – –
J0700+6418E B0655+64 1.0286696984(14) 4.12560(6) 27(49) 46066.45(19) 163(65) −13(25) 46065.979697(5) 8(27) −25(50)
J0751+1807E – 0.26314426665(19) 0.396613(6) 15(32) 49701.80(9) 214(123) −12(47) 49701.6402072(9) −9(34) −13(31)
J0823+0159 B0820+02 1232.404(9) 162.14564(6) 11868.9(7) 44286.49(5) 332.022(13) 0.0008(8) – – –

J1012+5307E – 0.6046727135(4) 0.581816(3) 10(11) 49220.70(10) 150(55) 18(18) 49220.4474990(7) 5(10) −9(11)
J1022+1001E – 7.8051301614(19) 16.765411(3) 97.1(3) 49778.408(7) 97.7(4) −0.004(84) 49776.2908633(4) 96.3(3) −13.0(6)
J1455−3330E – 76.1745676(6) 32.362222(15) 170.0(11) 48980.16(8) 223.6(4) −0.00(14) 48932.849741(9) −117.2(11) −123.2(12)
J1518+4904D – 8.63400497(4) 20.044001(4) 249484.4(3) 49801.272935(6) 342.45925(15) 0.01138(4) – – –
J1537+1155D B1534+12 0.4207372990(11) 3.72947(2) 273670(8) 48262.843494(4) 264.973(6) 1.7559(8) – – –
J1643−1224 – 147.019(4) 25.072607(5) 505.2(5) 49283.93(3) 321.83(7) 0.01(3) – – –
J1713+0747 – 67.8263(18) 32.342424(3) 74.82(13) 49013.22(5) 175.9(3) 0.03(5) – – –

J1803−2712 B1800−27 406.5(8) 58.9359(5) 523(14) 48468(4) 209(4) −0.2(6) – – –
J1804−2717 – 11.131(6) 7.281448(19) 31(5) 49614.9(5) 152(15) 2(6) – – –
J1823−1115 B1820−11 357.76199(5) 200.6720(12) 794608(7) 47260.5438(4) 99.1719(11) 0.00007(13) – – –
J1834−0010E B1831−00 1.8111019(9) 0.7227(10) 4000(5000) 46458.3(4) 57(64) −18(14) 46458.0289(17) 4000(4000) 2000(6000)
J1857+0943E B1855+09 12.327171186(16) 9.230779(8) 20.5(18) 47530.0(3) 278(9) −0.4(13) 47520.432278(4) −20.3(18) 3(3)
J1911−1114E – 2.716557626(11) 1.762868(10) 14(18) 49533.4(5) 186(60) 25(40) 49531.982080(5) −2(15) −14(17)
J1915+1606D B1913+16 0.322997464(3) 2.34110(13) 616737(93) 46443.99588(2) 226.61(3) 4.226(3) – – –

J1955+2908E B1953+29 117.349101(4) 31.41267(6) 330(9) 46112.2(7) 28.5(19) 0.07(20) 46102.86922(13) 157(12) 290(8)
J2019+2425 – 76.513(16) 38.767626(18) 112.1(9) 48907.0(4) 159.0(19) 0.02(35) – – –
J2051−0827E – 0.0991102567(8) 0.045032(16) 400(1000) 49642.26(5) 320(154) 13(63) 49642.173067(9) −250(1000) 300(800)
J2145−0750E – 6.838902507(3) 10.164107(3) 19.3(6) 48925.42(5) 201(3) 0.4(7) 48921.5999212(5) −6.5(8) −18.1(6)
J2229+2643E – 93.0158929(10) 18.912511(8) 255.1(10) 49419.68(12) 14.2(5) 0.06(12) 49416.004092(15) 63(3) 247.2(9)
J2305+4707 B2303+46 12.3395446(16) 32.687(3) 658389(90) 47452.5608(3) 35.080(11) 0.0101(15) – – –
J2317+1439E – 2.459331465(7) 2.313943(9) 6(8) 49301.6(16) 200(300) 2(57) 49300.472337(4) 0(23) −6(7)

J1623−2631 B1620−26 191.44284(6) 64.809409(11) 25315.9(4) 47196.7195(9) 117.1285(16) 0.00007(20) – – –
J1721−1936E B1718−19 0.25827386(3) 0.3533(10) 7000(8000) 48455.19(4) 231(56) −18(22) 48455.02366(17) −5000(9000) −4000(6000)
J1804−0735 B1802−07 2.61676335(10) 3.92055(6) 212042(26) 48354.48538(7) 164.752(10) 0.0595(20) – – –
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Table 5. The orbital parameters for PSR B1257+12 obtained using the
BT2P binary model compared to those values obtained by Wolszczan et al.
(2000). For each planet the table includes an orbital period, epoch of pe-
riastron, the projected semimajor axis of the orbit, the eccentricity and the
longitude of periastron. Our sensitivity is not sufficient to detect the smallest
of the planets (orbit A).

Parameter Orbit Value Comparison
(Wolszczan et al.)

Orbital A – 25.3144(100)
period B 66.538(7) 66.5352(3)
(d) C 98.222(13) 98.2228(5)

Epoch of A – 47994.4(6)
periastron B 48103(9) 48104.5(2)
(MJD) C 48089(9) 48096.3(2)

Projected semi- A – 0.0000033(2)
major axis B 0.001310(11) 0.0013106(2)
(light-second) C 0.001421(11) 0.0014134(2)

Eccentricity A – 0
B 0.012(16) 0.0183(3)
C 0.015(14) 0.0264(3)

Longitude of A – 0
periastron B 240(47) 249.7(9)
(deg) C 79(33) 106.9(6)

is often quasi-periodic, which is well modelled by a few sinusoidal
harmonics, but requires large numbers of polynomial coefficients.
As it gives the highest precision, is easy to implement, models the
timing noise well and provides astrometric parameters that agree
with other techniques, we consider the harmonic whitening proce-
dure to be the most suitable method for whitening timing residuals.
A full study of pulsar velocities using these new proper motions will
be presented in a forthcoming publication.

4.3 Rotational parameters

The pulsars’ rotational frequencies and frequency derivatives given
here are respectively, on average, 20 and 650 times more accurate
than earlier values. In all cases, the measured values are similar to
earlier measurements. 5 However, significant discrepancies do exist.
For instance, the rotational frequency measured for PSR B0353+52
is inconsistent with the measurement by Arzoumanian et al. (1994)
updated to the same epoch. For this pulsar, the published timing so-
lution poorly predicts the pulse arrival times as measured at Jodrell
Bank observatory and therefore is likely to be in error. Similarly,
PSR B1848+04 had a previously reported frequency derivative of
−0.0197(13) × 10−15 s−2 (Boriakoff et al. 1984) as opposed to
−13.43593(20) × 10−15 s−2 obtained here. We believe that the ear-
lier value was incorrect; this discrepancy in ν̇ is much larger than
can be explained by timing noise. Our new value implies that the es-
timated characteristic age, τc = −ν/ (2ν̇), for this pulsar decreases
from ∼3 Gyr to ∼4 Myr.

5 Following work by Young (private communication) and Edwards (pri-
vate communication), PSR J0421−0345, J0725−1637, J1141−3322,
J1901−0906, J1904−1224 and J2005−0020 have an integral multiple (two
or three times) of the most recently published rotational periods and their
corresponding derivatives.

For the 15 pulsars given in Table 8, no (or only poorly determined)
values of ν̇ exist in the literature. The table provides the frequency
derivatives obtained here along with the pulsars’ characteristic ages,
surface magnetic fields and rates of loss of rotational energy. As
shown in the P–Ṗ diagram (Fig. 5), these pulsars have rotational
parameters that are typical of the known pulsar population.

Table 2 contains measurements of the rate of change of rotational
slowdown for each pulsar. These |ν̈| values range over seven orders
of magnitude from 1 × 10−29 for PSR B2044+15 to 4 × 10−22 for
PSR B1757−24. Approximately half of these pulsars (46 per cent
of the total) have negative values of ν̈; this percentage only slightly
increases (47 per cent of the total) if we remove the glitching pulsars
from our sample. However, the distribution is asymmetric: the most
negative significant value for ν̈ equals −3.4 × 10−24 s−3 for PSR
B0114+58, whereas the most positive value equals 401 × 10−24 s−3

for the glitching pulsar PSR B1757−24. If the glitching pulsars
are removed from the sample, then the distribution becomes more
symmetric. In this case, the most positive value of ν̈ = 18×10−24 s−3

occurs for PSR B1620−26, but this high ν̈ has been interpreted by
the effects of an unmodelled planetary companion (Ford et al. 2000).

A pulsar slowing down due to magnetic dipole radiation will
have a positive ν̈dipole (see equation 1). As well as almost half of the
measured ν̈ values being negative, the observed ν̈ values are many
orders of magnitude greater than ν̈dipole. This can be seen from Fig. 6,
where we plot apparent braking indices versus the characteristic ages
of the pulsars (these braking indices range between −2.6 × 108

and +2.5 × 108). Clearly these measured ν̈ values are not due to
magnetic dipole radiation. Even if we select relatively young pulsars
in our sample (τ c < 100 kyr), the ν̈dipole is still significantly smaller
than the measured ν̈ (see the lower panel in Fig. 6). For example, the
youngest pulsar in our sample, PSR B1757−24, also has the largest
ν̇ and ν̈. For magnetic dipole braking we would expect to measure
a ν̈ ∼ 2.5×10−23, which is a factor of 16 smaller than the observed
value (the observed value gives a braking index of 48). A braking
index that reflects the physics of the pulsar braking mechanism can
only be measured for the very youngest pulsars which show either
little glitch activity (e.g. PSR B0531+21, B0540−69, J1119−6127
and B1509−58) or have been observed for many years, in which
case the statistical effect of glitches can be determined (e.g. Lyne
et al. 1996, for B0833−45).

We will discuss the effect of glitches and timing noise on ν̈ mea-
surements in a later paper. Here, we emphasize that, in general,
(1) the ν̈ values cannot be used to provide information about the
pulsar braking mechanism and (2) a measured ν̈ is dependent upon
the time-span of the data. This second point is highlighted in Fig. 7,
which shows an example of the measured values of ν̈ when measured
by fitting a timing model to small 6-yr segments of the available data.
The dashed line indicates the measured value of ν̈ using the entire
data-span. Clearly, ν̈ values measured with short data-spans can sig-
nificantly vary around the mean value. This mean value predicts a
braking index of ∼2700 and is therefore not due to magnetic dipole
radiation. If a large glitch occurred before the first observation for
this pulsar, we may expect there to be a trend with time in the ν̈

measurements given in Fig. 7. There is clear structure, but no such
simple trend with time.

4.4 Orbital parameters

For the majority of the 32 pulsars that are in binary systems, we
have measured the orbital parameters to a similar precision to those
already published. A more precise solution for the shape and phase
of the binary orbit for PSR B0655+64 has been obtained using only
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Table 6. Astrometric measurements for 374 pulsars. The pulsar’s name is followed by its ecliptic position, the proper motion in ecliptic and equatorial coordinates, the number of TOAs used in the timing solution,
the epoch of the position, the data-span and the final rms value for the timing residuals. Proper motions are not provided when structure exists in whitened timing residuals. To simplify the table, we also remove
proper motions that have uncertainties in all coordinates greater than 100 mas yr−1.

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J0014+4746 B0011+47 26.40326(12) +41.51013(11) −136(90) 7(98) −119(103) −66(84) 221 49664.0 16.1 2831
J0034−0534 – 5.672420(3) −8.528411(12) 4(3) −23(12) 13(6) −19(11) 413 50690.0 10.5 60
J0034−0721 B0031−07 4.90017(4) −10.14680(19) −8(12) 22(58) −16(26) 17(53) 673 46635.0 32.8 2211
J0040+5716 B0037+56 38.406995(17) +47.222891(16) −3(12) 3(16) −4(15) 0(13) 318 49667.0 16.2 525
J0048+3412 B0045+33 25.35747(7) +26.52166(11) 73(82) −44(139) 85(107) −7(121) 108 49875.0 15.0 1286

J0055+5117 B0052+51 36.46853(3) +40.99626(3) 9(17) −39(25) 28(21) −29(21) 332 49664.0 16.1 750
J0056+4756 B0053+47 34.41337(6) +38.03833(7) −157(57) 26(83) −149(72) −54(71) 157 49872.0 15.0 1195
J0102+6537 B0059+65 49.43759(4) +52.31772(3) 32(21) 45(33) −3(28) 55(26) 287 49675.0 16.2 940
J0108+6608 B0105+65 50.73247(11) +52.35381(9) – – – – 332 50011.0 14.4 4133
J0108+6905 B0105+68 53.92357(5) +54.61912(3) 18(27) 28(34) −5(32) 33(30) 190 49875.0 15.0 1030

J0108−1431 – 9.83071(12) −20.0590(3) – – – – 190 50889.0 9.6 2884
J0117+5914 B0114+58 45.902915(7) +46.123604(7) 7(5) 17(6) −3(6) 18(5) 405 49751.0 15.8 267
J0134−2937 – 8.735130(6) −36.284478(6) 7(7) −18(9) 14(7) −13(9) 216 50846.0 9.9 99
J0139+5814 B0136+57 48.558825(10) +43.803918(11) – – – – 601 49289.0 18.3 516
J0141+6009 B0138+59 50.280814(20) +45.306677(20) 6(12) −9(17) 10(14) −5(15) 427 49293.0 18.3 882

J0147+5922 B0144+59 50.651904(4) +44.237818(5) −4(3) 14(4) −10(3) 10(4) 390 49677.0 16.2 127
J0151−0635 B0148−06 23.39919(4) −16.84395(11) 3(30) −43(92) 19(42) −39(87) 310 49347.0 18.0 1261
J0152−1637 B0149−16 19.500833(7) −26.218389(13) −13(4) −29(8) 0(4) −32(7) 374 48227.0 24.1 339
J0156+3949 B0153+39 41.7809(6) +26.0026(12) – – – – 65 49701.0 16.0 8802
J0157+6212g B0154+61 54.16865(5) +46.08979(5) −3(29) 96(40) −51(36) 81(33) 399 49709.0 16.0 1777

J0215+6218 – 56.876553(19) +45.15967(3) 11(25) 6(37) 7(29) 10(34) 308 51341.0 7.0 433
J0218+4232 – 47.048915(4) +27.011630(8) 3(4) −2(10) 3(6) −1(9) 489 50864.0 9.7 157
J0231+7026 B0226+70 64.84189(5) +51.52900(5) 26(32) 21(44) 12(39) 31(38) 223 49692.0 15.9 1384
J0304+1932 B0301+19 49.199521(8) +2.1038(3) −4(7) −133(189) 33(54) −129(181) 432 49289.0 18.3 520
J0323+3944 B0320+39 58.80426(3) +20.45296(9) 16(24) −107(77) 44(33) −99(73) 421 49290.0 18.2 1527

J0332+5434 B0329+54 65.190321(13) +34.26003(3) 8(4) −17(7) 12(4) −14(7) 666 46473.0 18.9 368
J0335+4555 B0331+45 62.857020(4) +25.843189(7) −4(3) 5(8) −5(4) 4(7) 380 49912.0 14.8 182
J0343+5312 B0339+53 66.47233(11) +32.53288(18) −5(86) −51(172) 9(104) −51(162) 272 49309.0 18.1 3048
J0357+5236 B0353+52 68.794442(4) +31.403315(7) 6(3) −12(7) 9(4) −10(7) 342 49912.0 14.8 143
J0358+5413g B0355+54 69.441693(4) +32.920973(7) 12(3) 17(6) 8(3) 19(6) 720 49616.0 16.4 220
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J0406+6138 B0402+61 72.894969(10) +39.879861(13) 17(8) 68(14) 0(9) 70(13) 380 49876.0 15.0 453
J0415+6954 B0410+69 77.076321(7) +47.628213(7) 1(5) −9(8) 3(6) −8(7) 277 49874.0 15.0 259
J0421−0345 – 62.73507(6) −24.89169(17) −3(71) −100(300) 19(68) −100(300) 140 50847.0 9.7 977
J0448−2749 – 65.22941(3) −49.74725(3) 23(32) 35(61) 16(30) 39(62) 237 51009.0 8.9 529
J0450−1248 B0447−12 69.074009(15) −34.98124(3) 10(11) −23(22) 13(11) −21(22) 388 49338.0 18.0 808

J0452−1759 B0450−18 68.831580(5) −40.198302(7) 10(4) 1(5) 10(4) 3(6) 475 49289.0 18.3 214
J0454+5543 B0450+55 79.038247(8) +32.913851(12) 46(6) −19(12) 48(6) −13(12) 280 49910.0 14.8 236
J0459−0210 – 73.41672(3) −24.74647(6) −8(25) 90(83) −18(24) 89(83) 168 50845.0 9.7 596
J0502+4654 B0458+46 79.220707(11) +24.00282(3) 6(8) 41(19) 1(8) 42(19) 426 48717.0 21.4 418
J0520−2553 – 76.471159(19) −48.86451(3) 0(20) 7(40) −1(19) 7(41) 99 51216.0 7.8 333

J0525+1115 B0523+11 81.464389(5) −11.93204(3) 27(3) −30(13) 28(3) −28(13) 569 48262.0 24.1 228
J0528+2200g B0525+21 82.786050(16) −1.2443(8) −25(6) 200(300) −38(15) 200(300) 847 46517.0 33.6 907
J0538+2817 – 85.232542(5) +4.93582(8) −16(11) 54(163) −18(12) 54(163) 198 51434.0 6.6 127
J0543+2329 B0540+23 86.139502(3) +0.1018(15) 11.8(17) −400(1100) 22(32) −400(1100) 577 48892.0 20.7 131
J0601−0527g B0559−05 90.563722(6) −28.902354(12) −7(5) −17(11) −7(5) −17(11) 482 49379.0 16.2 240

J0612+3721 B0609+37 92.622662(5) +13.95025(3) 5(5) 6(22) 5(5) 6(22) 322 49679.0 16.0 166
J0613−0200 – 93.7989961(6) −25.4071048(18) 2.1(8) −10(3) 1.8(8) −11(3) 562 50823.0 9.8 36
J0614+2229g B0611+22 93.29942(8) −0.893(6) – – – – 877 49674.0 16.3 6340
J0621+1002 – 95.4053059(5) −13.295008(4) 3.3(7) 3(5) 3.4(8) 3(5) 543 51312.0 7.4 14
J0624−0424 B0621−04 96.854538(12) −27.70866(3) 14(11) −4(30) 14(11) −4(30) 344 49876.0 15.0 524

J0629+2415 B0626+24 96.629379(5) +0.9900(4) 9(5) 400(300) 32(15) 400(300) 428 49438.0 17.5 279
J0630−2834 B0628−28 100.95868(3) −51.72518(3) −52(7) 12(8) −51(7) 17(8) 765 46603.0 33.0 1194
J0631+1036g – 97.92141(6) −12.6060(3) – – – – 308 51711.0 5.4 2567
J0653+8051 B0643+80 93.91232(4) +57.60847(3) 35(16) −19(24) 31(16) −25(23) 273 48712.0 21.3 664
J0659+1414 B0656+14 104.643215(13) −8.44321(9) 52(11) 0(70) 51(13) −5(69) 767 49721.0 16.1 1170

J0700+6418 B0655+64 98.682679(9) +41.320008(10) −6(5) −8(8) −7(5) −7(7) 338 48806.0 20.9 348
J0725−1635 – 116.20274(3) −38.12192(4) 3(21) −11(58) 0(18) −11(59) 177 50884.0 9.9 530
J0729−1836g B0727−18 118.061107(14) −39.895379(19) – – – – 528 49720.0 16.1 752
J0742−2822 B0740−28 125.334109(13) −48.713545(12) – – – – 809 49326.0 18.6 704
J0751+1807 – 116.3336177(7) −2.807547(17) −0.4(11) 4(23) 1(4) 4(22) 438 50982.0 9.1 40

J0754+3231 B0751+32 114.377422(14) +11.48739(7) −22(10) 6(53) −21(15) 10(52) 413 48725.0 21.4 777
J0758−1528g B0756−15 125.713521(4) −35.308281(6) −15(3) 4(6) −13(3) 8(6) 408 49896.0 15.1 190
J0814+7429 B0809+74 104.19829(4) +52.70977(4) 35(19) −39(22) 18(20) −49(21) 375 49162.0 19.2 671
J0820−1350 B0818−13 131.395233(4) −32.381275(7) 31(3) −34(5) 21(3) −41(5) 579 48904.0 20.6 236
J0823+0159 B0820+02 127.650739(9) −16.89737(3) −6(7) 17(24) −2(8) 18(24) 485 49281.0 18.3 446
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J0826+2637g B0823+26 122.597633(3) +7.24335(3) 87.6(10) −85(8) 65(3) −103(8) 907 46450.0 33.8 237
J0828−3417 B0826−34 142.5994(10) −51.1756(8) – – – – 99 48132.0 22.9 12877
J0837+0610 B0834+06 130.042956(9) −11.97746(4) −9(7) 22(28) −3(9) 24(27) 534 48721.0 21.4 313
J0846−3533 B0844−35 148.73589(15) −50.88150(14) 52(68) 16(86) 54(70) −8(85) 99 48719.0 21.4 1356
J0849+8028 B0841+80 102.4263(3) +58.8900(3) – – – – 57 49993.0 14.3 2421

J0855−3331 B0853−33 150.18536(3) −48.21507(3) 10(21) −13(27) 4(21) −16(27) 355 49886.0 15.0 1030
J0908−1739 B0906−17 145.858905(6) −32.416435(8) 55(4) −87(6) 21(4) −101(6) 533 48737.0 21.5 179
J0921+6254 B0917+63 119.44021(4) +44.51302(4) 7(24) −9(39) 3(30) −11(34) 156 49687.0 16.3 594
J0922+0638 B0919+06 140.830209(9) −8.33290(6) – – – – 637 48227.0 24.0 539
J0943+1631 B0940+16 142.60801(9) +2.6974(18) −5(62) 0(1400) 0(500) 0(1300) 405 48865.0 20.6 4277

J0944−1354 B0942−13 153.555711(5) −25.837471(9) 9(4) −14(8) 3(5) −17(8) 447 49337.0 18.0 251
J0946+0951 B0943+10 145.4153(7) −3.378(10) – – – – 105 48483.0 17.6 11175
J0953+0755 B0950+08 147.7071005(18) −4.62100(3) −12.1(6) 24(8) −3(3) 26(7) 4850 46375.0 34.3 168
J1012+5307 – 133.3610377(5) +38.7553818(7) 13.8(6) −21.9(9) 2.3(7) −25.8(8) 491 50914.0 9.3 18
J1012−2337 B1010−23 164.91805(13) −32.17655(17) – – – – 110 49874.0 15.0 2750

J1018−1642 B1016−16 163.18219(8) −25.25853(14) −134(95) 52(150) −102(100) 101(146) 152 49688.0 16.3 1443
J1022+1001 – 153.8659109(4) −0.0638(3) −16.3(6) −900(500) −361(167) −900(500) 531 51246.0 7.7 16
J1024−0719 – 160.7344081(16) −16.044501(5) −14(3) −57(9) −35(4) −48(8) 298 51018.0 8.8 52
J1034−3224 – 174.93324(10) −37.90447(9) – – – – 156 50705.0 10.6 1237
J1041−1942 B1039−19 170.047603(18) −25.78230(4) 3(12) 31(24) 16(15) 27(23) 376 48738.0 21.5 717

J1047−3032 – 176.82971(5) −34.99166(7) 63(62) −16(79) 48(66) −44(75) 161 51019.0 8.8 966
J1115+5030 B1112+50 146.113875(16) +41.248185(17) 36(11) −30(15) 15(13) −45(13) 426 49334.0 17.9 832
J1136+1551 B1133+16 168.152548(4) +12.163007(16) −213.5(11) 312(6) −69(3) 372(5) 4963 46407.0 34.2 465
J1141−3107 – 189.4545(3) −30.1258(4) – – – – 116 50845.0 9.7 1452
J1141−3322g – 190.731908(15) −32.088359(19) −29(22) 21(35) −15(25) 32(32) 259 51019.0 8.8 429

J1238+21 – 179.6102(3) +23.7847(4) – – – – 51 51438.0 6.9 1626
J1239+2453 B1237+25 178.454245(4) +26.640991(8) −116.9(11) −1.5(23) −105.8(14) 50(3) 920 46531.0 33.3 375
J1257−1027 B1254−10 197.174378(13) −4.01483(16) −3(14) 43(183) 14(75) 41(168) 346 49667.0 16.2 431
J1300+1240 B1257+12 188.719996(4) +17.574990(8) 76(3) −53(6) 48(4) −79(5) 310 48700.0 11.3 53
J1311−1228 B1309−12 201.306844(11) −4.48749(12) −2(12) 17(127) 5(51) 17(117) 330 49667.0 16.2 352

J1321+8323 B1322+83 106.74504(8) +68.02899(4) −11(22) −38(29) −37(29) 14(22) 245 48889.0 20.6 1368
J1332−3032 – 212.98092(16) −19.3365(5) – – – – 99 50625.8 8.7 3140
J1455−3330 – 231.347506(3) −16.044799(8) 7(4) 7(10) 9(5) 5(9) 269 50597.9 9.2 67
J1509+5531g B1508+55 188.02957(3) +67.216840(13) −16(11) −106(12) −86(12) −65(11) 3518 49904.0 15.0 1658
J1518+4904 – 200.2744334(19) +63.0717875(8) 3.4(16) −7.8(13) −1.6(15) −8.3(15) 251 51203.0 7.7 17
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J1532+2745g B1530+27 221.06080(4) +45.12546(4) 8(23) −4(31) 6(24) −7(30) 339 49666.0 16.1 1082
J1537+1155 B1534+12 228.552775(3) +30.378249(5) 12(4) −36(6) 1.6(34) −37(6) 373 50515.0 11.5 115
J1543+0929 B1541+09 231.04994(6) +28.43490(11) 37(36) −107(77) 9(39) −113(76) 339 48716.0 21.4 2098
J1543−0620 B1540−06 235.086226(6) +13.05352(3) −14(5) −18(19) −18(6) −14(19) 432 49423.0 17.4 246
J1555−2341 B1552−23 241.709398(16) −3.2506(3) −8(17) 400(400) 66(67) 400(400) 288 49899.0 15.1 810

J1555−3134 B1552−31 243.304242(8) −10.97681(4) −9(8) −2(41) −10(12) 0(40) 235 49874.0 15.0 386
J1603−2531g – 243.760253(3) −4.71402(5) −13(4) 123(61) 11(13) 123(60) 131 50719.0 10.6 99
J1603−2712 B1600−27 244.104110(14) −6.37366(15) −18(14) 93(160) 0(40) 94(157) 154 49911.0 15.1 448
J1607−0032 B1604−00 239.813887(4) +19.988163(9) −20.1(10) −35(3) −26.6(11) −30(3) 622 46973.0 30.9 257
J1610−1322 B1607−13 243.22675(8) +7.5631(7) 60(76) −600(800) −44(150) −600(800) 152 49691.0 16.3 3003

J1614+0737 B1612+07 240.02660(4) +28.36601(7) −19(31) 34(83) −12(32) 37(83) 159 49897.0 15.1 679
J1615−2940 B1612−29 247.33805(17) −8.2567(14) – – – – 89 48390.0 19.6 2873
J1623−0908 B1620−09 245.557366(14) +12.26437(7) −17(10) 6(48) −16(12) 9(48) 327 48715.0 21.4 579
J1623−2631 B1620−26 248.4987652(12) −4.872736(15) – – – – 634 49874.0 15.3 111
J1635+2418 B1633+24 241.91751(8) +45.71252(7) −13(46) −41(64) −21(47) −37(63) 160 48736.0 21.5 1129

J1643−1224 – 251.0871991(8) +9.778316(5) 4.9(9) 3(7) 5.2(13) 2(7) 490 50836.0 9.7 38
J1645−0317 B1642−03 250.186200(3) +18.859871(8) – – – – 704 46515.0 33.3 239
J1648−3256 – 254.73139(4) −10.4534(3) −13(47) −0(500) −17(71) −0(500) 105 50853.0 9.7 534
J1650−1654 – 253.30771(11) +5.5263(16) – – – – 125 50862.0 9.8 2571
J1651−1709 B1648−17 253.59336(6) +5.3135(7) 13(54) −200(800) −10(106) −200(800) 127 50027.0 14.5 911

J1652−2404 B1649−23 254.73203(4) −1.5086(18) −17(34) −900(1500) −120(176) −900(1500) 309 48742.0 21.5 1308
J1654−2713 – 255.40903(10) −4.6048(14) – – – – 122 51002.0 8.9 1906
J1659−1305 B1657−13 255.15856(7) +9.5825(5) −35(75) −300(700) −71(102) −300(700) 108 49725.0 16.1 1189
J1700−3312 – 257.46722(5) −10.4144(4) −11(70) 100(600) 0(100) 100(600) 195 50856.0 9.7 1277
J1703−1846 B1700−18 256.690160(13) +4.0220(3) −7(14) 100(300) 3(28) 100(300) 156 49905.0 15.0 406

J1703−3241 B1700−32 257.942744(13) −9.84801(9) −31(14) 59(105) −26(17) 62(104) 118 50005.0 14.3 450
J1705−1906g B1702−19 257.135499(6) +3.72327(11) −66(5) −123(83) −78(9) −116(82) 401 48733.0 21.5 237
J1705−3423g – 258.60227(4) −11.4920(3) 33(40) 0(500) 34(67) 0(500) 103 50856.0 9.7 700
J1708−3426 – 259.28941(10) −11.4795(8) – – – – 87 50856.0 9.7 1707
J1709−1640 B1706−16 257.827605(6) +6.22415(5) – – – – 456 46993.0 30.9 314

J1711−1509 B1709−15 258.29415(3) +7.79111(19) −7(23) −0(300) −11(28) −0(300) 149 49907.0 15.0 504
J1713+0747 – 256.6686701(3) +30.7003733(6) 5.4(5) −4.3(12) 4.9(5) −4.8(12) 304 50913.0 9.3 11
J1717−3425 B1714−34 261.04246(3) −11.30832(11) 14(23) −98(97) 7(23) −99(97) 104 50253.0 12.9 520
J1720−0212 B1718−02 259.55295(5) +20.87934(15) −1(50) 69(129) 4(42) 69(129) 401 49429.0 17.5 2513
J1720−1633g B1717−16 260.45637(3) +6.5527(4) 22(31) 200(500) 37(42) 200(500) 160 49686.0 16.3 1024
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J1720−2933 B1717−29 261.38089(3) −6.4097(3) −21(24) 100(300) −14(30) 100(300) 125 49863.0 14.8 517
J1721−1936 B1718−19 260.80915(10) +3.5149(20) – – – – 277 50434.0 12.2 4725
J1721−3532 B1718−35 262.00371(5) −12.3743(3) 36(94) −600(600) −6(105) −600(600) 89 51374.0 6.9 1134
J1722−3207 B1718−32 261.876084(7) −8.95715(6) −5(7) 5(54) −5(8) 5(54) 141 49894.0 15.0 182
J1728−0007 B1726−00 261.45694(3) +23.07747(8) −15(28) 4(90) −14(29) 5(90) 111 50089.0 13.7 474

J1730−2304 – 263.1859657(7) +0.1890(3) 20.0(8) −0(400) 19(17) −0(400) 412 50830.0 9.7 24
J1730−3350g B1727−33 263.78299(4) −10.5638(3) – – – – 197 50198.0 9.8 1463
J1732−1930 – 263.46776(8) +3.7802(19) – – – – 63 51197.0 7.7 900
J1733−2228 B1730−22 263.86595(3) +0.821(3) −10(22) −700(1800) −43(84) −700(1800) 326 48712.0 21.3 746
J1734−0212 B1732−02 263.24071(11) +21.0805(4) – – – – 95 49699.0 16.0 2352

J1735−0724 B1732−07 263.576718(5) +15.885912(20) −2(6) 23(24) −1(6) 23(24) 294 49887.0 14.9 173
J1738−3211 B1735−32 265.48493(3) −8.84158(16) −5(19) 40(131) −4(20) 40(131) 310 49595.0 16.6 840
J1739−2903g B1736−29 265.514612(14) −5.69117(15) – – – – 352 49448.0 17.4 846
J1739−3131g B1736−31 265.567611(19) −8.16082(14) −71(16) −14(119) −72(16) −12(119) 198 49138.0 15.5 848
J1740+1311g B1737+13 263.975138(6) +36.534490(9) −24(3) −22(6) −25(3) −21(6) 389 48262.0 24.0 331

J1741+2758 – 263.5969(6) +51.3078(8) – – – – 33 51318.0 7.1 2769
J1741−0840 B1738−08 265.24155(7) +14.6869(3) −4(45) 45(179) −2(45) 46(178) 269 48714.0 21.4 1326
J1743−0339 B1740−03 265.53003(12) +19.7207(4) – – – – 160 50067.0 13.9 3942
J1743−1351 B1740−13 265.97054(3) +9.52150(17) −34(25) −259(191) −41(26) −258(191) 139 49666.0 16.1 765
J1743−3150g B1740−31 266.48194(5) −8.4501(4) −38(62) 100(600) −36(61) 100(600) 230 50241.0 12.9 1746

J1744−1134 – 266.1193367(3) +11.8052314(13) 18.9(4) −10(3) 18.6(4) −11(3) 259 51098.0 8.6 8
J1745−3040 B1742−30 266.952393(4) −7.27114(4) 11(4) 82(32) 13(4) 81(32) 343 49890.0 15.0 181
J1748−1300 B1745−12 267.100155(7) +10.39535(4) 5(7) −44(47) 4(7) −44(47) 253 50021.0 14.4 275
J1748−2021 B1745−20 267.3896(3) +3.052(7) – – – – 341 50255.0 13.0 14937
J1748−2444 – 267.45850(5) −1.329(3) −6(61) −1000(4000) −26(91) −1000(4000) 145 50477.0 11.8 1761

J1749−3002 B1746−30 267.65266(10) −6.6257(9) – – – – 177 50279.0 13.0 3157
J1750−3157 B1747−31 268.02452(3) −8.53877(16) 12(24) 5(164) 12(23) 4(164) 163 50271.0 13.1 960
J1750−3503 – 268.0660(5) −11.632(3) – – – – 98 50548.0 9.7 12549
J1752−2806 B1749−28 268.446483(7) −4.68055(8) 0.6(23) 44(27) 1.1(23) 44(27) 599 46483.0 33.6 461
J1753−2501 B1750−24 268.52915(10) −1.576(4) −52(77) 1000(4000) −41(87) 1000(4000) 177 49613.0 16.7 3518

J1754+5201 B1753+52 266.5597(5) +75.44258(13) – – – – 224 49666.0 16.1 3550
J1756−2435 B1753−24 269.309992(18) −1.1554(10) −15(16) −100(900) −16(17) −100(900) 200 49613.0 16.7 766
J1757−2421 B1754−24 269.428089(5) −0.9307(4) −17(5) −500(400) −20(6) −500(400) 275 49909.0 15.1 251
J1759−2205 B1756−22 269.861581(5) +1.3467(3) −22(5) 600(300) −22(5) 600(300) 348 49721.0 16.1 317
J1759−2922 – 269.95709(5) −5.9294(7) −3(58) 0(1100) −3(59) 0(1100) 91 50856.0 9.7 579
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J1801−0357g B1758−03 270.364442(20) +19.47356(7) −34(20) −74(66) −34(20) −74(66) 222 49930.0 14.9 717
J1801−2304g B1758−23 270.309(7) +1.2(20) – – – – 70 52503.0 1.3 4001
J1801−2451g B1757−24 270.2266(15) −1.46(10) – – – – 64 52503.0 1.3 755
J1801−2920 B1758−29 270.390103(11) −5.90537(13) −23(20) −200(300) −22(20) −200(300) 185 50549.0 11.3 542
J1803−2137g B1800−21 270.89659(3) +1.8282(10) – – – – 360 49527.0 6.9 1846

J1803−2712 B1800−27 270.78619(6) −3.7649(10) 60(65) −700(1500) 64(68) −700(1500) 113 50261.0 13.0 957
J1804−0735 B1802−07 271.244603(7) +15.84387(3) −5(7) −5(25) −5(7) −5(25) 361 50337.0 12.7 291
J1804−2717 – 270.969109(3) −3.85638(6) 4(5) −97(89) 4(5) −97(89) 239 51041.0 8.7 86
J1805+0306 B1802+03 271.442452(9) +26.54122(3) −14(9) −13(31) −14(9) −14(31) 149 49946.0 14.8 170
J1806−1154 B1804−12 271.52617(4) +11.5232(3) −13(46) −200(400) −11(47) −200(400) 146 50134.0 13.8 679

J1807−0847 B1804−08 271.9492293(17) +14.631017(7) −2.3(12) −4(5) −2.3(12) −4(5) 397 48244.0 23.9 63
J1807−2715 B1804−27 271.59072(3) −3.8214(4) −18(22) 200(400) −20(23) 200(400) 192 49891.0 15.0 534
J1808−0813 – 272.09163(4) +15.20731(19) 34(46) −200(300) 37(46) −200(300) 107 50862.0 9.8 708
J1808−2057 B1805−20 271.89413(4) +2.4572(8) −15(33) −1200(700) 2(36) −1200(700) 152 49612.0 16.7 979
J1809−2109 B1806−21 272.155729(13) +2.2712(4) −8(12) 100(400) −9(13) 100(400) 251 49612.0 16.7 430

J1812+0226 B1810+02 273.57694(3) +25.84849(5) −18(19) −43(49) −17(19) −44(49) 199 49906.0 14.8 851
J1812−1718g B1809−173 272.90920(3) +6.1005(3) −18(21) 100(300) −20(21) 100(300) 208 49612.0 16.7 778
J1812−1733 B1809−176 272.93851(9) +5.8476(9) 36(91) 200(900) 31(97) 200(900) 151 50283.0 13.0 2808
J1813+4013 B1811+40 275.68210(5) +63.60161(3) −38(20) 14(27) −39(20) 12(27) 224 49886.0 15.0 724
J1816−1729 B1813−17 273.909813(19) +5.89987(19) −11(17) −59(167) −10(18) −59(167) 193 49481.0 17.4 535

J1816−2650 B1813−26 273.70703(4) −3.4456(8) 6(29) 100(600) 4(33) 100(600) 220 48739.0 21.5 1444
J1818−1422 B1815−14 274.510189(13) +8.99021(8) −8(11) −78(65) −6(11) −78(65) 181 49478.0 17.4 458
J1820−0427 B1818−04 275.500072(9) +18.87910(3) −10(3) 10(9) −10(3) 9(9) 628 46634.0 32.9 590
J1820−1346 B1817−13 275.00586(5) +9.5801(3) −10(37) 100(300) −15(38) 100(300) 182 49609.0 16.7 1321
J1820−1818 B1817−18 274.920222(17) +5.05024(19) −7(20) 25(198) −8(20) 25(198) 135 50283.0 13.0 521

J1821+17 – 276.6768(5) +40.5788(7) – – – – 46 51413.0 6.8 1355
J1822+0705 – 276.41992(13) +30.4037(3) – – – – 46 51341.0 7.2 797
J1822−1400 B1820−14 275.62921(3) +9.32681(15) 0(20) 67(117) −3(21) 67(117) 170 49266.4 17.4 782
J1822−2256 B1819−22 275.28994(5) +0.392(8) −27(29) 2000(6000) −100(300) 2000(6000) 211 48740.0 21.5 1185
J1823+0550 B1821+05 276.699734(6) +29.142742(11) −1(4) −22(9) 0(4) −22(9) 369 48713.0 21.3 326

J1823−0154 – 276.40763(4) +21.40538(10) −9(40) 64(154) −12(40) 64(155) 111 50850.0 9.7 487
J1823−1115 B1820−11 275.93532(16) +12.0643(7) −17(77) 300(400) −27(76) 200(400) 476 49465.0 17.5 2127
J1823−3021A B1820−30A 275.143393(3) −7.02742(3) 1(3) 24(35) 0(4) 24(35) 275 50319.0 12.7 132
J1823−3021B B1820−30B 275.147188(18) −7.02807(20) −12(18) −62(200) −9(21) −63(200) 274 50320.0 12.8 519
J1823−3106 B1820−31 275.134674(4) −7.78044(3) 17(4) 3(30) 17(4) 4(30) 196 50093.0 14.1 138
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J1824−1118 B1821−11 276.13826(3) +11.99707(14) 3(23) −153(112) 9(24) −153(112) 188 49480.0 17.4 1103
J1824−1945 B1821−19 275.658084(4) +3.55711(7) – – – – 307 49877.0 15.2 181
J1824−2452 B1821−24 275.564751(5) −1.54886(17) 1(4) −117(162) 6(9) −117(162) 126 49858.0 15.4 118
J1825+0004 B1822+00 276.880243(11) +23.36075(3) −18(10) −34(31) −17(10) −35(31) 188 49719.0 16.1 421
J1825−0935g B1822−09 276.47293(6) +13.7066(3) – – – – 452 49448.0 17.6 3912

J1825−1446 B1822−14 276.122068(20) +8.52502(14) 11(17) 19(115) 10(18) 19(115) 197 49480.0 17.4 801
J1826−1131 B1823−11 276.52832(5) +11.7628(3) 5(40) −149(188) 12(40) −149(188) 302 49464.0 17.5 1499
J1826−1334g B1823−13 276.463919(10) +9.71265(6) −17(16) 93(80) −21(16) 92(80) 455 50930.0 9.8 484
J1827−0958g B1824−10 276.85459(5) +13.29963(20) −33(36) 48(166) −35(37) 46(166) 207 49480.0 17.4 1615
J1829−1751 B1826−17 277.101912(7) +5.40522(8) – – – – 319 49878.0 15.2 421

J1830−1059 B1828−11 277.73303(4) +12.24178(15) – – – – 767 49621.0 16.5 2091
J1832−0827 B1829−08 278.341973(5) +14.752453(17) −3(4) 20(15) −4(4) 20(15) 295 49442.0 16.4 201
J1832−1021 B1829−10 278.243955(8) +12.84667(4) −17(7) 3(33) −18(7) 2(33) 329 49459.0 17.3 381
J1833−0338 B1831−03 278.924582(16) +19.52746(5) – – – – 432 49698.0 16.0 897
J1833−0827g B1830−08 278.610706(4) +14.729339(14) −37(4) 3(16) −37(4) 0(15) 271 50483.0 12.1 148

J1834−0010 B1831−00 279.31713(18) +22.9810(5) – – – – 141 49123.0 12.8 3445
J1834−0426 B1831−04 279.064499(10) +18.73114(4) −1(8) −39(32) 2(8) −39(32) 242 49714.0 15.6 464
J1835−0643 B1832−06 279.08713(5) +16.44453(16) −48(35) −61(133) −44(37) −64(133) 217 49533.0 16.9 1700
J1835−1106g – 278.85670(7) +12.0637(4) – – – – 107 50528.0 8.0 1585
J1836−0436 B1834−04 279.692068(7) +18.51929(3) 1(6) 16(19) 0(6) 16(19) 204 49532.0 16.9 246

J1836−1008 B1834−10 279.320646(16) +13.00566(7) – – – – 293 48880.0 20.7 594
J1837−0045 – 280.15351(7) +22.35618(20) −27(99) 0(400) −29(99) 0(400) 162 51019.0 9.0 1469
J1837−0653 B1834−06 279.63129(8) +16.2446(3) – – – – 235 49480.0 17.4 2902
J1840+5640 B1839+56 300.69652(8) +79.030838(16) −39(11) −20(13) −29(11) −33(14) 293 48717.0 21.4 599
J1841+0912 B1839+09 282.253798(13) +32.196472(18) – – – – 316 48266.0 24.1 396

J1841−0425 B1838−04 280.815844(7) +18.63226(3) 6(5) 0(17) 6(6) 0(17) 337 49477.0 17.4 349
J1842−0359 B1839−04 281.20360(6) +19.02762(17) 20(47) −88(138) 27(47) −86(138) 341 49462.0 17.5 2573
J1844+1454 B1842+14 283.778821(6) +37.807639(9) 25(4) 14(8) 23(4) 17(8) 334 49362.0 18.1 283
J1844−0244 B1842−02 281.91970(7) +20.23286(18) 46(48) 17(135) 44(50) 21(135) 207 49610.0 16.7 1869
J1844−0433 B1841−04 281.712629(20) +18.43406(7) −3(17) −23(54) −1(17) −23(54) 341 49626.0 16.6 649

J1844−0538 B1841−05 281.497447(8) +17.35765(3) 4(6) 31(20) 1(6) 31(20) 235 49551.0 17.0 259
J1845−0434 B1842−04 281.97803(3) +18.39179(8) 39(18) −153(58) 51(19) −149(57) 210 49610.0 16.7 932
J1847−0402 B1844−04 282.498448(7) +18.88955(3) −2(6) −8(19) −1(5) −9(19) 384 48736.0 21.5 297
J1848−0123 B1845−01 283.013981(7) +21.494870(18) −2(7) −41(19) 2(6) −41(19) 299 50022.0 14.4 302
J1848−1414 – 281.92321(6) +8.6991(6) 41(78) 500(800) −1(90) 500(800) 103 50866.0 9.8 991
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J1848−1952 B1845−19 281.36275(9) +3.0890(19) −62(72) −1200(1900) 39(157) −1200(1900) 135 48695.0 21.2 2424
J1849−0636 B1846−06 282.711470(17) +16.28060(6) 16(13) −33(50) 19(13) −31(50) 304 48736.0 21.5 543
J1850+1335 B1848+13 285.325255(11) +36.368375(17) −12(9) 4(17) −12(9) 3(18) 162 49722.0 16.1 261
J1851+0418 B1848+04 284.32965(6) +27.10991(11) 23(44) −11(96) 24(44) −9(95) 211 49845.0 15.4 1485
J1851+1259 – 285.43214(3) +35.74894(4) −30(18) −69(35) −23(17) −71(35) 134 49908.0 15.1 610

J1852+0031 B1849+00 284.3045(5) +23.3243(11) – – – – 186 49613.0 16.7 15208
J1852−2610 – 281.888479(14) −3.2760(5) −32(19) 300(600) −61(59) 300(600) 89 50866.0 9.8 173
J1854+1050 B1852+10 286.1005(4) +33.4594(6) – – – – 231 49692.0 16.2 9502
J1854−1421 B1851−14 283.39726(3) +8.44777(17) −4(24) −5(180) −3(26) −6(180) 155 49909.0 15.1 589
J1856+0113g B1853+01 285.39089(17) +23.9146(4) – – – – 282 49780.0 12.1 7166

J1857+0057 B1854+00 285.58681(14) +23.6260(4) – – – – 100 49694.0 16.2 2393
J1857+0212 B1855+02 285.930284(13) +24.85612(3) −13(10) 11(25) −14(10) 9(25) 246 49554.0 17.0 419
J1857+0943 B1855+09 286.8635021(11) +32.3215128(19) −3.4(10) −4.5(17) −2.8(10) −4.9(17) 430 49562.0 17.0 52
J1900−2600 B1857−26 283.650124(7) −3.29021(14) −30(5) 11(105) −31(13) 7(105) 230 48891.0 20.6 181
J1901+0156 B1859+01 286.947257(9) +24.48217(3) 17(12) 38(30) 12(11) 40(30) 130 49298.0 11.8 263

J1901+0331 B1859+03 287.139002(9) +26.046990(19) – – – – 268 50027.0 14.4 337
J1901+0716g B1859+07 287.68096(6) +29.77451(11) −46(42) −4(90) −45(43) −9(89) 292 49863.0 15.1 1692
J1901−0906 – 285.715999(14) +13.49621(9) −4(21) −27(138) −1(19) −28(138) 100 50873.0 9.8 305
J1902+0556 B1900+05 287.793855(16) +28.41653(3) −8(13) −3(29) −7(13) −4(29) 353 49722.0 16.1 521
J1902+0615 B1900+06 287.876512(10) +28.745540(19) −4(8) −7(17) −3(8) −8(17) 343 49910.0 15.1 406

J1903+0135g B1900+01 287.427020(10) +24.07797(3) – – – – 208 48741.0 21.5 318
J1903−0632 B1900−06 286.456030(10) +15.99569(4) −10(10) −34(36) −6(9) −35(37) 216 50023.0 14.4 335
J1904+0004 – 287.42159(3) +22.54177(6) −17(23) −82(74) −7(21) −83(75) 111 50866.0 9.8 531
J1904−1224 – 286.00920(4) +10.1465(3) −57(40) −200(400) −36(46) −200(400) 95 51037.0 8.9 414
J1905+0709 B1903+07 288.86524(10) +29.52216(17) −51(67) 64(149) −58(70) 57(148) 303 49466.0 17.5 3663

J1905−0056g B1902−01 287.625452(6) +21.498788(15) −1(5) 13(15) −2(5) 13(15) 170 49721.0 16.1 217
J1906+0641 B1904+06 288.990722(12) +29.03254(3) −9(8) 3(19) −10(9) 2(18) 213 49613.0 16.7 330
J1907+4002 B1905+39 298.12469(6) +61.83466(4) 23(23) −1(30) 22(23) 5(26) 268 48713.0 21.3 943
J1909+0007 B1907+00 288.873582(8) +22.43936(3) 1(6) −15(17) 3(7) −14(17) 295 48740.0 21.5 351
J1909+0254 B1907+02 289.282870(12) +25.19544(3) 9(11) 27(27) 6(11) 28(27) 229 49695.0 16.3 471

J1909+1102 B1907+10 290.605924(5) +33.233479(7) −5(4) 8(8) −6(4) 7(8) 316 49912.0 15.1 162
J1910+0358 B1907+03 289.57961(12) +26.2295(3) – – – – 199 50026.0 14.4 3127
J1910+1231 B1907+12 290.98666(17) +34.6968(4) 45(76) 0(300) 39(72) 0(300) 139 48741.0 21.5 2115
J1910−0309g B1907−03 288.66233(3) +19.13975(8) – – – – 166 49985.0 14.2 826
J1911−1114 – 287.9456998(17) +11.088135(10) −16(3) −15(16) −14(3) −17(16) 238 51106.0 8.2 51
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J1912+2104 B1910+20 293.47673(6) +43.04484(6) −6(30) 74(49) −18(29) 72(49) 215 48740.0 21.5 1287
J1913+1400 B1911+13 292.199187(6) +36.050327(8) −6(5) −2(8) −6(5) −3(9) 204 49910.0 15.1 178
J1913−0440 B1911−04 289.343075(7) +17.52732(3) 3(3) −27(8) 7(3) −26(7) 507 46634.0 32.8 446
J1915+1009 B1913+10 292.096156(10) +32.164943(16) 2(7) −11(13) 4(7) −10(13) 580 49053.0 19.8 334
J1915+1606 B1913+16 293.23171(3) +38.03753(3) 23(18) 20(31) 19(19) 23(31) 316 49717.0 16.1 945

J1915+1647 B1913+167 293.32880(12) +38.71225(15) 81(67) 63(111) 69(64) 75(112) 208 48867.0 20.5 1669
J1916+0951 B1914+09 292.339415(8) +31.824492(12) −9(7) 0(13) −9(7) −1(13) 239 49910.0 15.1 174
J1916+1312 B1914+13 293.097868(17) +35.12280(3) – – – – 255 49568.0 13.2 647
J1917+1353 B1915+13 293.435598(5) +35.772129(8) – – – – 466 49763.0 15.9 255
J1917+2224 B1915+22 295.3779(3) +44.1222(3) – – – – 133 49724.0 16.1 3476

J1918+1444 B1916+14 293.82572(3) +36.58389(4) – – – – 432 49690.0 16.3 1254
J1919+0021g B1917+00 291.65415(3) +22.31228(6) 12(17) −68(50) 22(18) −65(50) 332 49427.0 17.5 821
J1920+2650 B1918+26 297.57436(9) +48.37163(8) 13(49) −82(65) 30(47) −78(66) 93 49912.0 16.1 988
J1921+1419 B1919+14 294.62630(7) +36.03702(11) −14(40) 14(82) −17(40) 12(82) 252 48741.0 21.5 1782
J1921+1948 B1918+19 295.77288(8) +41.45548(10) 0(60) −31(88) 6(47) −30(91) 122 48739.0 21.5 1583

J1921+2153 B1919+21 296.512221(11) +43.460323(12) 28(7) 24(11) 23(6) 29(12) 236 48999.0 19.8 229
J1922+2018 B1920+20 296.22445(15) +41.88722(16) −106(124) 3(174) −105(120) −17(177) 140 49670.0 16.2 2700
J1922+2110 B1920+21 296.68518(3) +42.71675(4) −1(30) 10(36) −3(24) 10(36) 286 49879.0 15.0 718
J1926+0431 B1923+04 294.13809(4) +26.17261(7) 0(30) 22(47) −4(20) 22(48) 167 48716.0 21.3 476
J1926+1434 B1924+14 296.31921(10) +36.05614(13) −81(65) −118(93) −58(65) −131(93) 84 48717.0 21.3 1741

J1926+1648 B1924+16 296.776458(14) +38.253717(19) 11(11) −16(18) 13(11) −14(18) 342 49857.0 15.1 500
J1932+1059 B1929+10 297.052942(6) +32.291372(9) 99.7(17) 27(4) 93.0(18) 45(4) 548 46523.0 33.4 238
J1932+2020 B1929+20 299.314082(14) +41.469942(15) – – – – 158 49887.0 15.0 351
J1932+2220g B1930+22 299.96265(15) +43.41414(14) – – – – 315 51418.0 6.7 4608
J1933+2421 B1931+24 301.05375(7) +45.55880(9) – – – – 318 50629.0 11.1 1330

J1935+1616 B1933+16 299.3343108(15) +37.3097753(20) −2.2(4) −16.2(7) 1.1(4) −16.3(7) 4746 46434.0 34.1 126
J1937+2544 B1935+25 302.503836(6) +46.476784(6) −14(5) −12(6) −10(4) −15(6) 305 49703.0 16.0 156
J1939+2134 B1937+21 301.9732417(13) +42.2967595(14) −1.1(7) −1.4(8) −0.8(7) −1.7(9) 435 49014.0 19.9 38
J1939+2449 B1937+24 302.80981(7) +45.37308(7) 223(67) 170(113) 176(66) 218(114) 216 50679.0 10.8 1976
J1941−2602 B1937−26 292.614110(3) −4.55641(4) 5(3) 45(36) −2(8) 45(36) 153 50076.0 14.0 83

J1943−1237 B1940−12 295.489667(19) +8.55215(14) −28(16) −47(136) −20(23) −51(135) 105 48717.0 21.3 412
J1944−1750 B1941−17 294.73120(6) +3.3966(11) 7(55) −400(1000) 76(164) −400(1000) 96 49905.0 15.1 1085
J1945−0040 B1942−00 298.24477(8) +20.2082(3) −53(49) −52(160) −43(45) −61(161) 103 48103.0 24.7 1615
J1946+1805 B1944+17 303.10871(3) +38.51256(4) 5(14) −10(19) 7(15) −9(18) 220 48790.0 20.9 671
J1946−2913 B1943−29 293.334924(16) −7.92905(13) −12(13) 144(118) −38(27) 139(115) 89 48736.0 21.5 443
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J1948+3540 B1946+35 310.619126(6) +55.351676(5) −14(4) 2(4) −14(4) −3(4) 493 49449.0 17.6 201
J1949−2524 B1946−25 294.59806(4) −4.2669(6) 39(26) −0(500) 40(86) 0(500) 127 48106.0 24.7 608
J1952+1410 B1949+14 303.50347(12) +34.36165(17) – – – – 158 50110.0 13.7 2598
J1952+3252g B1951+32 310.64911(4) +52.40585(3) – – – – 677 49845.0 15.4 1533
J1954+2923 B1952+29 309.453311(14) +48.985785(11) −39(6) −24(8) −30(6) −34(8) 218 48719.0 21.4 247

J1955+2908 B1953+29 309.691369(14) +48.684569(11) −3(9) −2(10) −2(9) −2(10) 229 49429.0 17.4 306
J1955+5059 B1953+50 327.045734(10) +68.798815(4) 6(3) 66(3) −30(3) 59(3) 352 48741.0 21.5 118
J1957+2831 – 310.00728(4) +47.97623(4) −85(38) 48(59) −95(38) 21(60) 180 51429.0 6.5 594
J2002+3217 B2000+32 313.29220(5) +51.24098(4) – – – – 445 49444.0 17.6 1916
J2002+4050 B2000+40 318.903935(18) +59.188545(9) −19(9) −3(9) −17(9) −11(9) 324 49887.0 15.2 327

J2004+3137 B2002+31 313.839140(15) +50.416147(13) −3(10) −8(12) 0(9) −9(13) 362 49723.0 16.1 368
J2005−0020 – 303.58997(14) +19.5096(4) – – – – 81 50852.0 8.0 1512
J2006−0807 B2003−08 301.98007(4) +11.88632(16) −14(35) −75(174) 2(49) −76(171) 234 49766.0 15.4 1304
J2013+3845 B2011+38 320.811294(17) +56.479117(11) −48(9) −17(10) −37(9) −35(11) 384 49718.0 16.1 535
J2018+2839 B2016+28 316.457607(5) +46.693181(5) −3.9(11) −3.6(16) −2.5(11) −4.6(15) 528 46384.0 34.4 178

J2019+2425 – 314.994457(4) +42.565432(5) −17(7) −23(9) −9(7) −27(9) 119 51129.0 8.4 65
J2022+2854 B2020+28 317.945041(4) +46.588497(4) – – – – 311 49692.0 16.3 160
J2022+5154 B2021+51 337.862556(8) +67.127963(4) 1.9(10) 12.0(10) −5.7(10) 10.7(10) 723 46640.0 33.0 193
J2023+5037 B2022+50 336.242949(6) +66.004694(3) 17(3) 14(3) 5(3) 21(3) 347 49910.0 15.1 153
J2029+3744 B2027+37 325.20826(5) +54.25166(4) −17(31) 24(33) −25(31) 15(34) 170 49725.0 16.1 675

J2030+2228 B2028+22 317.41166(4) +39.91538(4) −12(27) −21(30) −4(25) −24(32) 109 49953.0 14.9 452
J2037+3621 B2035+36 326.70600(13) +52.33172(7) 130(72) −38(63) 134(62) 19(73) 107 49936.0 14.9 1323
J2038+5319 B2036+53 344.7247(5) +66.79754(13) – – – – 91 50122.0 13.9 1502
J2046+1540 B2044+15 319.20124(3) +32.27680(4) −7(14) 2(25) −7(15) 0(30) 297 48742.0 21.5 539
J2046+5708 B2045+56 354.06129(11) +68.72671(4) −3(41) 63(33) −48(37) 41(38) 238 49766.0 15.9 1333

J2046−0421 B2043−04 312.725008(15) +13.14098(7) 10(12) −31(51) 18(17) −27(50) 296 48739.0 21.5 593
J2048−1616 B2045−16 310.117578(5) +1.48513(16) 107.5(15) −138(52) 141(14) −105(50) 535 46423.0 33.9 339
J2051−0827 – 312.835700(3) +8.846315(17) 1(4) −41(29) 12(8) −39(28) 260 51116.0 8.4 90
J2055+2209 B2053+21 324.268288(19) +37.69270(3) −10(15) −1(30) −9(15) −5(22) 194 49726.0 16.1 381
J2055+3630 B2053+36 332.106746(4) +50.920644(3) −1(2) −3(3) 0(2) −3(3) 383 49361.0 18.1 99

J2108+4441 B2106+44 342.48467(3) +56.913456(18) 1(11) −13(12) 8(12) −10(11) 218 48736.0 21.5 485
J2113+2754 B2110+27 331.802871(9) +41.554050(10) −41(6) −47(7) −19(6) −60(7) 310 48741.0 21.5 309
J2113+4644 B2111+46 345.94380(8) +58.13401(5) 7(15) −6(17) 9(15) −1(16) 3753 46614.0 33.0 4599
J2116+1414g B2113+14 326.483035(11) +28.576376(20) −9(8) −16(15) −3(8) −18(15) 297 48471.0 22.7 291
J2124+1407 B2122+13 328.64157(6) +27.74917(9) −24(33) −79(57) 5(35) −82(56) 33 49872.0 15.0 560
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Table 6 – continued

PSR J PSR B λ β µλ cos β µβ µα cos δ µδ N Epoch Span RMS
(deg) (deg) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (MJD) (yr) (µs)

J2124−3358 – 312.738961(3) −17.818665(8) −32(4) −41(10) −17(5) −49(9) 187 50884.0 9.5 67
J2145−0750 – 326.0246575(5) +5.313079(5) −12.8(5) −6(6) −10.0(17) −10(5) 455 50766.0 10.1 15
J2149+6329 B2148+63 19.860353(20) +66.412190(8) 13(7) −10(7) 15(8) 6(7) 336 49421.0 21.3 401
J2150+5247 B2148+52 2.247613(9) +59.254182(5) 8(5) −5(5) 9(5) 2(4) 344 49693.0 15.9 178
J2155−3118 B2152−31 320.02365(9) −17.5087(3) −8(69) −21(194) 0(110) −22(178) 96 48714.0 21.3 1319

J2157+4017 B2154+40 351.28789(3) +48.456831(18) 4(14) 6(15) 0(13) 7(15) 401 49277.0 18.3 778
J2212+2933 B2210+29 347.99617(3) +37.52298(3) −14(21) −9(29) −9(22) −14(28) 237 49686.0 15.9 860
J2219+4754 B2217+47 3.284986(12) +52.541126(9) −22(3) −7(3) −14(3) −18(3) 480 46599.0 32.8 458
J2222+29 – 350.50575(5) +36.34534(4) 21(62) 17(70) 11(59) 25(72) 178 51242.0 7.5 761
J2225+6535g B2224+65 29.09935(4) +64.304801(16) 169(13) −62(14) 144(15) 109(13) 479 49303.0 18.4 579

J2229+2643 – 350.6956607(16) +33.2901996(19) −4(3) −5(4) −2(3) −6(4) 223 51220.0 7.6 35
J2229+6205 B2227+61 23.36105(4) +61.916391(19) 7(19) 6(21) −1(30) 10(17) 162 49840.0 15.2 379
J2242+6950 B2241+69 39.6093(3) +65.03005(17) 9(110) 0(160) 4(158) 8(106) 74 49690.0 16.1 2050
J2248−0101 – 343.10963(3) +6.06558(18) −11(29) 0(300) −12(79) 0(200) 121 50866.0 9.8 286
J2257+5909g B2255+58 23.587606(11) +57.377427(7) 14(6) −26(7) 28(7) −8(6) 178 50085.0 13.8 181

J2305+3100 B2303+30 1.45647(4) +33.51675(5) −24(20) −38(31) −4(24) −45(28) 214 48714.0 21.3 581
J2305+4707 B2303+46 12.4154(3) +47.3638(3) – – – – 124 49663.0 16.1 3686
J2308+5547 B2306+55 21.284481(20) +53.984376(14) −7(10) 0(10) −5(10) −4(9) 362 48717.0 21.4 414
J2313+4253 B2310+42 10.596896(3) +43.123178(3) 21.3(13) −6.0(17) 21.2(15) 6.3(15) 426 48241.0 23.9 83
J2317+1439 – 356.1294033(17) +17.680231(5) −1(3) 10(9) −5(5) 9(9) 156 51242.0 7.5 30

J2317+2149 B2315+21 359.533875(12) +24.11176(3) −2(9) 4(18) −3(11) 2(16) 312 48716.0 21.4 574
J2321+6024 B2319+60 29.09052(4) +56.12965(3) −17(18) 6(23) −17(22) −7(19) 335 49303.0 18.4 869
J2322+2057 – 0.136077(7) +22.878404(11) −25(13) −4(19) −21(15) −15(18) 119 50958.0 9.3 89
J2325+6316 B2323+63 33.39000(18) +57.83862(11) −1(70) 3(68) −3(72) 1(70) 319 48309.0 23.8 3077
J2326+6113 B2324+60 30.914150(9) +56.273197(5) −18(5) 6(5) −17(5) −9(5) 336 49678.0 16.3 227

J2330−2005g B2327−20 345.121282(18) −15.49405(6) 37(18) 21(52) 25(27) 34(48) 162 49878.0 15.0 608
J2337+6151 B2334+61 33.23099(4) +55.861626(20) −11(16) −9(18) −1(18) −15(16) 378 49721.0 16.1 906
J2346−0609 – 354.528580(16) −4.35063(17) 1(30) −100(300) 54(103) −100(300) 188 51021.0 9.0 427
J2354+6155 B2351+61 35.845802(12) +54.527553(8) 12(7) −13(8) 18(8) −1(6) 310 49405.0 17.8 280
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Timing observations of 374 pulsars 1339

Figure 2. A comparison between the Brisken (2001) VLBI interferometric positions with those obtained using timing. The interferometric position is joined
by an arrow to its position at the same epoch as the timing result (assuming the interferometric proper motions); 1σ (solid line) and 2σ (dashed line) error
ellipses are given for the timing position and the corrected interferometric positions.

Figure 3. A comparison between the VLA and VLBI interferometric proper motions in (a) right ascension and (b) declination with those given in this paper.
The upper panels contain the proper motions given in this paper versus the catalogue value. The lower panels show the difference between the two values.

6 yr of Jodrell Bank timing data (Jones & Lyne 1988). The much
longer data-span of 21 yr used here has, as expected, improved the
parameters that define the pulsar’s long-term behaviour, such as ro-
tational frequency and its derivatives. This longer data-span has not
improved (in some cases the precision has decreased) the param-

eters that require very homogeneous data, such as the eccentricity
and the projected semimajor axis of the orbit.

We have improved timing solutions for PSR B0820+02 and
B1820−11. For these two pulsars, all the orbital parameters agree
with those already published by Taylor & Dewey (1988) and Lyne &

C© 2004 RAS, MNRAS 353, 1311–1344
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Table 7. A comparison of the proper motions for 28 pulsars, measured (1) without whitening the TOAs, (2) whitening by fitting polynomial terms, (3) using
the FITWAVES procedure described in Appendix A, and (4) using interferometric results Brisken (2001) that are not affected by timing noise. The column labelled
N provides the number of rotational frequency derivatives fitted to the TOAs. The values of µα and µδ are given in mas yr−1. Asterisks indicate that significant
structure remained in the ‘whitened’ timing residuals after fitting the timing model.

No whitening Polynomial whitening FITWAVES whitening Interferometric
PSR J PSR B µα µδ µα µδ N µα µδ µα µδ

0014+4746 0011+47 −92(150) −63(105) −127(91) −48(91) 2 −119(103) −66(84) 19.3(18) −19.7(15)
0152−1637 0149−16 −3(15) −7(24) −0.6(83) −32(15) 6 −0.4(42) −32(7) 3.1(12) −27(2)
0332+5434 0329+54 20(11) −22(17) 11(6) −13(10) 12∗ 12(4) −14(7) 17.0(3) −9.5(4)
0630−2834 0628−28 −100(400) 300(500) −47(11) 11(14) 12∗ −51(7) 17(8) −44.6(9) 20(2)
0758−1528 0756−15 14(20) 18(37) −12(7) 9(12) 10 −13(4) 8(6) 1(4) 4(6)
0814+7429 0809+74 20(17) −35(17) 11(20) −43(21) 2 18(20) −49(21) 24.02(9) −44.0(4)
0953+0755 0950+08 44(105) 200(300) −18(8) −17(21) 12∗ −3(3) 26(7) −2.09(8) 29.46(7)

1136+1551 1133+16 −13(31) 491(64) −68(5) 370(10) 12 −69(3) 372(5) −74.0(4) 368.1(3)
1239+2453 1237+25 −95(6) 53(9) −107(3) 49(5) 8 −105.8(14) 50(3) −106.82(17) 49.92(18)
1509+5531 1508+55 −125(41) −163(40) −80(12) −71(11) 6 −86(12) −65(11) −70.6(16) −68.8(12)
1537+1155 1534+12 1(4) −34(6) 1(4) −34(6) 2 2(3) −37(6) −8(9) −32(10)
1543+0929 1541+09 66(91) 90(178) −24(62) −83(121) 5 9(39) −113(76) −7.3(10) −4.0(10)
1543−0620 1540−06 −96(61) −287(194) −4(15) 120(50) 12∗ −18(6) −14(19) −17(2) −4(3)
1555−3134 1552−31 −12(21) 0(80) −13(23) −11(79) 2 −10(12) 0(40) 61(19) −77(51)

1720−0212 1718−02 −10(48) 0(150) 2(50) 70(129) 2 4(42) 69(129) −1(4) −26(5)
1735−0724 1732−07 21(24) 36(89) 1.2(34) 29(12) 12 −1.4(58) 23(24) −2.4(17) 28(3)
1740+1311 1737+13 −32(27) −43(48) −24(7) −17(11) 9 −25(3) −21(6) −22(2) −20(2)
1932+1059 1929+10 96(110) −53(195) 88(5) 79(9) 12∗ 93.0(18) 45(4) 94.8(3) 43.04(15)
1941−2602 1937−26 0.2(118) 14(57) 0.8(72) 44(36) 3 −2(8) 45(36) 12(2) −10(4)
1946−2913 1943−29 −58(48) 300(300) −65(53) 300(300) 2 −38(27) 139(115) 19(9) −33(20)
1948+3540 1946+35 1.7(400) 20(45) −18(5) −1.2(62) 12∗ −14(4) −3(4) −12.6(6) 0.7(6)

2013+3845 2011+38 −78(35) 17(43) −42(11) −28(13) 4 −37(9) −35(11) −32.1(17) −25(2)
2018+2839 2016+28 −4(8) 9(10) −3.1(12) −4.7(16) 12 −2.5(11) −4.6(15) −2.6(2) −6.2(4)
2022+5154 2021+51 113(164) −184(163) −5.0(20) 11.0(20) 12∗ −5.7(10) 10.7(10) −5.23(17) 11.5(3)
2108+4441 2106+44 3(14) −11(13) 8(12) −9(11) 2 8(12) −10(11) 3.5(13) 1.4(14)
2157+4017 2154+40 −14(72) −82(81) 1(13) 5(15) 5 0(13) 7(15) 17.8(8) 2.8(10)
2305+3100 2303+30 −57(48) −86(53) −1(30) −39(28) 3 −4(24) −45(28) 2(2) −20(2)
2330−2005 2327−20 21(44) 22(80) 26(27) 35(48) 2 25(27) 34(48) 74.7(19) 5(3)

Table 8. Pulsars that previously had no (or poor) frequency derivative measurements. For each row, the pulsar’s name is followed by the most recently
published frequency and its derivative, the values obtained here, the pulsar’s characteristic age τc = P/ (2Ṗ), surface magnetic field Bs = 3.2 × 1019(P Ṗ)1/2

and the rate of loss of rotational energy Ė = 4π
2 I Ṗ P−3, where a neutron star with moment of inertia I = 1045 g cm2 is assumed.

PSRJ ν cat ν̇cat ν ν̇ log10 log10 log10

(s−1) (10−15 s−2) (s−1) (10−15 s−2) (τ c/yr) (B s/G) (Ė/ ergs−1)

J1012−2337 0.397149329(5) −0.22(19) 0.397149259359(6) −0.13895(5) 7.67 12.18 30.34
J1238+21 0.89417(4) – 0.89398205209(3) −1.1553(3) 7.10 12.11 31.61
J1518+4904 24.42897976282(12) −0.018(12) 24.428979760784(3) −0.01630(5) 10.39 9.03 31.20
J1615−2940 0.403621726(4) −0.4(17) 0.403621636589(7) −0.25811(3) 7.40 12.30 30.61
J1821+17 0.73196(11) – 0.731699142500(15) −0.46551(18) 7.41 12.04 31.11

J1822+0705 0.7337741784(11) – 0.733774022731(10) −0.94076(13) 7.10 12.19 31.43
J1854+1050 1.744604(16) – 1.74460092962(6) −1.9445(5) 7.16 11.79 32.11
J1902+0615 1.48478(3) – 1.484780275631(7) −16.98927(5) 6.15 12.36 33.00
J1917+2224 2.34794(3) – 2.34798414425(6) −15.7945(3) 6.38 12.05 33.18
J1922+2018 0.852689(6) – 0.852686908781(8) −0.47169(6) 7.47 11.95 31.20

J1933+2421 1.22898(4) – 1.22896880609(10) −12.2487(10) 6.21 12.41 32.77
J1939+2449 1.549722(13) – 1.5496608915(5) −43.878(5) 5.76 12.54 33.43
J1949−2524 1.044260503(6) −3.7(16) 1.044259224797(4) −3.566477(17) 6.68 12.25 32.18
J1952+1410 3.63578(7) – 3.63602406451(4) −1.6942(4) 7.54 11.28 32.38
J2222+29 3.553686(13) – 3.553671095841(20) −0.0779(3) 8.87 10.63 31.04

C© 2004 RAS, MNRAS 353, 1311–1344



Timing observations of 374 pulsars 1341

17.89

17.90

17.91

17.92

17.93

17.94

17.95

17.96

17.97

47500 48000 48500 49000 49500 50000 50500 51000 51500

∆
R

A
 (

s
e

c
o

n
d

s
) 

fr
o

m
 R

A
J
 1

5
:5

5

MJD

Figure 4. The position in right ascension for PSR B1552−31 measured over
2-yr time-spans of timing data. The solid lines indicate the 1σ boundary of
the proper motion given in this paper. The dashed lines give the same for the
VLA result.

Figure 5. A P–Ṗ diagram, with the pulsars with first measurements of Ṗ

overlaid (open circles). The ‘death line’ (dashed line) is defined by 7 log B s −
13 log P = 78 (Chen & Ruderman 1993) and the dotted lines indicate the
surface magnetic field Bs = 3.2 × 1019(P Ṗ)1/2.

McKenna (1989) respectively. We obtain the first limit on ω̇ for PSR
B1820−11 of 7(13) × 10−5 deg yr−1. Phinney & Verbunt (1991)
speculated that the companion to PSR B1820−11 may be a main-
sequence star, whereas Thorsett & Chakrabarty (1999) believe it to
be either a second neutron star or a white dwarf. Unfortunately, as a
result of the uncertainty in our value of ω̇ , we cannot constrain the
total system mass obtained from this value (assuming the general
theory of relativity) to better than 4(10) M	. If the companion is a
main-sequence star then ω̇ may not be purely relativistic, but could
be caused by a mass quadrupole moment (Wex 1998).

Much of the Jodrell Bank timing data for binary systems have
already been published. For instance, the Jodrell Bank data have
recently been combined with TOAs from the Effelsberg Radio Tele-
scope to provide complete three-dimensional velocity information
for PSR J1012+5307 (Lange et al. 2001). A secular variation of
the projected semimajor axis was also found for PSR J2051−0827
(Doroshenko et al. 2001), and Loehmer et al. (in preparation) will
report on the orbital system containing PSR J2145−0750.

Figure 6. The measured braking index (n = νν̈/ ν̇2) plotted against the
pulsars’ characteristic ages, τc = ν/ (2ν̇). In the lower panel, the scale is
enlarged by a factor of 80. The dashed line in the lower panel indicates a
braking index of 3. Star symbols are used for pulsars that have been observed
to glitch.

Figure 7. Measured ν̈ values as a function of time for PSR B1706−16
using data-spans of 6 yr.

4.5 Dispersion measures and their derivatives

All the pulsars in our sample have a value for their dispersion mea-
sure already published in the literature. As expected, very little dif-
ference is found between our result and the most recently published
value in the literature; the two largest variations of −42 and +42
cm−3 pc occur for PSR B1852+10 and B1937+24 respectively. The
dispersion measures in the literature [250(10) and 100(10) cm−3 pc
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Figure 8. The variation of dispersion measure with time for PSR
B0458+46. The best fit gives a dispersion measure gradient of +0.0292(9)
cm−3 pc yr−1 compared to 0.030(3) cm−3 pc yr−1 obtained from fitting a
timing model containing d(DM)/dt to the TOAs.

Figure 9. The magnitude of dispersion measure derivatives with uncertain-
ties less than 0.01 cm−3 pc yr−1 plotted against dispersion measures. The
best straight line drawn through the data points has a gradient of 0.57(9),
suggesting a square-root dependence between |d(DM)/dt | and DM. The cir-
cles represent the | d(DM)/dt | values given in this paper. The end of the line
on each point gives an indication of the variation of d(DM)/dt expected due
to the pulsar’s transverse velocity assuming a nominal pulsar velocity of 300
km s−1 (see text).

respectively] for both these pulsars were measured by Stokes et al.
(1986); their uncertainties could have been significantly underesti-
mated. For a few pulsars, the measurements of the two dispersion
measures do not agree. For example, our measurement for PSR
B1914+09 of 60.953(6) cm−3 pc is inconsistent with the value of
61.40(3) cm−3 pc obtained by Hankins (1987). However, such small
discrepancies may be explained by the difficulty of aligning pulse
profiles at different frequencies, by short-term dispersion measure
variations, or by the much longer-term gradients in dispersion mea-
sure that are described below. Unfortunately, this cannot be con-
firmed, as, in many cases, we do not have a reference epoch for the
dispersion measure values in the literature. Similar discrepancies
have recently been found by Weisberg et al. (2003).

The absolute values of the measured dispersion measure deriva-
tives |d(DM)/dt | range up to 0.7(4) cm−3 pc yr−1 for PSR
J1750−3503. However, the maximum value measured to a precision
greater than 0.01 cm−3 pc yr−1 equals 0.030(3) cm−3 pc yr−1 for
PSR B0458+46. These d (DM)/dt values were obtained by fitting a
timing model to the whitened TOAs in the manner described in Sec-
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Figure 10. The magnitude of the dispersion measure derivatives versus
transverse velocities. A pulsar has been included in this plot if d(DM)/dt

has been measured to better than 0.01 cm−3 pc yr−1, the proper motion better
than 10 mas yr−1 and if it has a transverse velocity greater than 300 km s−1.
The straight-line fit has a gradient of 0.5(1); the correlation coefficient equals
0.4.

tion 3. In order to confirm that no unexpected correlations exist be-
tween this parameter and any other, we show, in Fig. 8, the variation
of dispersion measure with time for PSR B0458+46. Each disper-
sion measure was obtained by fitting a timing model for the pulsar’s
rotational parameters and dispersion measure to 3-yr segments of
the entire data-span. The dispersion measure gradient obtained by
fitting a straight line to the data in Fig. 8 equals +0.0292(9) cm−3 pc,
which compares well to the value given above. An in-depth study
of the interstellar medium using these results will be presented in a
paper that is currently in preparation.

Backer et al. (1993) suggested that | d(DM)/dt | should be propor-
tional to the square root of DM and the pulsar velocity. Indeed, we
find a dependence between dispersion measure gradients and DM
that is consistent with this (see Fig. 9). The best fit to our data predicts
that |d(DM)/dt | ≈ 0.0002

√
DMcm−3 pc yr−1, although the scatter

around this best fit is large (about one order of magnitude). Much
of this scatter may be due to the dispersion in the pulsar transverse
velocities. Assuming a mean pulsar transverse velocity of 300 km
s−1 (a factor of 3 higher than that used by Backer et al. 1993) and
that |d(DM)/dt | is proportional to the transverse velocity, we can
calculate the expected corrections (indicated as a line on Fig. 9). The
relationship between |d(DM)/dt | and transverse velocity is plotted
in Fig. 10 for those pulsars with proper motions measured to better
than 10 mas yr−1. The distance L has been obtained from the pulsar’s
dispersion measure using the Taylor & Cordes (1993) model for the
Galactic distribution of free electrons. However, there seems to be
no significant correlation, which may not be too surprising given
the complexity of the interstellar medium and the simplicity of the
model.

In any case, the derived relationship between the d(DM)/dt and
DM allows the dispersion measure variations to be estimated. This is
useful in particular for high-precision timing of millisecond pulsars
where ‘interstellar weather’ is a limiting factor (e.g. Backer & Wong
1996).

5 C O N C L U S I O N

We have published updated ephemerides for 374 pulsars. The pulsar
sample represents over 40 per cent of the 850 known pulsars that
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are observable from Jodrell Bank (with declinations greater than
∼ −35◦). Solutions that improve on existing timing models have
been included in the ATNF pulsar catalogue for easy access. We
emphasize that pulsar braking indices obtained from the measured
ν̈ values are affected by timing noise and do not reflect the physics
of the pulsar braking mechanism. A new method has been described
that models the timing noise seen in pulsar timing residuals. This
allows a full-scale analysis of the nature of timing noise as well
as providing a method for obtaining pulsar proper motions using
pulsar timing techniques. The proper motions and positions obtained
using this technique agree well with more precise interferometric
determinations. A full analysis of the implications of this new, large
sample of pulsar proper motions (and hence, velocities) will be
provided in a forthcoming paper.
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A P P E N D I X A : H A R M O N I C W H I T E N I N G

In a later paper we will show that the timing noise spectrum for most
pulsars is steep and has little power at periods less than ∼2 yr. It is,
therefore, possible to remove the large-scale timing noise features
from the TOAs to allow fits for the pulsar’s astrometric parameters;
only very poor fits are possible in the presence of timing noise.

Developing a technique to remove the effects of timing noise
while leaving other, shorter-period, structures unchanged is not triv-
ial; the main difficulties are that the TOAs are not regularly sampled
and edge effects occur due to the finite observation span. Earlier
versions of our method, known as FITWAVES, have been described in
Martin (2001), Hobbs (2002) and Hobbs, Lyne & Kramer (2003).6

The version used in the acquisition of data for this set of papers has

6 The harmonic whitening software has been implemented into the PSRTIME

pulsar timing package used at Jodrell Bank Observatory.

been slightly improved on these. In full, the harmonic whitening
procedure is as follows.

Initially, residuals are obtained by fitting a timing model to the
TOAs for rotational frequency and its first two derivatives. Using
a least-squares fitting procedure, the harmonic whitening package
fits nH harmonically related sinusoids to the timing residuals (nH

is defined by the user; for these papers, nH was chosen so that
the smallest-period sinusoid had a period greater than ∼1.5 yr).
To minimize edge effects, the fundamental period (P0) is chosen
to be slightly larger than the time-span (T span) of the data: P 0 =
T span(1 + 4/nH). The curve defined by these sinusoids is subse-
quently removed from the TOAs to provide whitened TOAs. The
pulsar ephemeris is improved by fitting a timing model for rota-
tional frequency and its derivatives, position, proper motion, and
dispersion measure and its derivative to the whitened TOAs. Keep-
ing the astrometric and dispersion measure parameters constant, the
whitening procedure is removed and new ‘non-whitened’ timing
residuals are obtained by fitting for the rotational parameters. This
process is repeated until the harmonic whitening function and the
pulsar parameters remain unchanged between iterations.

During this procedure, any gaps between TOAs greater than 1 yr
in size are ‘filled in’ using a four-point polynomial interpolation.
The four data points used in the interpolation are taken as the values
of the residuals on either side of the gap and two residuals ∼20 per
cent of the gap width before and after the gap. These added data
points are removed after the harmonic whitening function has been
obtained and are only used to constrain the curve between large
gaps.

An example of the method being applied to PSR B1540−06 is
shown in Fig. A1. In this figure, the timing residuals obtained after
fitting a timing model for frequency and its first two derivatives are
shown in the upper panel. The central panel contains these residuals
overlaid with the model obtained from the harmonic whitening tech-
nique. The bottom panel contains the whitened residuals resulting
from fitting a timing model including position and proper motion to
the whitened TOAs.

This paper has been typeset from a TEX/LATEX file prepared by the author.

C© 2004 RAS, MNRAS 353, 1311–1344


