
Timing pulsar B0329+54

This presentation © 2025 by Stichting Radiotelescoop Dwingeloo is licensed under CC BY 4.0.
To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

Dwingeloo Radio Telescope
EUCARA September 2025

Presented by Tammo Jan Dijkema
Contributions by all CAMRAS volunteers

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


1 july 1955 17 April 1956





Demo



usrp_to_vrt

vrt_pulsar

vrt_to_dada dspsr

Pipeline

Ettus USRP B210

*.ar

vrt_to_filterbank

*.fil





5 minutes of data: 420 pulses → period ≅             = 0.714 s
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Profile of Von Mises functions fitted to a 30-minute observation with PSArchive’s paas
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Residual



29.8 km/s

34.3˚

𝑓observed = 𝑓real ∙
𝑐

𝑐 − 𝑣

𝑓real = 1.400 Hz

𝑣± = cos 34.3˚ ∙ ±29.8 km/s = ±24.6 km/s

𝑝max −𝑝min = 117 µs

𝑓max = 1.400 ∙
𝑐

𝑐−24.6
= 1.400115 Hz

𝑓min = 1.400 ∙
𝑐

𝑐+24.6
= 1.399885 Hz



Effects I’m overlooking

• Elliptical Earth orbit
• Earth rotates around itself
• Clock drift
• Proper motion of pulsar

... so let’s use tempo2* for a proper model which incorporates all

* or PINT (Pint Is Not Tempo3), which produces same output



RAJ (hms)   03:32:59.444

DECJ (dms)  +54:34:43.20

period (s)  0.714 522 228 061 1

derivative  2.046 189 294 e-15

tempo2



tempo2

RAJ (hms)   03:32:59.444

DECJ (dms)  +54:34:43.20

period (s)  0.714 522 227 644 8
                       ± 2.7 e-12

derivative  2.043 927 576 e-15
               ± 7.4 e-19



RAJ (hms)   03:32:59.444

DECJ (dms)  +54:34:43.20

period (s)  0.714 522 227 641 7
                       ± 1.6 e-12

derivative  2.043 821 162 e-15
               ± 4.5 e-19

tempo2



RAJ (hms)   03:32:59.438
          ± 0.002 139

DECJ (dms)  +54:34:43.80
          ± 0.041 318

period (s)  0.714 522 227 673 2
                       ± 1.9 e-12

derivative  2.032 389 834 e-15
              ± 1.3 e-18

tempo2





6. Dispersed in frequency

7. Scintillating amplitude / frequency

Some pulsar properties from
from Peter East’s presentation

45 minutes of B0329



6. Dispersed in frequency

7. Scintillating amplitude / frequency

Some pulsar properties from
from Peter East’s presentation

One single Crab giant pulse





Filterbank files of very bright single Crab pulses:
https://data.camras.nl/giantpulses/bright_pulses

SNR Number > SNR

6 10.202

10 4.812

15 1.979

50 191

100 44

Crab giant pulses



One single Crab giant pulse

showing scattering



Mode switch



Normal mode Special mode

400 – 420 MHz



Normal mode Special mode

1416 –  1422 MHz



Two modes of pulsar B0329+54



HI absorption
Crab nebula



HI absorption
B0329+54



Challenges

• Finding operators / tour guides
• Keeping the telescope operational
• Keeping the clock attached
• Not blowing up amplifiers
• Etc. etc.



Software used
vrt-iq-tools aquire data, fold real-time, write to data-buffer

pulsar-demo-gui visualize real-time

dspsr fold from dada, create ‘ar’ files

psrchive manipulate ‘ar’ files

clfd flag RFI in ‘ar’ files

tempo2 professional timing model

pint professional timing model, not tempo3

psrqpy create p-pdot diagram

astropy coordinate computations

scipy fit sine wave model

https://github.com/tftelkamp/vrt-iq-tools
https://github.com/tftelkamp/vrt-iq-tools
https://github.com/tftelkamp/vrt-iq-tools
https://github.com/tftelkamp/vrt-iq-tools
https://github.com/tftelkamp/vrt-iq-tools
https://gitlab.camras.nl/thomas/pulsar-demo-gui
https://gitlab.camras.nl/thomas/pulsar-demo-gui
https://gitlab.camras.nl/thomas/pulsar-demo-gui
https://gitlab.camras.nl/thomas/pulsar-demo-gui
https://gitlab.camras.nl/thomas/pulsar-demo-gui
https://dspsr.sourceforge.net/
https://psrchive.sourceforge.net/
https://github.com/v-morello/clfd/
https://bitbucket.org/psrsoft/tempo2/src/master/
https://github.com/nanograv/PINT
https://psrqpy.readthedocs.io/en/latest/
https://www.astropy.org/
https://scipy.org/


Future long-term pulsar observation plans

• Longer timeseries (keep going)
• Hydrogen line in pulsar
• Polarization
• Scintillation

• Millisecond pulsars?
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