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Cover: M1, the Crab Nebula

This Hubble Space Telescope image of the Crab Nebula, M1 or NGC 1952, shows the
remnants of SN1054. It is currently about 10 light years across and has a rapidly rotating
neutron star, or pulsar, at its centre. See article on High Speed Photometry, p.91.
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capricornus: celestial home of stars

ment is intended as a bungling sputter
for a mere appendage to the speck of a
world on which we dwell, to soften the
darkness of its petty midnight.”

Closer to home, a very realistic observa-
tion of Messier 30 by Auke Slotegraaf
indicates the position as lying in south-
eastern Capricorn, outside of the large
delta-wing shape of the Sea Goat, in
the direction of the star Fomalhaut. He
further indicates M30’s integrated mag-
nitude as V=6.9, and it is plainly visible
through binoculars as a bright round
cometary glow, with a tight nucleus,
accompanied by the pale yellow mag-
nitude 5 star 41 Cap. Just 4’ west-south-
west of the nucleus of the cluster lies
a magnitude 8 star. A small telescope
shows it as a 3’-diameter glow, grow-
ing slowly brighter towards the centre,
where it becomes suddenly much
brighter, forming a definite, strongly
condensed, nucleus. The brightest stars
in M30 - its red giants - are between
magnitude 12 and 13, so a small tel-
escope will show a few individual stars.

to about 5’ diameter, showing several
more cluster members scattered across
the background haze of unresolved
stars. Two short rows of magnitude 12
stars, leading away from the compact
nucleus, catch the eye: one pointing
north, the other to the north-west.

M30 is almost 13 gigayears (Gyr) old
and has a mass of about 80 000 suns.
It lies 26 000 light years away from our
Sun and moves in an orbit around our
galaxy, which is opposite in direction
to the rotation of the galaxy itself. This
suggests that M30 was not formed as
part of our Milky Way, but was, instead,
accreted (gravitationally captured)
when its own parent galaxy had a close
encounter with our galaxy.

Allow me the opportunity to thank Dale
Liebenberg for the excellent pictures he so
gratefully contributes to the articles that
are constantly share with the readers.

Don’t avoid the fish-goat. Grab it by the
horns and use them to penetrate the
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Roy Smith (1930 - 2013)

Roy Duchesne Fairbridge Smith was born
on 26 April 1930 in Kraaipan, Mafikeng
where he grew up on a farm. He
matriculated from Pretoria Boys High
School and started work as a scientific
assistant at the CSIR’s National Physical
Laboratory (NPRL) in 1948. Here he was
involved (amongst other things) in the
development and maintenance of the
National Measuring Standards (NMS) of
Mass, Pressure and Length.

During the 1950s Roy became a familiar
face at the Radcliffe Observatory through
ASSA meetings. He used to store his 10-
inch telescope (mirror made and signed,
“Calver ‘02”) in Mike Feast’s garden. The
Director of Radcliffe Observatory, Dr
Andrew D Thackeray, asked if he would
assist at Radcliffe, earning some extra
pocket-money. On occasions Roy assisted
Dr Wesselink, usually up to midnight and
sometimes all night over weekends! Since
he could start-up and operate the 74-inch
Radcliffe telescope, he was asked to help
American astronomer, Dr Tom Gehrels,
during his 3-week visit to the observatory
in July 1956.

In early 1957 the CSIR approached
the ASSA amateurs for optical satellite
tracking. Thackeray gave Roy permission
to set up a tracking station at Radcliffe.
He took three weeks leave to assemble
about 15 telescopes based on the
Union Observatory design and spent a
lot of energy establishing the Radcliffe
Moonwatch station. When Sputnik 1
was launched in Oct 1957, some visual
observations were made by Roy and
the Radcliffe astronomer, Joe Churms,
who took some photographs. In 1969
Roy used a 12-inch reflector, set up at
the Moonwatch site at Radcliffe by the
Pretoria branch of ASSA, to track Apollo 11

Larger telescopes bring the cluster up  objects within its realm. w
Object Type RA (J2000.0) Dec Mag Size

RT Capricorni Carbon Star 20M7m2 -21°20 7-11 *
NGC 6908 Nebulosity 20251 -2448 14 0.5'x0.3’
NGC 6907 Galaxy 2025 6  -2449 11 3.2'x2.3’
Asterism Star Group 2026 7 -24 57 8 10’
NGC 7099, M 30 Globular Cluster 2140 4 -2311 6.9 9
Palomar 12 Globular Cluster 2146 6 -2115 11.7 2.9
NGC 7158 Unknown 2157 4 -1136 9.5 ‘x6’
mnassa vol 72 nos 5 & 6 132 june 2013
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obituary

out to a distance of 160 000 km, on its way
to the Moon.

Early in 1958 Pretoria Moonwatch was
supplied with five Apogee telescopes
of which four were set-up in Jack
Bennett’s backyard, from where Pretoria
Moonwatch operated. They did very well,
totalling about 190 observing sessions
during the IGY (International Geophysical
Year). The fifth Apogee was mounted by
Roy on the Baker-Nunn camera to replace
the very small 2-inch aperture finder
telescope, enabling the observers to see
the satellites they were tracking with the
camera.

The CSIR had promised the Smithsonian
Astrophysical Observatory a South African
observer for the Baker-Nunn camera
which they operated at Olifanstfontein
during the IGY. They seconded Roy there
in March 1958 where he worked with
Dr RC Cameron (station manager) and
Claude Knuckles who were the American
staff during the IGY. Roy usually observed
the evening passes, whilst Claude, who
lived closer to the camera, did the early
morning ones until December 1958.

At the end of the IGY, the CSIR requested
Roy to set up a permanent station to
ensure that optical tracking would
continue. In 1959 a Moonwatch station
was set up on top of a building in the CSIR
grounds from where they operated until
about 1964.

mnassa vol 72 nos 5 & 6

In June 1961 Roy resigned from the CSIR
and returned to work at the Baker-Nunn
camera until May 1964. In June 1964
he returned to work at the NMS after
receiving a request/invitation from the
CSIR/NPRL to do so. From July 1961 until
1964, the CSIR station had been run by
LN Martins who had worked with Roy
in the NPRL. On Roy’s return to the CSIR
this station got closed as Louw Martins
had moved to the Cape. Until the official
closure of the Moonwatch programme
in 1975, Jack Bennett and Roy continued
visual tracking alone at Moonwatch
stations Riviera and Murrayfield. Although
Roy officially retired in 1990, he continued
working under contract in the Light
Standards Section until early 1994.

Roy did some car rallying in his younger
days, the old Lourenco Marques Rally. He
also enjoyed motorbikes but gave it all up
after his children were born.

Roy was a long term member of the
Astronomical Society of Southern Africa
from about 1954 to 2007 and was a Fellow
of the Royal Astronomical Society, elected
in May 1974, proposed by Thackeray.

Roy was married to Margaret Anwyl Smith
for 55 years. She passed away five years
before him. He passed away on 19 June
2013 and is survived by two daughters,
Moira Sellers and Gillian Fouche and three
grandchildren, Justin Christie (26), Kayla
Christie (25) and Kieran Fouche (13).

... continue on p. 126

deep-sky delights

M 30 Globular Cluster, or NGC 7099, is a comet-like cluster, that moves the opposite direc-
tion to the rotation of the galaxy, probably as the result of an intergalactic gravitational

encounter. Dale Liebenberg

slightly longer, giving the impression of
a pair of firefly antennae. The south-
eastern part of the globular is broken
down in starlight and in a way cut off by
a short string of four stars. Also to be
seen is a double star towards the south-
ern part. Messier 30 is a large globular
cluster that can be easily spotted with
binoculars and measures nearly 90 light
years in diameter. It is a very special
object — one to remember long after
observed it.

In Philosophical Transaction 1814, Wil-
liam Herschel described it as a brilliant
cluster, the stars of which become grad-

ually more compressed in the middle.
John Herschel, son of William, observ-
ing with the 18-inch f/3 speculum at the
Cape of Good Hope, records the object
as “a globular cluster, bright, 4’ long by
3’ broad; all resolved into stars, gradu-
ally more compressed in the middle.
In this accumulation of stars, plainly
see the exertion of a central clustering
power, which may reside in a central
mass.”

Admiral William Henry Smyth, an English
amateur, was moved to wild speculation
about the object. “What an immensity
of space is indicated. Such an arrange-
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capricornus: celestial home of stars

with a small, barely visible arc-like patch
embedded in the north-east listed as
NGC 6908 (see picture).

Just 15’ east of NGC 6907 is a lovely
Asterism contains six colourful stars in
a prominent north-south arrow shape,
with the brightest star (HD 194412)
at magnitude 8. It is quite prominent
against a sparse star field.

An object that is questionable is NGC
7158, which forms a triangle towards
the north-east from the stars magni-
tude 5 mu and magnitude 5.5 lambda
Capricorni. This is one of those objects
which is nowhere to be found, but
which, on closer investigation, appears
as a very faint string of three close stars
between magnitude 9 and 11. Steve
Coe, using a 13” f/5.6, notes: “Is given
as a triple star in NGC 2000 catalogue.
Sure enough, there is a triple with two
members about 9th magnitude and one
11th at this location. They are separat-
ed by about 30 arc seconds in a straight
line at 100X. This multiple star system
must have been included in the NGC
because of its appearance at low power
this group is nebulous. It is marked as a
galaxy on Uranometria 2000.”

The rare globular cluster Palomar 12
(named after the Palomar Observatory),
situated relatively close to the Pisces
Austrinus border, is around 60 000 light
years distant. This globular cluster is
estimated to be much younger than
most of the globular clusters in our

Milky Way. Tom Polakis” motion studies
suggest that Palomar 12 may have origi-
nated in the Sagittarius Dwarf Galaxy,
but was probably later captured by the
Milky Way.

Capricornus is home to the distinctive
globular cluster NGC 7099, or Messier
30, also known as Bennett 128, which
is situated about 3 degrees east of the
magnitude 3.7 zeta Capriconi. Messier
30 were discovered by Charles Messier
(1730-1817) on 3 August 1764 near the
star 41 Capricorni. He devoted much of
his life to searching the skies for comets
and his notes indicate the object to be
round, containing no stars and seen
with difficulty in a good Gregorian 3 -
foot telescope.

With low power it might well resemble
a comet, in line with the comment of
the Reverend Thomas William Webb, a
British astronomer, born 14 December
1807 and died 19 May 1885, though
some sources give his year of birth as
1806. He was the only son of a clergy-
man, and was raised and educated by
his father, his mother’s having died
while he was still a little child. However,
the globular cluster grows gradually
brighter towards a tiny, very dense and
bright core. Careful observation reveals
an image resembling an elongated
north-south honeycomb covered with
bees (see picture). With higher magni-
fication faint stars mingle asterism-like
at random, with two prominent strings
extending north and north-west, one

observers page

Synchronizing High-speed Optical
Measurements with amateur equipment

Andre van Staden (andre@etiming.co.za)

The purpose of this investigation is to
demonstrate a low-cost method for
measuring weak, rapid variable stel-
lar flux with standard amateur class
telescopes and CCD cameras. The
nature of the flux under discussion is
optical, periodic and in the millisecond
time frame. Combining measure-
ments spaced over a period of days to
improve signal to noise (S/N) ratio is
possible, but requires unprecedented
timing accuracy, not common to opti-
cal astronomy (Eastman, J. et al. 2010).
A typical related application is meas-
uring signals from a pulsar in optical
wavelengths. A low cost system will
be introduced to demonstrate this
technology, capable of resolving the
light curve of the 16.5 magnitude pul-
sar in the Crab Nebula, with a 20cm
telescope.

Introduction

High speed photometers (Straubmeier,
C. et al.,, 2001; Nilsson, R. 2005) on
large telescopes are the most common
method for measuring high speed flux
variability.  Various Instruments and
modes for using CCDs were also suc-
cessfully applied for high-speed astro-
physics in optical wavelengths. A list of
such CCD techniques was compiled by
Dhillon V.S. (2007). Unfortunately, this
type instrumentation and technology

is basically research related, associated
with high cost and applied mostly by the
professional domain. Another method
is to use a stroboscopic system and a
standard CCD and was thought to have
potential for the amateur astronomer.

A stroboscopic system in terms of astro-
nomical observations will periodically
capture a timed fraction of the emission
by means of a synchronizing shutter in
front of the CCD. The shutter may be
any controllable light interrupter but is
usually a rotating wheel with cut-outs,
synchronized to the frequency of the
source. By controlling the frequency
and phase of the shutter wheel, it is
possible to resolve the phase or light
curve by means of accurate CCD photo-
metric measurements.

Stroboscopic systems were success-
fully applied to optical pulsar meas-
urements in the past. A more recent
paper by Cadez, A., et al, (2003) dem-
onstrated resolving of the Crab pulsar
light curve with a 2.12m telescope to
a high degree with 9 degree cut-out
widths on a chopper blade. The re-
mainder of this paper will focus on
a low cost, amateur version of the
stroboscopic system with the neces-
sary related tasks, capable of resolving
the light curve of the Crab pulsar. The
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high-speed optical measurements

author believes that accurate timing
is an essential ingredient associated
with almost all high-speed photom-
etry. This strobing system will provide
an ideal opportunity to challenge and
test the stringent timing accuracy.

The Crab Pulsar in the geocentric centre
of the Crab Nebula (M1) rotates at ap-
proximately 30 revolutions per second
and produces rapid fluctuations in in-
tensity as the E-M beam sweeps across
Earth. At a mean optical magnitude of
16.5, it was estimated to be a measur-
able target with a 20cm telescope and
a ST9e CCD camera. Timing ephemeris | PULSAR o
for the Crab pulsar is published month-
ly and available from Jodrell Bank
monthly ephemeris (Lyne, A.G.).

Fig.1 Crab Nebula also known as M1. This
image was captured by Axel Martin from
Concept Germany with a 30cm Newtonian Tel-

deep-sky delights

NGC 6907 Its misty glow represents a miniature Large Magellanic Cloud. Dale Liebenberg

In principle, the frequency of the shut-
ter has to be synchronized with the fre-
quency of the pulsar at the telescope.
Once the system is synchronized, it is
possible to shift the phase of the shut-

escope and STSXME CCD + CLS-Filter. The
unprocessed image is the sum total of 3.5
hours of exposure time and shows the 16.5
Mag. pulsar (PSR 0534+2200) in the centre.

ter relative to the received signal and observe different fractions of the emission
period. The size of the fractions or samples is determined by the open-to-close
ratio of the shutter wheel. If for instance an open-to-close ratio of 1:2 is used, the
measured flux will be an integral part of which the pulsar rotates an angle, 1/3 of its
rotation period. The resolution of the pulsar light curve will be determined by the
open-to-close ratio and the overall timing precision of the shutter phase over the
accumulation period of many cycles.

In practice, the instantaneous phase of the shutter will always deviate from the
assumed phase due to systematic errors. The shutter phase #5 at time (£} can be
written as:

¢s(t) = @p(t) + Topra () + ST Proe () + 6Ty, (1)

mnassa vol 72 nos 5 & 6 92

double star. In fact, four companions
are listed. Double star director Dave
Blane indicate that Alpha Capricorni
is an optical double star with com-
ponents alpha' Cap and alpha? Cap
having magnitudes 4.3 and 3.6 respec-
tively. They have a separation of 381"
at a position angle of 292° alpha'is a
G type super-giant and alpha?is a giant
star of the same spectral class. Each
component is in turn a multiple star,
with alpha! having a magnitude 9.6
companion with separation of 46.9" at
a position angle of 222° which is un-
related, while alpha? has a magnitude
10.5 companion with separation 153”
at a PA of 160°.

Another star, quite extraordinary in
its own right, about halfway along
the western boundary of the constel-
lation, is RT Capricorni. It is a carbon
star which glows with a lovely reddish
colour that varies irregularly between
magnitude 7 and 11.

Further towards the south-western
corner of the constellation the galaxy
NGC 6907 displays a misty glow with
an elongated shape in a north-east to
south-west direction and strongly re-
sembles a miniature Large Magellanic
Cloud. The centre area shows a small
star-like nucleus. Higher magnification
reveals knotted texture on the surface
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capricornus: celestial home of stars
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look-alike double stars and is, famously, The lovely double star, alpha Capri-

a close neighbour to the centre of the
Milky Way.

corni, also the star closest to the Sagit-
tarius boundary, is a wide, naked-eye

observers page

Where @5 (&) is the spin-down corrected phase of the pulsar at time (£) derived
from ephemeris, Teoza (t) is the timing correction at time # to compensate for
not observing from the Solar System Barycentre and other smaller timing issues,
0T @cora () are systematic errors involve to estimate Tcpzg (£) and 6Ty, are vari-
ous system errors, e.g. mechanical tolerances. Constant errors resulting in a bias of
#:(£) can be neglected for now but any variations or drifts from milliseconds to days
must be dealt with and are discussed under Shutter System and Timing Principals,

see below.

The design criteria were to keep ( 6T ¢ppzz () + 8Ty ) < 1/100 of the Crab pulsar
rotation period which relates to ~0.33 milliseconds timing error of qﬁg{ﬂ. If this crite-
rion can be met, it will be a possible to have a high number of narrow sampling win-
dows spread over one period to resolve the light curve in great detail. For first trials
a much lower sampling resolution was used with a shutter open-to-close ratio of only
1:2, but still try to maintain the 0.33 milliseconds timing precision.

In theory the design incorporates a closed-loop system that does not accumulate
timing errors (Fig. 2). The system starts with an estimated shutter frequency (
feer = 1/P-(t)) where P (t) is the spin-down corrected period of the pulsar at
time () derived from the ephemeris. The shutter optical interrupter produces a
signal (S)) on each rotation (i) of the disk that coincides with the mid-position of one
of the four windows. The exact universal time, Ts(i) for the signal is derived from a
GPS Clock (Van Staden, A., 2013) smoothed by a af - smoothing algorithm and the
corresponding phase @5 (£} is calculated. This is compared to a pre-selected phase
of interest, ®zzr. The difference @zz5_5 is the correction phase needed for fest to
maintain the shutter synchronization with the pulsar. To explore a new phase region
simply means to dial-in a new reference phase, @ggr and the closed-loop will auto-

matic track on @ggz.

fesr  rusw ¥ Shutter System
\< The Shutter disk, 170mm
diameter was made of a
EF A - d¢/(dt S
. Prss- ) A piece of Closed-Cell PVC foam

\‘:noq: SHUTTER

L

board, also known as Forex
(Wikipedia, 2013). A brush-

. . P U less DC (BLDC) motor from

sy T the hard drive of an old PC

Ts (i) N0 )
Fig.2 Concept diagram. was stripped for the shutter
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high-speed optical measurements
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Fig.3 Shutter Housing and Shutter disk.  Fig.4 Drawing of the Shutter disk with the
CCD Chip in the background.

52 i,

[

motor. BLDC motors is a type of synchronous electric motor, small, lightweight, have
high speed ranges are acoustically quiet and can be controlled almost like a stepper mo-
tor (Yedamale P, 2003).

The blade has four cut-outs equally spaced and translates to ~7.5 revolutions p2r second
(~450 rpm) rotation speed when synchronized to the Crab pulsar frequency of 30 Hz (30
Hz/4 = 7.5 Hz). A pulse is produced once per revolution when sensor, A in the shutter
housing coincident with a small hole B in the rotating disc.

In theory the centre of the pulse should reflect the instant when the geometric centre of
the shutter window overlays the CCD and the image of the pulsar coincides with a line
between AB and C (Fig. 4). Assuming the CCD centre coincides with the telescope opti-
cal axis then amount of phase error &T ¢, resulting from the offset of the pulsar can be
approximate by:

dpF

5Ty = (25 tam () @

where, p is the period of the pulsar, F is the effective focal length of the telescope, * is
52mm and &y is angular offset of the pulsar from the CCD centre in the direction of
rotation. Depending on the CCD orientation, mechanical tracking errors in the telescope
drive system will modulate timing errors onto §T¢,,. The same guide star at the same
CCD position and orientation of the shutter-CCD assembly were maintained during the
course of the measurement period to avoid phase errors.

Tolerances in the window dimensions (D) will also affect the expected and actual open-
ing of the shutter. At a radius distance, r of 52mm from the centre of the disk and in the
direction of rotation, the estimate timing error, T ;. is:

0T gpm ® (4—ﬂ:] = 0.42 msec fmm (3)

deep-sky delights

Celestial
Home of Stars

§ Magda Streicher
» M magdalena@mweb.co.za

In antiquity the Capricornus constella-
tion was seen as a monster with the head
and forelegs of a goat and the posterior
of a fish. The creature could almost be
compared to the so-called Mermaid but
could also sometimes, in the case of Cap-
ricornus, refer to the Fishman.

The name ‘Tropic of Capricornus’ origi-
nates from the fact that when first ob-

Monument marking the tropic of Capricorn
outside Polokwane, Limpopo province.

served towards the east it indicates the
point of the winter solstice, this solstice
at present being 33° to the west in the
figure of Sagittarius.

The constellation is special to the au-
thor for two good reasons. Not only
does she live right inside the old Tropic
of Capricorn Circle, but the image also
reflects a particular shape: it looks very
much like a huge lopsided triangle, and
special in the star composition. Heaven
alone knows how anyone could see a
sea goat with horns in that particular
star pattern, but be that as it may ... We
will carefully unravel the constellation,
which holds a large number of bright
stars to pleasure the eye.

The constellation occupies 414 square
degrees of sky and is situated just east
of Sagittarius, but sadly it is not rich in
deep-sky objects. Still, it is an easily
recognisable compilation, with several

Image source: Stellarium.org
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mass of 4.6 x108 M is derived, 40%
more than what was detected by VLA
observations. The observationally
motivated pseudo-isothermal dark
matter (DM) halo model can reproduce
very well the observed rotation curve
while the cosmologically motivated
NFW DM model gives a much poorer
fit to the data. While having a more
accurate gas distribution has reduced
the discrepancy between the observed
RC and the MOdified Newtonian
Dynamics (MOND) models, this is
done at the expense of having to use
unrealistic mass-to-light ratios and/or
very large values for the universal
constant a0. Different distances or Hl
content cannot reconcile MOND with
the observed kinematics, in view of the

small errors on those two quantities.

This result for NGC 3109 continues to
pose a serious challenge to the MOND
theory.

AIMS

Title: New Views of Mercury from
MESSENGER

Speaker: Prof Catherine Johnson,
Participating Scientist on the MESSENGER
Venue: African Institute for Mathematical
Sciences, 6 Melrose Road, Muizenberg
Date: 14 May 2013

Time: 19:00

Abstract: In March 2011, MESSENGER
became the first spacecraft ever to orbit
Mercury, the innermost planet in our
solar system. Over the past two years
the spacecraft has collected, and relayed
to Earth, a wealth of new data about this
planet including images of the surface,
and measurements of topography, gravity,
magnetic field and composition. | will
summarize some of our findings about
this enigmatic planet and some of the
challenges of getting to, and operating at,
Mercury. w

... continued from p. 90

Roy’s daughter Moira had this to say:

Besides my Dad’s astronomical hobby
and his metrological career, there is not
too much of interest as he led a very
simple and humble life. His brilliant
mind and extensive general knowledge
is going to be sorely missed by us all.

He lived for his heaven and stars
so it formed an integral part of our
upbringing too! My sister and | have
many memories of being dragged out to
the telescope to observe something.

Jack Bennett was my godfather, although
he passed away when | was still young
so | don’t remember too much besides
the excitement of looking at Comet
Bennett.

We will be very happy for him to be
remembered and know that, as much as
he hated attention and drama, he would
be immensely proud to be remembered
in the astronomical world which was his
love and passion. w
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where, g is the period of the pulsar. All measurements and cut-outs were made with
tolerances kept in mind to agree with the design criteria of ET;J.S.

Timing data T5() (see Fig 1) were recorded and analyzed to measure random excitations
of mechanical resonance in the motor-shutter system. The RMS error over a period of
30 minutes was 38.3 psec. A frequency spectrum of the timing noise shows most of the

power tends towards zero with a significant resonance peak at 1.78Hz.

It was assumed that the excitations of the mechanical resonance originated from the
hand-made disk and slight flexing of the disk. A laser-cut disk will probably be more suit-
able. The supply voltage on the BLDC motor also contributes to a constant phase offset
and was calibrated before each observation session.

Timing Principles

Radio Observatories doing pulsar measurements are equipped with atomic time stand-
ards and modelling of accurate timing is a complex process. In support of this, the pulsar
community has developed a state of the art (UNIX) program (over the past 40 years)
called TEMPO Il which models pulsar arrival times up to a accuracy of 1 ns. (Hobbs et al.
2006; Edwards et al. 2006). For this accuracy, the exact positions of solar systems bodies
must be known, only available through the online JPL Ephemeris system (Markwardt. C.
JPL HORIZONS). However, for the proposed demonstration the computed (much less
accurate) timing information in real-time with a program on a PC was used and only
includes the most significant timing contributions.

The aim here is to determine the phase, ${£) of the pulsar at a instance (t) related to the
local UTC Clock. The phase of the pulsar can be determined from the monthly ephemeris
but is only valid in the pulsar frame of reference (Lyne, A.G., et al.). An observer on Earth
will measure a pulsar (close

to the ecliptic) with a con-

178 Hz stant change in frequency
due to the Doppler shift

caused by the Earth’s mo-

tion around the Sun and

2 the spin of the Earth on
its axis. Keeping book of

- timescales during observa-

10" 10" 10° ' tions is also important, for

Fig.5 FFT Frequency spectrum on logarithmic scales of example the most com-
the “mechanical” timing noise. mon time standard, UTC

10°

10 -

10°F

POWER (relative)

10

Freq(Hz)
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is discontinuous and drifts with the addition of leap seconds (Eastman, J., et al., 2010).
Also clocks on Earth are subject to relativistic effects and solar system gravitational influ-
ences will affect the timing.

The general approach here is to transform the measurements to the barycenter of the
Solar System (Eastman, J., et al., 2010). The apparent time of an event has to be adjusted
to be what it would be as if we were observing at the barycenter, which is the coordinate
origin of all modern, precise astronomical positional calculations. If the source of the
events is stationary with respect to the barycenter, this gives us a steady clock with which
to measure when each event happened.

Transformation to the rest frame of the pulsar is achieved by transforming TOA (Time
of Arrival) pulses to the barycentre and is the sum of various time corrections classically
defined by

ra @-a-k* D
t, = t+4A; + i + Sed = F +hen + Ao +ihys . (4
Where A_contains various clock corrections, r is a vector from the barycentre to the
telescope, fi is a unit vector pointing from the barycentre to the pulsar, c is the speed of
light, d is the distance to the pulsar, D is the interstellar dispersion constant, fis the radio
frequency, A, is the Einstein delay comprised of the gravitational red shift and time dila-
tion, A, is the Shapiro delay characterising the curvature of space time near the Sun and
A, is the aberration delay as a result of the Earth’s rotation (Bell, J.F., 1996; Kaspi V.M;
Lorimer D., 2008)

Terms three and four together make up the Roemer delay A, The 4™ term can be ig-
nored for now which applies only to nearby sources. The Roemer delay is the classical
light travel time across the Earth’s orbit, with a magnitude of ~500 cosf3 seconds, where
B is the ecliptic latitude of the pulsar (NRAO). With the Crab pulsar close to the ecliptic,
the Doppler Effect is significant as the Earth passes through a couple of cycles during one
evening (depending on the season). It is also interesting to note that a 0.1 arc second di-
rectional error can produce a timing error as high as 240 microseconds and it is therefore
important to keep the pulsar’s position in the same coordinate frame as the ephemeris.
The geometric timing modulation due to the Earth’s spin was compared between ob-
servations from the geocentric Earth and the (topocentric) observing site (Eastman, J.,
2010). A portion around zero Hour Angle was plotted (Fig. 6) and reveals a substantial
timing error if not corrected.

D
The dispersion delay, — contributes at less than 1 ps in the optical band and can also be
discarded (Eastman, .lf, etal,, 2010). The A, and A, , terms have magnitudes below the
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own Galaxy since the year 1604, the
Galaxy does contains many supernova
remnants, and we see many supernovae
occurring in external galaxies. | will
give an overview of radio observations
of supernovae and their remnants,
discussing interferometric observations
of Galactic supernova remnants with
telescopes such as the VLA (and, in
future, MeeKAT) and also discussing
Very Long Baseline observations of
extra-galactic supernovae. | will show
VLBI movies of supernovae 1986J and
1993J showing there evolution. | will
also discuss the connection between
supernovae and gamma-ray bursts, and
what constraints radio observations
can provide on gamma-ray burst
mechanisms.

Title: A Brief History of the Coming
Revolutions: Who moved my galaxy?
Speaker: Dr Bruce Bassett, AIMS
Venue: RW James Lecture Hall C

Date: 15 May 2013

Time: 13:00

Abstract: Astronomy, academia and
Universities in general are facing a
tumultuous period which will see them
revolutionised. In 10 or 20 years they
may be almost unrecognisable with
the lenses of today. Being successful
researchers and academics in such
rapidly changing waters will require new
sets of skills. We will discuss the coming
changes - deep unsupervised machine
learning, crowdsourcing, MOOCs and
more - and the strategies for adapting
to this brave new world.

uwc

Title: The Circumgalactic Medium:
New Frontiers in Understanding Galaxy
Evolution

Speaker: Professor Romeel Dave
Venue: Room 1.35 of the Physics
Department, UWC

Date: 27 March 2013

Time: 13:00

SKA

Title: KAT-7 Science Verification:
Hi Observations of NGC 3109 -
Understanding its Kinematics and
Mass Distribution

Speaker: Claude Carignan

Venue: Auditorium on the 2nd floor of
the SKA South Africa office

Date: 2 May 2013

Time: 13:00

Abstract: HI observations of the
Magellanic-type spiral NGC 3109,
obtained with the seven dish Karoo
Array Telescope (KAT-7), are used to
analyse its mass distribution. Our
resultsarecomparedtowhatisobtained
using VLA data. KAT-7 is the precursor
of the SKA pathfinder MeerKAT, which
is under construction. The short
baselines and low system temperature
of the telescope make it sensitive to
large scale low surface brightness
emission. The new observations with
KAT-7 allow the measurement of the
rotation curve of NGC 3109 out to
32, doubling the angular extent of
existing measurements. A total HI
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National Research Foundation (NRF).
The OAD is located at the South African
Astronomical Observatory (SAAO) in
Cape Town. Its mission is to realise the
IAU’s Strategic Plan, which aims to use
astronomy as a tool for development.
In 2012 the first open Call for Proposals
was launched, focusing on three main
areas:  “Universities and Research”,
“Children and Schools” and “Public
Outreach”. Eighteen projects worldwide
have been approved for 2013 and are
currently under way. The OAD is also
setting up regional nodes and language
expertise centres around the world.
This presentation will describe the
ongoing activities of the OAD and plans
for the future.

ACGC

Title: The Dyer-Roeder Approximation
and the Influence of the inhomo-
geneities in the Cosmological Tests
Speaker: Dr Vinicius Busti

Venue: M111, Maths Building, UCT
Date: 7 May 2013

Time: 13:00

Abstract: The  existence  of
inhomogeneities in the observed
Universe modifies the distance-redshift
relations thereby affecting the results of
cosmological tests in comparison to the
ones derived assuming spatially uniform
models. In this talk, | will discuss the
Dyer-Roeder  (DR)  approximation,
phenomenologically characterized by
the smoothness parameter, from an

observational viewpoint. A discussion
of how to compare the DR with the
traditional weak lensing approach will
also be addressed, based on the effects
in some cosmological consistency tests.

NASSP

Title: Gravitationally Lensed Galaxies
Discovered by the Herschel Space
Observatory

Speaker: Prof Lerothodi Leeuw

Venue: RW James Lecture Hall C

Date: 2 May 2013

Time: 13:00

Abstract: | will give context to the
importance of the discovery and nature
of dust- and gas-rich lensed galaxies
observed by the Herschel Space
Observatory and a range of follow-up
observations by the Southern African
Large Telescope and other telescopes
around the world. The work that will be
described is conducted in conjunction
with the Herschel-ATLAS team.

Title: Exploding Stars and Their
Aftermath in Radio

Speaker: Dr Michael Bietenholz,
HartRAO

Venue: RW James Lecture Hall C

Date: 8 May 2013

Time: 13:00

Abstract: Supernovaeareveryimportant
in wide range of astronomical contexts.
In particular, both supernovae and
supernova remnants are often bright
in the radio. Although no supernova
has been directly observed in our
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resolution of the design criteria and
can be omitted as well. The Einstein
delay can contain corrections as large
as 1.6 milliseconds and have to be
included.

TOPOCENTRIC -34 535 20.03
RA 0534 3197 DEC 22 00 52.00

Having made the above transforma-
tions, the observed phase is calcu-
lated. The frequency of the pulsar
changes since the the pulsar loses
energy through magnetic dipole ra-
diation. By incorporating the spin-
down parameters from ephemeris of
one epoch, it is possible to calculate
the phase ¢(t) of the pulsar at a new
time by the Taylor expansion

BJD (topo-geo) Seconds

Hour Angle

Fig.6 Timing difference between topocentric
and geocentric observing.

B(£)= B(0)+ vt -tg)+ T o(e- )" +35(e- 1) + (5)

where v = 1/P is the rotational frequency, and ¥, ¥ are the frequency derivatives cor-
responding to the spin-down parameters available from the ephemeris (Bell, J.F., 1996;

Kaspi V.M; Lorimer D., 2008). Essentially, this formula calculates the integrated number

of cycles over period ( t - t,) from a arbitrary reference t and phase ¢(0) where the phase

is reflected in the fraction of the cycles.

Measuring Results

The concept was put to test on the Crab Pulsar during January and February 2013.
Observations were made with the author’s SBIG ST9e CCD camera and 20cm LX200
telescope. (Fig.7)

The cut-out shutter ratio of 1:2 produced a much lower resolution curve compared
to the well established reference profile done with high speed photometers. The ex-
pected smoothed curve was calculated by convolving the window function with a refer-
ence profile of the Crab Pulsar, shown in Fig. 8. Photometric measurements at various
phases of the pulsar period were performed and the resulted light curve was compared
against the calculated profile.

Due to limited sky, and bad weather, only a maximum of about 5 measurement
runs per evening was possible. A measurement run consists of 30 images with

mnassa vol 72 nos 5 & 6 124

97 june 2013






