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OBSERVING TTTE SOIJAR ECLIPSE IN .]A\TA, ].983 JTJNE

Byron t{. SoulsbY,
Canberra Astronomical Society

ABSTRACT
!\ro observing ;rartles condueted separate observations from the
main group of the PACIIA expedi,tion to Northern ,Iava for the
Total solar Eclipse on 1983 June 11. lltreir purPose was to be in
the vlcinity of the Northern }imit of the eclipse path to time
Baily.s Beads during totality. lltris particuclar ex;redition was
hiqhly successful and uany bead-tilrings rrere obtained, the
details of this special expedition are descriSed and
illustrated.

INERODUCTION

Uenbers of the Canberra AstronoDical Society joined the PACTO
expedition to Bali and Northern Java for a tour of this beautiful country
and to time Baily Beads at the Northern Lirnit of the eclipse path. David
Herald and myself had obtained sufficient surveying data to estabLish
proposed sites for observation near the villages in the North, however
details of knowLedge of the area nere linited 

- an unknown adventure uart
before us a1.1, wi-ves and one child included.

How we succeeded and obtained uuch useful data and at the saDe tine
enjoyed the spectacle of this ny first succesgful sol.ar eclipse vill be
related by illustrations and some technical digcussion of the observing
teehniques and results obtained.

THE EXPEDITION

T'he morning of the eclipse was cloudy and raining as ue approached our
expected destinati.on, the village of Palohuaru, near Pati in Central .tava.
our dri-ver and police escort understood sorm English but not our Australian
accent.

tlithin minutes of establishing our fi-rst si-te several locals arrived,
this swelled to hundreds later before the local police and Army intervened

popular event, not the eclipse but foreigners visi-ting thi-s remote
area.

At totality rry site was established and the area was deserted, all the
vi-llagers had retired to their haI} to watch the event on televlslon, Cathie
and I were alone a.bout to witness the awe i-nspiring sight of a perfectly
clear sky and the eclipse.

OBSER\TATIONS

Using a crystal timer previously and later synchronised vith tflfV, a
ta;re reeorder, ur11 sna1l canera and Unltron lox-/to wr telescope mounted on a
speci-al fitting attached to a carnera tripod I waited expectantly for the
first Baily Bead as the surrounding area became sti-l-l and ever darker.

Contact, a large bead formi.ng, many others follorred both above and
below the first, I recorded furiously hoping against hope that all the
equipment and preparation, weeks before this event, uere in order. tlrhe water
alongside nry small eanp stool eru;rted wi-th sma}l flsh, the village elders
moaned out their song warding off the glant demon named Kala Rau as he
reared fonrard to swallow the l,ioon.
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At totality I glj-mpsed the corona anrl streaners warning Cathie to use
the filter I had prepared, imedi-ately tkre chromosphere ysiil.ppeared but, al.l
this ti-me I awaited the reappearance of ttie Sun to time more Baily Beads. A
colour photograph was taken to ea;rture thi-s first reappearing bead, and
i-ndeed provided an accurate tire for thlrd contaet not easily determined by
observation.
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The event was over, with a total observing tine of 9
including a nragi-cal 66 seconds of totality 

- 
it seemed as

come and gone in that all consuming minute, the wonders
be seen and felt to be fully appreci-ated.

RESI'I,TS

Later the tape recordings analysed for six indivi.dual
uere averaged and the ti'mer dri-ft applied linearly to give
each of the 88 events recorded.

mi.nutes 55 seconds
lf a ].i-fettu€ bad

of an eclipse must

timi.ngs and these
true tI[ times for

A lunar profile was construeted based on Watts Litrib Charts and each
bead timing identlfied in relation to the lunar }inb, lltre nethod of
analysis to obtain the lunar profi}e height for each bead and the assoeiated
ratts Angle, as given in the final results, is based on the overall
analytical method developed by oavid Herald.

Of the forty two
been established for
solar diameter.

Conpar j-son of
personal equation of
also be possiJrle.

coNctusroNs

I should liJce to express our thanks
a magnificent tour as well as to the
assistance at the Palohwaru sites.

The observation of the Java solar eclipse was indeed an astronomiea]
highlight for r€, the awe inspj-ri-ng sight coupled with the cal*ure of
scientifie observations made this expedition a huge success.

Future solar ecli-pse expeditions wi.ll b€ attemtted and it is hoped that
this, my first success i.n three attempts at the timing of Baily Beads, will
be continued.
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RADIO AI{D PHOTOGRAPHIC OBSER\TATTONS OP TTIE ST'N

l{.H, wi.Ikinson, G. Sprott and T,B. Tregaskig,
Astronomical society of Victorla

ABSTRACT
A prograrme includi-ng radro and photographic observations of the
Sun and visual auroral observationg rras undertalcen from 19sI
Sepember to 1982 october. The ai-m of the progra.nme was to
establ"ish if relati,vely simple radio measurenents at metre-
wavelengths could usefully supplement an existing solar
photographic and auroral programme. 'l'he radio equignent
consisted of a versatile meridian transit radio telescope which
was designed to record the varlabi-lity in solar tadi-o flux by
performing daily measurements at 22A Enz, radio spectral
measurements at 22a vElz and 138 mz and grolarizati-on
measurements at I38 li0lz. A Ner*tonian reflector of open tube
design, using an uncoated ls-cr di-ameter prinary mirror and a
shoek mounted camera were used to obtain hi-gh resolution white
light photographs of the sun. visua] auroral observations were
carrj-ed out by a nunber of observerg in Victoria, Tasmania and
South Austral-ia. Prom the data gathered over this period
several types of radio bursts were i-denti-fied: trype I emission
associated with radio noige storms located ln the eorona alrove
active sunspot regions, lYpe II radio bursts associated with
magneto-hydrodynamic shock uaves generated during large solar
flares and lYpe flf bursts generated during the rapid expulsi-on
of electron streams from the solar surface during flares or sub-
flares. From the daily measurements of solar radio flux
estj-mates of 'Quiet Sun', coronal temperatures were made givinE
a value of 1.4 mil-li-on Kelvin. The spectrometer measurerents of
lYpe III bursts gave an average electron stream radi-al velocity
of o.26 c fox ten isolated bursts measured during the progranme.
Polarization measurenents at 138 MItz showed only a small degree
of polarization for these bursts rrhereas lype I storm bursts
were often highly Srolarized with values exceeding 8Ot,. It, is
concluded that radio observatrons ean provide important
information to ai.d i-n the predi-cti-on of aurora€ since they give
vital clues a.€r to the hiqh ener!ry ( invisible ) phenonena
occurring in the solar corona. tltren combined with visual and
photographrc observations a much more eomplete picture of Sun-
Earth interactions can be established.

Although many amateur astronomers periodically observe the Sun, very
few have mastered the difficult art of solar photography and fewer stil-l
have verrtured into the intricacies of radio observations. However, withi-n
our Society, we were fortunate enough to have the expertise to nake not only
these types of observations but also auroral observations. These
circumstances led us to consi-der a joint golar observing prograrmte which
would combine the facilities of the Solar, Radi-o and Auroral- Sections of the
Soci.ety.

During ttre programne which ertended over ttre period 1981 Segtember to
1982 September we recorded our ogrtical observations photographically on a

weekly basi-s, we recorded the 22a Nlftrz radio flux levels dai-ly and collected
auroral observations as they becarne availabl-e. our aim was to explore the
temporal relatj-onshlp between the appearance of sunspots, the day to day
changes in the intensj-ty and type of solar radio emlssion and the appearance
of the aurorae.
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our equipment consists of a 15 em Nerftonian reflector with an effective
focal length of 2OZ clr which was specificaUy desi-gned for solar
photography, and a multi-mode radio telescope designed to allow dual
freguency observations of the radio Sun at 138 and 228 ltfrl,Z, ;rolarization
measurements at I38 ltlllz, and interferometer operation at 228 lrlllz. Vi-sual
auroral monitori-ng is performed by observers in South Australia, Victoria
and trasmania who submit observati-ons to the Society. As ye].]. as visual
sightings some observers provide photographic records and use a short uave
radio receiver to check for the presence of auroral flutter, whictr i.s a
di.st1nctive rapid fl-uctuati-on of radio si-gnals caused by solar induced
turbulence in the terrestrial ionosphere.

Conventional closed tube telescopes are generally unsuitable for solar
photographic work for several reasons. Fi-rstly, unless some form of
filtering i-s used, the image of the Sun formed at the focal plane of the
canera i.s so intense that the shutter can be damaged. secondly, thermal
effects generally attributed to the convective movement of the air
i.rmediately adjacent to the insi-de of the tube can cause image distortion
due to anomalous refraction i-n the l1ght path and thi-rd1y, camera shutter
vibration may be transmitted to the telesco;re rrcunting duri-ng exposure
giving further image distortion. Of course this latter effect i.s a comlon
problem with al-l astronomical photographic work.

Pig. 1. trhe ts-cln open tube Newtonian refleetor uses an uncoated
primary mirror and a neutral density filter attached to the camera
to reduce image brightness. 1[he focal length of the primary
mirror is 14o crn which is increased to an effective focal length
of 2O2 cm by using a barlow leng mounted in ttre eyepiece holder.
'ftre ca^mera mounting uses 4 sponge rubber supports to reduce the
annount of shutter vibration transmitted to the tub€.
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Fig. z, ttrig white light photograph of the sun sas talren uslng
the telegcop€ illustrated ln Fig. l on october 1? at 22 h 34 rn IJ!!.
During this lrorlod of incr€ased solar actlvlty, Eeveral large
active reglona e€re pregent ln the southern henls;lhere. L'lnb
darkening and photospheric faculae are clearly vigiSle on thlg
photograph taken uslng fLFORD Pan P filn €xposed l/z5oth of, a
gecond anrl developed ln KODAX D19 for 3.25 nlnutes.

The firet problen was tackled by uslng an uncoated prinary mlrror and a
neutral-density filter (density 2.9) attached to the eanera. only about 4t
of the incident light ig reflected fron the gurface of the mirror and the
neutral density filter further reduces the light intensity at the focal
plane, €ro that typical exposure timeg of L/z5,Olh of a second can be used
with fine grain fiLms. Such ghort exposure tines eliminate the need for
tracking and also reduce the effect of air turbulence and telescogre tube and
mounting vilrration.

Thermal effeets can b€ reduced by using either an oversized tube, an
open tube design or evacuati-ng the air from the tube. fn our case the open
tube design wag chogen and observations are made from a grassed location
sheltered by trees whieh help to frrrther stabilize the air around the
telescope. We have found that the best results are achieved when
photographs are ta*en two to three trourg after sunrise, before apprecialrle
heati.ng of the telescop,e surroundings has occurred.

llhe anount of camera shutter vibration trangmitted to the trrbe and
mounting wasr considerably reduced by supporting the plate, to which the

t)
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on four sponge rubber modrnts. The success of this
slmple, but effective, technique for reducing tube shalre is }a-rgely due to
the removal of the rigi-d mechanical eoupling between the eyepiece-holder and
the camera. trhe only possible problem with such a systen is that since the
light path is open, extraneous light may enter the cannera. This possiJrility
is effectively eliminated by the neutral density filter, rrtrich reduees the
ertraneous tr-ight level to a poi-nt where it does not record on the filn.

Using the telescope descri-bed we have been able to record consistently
hi-gh qual-ity photographs of the solar photosphere but we have never
recorded a lrhite J-ight solar flare on fi-Im. Thi-s is not surpri-sinE since
these events are extremely rare indeed. Horrever, whil-e the optical
telescope is rather powerless to record solar flare-events nithout s5rcia1
(and expensive) filters tuned to the red spectral line of hydrogen alpha,
the radio telescope can deteqt them wlth ease,

A eomprehensive description of solar radio emission is beyond the scope
of this article but at metre wavelengths a elassificati-on scheme has been
developed by solar radio astronomers which ean be used to categorize trursts
into five main types.

fYPE I bursts are short duration hiqhly poJ-arized bursts which have a
duration of the order of one second and oceugy a relatively narror* bandwidth
of typically two percent of the observing frequency, fhey are usually
superimposed on entranced broad-band em1ssion whi-ch is polarized in the sane
sense. It is the combination of the type f bursts and the enhanced enission
which is referred to as a noise storm. lfhese storms may last for hor,rrs or
several days and are ttrought to be generated in storm centres in the ccrona
above sunspot groups, 1rhe remaining burst classj-fications, tWE fI, fltr, f\t
and v are all generally associated with solar flare activity. TYPE II and
IfI are the so-caIled slow and fast drift bursts geneEated dur:ing the
expulsion of proton and electron streanns respectively durinE the fLare, The
description 'drift burst' arj-ses from the fact that these parti-cle strearns
( referred to as exciters ) excite progressively lower frequenc*:" radio \da.ves
as they travel out through the corona. Sinee the frequency of the radi.o
waves ls uniquely determined by the coronal electron denslty and t&agnetic
field intensity at the point of generation, frequency versr.rs tiine recordinqs
of these burst-s can be used to deduce the velocity and apparent heiEht of
the exciters in the solar atmosphere, llhls inforn'atj-on is useful in the
study of flare meehanisms.

llhere j.s considera-ble variabj-fity in the fcrrm of flare re]-ated radio
emission. The full orchestration of a large solar flare perceived at metre
wavelengths connnences wi-th a group of fast drrft fYFE III bursts ( each
several geconds in duration) generated during the expulsi.or: af electrons at
hi-gh speed (1oo,Ooo km/s) at the onset or flash ptrase cf, the flare. lfhese
are followed several minutes later by a 1I"fPE trI slow drif,t burst lasti-ng
perhaps 15 minutes which is generated by a slower movLng proton disturbanse
that forms a shock \rave as it passes through the corona, F-rnally these
events may be followed by 1YPE fV uride-band continuum emlgsien 1"asti-ng for
geveral hours.

It is the X-rays generated by the i-ntense heating of the cl'rr:omosphere
duri-ng the flash phase which cause the short wave fadecuts observed on Earth
about I minutes later, and it is the slower noving shock wave and ass.)ciated
gas ctoud which interact with the terrestrial i-onosphere 1 tQ 3 days later
causing auroral disPlays.
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occasionally the exciterE which generate rt?E III radio burstg also
generate a continuum aftorglow known as lfPE V enission in the outer corona.
lrhis ig generally confined to freguencies below 50 uHz.

trhe radio telescope nas designed to allow identlfication of some of
these typeg of radio enlgsi-on and has three digtinct mdeg of operation.
Ttre phase swltched lnterferometer rcde ig uged for overall monitoring of
eolar flux levelg and burgt actlvlty, the dual frequeney radiometer node is
used for identiflcatlon and tlnlng of drift burgts and noise storm burstg,
and th€ polarineter node ia used to rFasure the polarization of these
burste.

Fhe phas€ gwitched interferomet€r operat€a at 228 l&2. and enploys two
Il-element yagis spaeed Io lrav€lengths apart. It iE similar in design to
that deEcribed by c.W. swenEon atr. in the 19?8 uay through october issues of
Sky anA Tel"escope. thro iur[nrtant differences are the uee of a doub]-e
balaneed moduJator (DBlf) as the interferometer phase switch instead of the
half-wave transnission line Eetrion, and the use of a varactor tuned
television tuner instead of a crystal locked converter. These changes alJ.ow

Flg. 3. Etro redlo tclotcopc rccclvcr ules a varactor tuned
tolcvlrton tun.r ( top lcf,t ) to lnrf,orm dual frequency or dual
polarlzetlon oblarvationt of, lolar flare actlvlty using a single
rccolvcr. It can alto br urcd a! an lntcrfcronet€r for daily flux
lavrl nclturomantf. !!hc redlo frequcncy pt€-dctectLon cireuitry
(lof,t) ls of nodulrt contttuctlon uhlle the post detection
clraul.try (rlght) lr rltonblcd on e tlngle Prlnted ci"tcuit board.
All asp€ctt of tcloecopc opcretlon can b€ controlled from the
front pancl.
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greater flexibili.ty in the choice of operating frequency and make possiSle
electronic switchlng of the receiver frequency. Th1s feature i.s exploited
in the second mode of operatlon - dual frequenry radiometry.

In this mode the receiver is rapidly suitched betrreen 138 YIHZ and
228 V0lz and at the sa-me time the receiver input is srritched between an I
element 138 t'clz yagi antenna ( used i"n the polarimeter ) and one of the
228 l&lz yagls. trhis antenna switching function is implemented by using two
DBM'g in a changeover configuration (one of them is also used as the
interferometer phase switch). 1rhe srritehi:ng i-s carried out 125 times Per
second so that 125 samples proportional to the radlo flux intensity at the
two observi-ng frequencies are avalla.ble at the receiver detector each
second. In effect the receiver is multiplexed to emulate the function of
two separate recelvers. Any number of recei-ving frequencies may be covered
using thi.s technique. lfhe receiving frequencies used were chosen to suit
readily availa.ble antennae and to allow drift rates for IYPE III bursts to
be easily determined. 'I'he time delay was expected to be between I and 3

seconds at these frequencies,

The detector output i-s demultiplexed electronically and filtered to
produce two separate outputs which are recorded on a reel to reeJ. stereo
recorder rnodified to acee;rt low frequenry data. 'Ihe reason for uslng the
tape recorder instead of a chart recorder for this node is that high chart
speeds would be required to achieve accurate tine delay measurenents which
in turn requires a large amount of expensive reeording gnper. on the other
hand, using a tape recorder, eventg can be'selected from the tape for replay

r oDto the chart recorder after the recording session. 'Ihe chart speed can
then be chosen to achieve accurate time delay measurernents without wasting
paPer.

The polarimeter configuration uses an 8-element crossed yagl which
consigts of two identical linearly polarized yagis with the resPective
elements mounted at right angles. Equal length feedline connections are
made to each antenna and one of the feedlines is ertended by a quarter
wavelength to provide the 90 degrees of phase shift required for the
reception of circularly polarized radj"o naves. ftre interferoReter phase
switch supplies the additi.onal O or 18O degrees of phase shift needed to
alternately conrbrne the antennae for the recegtion of either right or left
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by a lYpe II and
Bursts, Ann. Rev.
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circularl,y polarrzed braves. Ttre receiver detector outPut is demultiplexed
using the same circuatry as j-n the dual frequency mode. However the tso
outputs are nohr proportlonal to the intensi-ty of the tuo circuLarly
polarized components of the 138 MEz radi-o rtaves inci-dent on the antenna.
Ttte outputs are recorded on a dual channel ctrart recorder.

the radio telescope i-s switched on by a ti-ne clock for a total of four
hours each day, two hours each side of local noon. llhe duration of the
nonitoring period is dictated by the beanwidth of the antennae which are not
steerable in hour angle. The radlo telescope can operate unattended for a
veek or rnore unless a mode change rs required or tine delay measurerentE are
being made.

Our observrng programne is controlled by the resulte of both the
optical observations whtch are taJcen at least once Per week and the trend in
the da:"Iy radto flux values rneasured wi-th the radio telescope. tfhen active
regi.ons are vis j.ble or periods of enhanced radiation are detected,

138 MHz

228 |lHz

r,,.,t,.i:, _o

-25

LOW GAIN

-222II

o2ho5m o2htom
TIME (UT )

02hr5m

Pig. 5. The two top panels illustrate one of the authors' dual
channeL pen recordings of a solar radio outburst whi.ch occurred at
02 h 04 n Uf on 1982 August 8, and was coincident with a solar
flare. The bottom panel is a radio spectrographic record of the
n:une event recorded at the CSIRO Solar Radio Observatory at
Culgoora, N.S.W.. Intensity of radi-o emigsi-on i-s represented on a
grey scale with white corresponding to the strongest so)-ar
emi-ssion. Notiee the short-rrave radio fadeout comnencing at 02 h
04 m ttT due to the effeet of solar X-rays on Earth's ionosphere.
The progressively delayed arriva.I of radio wavesr at loer
frequenci-es - typical of a IYpe fI ra.di-o burst - is clearly
evident startlng at o2 h o5 n tII. The two diarnonds shown on the
left hand frequenry axi.s of the sP€qtrograph indicate the authors'
observing frequenci-es. ![he trorizontal lines are f ixed frequency
signals generated by terrestrial transmitters. ( spectrograph
courtesy of G. Nelson, Culgoora Solar Radi-o Observatory. )

SWF
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Fig, 6. A single isol-ated fype
recorded on 1982 Septedber 18.

(c)

III fast drift radio burst

(a) Output from the dual frequency radiometer. Positr-ve (upvard)
deflections correspond to radi-o energy at 228 Vnz and negative
deflecti-ons energy at l-38 MHz.
(b) & (c) Chart recordings made by replaying from magnetic taPe
onto a chart recorder after the observi-ng session. Notice the
relatively high chart speed required to shou the ti-me difference
in arrival of the burst at the two recording frequencies.

addj-tional measurements can be made to determine ttre nature and Srolarization
of the radiatron. lfhese results are carefully recorded for later
correlation wrth auroral s5-ghtlngs.

Using thi-s observing protocol many of the basj-c findi-ngs of early solar
radio observers were 're-discovered'. tle found an association between the
presence of active sunspot groups and increased radio burst activity. We

were able to i-nfer a connection betureend large sunspots and solar radio
noige storms, We found that while noise storm radiati-on was consistently
highly polarized at 138 Mllz, rYPE III bursts at the same frequency exhibited
a much smaller degree of polarization. The difference in these neasurements
supports the currently held vi-ew that TIPE I bursts are generated in regions
of high magnetic fi-eld intensity, whereas TYPE III bursts tend to be
generated in magnetically neutral regions such as are found within coronal
streaners.

rYPE III and TYPE I bursts were by far the nost couunonly recorded
bursts. As many as five or six ffPE lII's were sometimes recorded during a

single four hour recording perrod and rf a noise stor$ was in Progress ffrny
hundreds of rYPE I bursts were occasionally recorded over the sarne prrod.

--
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Fig, 7. Graph of Noon Solar Radio PIux data on 228 Ultz (1 solar
flux unlt = Lo E-22 rratts p€r sg, metre Per tlz) recorded between
1981 September 20 and November 22, Radio bursts are shown as dots

- each dot represents one radio burst observed on that day.
Auroral sightings for a particular night are shown as an A.

5'tre average drrft rate measured for ten isolated ffPE III bursts
recorded in 1982 September was 50 lr{ttz per second. By usi-ng a surta-ble model
of the electron dengi.ty dr-stribution in a coronal strearer, rre used this
drrft rate to calculate an exciter radi-al velocity of 77,600 km per second
( O.25 c ). It is not surprr-srng that these energeti-c electron strearns have
b€en detected by sateLlrtes at least as far as Earth's orbit.

On 1982 August 8 a 1rfPE II burst was recorded using the dual frequency
radiometer. This event was accompanred by a five mlnute short wave radi.o
fadeout and was preceded by a group of TYPE III bursts. Interestingly no
TYPE Iv acti-vity was observed following the rYPE II burst and we did not
receive any auroral si.ghtings over the following three days.

1981 was a parttcularly noteworthy year for auroral sightings, some 35

being reported by our Auroral Section, the hi-ghest number for ten years. We

noted that aurorae were.nore prevalent duri-ng times at rrhich radLo burst
rates were high or noise storms were in progress, but the study of these
correl-ationg tends to be hanpered by weather conditions whlch Prevent
auroral observations.

Prom the daily flux level meagurements a baseline value was calculatedr
(this is referred to as the qulet Sun flux) and used to calculate the
apparent temperature of the quiet Sun. These calculations gave a value of
1.38 million Kelvin, a value consistent with the known temperature of the
corona (o I mrlli.on Kelvin). Interestingly, fringe visibility measurements
using the interferometer at different antenna s;racings, gave a value of o.85
degrees for the east-west solar dianeter indicating that the radro rtavest
being received at the observ-i.ng frequency (228 lfilz ) were generated an the
corona.

' T'he calibration was checked against the 245 ltfrz flux data provrded by
Irearmonth So"l.ar Observatory, Learmonth, lttestern Augtralra.
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Fig. 8. fhese chart recordings show radio ;rcIarization
measurements made with the 138 MIlz polari-meter configuration. 'I'he
top panel illustrates the high degree of circular polarrzati.on
often present during solar radj-o noise storms at this freguency.
this partlcular storm was recorded on 1982 Septenber 2U^. llhe
bottom panel shows the generally smaller degree of polarlzation
associated with fype III radio bursts. (Unpol-arized bursts can be
thought of as be5-ng composed of equal arnounts of uncorrelated left
and right circularly ;rclarized waves. )

fn conclusion, the abrlity to mal<e the variety of observatrons
descrjled has considerably ertended our p€rsonal understanding of so.Lar
phenomena. The inclusron of radio observationg into the progranme
significantly ex€ended its ecope by seening}y providing a mrsstng link
betereen the ever changrng face of the vrsi-ble sun and the terrestrj.al
effects observed. These observations are a clear revelation of the fact
that Earth rs linked to the Sun by the invisj}le outflow of solar plasma
appropriately termed the solar wind. The radio observati.ons provide a
'windorr' rnto the corona makrng rt ;rcsslbIe to 'see' the normally rnvrsilrle
high energry phenomena whrch continuously modulate thi-s wind.
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JAVA ECLIPSE ]983: USING THE 2 BARREL SYSTEIT{

l,{ , l,{. WoLf
Astronomical Socl-ety of South Australla

AASTRAC"T

Planni-ng for the trrp rs drscussed together with a description
of the equrpment used during the eclipse. Details of the double
telescope, 8oo rnm focal length, which fits into a lightrteight
box 30 x 50 x 13 cm, are described. An account of the ecllPse
and personal" vrews and rmpressi-ons of the whole trip are given.

About lO years ago I decrded to photograph a total solar eclipse. trhis
sp€ctacLe of nature rmpressed me so much the frrst time that slnce then I
seem to follow the eclipses whenever possr-ble. sone people like to watch
',he eclipses only, but I lj.:ke to photograph them and obtai-n a pernanent
record. In between the exposures, there rs plenty of tj-me to observe
:hrough the telescope and whrle exposing, naked-eye observati.ons can be made
as wel1.

Before going to descri-be the necessary equr-pment I shall state the typ€
cf photography I am doing. Photography is nlf hobby and over the last 25
years I have had my prints exhrbrted in national and i-nternati-onal salons.
yost of rq/ prints are 40 c'n x 50 crn and to achieve this, the equipment and

-croeessi.ng techniques must be first class.

Uost important is the r-mage size on the negative 
- large enough to

show plenty of detail of the flares and allowang up to three dj-ameters of
the Sun fox the corona and streamers. t'hi-s depends }argely on the
exposures, Short exposures wr1l reduce the corona to a very narrow ring
around the Sun and long exposures wrll produce a blur due to the Sun's
rrovement of 15 seconds of arc per second, rf the eamera is stationary. T'his
.an be eliminated by drrving the telescope at the solar rate, but a1f the
gorta-ble teleseopes are subject to vrbratj-ons due to wind and camera winding
cr release. Even sma]I telescopes lrke Eynamax 5 proved to be a problem
'*hen travellrng by p1ane, you cannot tal<e them with you as personal luggage
and when sent as normal luggage they \rould most lilely arrive out of
:o1limati,on.

,

re
)n
le
:t

The next source of drawbacks are the stands and tri-pods,
in the slightest breeze and when the shutter is reuound.

which viSrate
/aE10n9

solar
>grarnme

; lrnk
Istrt-a.L
r fact
piasma
'rde a
rsi51e

Having mentioned all the ;rcints to be considered, I shall grve a brief
descri5tion of equ:-pment used rn the past and how it all- evolved rnto the 2-
barrel- system.

During the I9'l 4 W.A" eclipse I used an 8oo um focal length, f/LL
refractor, whlch was mounted in SRAF (srngle resin bonded fi-bre; collapsi-ble
tubes for transport purposes. lfhe telescope was used on a photographrc
tripod. After each exposure there was about 2O to 3O seconds waiting time,
before the telescope stopped vilrrating. 1r'rro 35 mn SLR caneras were uged'
one with B&W film and the other rrith colour film. Ctranging of caneras
during the eclipse is definitel-y not reconurended.

An improved versj"on was used in l98O j-n Kenya, when two refractors were
mounted in a yoke, but sti-ll si.tuated on a tripod. This eJ-lminated changing
cameras with different films. The yoke*mount reduced vi-brations - 

15 to 20
seConds. But it took more than its share of space in the suitcase.
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tfhen pJ.anning a trip to Indonesj,a mcrre emphasis had to be put on the
weight of luggage, especially as we iritended to be anray for ttrree weeks.
Also the telescope had to f1t into a suitcase. Alumini.um tubing is the best
for the tel-escope, but the slzes which were reqlrlred were not available.
So, the next best was PVC tubing.

Each telescope consists of two tubes (1,2), sliding into each other,
Pig. 1. The two front tubes (1) are permanently attached to awooden franre
(3). Each leg (?) has an angle bracket (6), speciall-y bent, so that the
Iegs make an equilateral tri-angle when screwed to the frame ( 3 ). Each leg
(?) is made out of two equal lengths of alumi.nium tubj.ng 14 mr in diameter.
A dowel ( 14,15 ) i.s pressed into one tube while allowing a s).idi-ng fi-t with
the other tube. Both legs are also held togettrer with a 'U' channel (I1)
for ertra support and rigidity. Cameras (12,13) are screwed to the bracket
(1O) and at the same time attached to the rear tubes (2). Both telescopes
are focused simultaneously and then }ocked wi-th screws (5) whi-ch hold tubes
(Z\. Betveen the rear tubes (2) there is a srri-velling joint to which a
short tube ( I ) i-s attached - thi-s forms the third leg of the tripod. llhe
third leg can also be varied in length and screwed to the bracket (fO).
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Frg . 1 . 'I'he 2-Barref System. l, telesco;re front
2, telescope rear end tubesi 3, wooden franei 4,
Iocki-ng screns, knurledi 6, angle brackett 7, Iegs; 8,
Ieg; 9, swivel joj-ntt lo, camera bracketi L2, B&w -
13, colour - SLR canerai L,tl e 15, dowel joint.

end tubes;
spaceri 5,
adjustment
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The tripod-li-ke frane is al5-gned in such a way that only a smaU
rcvement of the short leg (8) will fol]-ow the Sun. Iress than 50 mR of
horizontal movement will change the el-evation by t" for elevation of 60o.
If the ecliPse lasts 4 minutes the Sun noves Io. 'l$re following of the sun
Yas found to be very easy, and the vilrations caused ry wind1ng the carnera
stopped withi-n 5 seconds.

t'he setting up of the telescope takes under 10 minutes. The
dismantling takes even less time and all the parts fi-t into a box
60 cm x 30 crn x 13 crn, which can be placed into a suitcase and should
survj-ve the roughest luggage handling. The total weight is z kg.

Cameras are extra, but they can be carried around the neck when
boardi-ng the plane. 1[he main advantages of this 2-barre] system are light
ueight, two telescopes and calnera operation and the unbelievable ri-gidity,
due to the third leg, which, being an e:rtension ofttre telescope, i-s embedded
rnto the ground. 'fhe cost i.s less than t5 dollars.

The films used in fndonesia were XPJ. - 4OO for B&H, Fig. Z, and
Fujichrome IOO for colour slides. lltre exposuresr ranged from 1/lOoO to L/z
second. tonger er(Eosures produce objectionable blur if the telescope is
stati-onary

15 x exposure time (s) x f.l.(mm) = blur(&m),
2OO (m)

for a I second exposure with the 8oo mn lens,
the blur is 16 !.ur.

15
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Lt with
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Ld tubes
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Pig. 2. Java eclipse, 1983.tune 11, llh 26m West Java fime.
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I an so pleased with the 2 barrel system that I can recomend it to
all. Ttrere i-s one i-mprovement lnssible, a bit more exPensive. 'f'he two
refractors could be replaced with two Bausch & Iomb, l-4 m zoorn tele lenses,
costing a.bout S5OO each and available in Australia since the middle of last
year. .1'he normal corona shots still vould have to be tatren with 1 n f.1.,
but some prominences and Bailey's beads taken wi.th 4 m f.l, could be really
outstanding,

f i- - -
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DESTGN AllD DEVEIOPI{ENT OF A TRIAXIAL lnUt{fING
Ron Ashe,
A-stronomical Society of ttesteln Australla

ABSlrRACT
Def inrtion of Triaxral l{ounti-ng and a bri-ef look at the
advantages and dlsadvantages of such a system are given, llhe
Poneet mounting is descri-bed i-n detai-I and related to the first
mounti.ng built as an experimental uodel, together with the
reasons behind i.ts failure. :[tre forces acting within this type
of j-nstallation are exani-ned. The above rcunti.ng htas re-
designed and re-built, developing sone similarities to a split
ring confrguration. Tangenti-a} clock drive is considered"

Thls paper does not aspire to be a couplete coverage of mounti-ngs that,
could be termed Triaxj-al , so much ast an account of the develognent of one
particular example. It i-s a tale of original conce;rti-on and construstion
and of the inevitable faults that becare apparent during the bui-ldi-ng and
'-estrng ;reriod.

First, however, let us define what is meant by Triaxial. obvj-ously as
].ts name iurplies Lt has ttrree axes, but there i:s upre to i.t than that. The
advantages of an otd type Altazimuth nounting are weII knoun and in an
effort to preserve those advantages while at the same ti-ue exploi.ti-ng the
srngle axis tracking capability of an equatorial, it occurred to someone to
nount an altazimuth unit on a polar axis. Thus the first triaxial unit was
born. Uany varrations apSreared, and among the most interesting vas one
credited to Adrian Poncet (Cox, L977i Sinnott, l98oa; Sinnott, l-980b) which
reduced the polar axi-s porti-on to a triangular talrle vi-th the apex pointi-nq
alray from the pole and supported on sorne form of universal joint or pivot.
Tlre other end of this horizontal triangle, faci-ng th€ pole, rran supported at
)-ts eastern and western errtremities by bearings or teflon pads that ran on a
eery carefully positioned base plate or running surface which eeactlV faced
the pole and was tilted to ercactly the observer's latitude" 'fhe altazimuth
unit was installed near the centre of the triangle.

Ttris Poncet form was selected for uy firrst ex;:eriuents in actual
constructi.on. It faited for several reasons wi.ch I shall di-scuss later, but
first I feel that an exaninatlon of advantages and disadvantages of three
uovements is warranted.

Mvantages

L7

it to
fhe trro
l-enses,
of last

! f .1.,
r really

I
2

3.

4.
5.

6,

Extreme stability.
l,laximum comfort during use. t'he eyepiece of a refrador or comground
telescope alnays renains vithin easy reach and elose to ttre sup;rorting
pier.
No Pofa! Hassle. Try alignrng a normal, equatorral on an area near the
pole and the problem becones verY evident,
Fairly easy construction of a rea.sonalrly accurate drive.
It possesses all the weII known advantages of an altazinuttr, coupled
with the short term tracki-ng ability of an equatorj-al .

Er,obsonian op€rators will frnd that r-t is the on1,y practrcal waY of
naking their j-nstrunrents capable of rnedium long exPosure photograPhy.
(Short of computer controlli.ng both exrst:-ng axes. )
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fL sadvantages

Use of setting clrcles i-s precluded.
only lust over an hour of trackrng rs usually possible at any
settrng and any re-setti-ng of the table rotates the fiel-d.
T'he N,/S }ine in ttre visual field can lle at any angle, varying

I9

one

with

+.
azrmuth and altitude.
It is not posslble to srteeP along a preselected R.A. or Dec wath a
single axis movement.
There are undoubtedly e:ctra complications involved when designi-ng for
three axls movementg as against two an anY tradlti-onal type of
mountinq.

The choice seems to becore a completely personal one. Some fields of
cbservational astronomy eould welcome it whi-Ie others might deem it
:oopletely impracticable .

Rather than embarki:ng upon a lengthy descri-gtion of uy mounting in lts
::rst (Poncet) form, I have opted for a serles of detailed annotated
-rr-etches which should be self-explanatory. One poi-nt however that does seem
.. gj.ve people a }ot of trouble visualizlng, rs the total moti-on of the
-,a-ble sectlon. It actually ltoves as ttrough it were attached to ttre side of
i, cone who axis is co-incident with the Phantom polar axi-s, fhus as well as
::tating around the rear pivot, it also twi:sts at the rate of 15 degrees per
-.cur. It follows therefore that the most suitable rear coupling should be
e:ther a free-turning uni-versal lornt or a self:aligning ballrace. A point
:r hemispherrcal. support pin located in a matching depression would also
serve, but provide very l-imited load beari-ng capabilities. It would
::,erefore only be suitable for comparatively light and small instrum€nts.

The instrument rn its first form is detailed in Plgs. I and 2. As

;reviously stated the running plate, R, must very accurately face the south
_>cl,e of the sky. Upon this and thrs only depends the accuracy of tracking.
-r.ll other dimensions may be falr approxrmati-ons, but not the alignment of
--he running surface. Contact between the movrng table and running surface
:an be ballraces as lllustrated (Fig. 2r, or may be a non-rotating sli.dng
tontact between two lov friction surfaces such ag Teflon and rnetal'

FORCE
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A very serioug defect became apparent when the pltrot nodel was
constructed. In rts origrnal form the Pcncet was lntended for use at high
latitudes, It is probably quite effrcient under those condj-tions, but the
nearer one approaches the equator the more rt becores prey to a kind of
sogginess. Fheoretically it woul-d at the eguator actually suffer totaL
far-l-ure. The cause is not hard to understa-nd as ls illustrated in Fig' 2.
'I,tli-s shows that at any latitude there would be a }ateral ttrrust across the
running surface. At latitudes above 45/50 degrees it rrould probably not be
a matter for much concern, but at our latitudes can give rise to disastrous
effests. In a rigidly built table the movement is slight enough to be only
visible through the eyepiece of any telescope Rounted ttrereon. 'fhe vorst
feature of this effest is that the two southern supports do not necessarily
oscillate togettrer, producrng a rather disconcerttng effect of using a
telescope mounted uPon an unstable lellyt

R.

Fig. 3. one of the alternative designs considered but never
bui1t.

Some improvement Has effected wrthout resorting to major surgery.
Pirst to be tried was the addition of a 5 mr thiek plate with a carefully
tailored curve on i'ts upper edge, mounted in the same plane as the running
surface. Ey bearing against the bronze ballrace supports lt absorbed most
of the oscj-llatron produced by lateraf thrust, resulting ln a much nore
rigid mounting, but sti]l- leaving souething to be desired.
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Fig 4. The final soluti-on.
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lnother Partial solution would have been to rotate the axes of both
ballraees through 90 degrees and allow ttrem to run upon a heavier vergion of
the above plate, Fi-g. 3. Atl thrust would tlren trave been radi.al to the
billraces.

llo understand the forces acting wi.thin such a frane, reference should
be nade to Pig. 2, which is completely self exptanatory. ltre tendency for
the ballraceg to sli.p laterally across ttre running surface i-s ttre real cause
of ingtability. (ldarked with a double arrow. )

At thig Point it was decided to entirely re-design what uas provi.ng to
be the Archilles heel of the uounting. In the new design both ball-races
Ere rercved fron ttre moving table casting and replaced with a heavy 26 m
thj.ck accurately machined steel arc section using ETS bolts through the
13 m di.areter holes previously housing the ballrace strafts, to hold the
Patrs securely in ali.gnnent. Both ballraces uere then nounted on ttre east
and wegt e:rtreuities of what trad been the Poncet running plate and in the
3an€ plane thus giving the table radi-al support via the new arc sestion,
Fig. 4.

Plg. 5. Southern view of the table in its final- for:rr. To the
left ig the gearbox and clutch unit. lltre radius rod is visible in
the centre rnalcing connection with the drive screw, to the right
ray be seen the electrical limit switch. Arc sect1on and Eastern
baLlrac€ are also visible. TelescoPes shown in the picture are
t5o mr refractor (f./Lol, 12o mr refractor (ex Moonuatclr a[xrgee
telescope) and 50 uur finder.
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With these new features the system becarne very similar to that enployed
in a sPlit-ring equatori-al. Because of the spread between the now fixed
ballraces a far more stable unit resulted. So uuch for the actual nounting.

To conclude f offer a few notes on applying a suitable tangential clock
drive rnectrani-sm. Visi-ble j-n both photographs, Fig. 5 and 6, j.s a 12 tpi
brass screw of local hardware store origi-n, whi-ch while of nomi.nal- cost, has
a very accurate thread due to its method of rnanufacture. It has a drive
effest upon the movement of the table equal to that whlch would be produced
by a worrn and worrnwheel (of the same pi-tch) whose dianeter would be doubl.e
the distance from the screrred rod to the phantorn polar axi.s. In this type
of mounting one is able to achieve the effect of using a worwheel that
would be far too large and costly for most amateurs to consider
Fig. 1. In the case of the present mounting the equivalent wormwheel
diarneter worked out at 660 nn. It provides one of the smoothest drives that
f have used. Parti-cular mention should be made of the method of

Pig. 6. Aspect of the uni-t from west si-de. Relationship of the
three main aluminium eastings (base, table and forks can be seen
i.n thig view. On the facing side of the gearbox is clutch conrol
knob and hanging from it is the remote slow motion control paddle.
Clock rewi-nd wheel is at the further end of front secti-on. 1[he
two large eapstan wheels give slow moti-on in azi-muth and can be
easily reached from any possiJrle position of the telescope
eyepiece. At the extreme lower ri,ght may be seen the top of the
clock drive motor housing, seParately rnounted and connected to the
instrument by a vibration absorbing coupling.
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--ransmitting motion from the screry to the main table. 1rhis is done through
a radius rod anchored at the north end of the table and passing through a
';ertrcal slide arrangement at the southern end. tfhere the radi"us rod meets
--he screw thread the head must be free to turn on the radius rod, and to
:elesco;re in and out of the rod. only by incor;rorating these three moti-ons
rr]1 a strain free eoupling be achieved.

After an hour of tracking, which i-s all that is practica.ble with any
--angential dri-ve, the screw is disengaged from lts notor by means of a
:lutch at the western end and uound back to its starting point by means of
+-he handle visilrle at the eastern end. Pressure o;rerated m:Lcro switchi-ng
;revents any over-ride by turning off the electric drive before any
mchanical jaming occurs. Slow motion in R.A. i-s achieved through an
::lcorporated Sperry differential uni.t, electrically controlled.
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A TELESCOPE-DRTVE CONTROL SYSTE}{ USTNG A CRYSTAI OSCITI,ATOR
J.IJ. Park,
Astronomical Soci-ety of Vi.ctoria

ABSTRACI
Drive control gystems are an important aspect of modern
telescopes. Trhi-s is partrcularly so in the cage of telescopes
whi-ch are used for astrophotography and photometry. Por both
these and other uses it as auportant that the drive control
system be able to provrde an accurate and sta-ble dri-ve frequenqT
to the telescope and allow a user the capabii.ity of guidi-ng rn
two axes. It is important that the dri-ve rate is isolated from
the frequency of the 5rcwer supply mains ( since this ls not
sufficientJ.y sta-ble) and, for ;rortable telescoPee, is capa.ble of
operation from battery supPly. It is al-so im;rcrtant ttrat the
drive control system is reliable, easy to operate, efflcient in
Its use of power, inex;renslve and i-s accurate over vi-de ranges
of temperature and supply voltage. lltris paper describes a new
design of telescope-drive eontrol syatem which meets all the
alrove criteri-a and is significantly nore accurate than many
others. It males use of recent advanceg in semi-conductor
technologry which enable the inclusion of a nurnber of attractive
features. Tno inportant aspects of the design are the inclusion
of a new confi.guration of crystal osci"llator (developed by the
author and ,I .G. BoIIow) and the use of power field-effect
transistors in the output ci-reuitry.

:I'TRODUCTION

The quality required of telescope drive control systems for amateur
s"stronomers ' telescopes i-s dependent upon their e4>ected use. some
applications, for exanple low pouter visual- observation, do not necessari-ly
:equire automatj-c drive while for others, sueh as photometry and
:"irotography, it i_s essential .

fhls paper congj-ders the accuracy required from telescope drive control
s:tstems for varj-ous applications, and means of eliminating errors due to the
e-ectrical drive system. Ttre crystal controlled drive system descri.-bed
:al<es advantage of reeent technologi-cal advances to obtain high performance,
r'et offers simplicity and low cost.

lF-rvE coMrRoL AccttRAcy REQUTREHENTS

t'tle accuracy reguired of telescope drive systems vari,es markedly with
:lre application under consideration. some applications can be achieved wrth
ao drive system at all whilst others may require stri-ngent control. The
:cJ.lowing provides an evaluation of this reguirement,

--,cu Power visual observation

Ifhere the magnifi-cation is low ( say less than IOO times ) and a
:easona.bly wide field is available (say more than O.5 degrees) there is
;eneral-ly no sj.gnifi:cant difficulty in manually adjusting the telescope
-:osition to track a particular object. fhis is frequently the case nhen the
--elescope is being used for 'general brovsing' or 1ow power observation of,
icr example, variable stars.
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Medium to high power visuaf observation

When the magnifi-cation j-s suffr-cient to provide only a small field of
vrew ( say more than l.oo times ) it becomes increasinqly deslrabLe to have the
telescope drj:ven at an appropriate rate to track objects bei-ng observed. It
ls generally undesirable to have to touch the telescope in order to adjust
t.ts position because of eonsequential vi.bratj,ons, particularly at very hlgh
magnj-fications (say more than 2Oo times). fhe dri-ve system need not be of
the hrghest standards of accuracy, since it is really only necessary to
retain the object in question reasonably close to the centre of the area of
good definition of the telescope for ttre duration of the observlng time.
Por examplet

Assuming:

A magnification of 4oo times.

A requirement of retai.ning the rmage wrthin the inner 2Ot of the
field of view for, s€ly, 20 minutes.

An apparent field of view of 45 degrees

It can be shown that the drrve error should not exceed 45*59/40O*5=1.35
minutes of arc per 20 mi-nutes of time, ttrat is, about I part in 22A
variation from eorrect drive rate ln ri.ght ascension ( assuming }ittle drift
j-n declination ).

Thus, for visual observation at medium to h1gh magn5-fication ( for
example as nould be used for planetary observation, double star observation
and some observation of variable stars ) it j-s j-mportant to drive the
telescope automatically rather than manually, however, the accuracy required
is not great. Ttre accuracy required should be readily obtaina.ble using
power supply company mains and synchronous motor drive, assuming no errors
due to mechanical or atmospheric eonsiderations.

Location of objects

Availability of aceurate setting crrcles can be a signifrcant aid ln
the location of either faint or unfannlliar oblects. For the circles to be
effective it is necessary for the object in question to be a-ble to be
centred, sd|; within the i-nner 5ot of the field of a low power eyepiece.
For examplel

Assuming:

A magnification of loo times.

A requirement of retalning the image within the inner 2o* of the
frel-d of vj-ew for, s&Y, l2O mi-nutes.

An apparent freld of vj.ew of 45 degrees.
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T'hug, for ease of locatj.on of faint or unfamiliar objects using settang
:rrcJ-es, it is important to drive the telescope automatlcally rather than
ntnua]Iyi however, 89 previously, the accurary requi"red is not great. The
accuracy required should be readily obtaina.ble using power supply company
narng and synchronoug motor drive, assuming no errors due to mectranical or
atmospheric condit ions .

Flanetary photography

Photography of planets generally reguires the highest resoLution
:btarnable from the telesco;re and atmosphere. Exposures are typrcally
around 2 seconds but perhaps as long as LO seconds.

.l-s suuring :

Resoluti.on requi-rement of o.2 seconds of arc.

Exposure ti.me of 5 seconds.

:-- can be shown that the drive error should not exceed about I part in 38o.
T:r1s is a.bout the lini.t of possi-ble performance to be exgrected from norrnal
:cver supply company mains, assuming no errorg due to mechanical or
a:nospheri.c considerat j.ons,

leep-space photography

Photography of deepspace oblects does not generally require the
-:ghest resoluti-on obtaina.ble from the telesco;re and atmosphere. It is
-sual- for corrections to be made to the telescope position from tlme to ti-me
-n order to obtain suita.ble gurding. In order to avoid this task becoming
:;erly trring for the observer it i-s best to ensure that the corrections d<>

-ct have to be made too frequently.

i-ssumtng:

- Resolutron requirement of L second of arc.

- Time between drive correcti-ons of 30 seconds.

:: can be shown that the drive error should not exceed a-lrout l- part i:n 45O.
l:.rs is above the Lj-mit of possible performance to be expected from normal-
-lolrer supply company mains. In addrtion to th].s lt is neeessary to be able
:. change the drj-ve rate to enable guj.ding, further rulrng out the use of
nains supply.

;:,otometry

Photometry is becoming a particularly attractl-ve technrque for armateur
:stronomers, but it places some strrngent demands upon the telescope drive
:lcuracy. For exanple, i-t may be desirable to moni-tor the brrghtness of an
:.:leet over a long period of time (without break to check ali-gnment) such as
:cr oecultatlons. It may also be essential" to use a small aperture in order
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to ensure that sky glow does not mask the objeet 1n questron (partLcularly
in suburban areas ). Both these factors combine to produce strl-ngent
accuracy requrrements. Por example:

Assuming:

- An observation time of 15 mj.nutes.

- An aperture of Io seconds of arc.

- The oblect is maintarned wrthin the inner Sot of the aperture.

ft can be shown that thrs rmplies that the drive error should not exceed
about 1 part in 2,?OO.

Spectroscopy

Spectroscopy is not often undertaken by amateur observers. However,
the drive error requirements can be readily exami-ned. If it is assumed that
a star rmage rs to be retained on a slrt, then the drrve should not al]ow a
drrft of more than, edy, 5Ot of the width of the image over the perrod
between drive correcti-ons. For exampJ.et

Assumlng r

- An image size of O.5 seconds of arc.

- Drrve correction every 30 seconds.

It can be shown that the drrve error should not exceed about I part ln
1, 800.

Sutrmary

It can be shown that for afl usual uses of telescopes other than lour
power visual observation rt rs advantageous to use some form of automati-c
drive system. T'lre accuracy requirements are such that for medj-um to h:-gh
power vrsual observation j-t :.s proba-b1y adequate to rely upon power supply
company malns ( assumr.ng rt rs avarlable ) and synchronous motor drive. For
photographrc, photoelectrrc and spectroscopic use 1t rs necessary to obtarn
greater preclsron.

CAUSES OF TNACCURACY

A number of factors can lead to r-naccuracies ]-n tel-egcope dr-rve
systems, all of whrch should be ta-]<en into congideratron. These j-nclude the
followrng ( Srdgwrck, 1979 ):

Atmospherrc

l[he atmospheric refractron of lrght results in the requrred drive rate
of a teJ-escope varyr-ng according to the zenith angle of the oblect ln
question. fhrs rs most marked at large zenrth angles. For sma1l zenlth
angles it should not be a eause of drffieulty.

l'{echanical
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-:mrtlng factor an drive accuracy. They rncluder polar axls alignment,
:=guJ-arrty. concentrrcr,ty and centrrng of dr:-ve gears, concentrlcrty ot
-arrngs and flexure of te.lescope axes and optlcs.

:-ectr1ca.l.

Assumrng electrrcal srgnals of some controlled frequency or repetrtron
:i?.e are Llsed to activate the telescope drrve motors, the drrve accuracy
.-11 depend u;rcn both the rnltral frequency and drrfts whrch may occur wrth
-:ne, temperature and supply voltage level to the drrve control, system.

i -nEnary

In order to obtaJ-n a dr.r-ve system of suffrcient accurasy r-t rs
-::essary to consider each of the posslble contributing degradatory aspects.
-: rs desrra-bl-e, where possr-ble, to ensure that the degradation from the
::-or:-ty of these causes rs weLl below that required for the total system.
:- general, r-t is possible for electrical consi-derations to be removed as a
-:-irce of degradation by surtable desrgn (as wrll be shown below). The
:-:rnant remalnrng cause of degradation wrIl, an most cases (certal_nly fc;r
--: amateur agtronomer), be mechanr-cal.

.:^\'E CONTROL SYSltrEM

: - ;Li l_tements

A drrve control system for the typlcal telescope used by
:-:-,ronomer should meet the followrng cr.l-ter]-ar

: ::uracy

an amateur

As shown prevlously r-n the paper, the drive rate should be accurate
- at feast l part rn 2,?oO, In order to engure that the contrl-butron from
-e el-ectrlcal- system to any errors r-s neglrgr:ble rt rs deslra-bfe that the

i-:ctrlcal. system be srgnrficantly more accurate than that, say at least 1

i:r-, rn l-O,OOO. Thrs accuracy rncludes both the j-nrtral setting accuracy
:-: drrfts wrth trme, temperature and supply vol-tage. Thrs leve1 of
:r:ltracy 1s 1n excess of that whrch can be readrly obtarned, except by the
-.. of crystal contro.]fed osc:-l-l-ators. Por example, typical Rc oscrllators
.--- ].n general be lrmrted by the temperature coeff:-crent of the passlve
--:,oonents to an accuracy of less than 1 part l-n 1,Ooo over the expected
- :.perature range.

crystal oscilLators can be readrly expected to achi.eve an anltraf
:=::lng accuracy of a-bout I part rn IOO,OOO and a drrft wrth temPerature
,-3.nge of about l part rn loo,Ooo per 1o deqrees. They wr-}l also generally
:= far .Less complex and cheaper to construct than high qualrtY Rc

---]'ilat()rs and requlre no preclsr-on components.

::::c-f enCy

It ls desrralrle to ensure that the effrcrency of the drrve contro.I
. . -r--em rs hrgh for two reasons . Prrst, thrs wrll maintain a l:ower
-=:.-cerature of the system. Second, rt wrll consume less power from the
,:,--er source - an important consideratron rf thrs rs a battery.
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can be provrded in dri-ve conttol- systems.
by the author arel

Gurdr-ng capabilaty rn both axes. Thrs imphes that the output for
rrght ascension must be varrable in frequency, either by fixed
step change or conti-nuously. The author prefers faxed step
variatj,on, seetng no advantage to be gained from the other more
complex l-mplementat ion .

Assuming that several frxed freguencres are to be generated and be
swrtch selecta-ble i-t rs necessary to select these to be readily
surta-ble to eLectronrc rmplementatj-on and suitable for the type of
drrve motor used. The most readl-l-y :-mplementa.ble freguencies are
haLf and twice the nominal drr-ve frequency, these being obtai.nable
f rom simpl-e drvider chaj-ns. Thi-s is suitable for some motors
although others wi]] be }ikely to stall. T,he author has found
that a sui-table compromise Ls 3/4 and 3/2 nominal frequency. Feh,
motors wi-ll staLl at these drive rates, yet they are sufficrently
different from the nominal- drrve rate to ena-bIe adequate gurdrng.

Power supply f rom erther mal-ns or battery. Thrs ena.bles the
telescope to be used at remote locati-ons.

Protection from damage due to external causes. This should
rncl-ude, dt least, protecti.on from output short circuits and
incorrect polarity of battery supply power.

Provision to control the drive system remotely, :.ncluctrng at
least: ability to stop the output, drive in both axes with the
drilrty to reverse the contro.I switches ( in order to be a-ble to
have swrtches arranged so that therr effect is in accord wrth
their phys:-cal positron, allowing the use of star dragonals).

240 V

A,C. OUTPUT

TO R.A. MOTOR

75/5c/37.5 HZ

6V
D.C- OUTPUT
TO DEC. MOTOR

OSCILLATOR

DIVIDER 2 PHASE DRIVE

75/50/37.5 HZ

DATA SELECTOR

R,A. A DEC
CONTROL
SWITCHES

VOLTAGE
R EGU LATO R

300/200/t50 Hz
OR OV

A.C, MAINS

OR

BATTERY INPUT

Frg. 1 Block dragran.

t-:n:r- :

l:-'
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:-ock dragram and circurt

The block diagranr of the drrve control system r-s given j-n Fig. I, the
::rcuit diagram in Pig. 2 and the control switches i.n Fig. 3. The major
:cmponents are as follousr

oscrLlatorl Thrg oscrllator rs crystal controlled, provrdrng
suitabl-e drive accuracy as discussed in sectlon 2, The oscillator
can be implemented j:n a nunber of ways. It is imgrcrtant to select
a configuration which rs tolerant of supply voltage and
temperature variations, i-s guaranteed to start oscillating upon
turn-on and is not prone to operate at erroneous freguenci-es.
Many oscrl-lator confi-gurations do not meet all of these criteria.

An alternatave oscrflator confrguration rs gi-ven in F1g" 4. Thrs
circurt is due to Ho}loh, and Park and ig superior to that shown i:n
Fig. z, havrng better accuracy and greater Protecti-on from
erroneous operatlon. It should be used if great-er accuracy }s
desrred.
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FRO M

4512 B

SI, S4 MOVEMENT DIFECTION

52,S3.RA FAST/SLOW

S5,S6 . DEC INCREASE DECREASE

57 . RA OFF

F]-g, 3. Control srri.tches.

The oscillator configuration shown ln Fig. 2 however, a
assrmpler confrguratron using standard CI'{OS logic. While not

accurate thrs conflguratron allows easier eonstructlon,

Davrder: thrg bl-ock drvrdes the output frequency of the
oscll-lator to obtain surtalrle drive frequencies f,or the drive
motor. Fhe nomr-nal output frequency is obtained by divrdinq the
2,+5'7,5oo Hz from the oscr]1ator by 12,288 to gave 2oO Hz lwhrch
is further divrded to qive 50 Hz i. .rhe fast and slow drrve rates
are obtarned by drvrding the oscillator frequency by a,A92 and
16,384 to grve 3oO ftz and 15o Hz respectively (these being further
drvrded by 4 to give ?5 Hz and 3?.5 Hz ).

+V

r'.. - :
+imt-:- ' '

Bc 109 I Z+SzOOO H z

Pag. 4. Alternatrve oscillator.

OUTPUT



Data selector: 1rhrs block,
used to select the output
using an ej-ght input CUOS
inputs berng selected when
momentarrJ-y.
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together rrith the control swrtches, rs
drive frequenry, fhis rs rmplemented
data selector chi-p, one of the unused
it rs desired to turn off the output

33

output driverr Fhe srgnal from the data selector is flrst spl:-t
into two sl-gnaLs ]go degrees out of phase using a cHos flip-flop.
These are then used to drrve a parr of power fietd-effect
transistors whrch drive the output transformer. rhe transformer
produces 24O volt AC power at the approprlate drive frequency.
The output waveform is composed of square pulses with peak voLtage
equal to 24O V, givrng an equivalent RltS value to that obtai_ned
from mains supply. It is rmportant to note that the siEnals from
the fli-p-flop to the output transistors are AC coupled i-n order to
enable the output to be stopped by sirnply turning off the input to
the fliP.flop (otherwi:se, one of the output devices would remain
turned-on and overheat when the output is turned off).

Regulator: The porrer output
output level are provided by
current lrm:-t. llhrs adds to
provides adequate protection
short crrcults. fhe output
Watt.

capa.brlity limit and regulation of
means of a voltage regulator with
the rnefflciency of the system but
from such occurrenceg as output
power rs lrmited to a total of 15

)ver, a
not a9

rf the
r drive
-n9 the

1 whrch
'e rates
92 and
further

Control shtitches I The control switches are usually remotely
located from the rest of the drrve control unrt. They ena-ble
control of both axes of the teJ-escope. lrhe right ascension
controls are so arranged that yrhen the control switch module ts
removed the nomrnal output frequency is obtained ( for example,
when guidlng rs not required ). It is i-mportant to note that the
switches for the declrnation axis need to be arranged so as not to
cause power supply short cj-rcuits if both are operated
simultaneously.

' : jh lights

Ihe major design innovattons included rn this drrve control unl-t are:

- The crystal oscill,ator ( dl-screte device version ), invented by the
author and Dr J. Hollow (to be publr-shed). fhe al-ternative use of
a standard CU0S oscrLlator j-s satisfactory, though not as
accurate.

The use of polrer freld-effect transistor output devices (colr1ns,
19?e ).

The basrc simplici-ty, yet hrqh performance of the un:-t.

-:Ircrtant construction details

The use of switched mode output driving inherently rnvolves very fast
::setime waveforms with large amplrtude. thrs j-s parttcr.llarly the case when
::eld-effect devices are used, Consequently, care should be given to the
-:nstructi-on of the eLectronics ( Park and Hollow, l9B1 ). In particu j_ar,
t:tention should be paid to earthi-ng, power supply decoupJ-rng and the use of
=arth-plane construction.
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safety

It rs rmportant to note that drrve control systems as descrrbed ln thl-s
paper are potentral-ly lethat rn that they generate high voltage outPuts wrth
the capabrlity of outputtlng some tens of Watts of poner. consequently,
they are not the domarn of unskilled trnkerers and approprr-ate measures must
be talen to ensure that electrrcal safety is achieved. This is partrculariy
i.mportant becauge of the fact that they may be prone to damp environmenEs
and rough treatment.

ST'},IXARY

It has been ghown that in order to obtarn sufficient accuracy ]"t ts
necessary to uge a crystal ogcrllator rn telescope drrve control units. 'fhe
unit descri.bed in this paper provi-des excellent ;rerformance yet l-s rlot
complex or expensive. Standard componentg are used throughout and no

laboratory measurements or sophrsticated facll-ities are necessary for rtg
construction or cali,bration. It rs fully protected and can supply
sufflcient output power to drive the majorrty of "amateur-size" telescopes.
ll'he adoption of pohrer freld-effect transistors for the outPut drrve has
enabled the use of CUOS devices and the attainment of low operatlng power
requirements. At present-day prlces, the approxlmate cost of constructlon
is SIOO.

IJhe use of a drive control system as descrj:bed should eltmrnate
electrical considerations as a source of drrve error. Ttle dominant
remaining source of error for amateur telescopes wrll most usually be

mechanical,.
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-:.,ESCOPE MOIINTTINGS FOR
r A. Bradfreld,
r : t- ronomical Society of

GREATER ET'FICIENCY TN COMET HT'$TTNG

South Australia

(r)

(2)

|CTION OF TIIE STARFTELD

Pigure I shows the hrestern sky as seen frorr a lat.ltude
?erth), giving the trails of stars below an elevation of

,'rmuths in the general west,erly directron the star*uotion
ix-cegrt for the upper ;rclar region, the not1on is al-go towards

35

i rn thrs
)uts with
>quently,
rres must
: rcularly
rfOnmentS

rltrs
.!s, The

rs not
ano no

for rts
r supply
.escopes.
'rve has
L! Power
r ruct lon

irmrnate
domrnant
aily be

boosts

AASTRACT
For trorizontal sweeping of the sky with an altazrmuth-mounted
telescope, it is necessary to make an adjust&ent to the angle of
elevation between consecutive sureeps to allow for the risi.ng or
setting of the star f ieLds. lFhe use of a motorlzed elevat j_on

axi-s can srmplify the adjustments and elirninate the rrsk of
missing out fields between adjacent sweeps. However, rf the
altazimuth mounting i-s carried on a polar axis which is dri_ven
at sidereal rate, duplicated coverage and onission of star
fields can both be eli-minated. SoEe mountings which have been
constructed and used by the author are described. The procedure
to obtai-n greater search efficj-ency with these mountinEs rs
discussed.

: \TRODUCTION

The simpli-city of an altazimuth nounttng and the ease rrith whrch it can
:€ used maJ(e it an attractive support for a comet-sweeplng telescope.
:-:ortunately, the published statements on comet-hunti-ng procedures are
:"ersimPllfied on the detail of using the al-tazimuth mounting. 1t'he technique
i::ocated (Norton,195?; Sidgwick,1971; Apsi,1975; Bortle,I9SI; Sherrod,tgEI;
ieargent,L982 ) is to sweep horizontally, first in one direction and then,
i::er an adjustment to the telescope elevation ha.s been made, back ir"l the
::psite directj-on. this back-and-forth process is continued a.s the sweeps
a:: progressively stepped u;rwards or dotsnrrards as regui-red, 'fhe suggested
r:-ustment has been given(Apsi,l.975iBortle,198liSherrod,398l ) as half the
: -eid width, with the steps berng made u;xrards i-n the western sky and
l :,*nwards for sweeps in the eastern sky.

It may not be reali-sed that the above procedures \rr11 usually result i.n
i-:. unnecessary amount of overlap of consecutive sweeps. 'fhe area of,
:-:lrcated coverage can be reduced byr

l]"
&

l-n

15.

adopting a unidirectional sdeep pattern instead of the back-and-
forth method;

selecting the sweep overJ-ap according to the tl-me taken to make a
sweep.

:::.ce the problems of using an altazi.nuth are prima.rily related to the
t::ron of the star fields acrass the slreep path, this asp€ct needs
e ra-urinat ion ,

sf 32" south
600 " At all
is downwards"
the eouth.
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Fig. 1- Star tracks in the nestern sky.

lfhe 1i-near rnoti-on in degrees per minute of the stars across the
celestia] sphere as seen from al} lati-tudes is a function of thei-r
declination and equals O.25O? cos 6. A calculation using spheri-cal
trigonometry can be rnade to show that the instantaneous verti-cal com;rcnent,
V, of the li-near motion, as observed from a glven latitude, is

V = O.Z5O7 cos L sin A omin- l,

where f, is the latitude, and V is inde;rendent of the elevation of the star
for a given azi-nuth, A. Pigure 2 shows the si-nusoi-dal varration of the
vertical component of rnotj-on for various observer latitudes. The maximum
vertica] component occurs at due east and due west ( for the sraximum
negative, downward uotion ).

Por Perth (latitude 32oS) the vertical courponent of the linear notion
i-s:

VpSRr1lH = O.2L26 (srn A) "min-1.

COIIPARISON OF T'NIDIREC{TIONAL SWEEPING HETTTOD WTTH BACK-AND-FORTH I.IETHOD

T'o show the benefr-ts of unidirectional sweeping, an example of slteeprng
in the western sky j-s discussed. For sinplici-ty, sweeping is restricted to
a linited arc centred on azimuth 27o", so that the vertical component of

D€GREES /MINUTE

o.

o.

0'l

o

o.
90

AZIMUTH

-o.2

d

O O LATITUDE

-0.

Frg. 2. Verti-cal uption of the celestral sphere.
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Fig. 3. Back-and-forth sweepi:ng mode.

::ar-motion can be assumed to be constant for all azimuth [rcints along the
a:1. 1[he sweeping rs a corstant rate movement without interruptions and is
:-rb, enough for the observ)r to determine ttre nature of di-ffuse oblects as
--:y drrft through the f1€t-d of v1ew. In Figs, 3 and 4, the width of the
::eid of view is exaggeratei in relatlon to the length of the sweep to help
:-arlfy the diagrams. AIso, the direction of star-motion depicted in the
:-:Id of view is the sane as that seen when using a telescope fitted with a
:=:restri-al eyepiece, to si-mpJ-ify the explanation.

: : :i.-and-forth sweeping

fn Fig. 3, star A is observed at the start of the first sweep at the
::; of the field. At the end of the sveep when the observer sees star Bl at
:'? top of the fie.l.d, star A w:.Ll have moved to position Ar. Line ArBl then
::?resents the ]ine through a]l stars which were observed at the top edge of
:-e fi.eld during the sveep.

fhe telescope is iurediately elevated for the return sweep by the
:axlmum possible amount which is consistent wi-th ensuri-ng that no star
:-elds between the two sweeps escape unsearched. fhj-s adjustment must a11ow
:--ar A, at position Al, to be seen at the bottom edge of the fi.eld at
:':srtron A2 at the end of the second srreep. Thus the telesco;re elevat:-on
- =eds to be increased by amount

b = P - zT1I'
where R6 is the stepup in elevation, degrees,

F is the width of working field, degrees,
T rs the trme of one sweeP, minutes,
v rs the vert:-ca} component of star-motion, degrees,/urinute.

r: the beginning of the second sweep, hne DlAr represents the }ine through
:--ars whi.ch are subsequently observed at the bottom edge of tbe field durrng
1-.? second sweep. Area BTDIAI r-s colunon to the teo shreeps and rt rs thrs
::ea which is unavorda-bly sweSrt tvice.
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Unidi-rect ionaf sweeping

In Frg. 4, star A is seen at the start of the first sweep at the top of
the field. At the end of the sweep when the observer sees star Br at the
top of the fj.eld, star A vi1l have moved to ;rcsition Ar . Lrne AtBl
represents the line through stars whrch were observed at the top edge of the
field durrng the sweep.

In unidirectional sveeping the telescope is guickly returned after
completion of the first sveep to the starting pornt and adjusted ln
elevation for inunediate countrencement of a second sweep. 'I'he adjustment
reguired rs

Ru=F-Tv

and places star A, at posltion Ar, at the botto:r, edge of the fleld for the
second srreep. Provid5.ng the srveepr-ngt rate for the second srreep is the sane
as that for the first srdeep, aLl the stars observed at the botton edge of
the fieLd duri-ng the second sweep wr-Ll have been located along lrne AlBl at
the start of the second s\.eep. fhus no overlap area is formed betveen the
two sweeps.

Comparison of performance

It rs clear from the above that the unrdirectional, method j-s superlor
to the back-and-forth method for a restrlcted arc of sweep. In practice,
the path swept will be much l-onger so that the vertical component of star-
motion cannot be considered as constant along the sveeppath. The varyrng
vertica.L component wr11 create some srnal1 duplrcated coverage in the
unidirectional sweeping method, but rn all cases this duplication vrill be
much less than the dupli-cated coverage created by using the back-and-forth
method.

An explanation of the mathematrcal analyses whi,eh take into account the
varj,ation of the vertical component of the star-motion wrth change of
azimuth, wrll, not be detarled here, In these analyses, the duplrcated
coverage bet\reen two sweeps can be expresged as a fradaon of the area of
one sweep-path by the relation

D=VmaxdT/F

wtrere D Is the duplrcated coverage fraction,

Vpax is the maximum value of the vertical com;)onen', encountered
in the sweeppath,

d rs a constant which 1s a functron of the azimuth limrts of the
sueep-path and the method of sweePrng,

T is the trme of one uninterrupted sweeP,

P rs the working f reld wir-dth.

Some results of cafculations for the example of sweepang between
azlmuth 27o and azrmuth A are given in Fr-g. 5, where values of d are Plotted
as a functron of A. fhe curves for the back-and-forth and unidirectionaL
sweepl-ng methods readrly show the superiorrty of the unrdrrectional method.
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zto 240

SOUTHERN LIMIT OF AZIMUTH A

Fig, 5. A plot of d as a function of azimuth, A, for the back-
and-forth and the unidrrecti-onal modes.

:::ect of telescope aperture

If a J-arger aperture telescope rs used to see fainter oblects, not onty
'--1. the f.reld of vj.ew be smaller but the trme to complete a fixed length of
i-.:ep will be proportronally larger. Thus for a frxed sweep-rate (expressed
r! fields covered per unrt trme ) the duplrcation fraction wrll- be
:::.-cortional to the square of the trme talen to complete one uninterrupted
r-.ep, rn uslng large aperture telescopes t-t j:s more rmperative that
.-:drrectional sweeping practices are used,

::-},CTJCAL ASPECTS

In practrcaf sweeping there is a tendency to overlap sweeps excessively
-, ensure that no star frelds are mi,ssed. fhrs may be the reason why l-t may
:: easj-er for the beginner to follow the often quoted suggestion of
.:-.tsting the el-evatron by hal-f the freld width. However, hiqh effrciency
:-'=eping wrth altazimuth mountings can only be obtarned rf the overlaps ale
:r-.ed on the actual time to complete uninterrupted sweeps. If the observer-:- esta-blish his maxrmum sureeping rate whrch ensures consistent detectl-on
' drffuse objects, rt :-s possi.-bIe to standardize the slreep-tine and hence

--: corresponding adlustment in elevation. I'tre drff:-culty of achreving the
-1j/.rmuln effrcrency can be overcome without the need to monitor sweep-times
:.. rsrng a motorj-zed drlve on the elevation axis of the altazrmuth rnounting.

*' :IRTZED AT,TAZIMT.}TH MOUNTING

As comet sweeping involves sweeps mostly through the west or east
--:nuth pot-nts, adjustments to the teJ-escope-elevati-on between succeedj-ng
rr+eps must be related to the vertical component of the motion of stars at
:-=se directions. In provrdang a motorrzed drrve for the elevation axis it
-: necessary to duplrcate thls motion, fhe stars further away in azi-muth
:::n the west point (or east grcrnt) wrl} continue to drift aeross the sweep
::--n but at a very much reduced rate. After each sweep wrth the drrven
:..stem, the telescope 1s returned to the starting pol-nt and ad3usted by an
-::unt equal to the fuLl working freld-wrdth, regardless of the tlme taken
'- complete the sweep,

T'he mechanical arrangement used
,::.sists of a lever which is dr:-ven

A.$.v- | =*,

by the author for a l5O-nun refractor
at its free end about the telescope's
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elevation axls by a screw coupled via reductron gearing to an el-ectric
motor, By the appropriate selectron of the pr-tch of the screlr and the
lengt-h of the,lever, the requrred turni-ng rate of the Lever can be achieved,
'fhe lever motlon is transmltted to the telescope body near the eyepiece end
by an adjustable link. Adjustments of the elevation of the telescope after
each srdeep are achieved by changlng the length of the 1"rnk by means of a
built-in rack and pinion. fhe motor drrve and tangent screw assembly are
mounted on the srde of the fork mountlng whrch supports the telescope on its
elevatron axis bearings. As rn the c-onventrona.l- usage of altazimuth
mountrngs for comet hunting, the telescope is turned in azimuth by hand.
'Ihe A.C. synchronous electric motor rs suppl:,ed from a D,C. to A.C. inverter
connected to a t2 volt car battery. In the arrangement used by the author,
the tangent screw gives a drive tlme of 11,/t hours and needs to be reset to
give a further 1rl4 hours.

Figure 6 glves a simplifred layout of the system. As originally used,
the eolumn supporting the azlmuth bearrng can be raised or lowered in the
telescope supporting stand to give comfortable stand-up viewing for all
elevation angJes of the refracting telescope.
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PiS. 6. lr{otorrzed a}tazrmuth mountrng.
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:- TAZIMITTH UOUI TING FOR ITEWTONIAN REFI.ECII\f,R

In 1981 October. a declsj-on was nade by the author to use a 25o-nm
i:€rture f/5,6 Newtonian reflector for some comet hunting operations. A

n':.rntin9 for the telescope to gj,ve comforta-ble vi-ewing for the observer in
::.e standrng position was desrgned, burlt and used. The principal features
i:e ghown in Fi'g. ? where the telescop€ rs shown ;rointing to the zenith.
!-"eprece viewing is in the horizontal dlrection, as the eyepiece axis is
:::ncident wrth the elevation axl-s of the telescope mounting. Balance of
:-e telescope alrout the elevatlon axrs rs glven by a counterweight (a 6-
:::-ck cluster) mounted ahead of the telescope, so that the centre of gravrty
.: the moving system corncides with the intersecti-on of the elevation and
.::..muth axes. An adjustable lrnk (not shown in the simplifi-ed diagram) is
--.ed to hold and adjust the elevation angle sett:-ng. A handle attached to
:-e elevation beari-ng block is used to push the telescope a-bout the azimuth
::'::.s in much the sanre way as by a submarine cornmander operating his
:€:rscope. Although the main structural supports for the telescope and its
:::nterveight require a more masgil.ve system, the author constructed a
.e:sion which could be broken down for transport and stowed as four main
:;-asgemblres in a statron wagon.

I

Fl.g. 7. Altazimuth mountrng for Nestonian reflector.
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The altazimuth mountrng wrth the motorized elevation a:<is previously
descrrbed grves a small but accepta-ble duplicated coverage of the star
frelds whi-ch are Located away from the west (or east) azimuth pornts. This
unavordable duplrcatron is increased substantia]1y when using larger
aperture teJescopes. complete ellmlnat1on of all undesira.ble overlap across
the whofe range of azi,muths includrng the polar regions can be obtained by
mounting the simpLe altazinuth (without elevation axi-s drive ) onto a
platform whrch rg drlven alrout a polar axis at sidereal rate. llhere are
many varlations of platform based on the Poncet princi-p1e, but most of these
have various undesira"ble features such ag:

( a ) centre of gravlty of telescop€ removed from the equivalent polar
axis so that the load on the polar axis drive varles as the
platform tilts,

(b) limitation of the tilt of the platform,

( c ) eyepi.ece posi-tr-on may vary consrderably for various pointing
dlrections of the teJ.escope so that eomfortable observrng
positions may not be always ava:.Iable.

These features prompted the author to i-nvestigate an improved systtem
for the use of a 25o-wt f/5,6 Newtonian reflector, and the altazrmuth
mounting shown in Frg. ? was modifred so that the azimuth bearing rras
mounted on the upper end of a polar axis shaft. The intersection of the two
axes of this altazimuth was placed exactly on the polar axrs so that the
eentre of grav:-ty of the complete turni-ng mass rernained fixed for all
positrons of the telescope. Wlth the eyeprece axis also directed to thls
i.ntersection poi-nt, a comfortable viewing position could be obtarned.
However, when the altazrmuth trlts over as a result, of berng driven at
sidereal rate, the rni"tial horrzontal plane, representing nrovement of the
eyepl-ece rn azrmuth, becomes a tilted plane where the eyepiece posi-tion can
become lower or hrqher durrng part of the sweep. For hrgher positions of
the eyepr-ece there :.s a need to stretch a litt1e or arrange a low 1evel
ground platform as a step-up. Wrth lower: positions, a slight body crouch or
a sideways trlt of the head wrll ena-ble the observer to marntain a
comfortalrle attrtude at the eyeprece, Comet huntrng wj-th a Z5o-nun ref,lector
was consldera-bly simplj.fred and a greater sky coverage Yras possible vtith the
three axj"s system wj-thout mlssrng out strrps of stars, The scheme was more
eomplrcated than the simple altazr-muth mounting of Fig. ?, but rn Porta-ble
form j-t was used to accumulate 48 hours of sweepinE up to the discovery of
comet 1984a. Drive for the pol-ar axrs was grven by a tangent screw assembly
provi,ding over 3 hours of continuous drive.

Tiltrng of the plane of eyeprece*movement durrng an observrng sessr-on
can be less of a drffrculty af the system is in1tra1ly set in a trlted
posj"tlon opposl,te rn direction to that whrch develops durrng the second half
of the observing period. For example, in western sky sveepr,ng, the axas can
be inrti,ally trlted wl-th rts top leanrng towards the east.

EQUAIORIAI,LY UOUIfIED TET,ESCOPES

The use of an equatorially mounted telescope for comet huntlng should
not be dismissed, particularly for large aperture telescopes, provrded the
change of eyep:-ece positlon during sweepl,ng can be accepted. For portable
equatorial telescopes there is no need to accurately alrgn the polar axl,s as
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::: astronomrcal photography. Sweeping should be conducted a-bout the polar
1{:-s and steps between sweeps shouLd be made by turnrng the te}escope about
-:s declrnation axis, 1rhe ma3or difference between the equatoriaf and
::-:azimuth modes concerns the rnteraction of sweeps with the western or
ii.stern horizons. llith the eguatorlal it rs not possiSle at any one session
--: obtain the sane coverage of near horizon stars as with the al-tazrmuth;
':Uever, thoge star-fields which are examined with an eguatorial wi-It be
+ramined under more favourable viewing conditions and fainter objects may be
:: gcovered ,

: - }JCLUSION

The use of a motorized elevati-on axj-g altazimuth system for a Iso-m
L:erture telescope has been adopted by the author and provides a
:::.siderable advantage over the use of a simple altazrmuth for comet
'-:trng. I'arger aperture instruments can only be gatisfactorlly employed rf
:-: problems associated with the snaller field and the rotation of the earth
:--:. be overcome. Solutions vhich j-nclude a polar axis are preferred but the
rt--ent of complexity which can be accepted with a three-axis mounting wiLl
:e_rend on the achi-eved grcrta.bili-ty,
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{]}iT GT'NGTN RADIO OBSERVA,TORY

1:ian sal"Lur and C,eoff Davi-es,
ritronautica] Society of llestern Australia

AASTRACf,
the Astronautieal Society of Western Australi-a is developing a
radio observatory at lrlount Gungin, situated in the Darling Range
close to Perth Observatory. 1[\ro activities are catered for,
radio astronoqa and reception of signals from artificial
satellites. fhree di'fferent types of antenna have been
installed, and their design and construction are descri-bed. The
varj,ou:; astrononrlcal prograrmes that are planned are described,
accompanj-ed by the results of some prelini-nary trials " lfhereag
satell,rte appli-catrons is a-n expanding f i-eld in western
Australia, the sci-ence of radio astronouy has alh'ays been
neglected. It is hoped that the lift Gungin Radi-o Observatory
will stinulate interest in thi-s acti-vity, whieh is presently
confined to the south-east of Australia.

l{ount Gungin Radj.o Observatory (HGRO) i-s owned and operated by the
f,s'.ronautj.cal Society of ttestern Australia. lthe Observatory i-s on a twq-
r€.ctare site leased from the State Forestry Department, and is si-tuated
r:out 1 km north-west of Perth Observatory. trtre site is surrounded by
tt'1.1s, which provide useful screeni-ng against electrical interference from
-rrrer-lines and nearby televisi:on transmitters.

:T:TIAIJ DSVEINPUEITT

About ten years ago, enquiries made at the Physics Departments of the
It'-:versity of t{.A. and the W.A. Institute of Technology revea}ed that no
:edro astronouy was eonducted at either establi-shment, despite the fact that
t*,gtralia has been a leader in this field since i-ts comtrencement some 35
y?ars ago. (It t-s worth noting that, today, there is still no professi-onal
:aslio astronoql carrj-ed out in Western Australi:a. ) Conseguently, Brian
Sallur and another individual- with si.nilar i-nterests decided to estaS]ish an
rgervatory for radio astronory studi.es, and the present site was acquired"
t local amateur astronomer donated a ready-built antenna and the steel
-.:erial to build another, and a small transportable hut was purchased to
tt€\rse the electronic eguipment. Due to the di-ff icult nature of the ground
:ensely-packed gravel and very hard rock ), the task of buryi-ng cabtes to

::::i,nect the antennae to the hut was very ti-me-consuuring and progress was
s-ru. It was at this time that the Astronautical Society became involved.

ILNf,ICIPATION BY TT{E ASBRONAUTICAI, SOCIETT OF W.A.

Initial contact with the Society resulted in the Soci.ety taJ<ing over
:-e manaqement of the project. It was thought that thrs would benefit both
-:aities - the greater numb'er of i-ndividuals available vould sEreed progress
:c development of the Observatory, and (hopefully) a nunber of menibers would
:r+come j-nterested in talj:ng up radio astronoey as a hobby.

A Radio Astronory Di-vision was formed, and a serj-eg of worki-ng parties
.as formed. These operated at weekends and, over a perrod of two years,
:esulted j.n a great deal of work bei-ng done. Atl the ca-bli-ng nas buri-ed i-n
;-astic eonduit, an annexe to the hut was bui-lt to enlarge the working area,
a--.d a third antenna, for the reception of radio si-gnals from artificial
*a:e1lites, was built.
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Approaches were made to a number of companr-es, resulting in the
donation of material to build the satellite antenna and muctr other needed
equipment. A brochure rras printed and dlstributed to a number of
organizations, and requests for assistance with the desi-gn of the equi;xnent
were made to the CSIRO Division of Radiophysics.

RECENT DEVEIFPI'iEIITS

After €rome 2 to 3 years of intense activity, progress again Elowed.
There nas a drop-off of interest by Soclety menberg, to the ertent that
there are nor, once again only two or three people involved. One setback has
been several occurrences of vandalj-sm at the site, resulting in damage to
the hut, antennae and ea.bles. 'fhe remoteness of the site, in a state
Porest, makeg j-t clif f icult to Protect .

A further misfortune occurred during the winter of 1983 when the
satellite antenna rras danaged during a severe storm. These occurrences have
resulted in the efforts of the few individualg still active being
concentrated on proteeting and repairing equi-prnent, and on developing an
interferometer antenna for radio astrononry, Ieaving the other antennae and
all satellite work to a later tirne.

COI{PARISON OP OPTTCAI, AITD R,ADTO ASTRONOIfY

l[here are geveral interesting similarities and differences between
optical and radj-o astronomy. In a reflecting ogrtical telesco;re, Iight-waves
are reflected from the prinary mirror to a secondary mirror or prism, then
di-rected to the eye-pieee or photographic plate. The rnagni-fication of the
instrument is given by the rati-o of the focal-Iengths of the eye-piece and
the primary mirror. In a radio telescope, such as a parabolic-dish
i.nstrument, radio waves are reflected by the di-sh to the antenna element at
the focus, then di-rected to a receiver and then to a pen- or chart-recorder.
Ttre magnification of the instrument is given by the product of the
electrical gains of the antenna and receiver. Just as an optical telescope
is affected by light pollution and instrument 1-ealtage, so a radio telescope
is affected by electrical interference and by electrical noise in the
receiver.

The major difference between the tso sclences i-s the rravelengths at
which they operate, and the effect that thls has on the design of the
instruments. Optica] astronoq/ rs eonducted at wavelengths, for white
light, of around 6 x Io-7 uetres, Ehe angular resolution of
amateur telesco;re, rrith a 30 cmtiameter mirror. is given by
divided by diameter:

a typi
wavelength

resolutj-on - 6 x 1O-7 =
o.3

Z x 1o-5 radians

llirr
J

L nr-
t

qTn
' rrrur
lrt '[E

s
h

|tPtrlp- r

Radj-o astronomy i.s conducted over a very wi.de range of wavelengths, Frg. L
from below 10 mm to a.bout 30 metres. For a radio telescope, op€ratang at
I metre, to have a resolution of 2 x 10- 5 radians, as above" the diameter
i-ts reflector would have to be r = 5 x lo5 metres, or 5oo km.

2 x 10-6

Alternatively, for a typical anateur radio telescope with a refl-ector
5 metres i-n diameter, the resolution is only O.2 rad, whrch r-s IOO,OOO times
poorer than the opti-cal telescope. Fortunately there are techni-ques
availabl,e to overcome this apparently insurmountable obstacle.

3.&. r _
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Ttre surface accurasy of a radio telescope reflector can be much less
:^.an that of an optical telescope. An accuracy of L/zO of a wavelength is
--:nsidered acceptable, so for an operating frequenry of 3OO lffz (wavelength
= i metr€), the required aecuracy is l,/2O metre or 5 cn. It i9 therefore
:-:te satisfactory to use eoarse wire-nesh, or even parallel wires sgnced
: 3rn apart, to forn the reflector. As the operating frequency is increased
:-e wavelength becomes less, so the surface accurasy must be increased, but
-: ls not until very high frequencies are reached that a soli-d-netal surface
:€aomes necegsary.

;-rilo souRcEs

There are a number of eelestial radio sources that are strong enough to
:c studj-ed by the anateur.
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l---^"1 [--^"1
\.-..------.-._-- transmission I ine

Pig. 2. ftre haLf-wave electrical dipo).e.

BASTC AIflTENNA DESIGN

The most elementary radio antenna element is the HALF-WAV-E DIPOIE, and
it is the standard against which all other antennae are compared. It
consigtg of two metal conductors, each a guarter-wavelength long, separated
by a smal] space, There are two nain types of antenna used for radio
astronory. One is the multj--element, consi-sting of a nunber of dipoles in a

stack ( looking li](e a fringe-area Tv antenna); the second type is the large-
area reflector, which employs a parallel-uire, mesh or solid-metal
refleetor, It is the gecond type which is used at t{cRO and whi-ch will be
described further. T'he simplest reflector-type antenna is the CoRllER

REFLECIOR, which consistg of two flat netal refleetors at right-angles with
a dilrcle mounted at the focug, Pi.g. 3 .

If the antenna is mounted with its long axis in the east-west
direetion, then as the Earth rotates a region of the sky wi-Il pass itr front
of the antenna. Since the antenna ig direetional, a radio source in thiE
region of sky will pass through the receivi-ng beam and be detected. If the
antenna is then adjusted vertically to scan a different region of sky, other
radio sources wi-ll be detected, lfhig techni-que is called DRtFIl-SCAtl
o;reration. ftre pattern of the receiving bean, called a polar diagram, i9
shown in Pig. 4. ftre sensitivity or gain of the antenna is maximum in the
forward direction, and fal).s away towards the sides, the lengths of the
arrows denoting the sensiti-vity. ltre bearrrwidth is the angle measured
between the points on the polar di-agram where the received power is half the
maximum value (caLled the 'half-gnwer points'). The bearnwidth is gi.ven by:

BW-
length in wavelengths

radianS = 5?'3 degrees
Iength

tiD
::J

=4t3- :

maxtmum gaTn

tl

0.71 (

l5-0.2sl

PiS. 3. Single-element corner reflector'
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maximLrm gain
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:: a corner reflector one wavelength long has a beamwidth of 57.3". The

-a-urridth (resolution) ean be lmproved by increasing the length of the
::fiector and the corresgronding nunber of drpoles. An antenna rFvavelengths
-:-.9 has a beanvidth of 51 .3 = I4.8o, Pigs. 5 and 6.

7
:EROVING TIIE RESOIJUTION

As gtated earJ.ier, radio telescopeg of conventiona.L desrgn cannot match
::::cal telescopeg in terns of resolution. lFhis is vhere the technique of
:WRF'EROI,IETRY provides a solutj.on; this nas first used by l,iiche.l.son for
::::.ca1 agtronomy, but i.s noy used extensi-vely for radj-o astronomy. A
:--n_rLe interferometer consists of trro sinilar antennae, oo an east-rrest
:a.elj-ne and separated by a minimum of 1O to 20 wavelengths, connected to
'"e s€rme receiver. The resultant polar diagram i.s called a fan-beam,
::-srsting of a number of narrow beams whose vj.dth depends on the distance
:rl:ueen the two antennae, Fj-q. 7. If trso single-elenent corner ref.lectors,
i"i;arated by 20 wavelengths, are used, the resolution is improved from 5?.3o
-: 57.3 =Z.Bo. fncreased separation gives lmproved resolution, but at the

20
ri:€nse of longer ca.bles and resultant loss of si,gnal .

; 5. Four-el-ement corner reflector.

Pig. 6. Four-element polar diagram.
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Eventually a separati,on j-s reached where J.t is rnore efficient to use
radio ]inks rather than cablesr this all-ows much greater separation, even to
the extent of using satellite li-nks b€tween continents. This rs called very
Long Baseline Interferom€try (VtBI ), and e:ctrenely hi.gh resolution is
possible by this method. Taro instruments, in the United States and the
Soviet Union, with a se;nration of ?4OO km and operating at a wavelength of
1.35 cn, achieved a resolution of o.Ooo4 arcseeonds.

tfhen a radio source pagses through the fan-bean of an interferometer, the
resultant signal depends ugron the relative gizes of the source and the
bearrhridth, If the source is larger than the beamridth, the si-gnal wi-ll
gradually rise to a maximum and then decline, Fig. 8. If the source is much
smaller than the beanwidth, the signaL will vary between a series of maxima
and minima determj-ned by the system noise level, Pig. 9t and if the source
is only a little less than the beamvidth, the signal will be as shown ln
Pig. lo,

R.EI,{OVING TTIE BACKGROT'!{D NOISE

Although the Drift Interferometer provides greatly irnproved resolutron,
it doeg nothing to reduce the background noise. If a radio source Ii-eE
cloge to another, Etronger source, the wanted si.gnal will be swarn;red by the
unwanted signal. A technigue developed by Ryte overcomes thi-s problem; it
iS EAllCd thc PTIASE SWITCHED TNTIERFEROI,IEEER.

Referring back to Fig. 7, it can be seen that as a source rises rn the
east, passes through the individual bearrs of the two antennae, and sets Ln

the west, the di.fference between the two signal-gnth lengths (source-to-
antenna) will vary, and will become zero when the source is overhead.
lherefore, the signals received by the tuo antennae will arrive at different
times, and wi"ll sometimes be in phase and someti-mes out of phase, If the
cables connecting the antennae to the recei-ver are of identicaL length, the
signals arri.ving at the reeeiver wi-ll have the sarne phase relationship as

z-6

Corner Reflector
.,/ (We st )

Fan Beam

Corner Refle
(Easr)

ctor

f€:

trrc -

-...E -

20 wavelengths

Receiver

ir_--

Fig. 7 . Typical drj-ft-scan interferometer .
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r-.en they arrived at the antennae. Houever, if one of the cables is made
::e half-wavelength l,onger than the other, the signals passing through that
:ab1e will arrive at the receiver one hal.f-cycle later tha.n before. '[his rs
:-.e prlnciple of PHASE-SIIfTCHING. A hal.f-wavelength of cable is alternately
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switched:-nto and out of circui-t. Referri-ng to Figs. 11 and 12, it can be
seen that wj-th the antennae i-n phase the maximum gai.n occurs at the centre
of the fan-beam, whrle with the antennae out of phase a rni-nimum occurg at
the centre of the bea.m.

lftre peri-odie i:nsertion of the half-wavelength of ca-ble is done by an
electronic switch, which also suitches the recei-ver at the sane frequenry.
lfherefore there is a perlodic sa-urpling of signal maximum and si.gnal minimum,
that is, (nolge + si.gnal) and (noise - signal). By subtracting the second
term from the firgt, the noise is eliminated, Using this method, it is

antennae are in phase
of the fan-beam.

V
I

_lr-
IIttV

\

Noise onl-v

Fig. ).2, With the ca.bles of unegual length ( a tralf-wavelength
added to one) the antennae are out of phase and a mrnimum occurs
at the centre of the bean.

t-.
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:.:ssible to record signals from sources whrch are considerably weaker than
:-.e background noise. lYpical srgnals received by a single antenna, a drift
-'terferometer and a phase-switched interferometer are compared ln Fi-g. L3.

:1€ M.G.R.O. AMTENNAE

fhe first antenna to be rnstalled was a TROUGII PARABOLA, al.so known ag
. lylrndrical Para-bola. fhis rs a variation of the Corner Reflector, with a
:-rved reflector instead of two plane ref,lectors, Flg. 14. Ttrrs antenna had
::evior.rsly been used for radio astronomy at a freguency of 2ZO V{Hz. After
:€:ng rnstalled, the reflector was revired for use at 5OO V{nz, and some
::el:-ninary trrals were carried out. Fhe antenna was subseguently moved to
1:ore suita-b1e location and it has not been reconnected yet.

fhe seeond antenna was constructed on-si-te; this was a multi-element
:-:ner reflestor for drift-scan use. fhe selected frequency was 149.9 MHz,
: -:s bej-ng a compromise between the electronic components available to build

Fig. 14. T'he ltcRo rFelement trough parabola.



54 TIth NACAA PROCEEDINGS

the receiver, the resolution obtainable, and the flux density 1 srgnal
strength) of the sources to be studred. Eventually it was decided to divrde
the antenna i-nto two halves to form an interferometer.

'Irhe third antenna nas constructed away from the site. lfhis was the
fani.liar parabolrc-dish type, with a refl,ector dia-meter of 6 metres, and nas
intended to be used for satellite work. 'fhe reflector was transported to
the site in four sections, where it was welded together and installed. T'he
dish was designed to be fully-steerable and to operate at frequencies up to
5OO MHz. Due to damage eaused by vandalism and during a storm, some repair
work remains to be done on it, and it has not been put i-nto operation to
date.

TT{E TTI'ERTEROT.{ETER

lhe interferometer consists of two four-element corner reflectors
located on an east-west baseline and separated by 12o metres, which 1-s

approxi-mately 51 rravelengths at 149.9 DCtz, The elements used are Folded
Dipoles. llhe gain of a one-element antenna of this type is about Lz
decibelg (dB), and this i.s i-ncreased by 3 dB for each additional dipole,
giving a gain of 21 dB. The eonbination of the two antenna.e r"ncreases thrs
to 24 dB, In order to calculate the minimum signal that can be detected,
the directivity and the effective ap€rture of the antenna array must be
calculated ( see Appendix ) . Ttre calculati-ons gi-ve the minimum receiver
sensitivity required (Pa) as 4 x lO-17 watts.
RECEI1IER DESIGT

The minimum detectable antenna Poyer rs gi.ven by

(O.lIASmxVar)2 xlOIa

where ASm

No2 x Za

is smallest detecta.ble change in reading on the recorder,
caleulated to be 5() mV.
is receiver sensitivity tn pv (o"1 gV).
is norma-I, output noise level (O.75 V).
is antenna impedance (5O ohms).

NO!E: ASm can be rmproved by up to 5 tim€s as follows:

ASm
ASD'

\fixN

adjusted mi.ni-mum detectable change rn reading.
minj-mum detectable change read directly.
the tim€ constant i-n seconds.
the number of records averaged together.
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Thus the increage in sensrtivity is equal to the integrati-on ti-re of the
system.

llhe equatron for Par gives the mj-nirnun detectab]-e antenna poner
as I x LO-22 watts; the ealculati-ons for Pa (see Appendr-x) gLve the mlnrmur
reeeiver sensitj-vity required to detect a source of IOO flux unrts ( 1oO

Jansky)- as 4 x 10- l? watts. Therefore:

to observe source of lOO J, recei-ver must detect 4 x 10- r 7w

]-OJ 4xlo-r8w
O.lJ 4x1o-2oH }.-.
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So, operating as a sj-mple Drift Interferometer, it should be posslble to
jetect sources as rrea* as O.Ol Jansky. An average sj.gnal could be betyeen O

and 5, and very strong sources can reach as high at 106 - Table 1. It
shoufd b€ pointed out, however, that these calculations refer to a
:elatively simple interferometer, and they should be used on]-y as a guade.

IESCRIPTTON OF RECETVTNG EQUTPHEMT

The phase-suitching receiver o;rerates at a centre frequency of
-49,9 lrlHz. It is a double-superhet reeeiver, with a first antemedrate
i.eplifier (IF) of 1o.7 v''lz and bandwidth of 5OO l(Itz, and a second IF of
+1o nz and bandwidth of 25 Hz. lfhe total receiver gaj.n plus antenna garn rs
-50 dB. 1[he phase-$ritching frequency is 4?O Hz. The receiver time-
:cnsttant is variable between I and l-OO seeonds. A battery supply provrdes
several dc voltages and a 15O volt ae supply via an i-nverter. The recordrng
:rgtrument is a pen recorder with a dc-operated motor, and a gma1l computer
:.s avai.Iable to operate the svitehing and reeording of data.

llhe j.nstrument hut was originally used by a geophysical exploration
:cmpany, and when purehased wag fitted uith eguilment racks, a battery
:cupartment and interconneeted uiring. 'ftre eguiFnent raek contains 12 plug-
:r modules, with pre-wired sockets and a flexi}Ie interconnection systen,
7:9, L5, The two corner refleetor antennae are fitted with wideband RF
*plrfiers, which have a reeeiving range of 40 to 860 l.{ttz and a gain of
:- dB. The RF section of th€ nain receiver ie houeed in a steel ca-binet
r:dvay betueen the antennae, together with the ca.ble terminations and the
r:.tenna phase-suitching deviee,

: SNCIJUSION

Uount Gungin Radio observatory has always been regarded as an on-golng
::cject, wi-th continuous develo;ment tali_ng place. At the time that the
r r'-ronautieal- Society beea^ne involved, it nas decided that the !4GRO

>
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diagram of the ltount GunginPig. 15. Schematic Radro Observatory.
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faciLities would be made available to any persons who had a genuine interest
in carrying out ej:-ther radio astrononry or satellite receptr.on. The s1te,
being weII away from habitation, is also ideally situated for carrying out
optical astronorry. It is disappointing that, after nany attempts to put the
observatory into operation, it is still not funetioning. As this paper rs
being prepared, vandals have struek once again, causing some damage to the
equipment in the steel cabinet; this occurred at a time when the receiver
and the recorder were a.but to be installed and tested. It is hoped that by
the time of the Convention, ilGRO will definitely be on the air. It is also
hoped that MGRO wil-l stimulate an lnterest rn radio astronorry in llestern
Australia, Optical astronory 1s a very popular aetivity in this State. but
it appears that its radio counterpart is vi,rtually unknown'

Trhe Australia Tele€rcope, which is a radio astronorry Prolect, is planned
to become operational in the Bicentennial year, 1988. Although there are no
plans at present to do so, it has been suggested that, i-n addition to
incorporating radio telesco;res at Alice Springs and in Tasmania, the AT

could be expanded even further to include an insta.Ilation in western
Australi.a. Thi"s is unllkely to come about in the present situatr.on, where
there is no professional interest in radio astronorry here. Perhaps, as has
occurred many times before in several sci-entifrc disciplines, rt will be the
amateurs who will lead the way.

APPENDIX

Calculation of lllnimum Detectable Signal

In order to calcuLate the minimum signal that can be detected, we must
first find the Directivity and the Effective Aperture of the antenna array.

Ifr.rll
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ffirFEe
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lfherefore, A€ = 125,g9 x 22 = 40 metres2 per antenna
4"

l,ti-nimum receiver sensitivity required is gi-ven by:

?.1? antlros f 
cPl x 1o3

Pa = ltol x
FUxAexBx10-26

g2

where Gp is total. antenna galn 12zf dBg.
B is system bandwidth in Hz (5oO x IO3 ).
fU is strength of weakest sollrce ( 1oo J ).
F i-s antenna centre frequency j.n l{llz ( 15o )

lgherefore p = ?.17 antiLog (2.4) x 5OO x l-9- rg
1502

a) Directivj-ty, D = antil*{fl where cp is the power gain.

Therefore, D = antilogl2ll = 125.89 (no unlts)
l*l

Effective Aperture, Ae = where I is the design centre-
wavelength of the antenna

=4xlO-17watts.
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IJI-AIYSIS oF CRATER TII.{ING VARIATIONS
Syron W. Soulsby,
:anberra Astronomical society

ABSTRACT
A poster paper presented at the loth NACAA i-n Brisbane in 1982
descriSed an inprovenent to the n€thod of analysis for the Lunar
Ecllpse Progranu\e, lfhis neu technigue has nou been fully
developed and i.s known as Single clater Tlmlngs. It has been
used to further analyse tinings made for five craters reported
by twenty observerg and to con[Ere these wi.th all other timings
submitted to deterrrine any Pattern in their variations. Indeed
sone have shown consistenqf over the several eclipses exarnined
and the technique strowg pronise.

:}ITRODUCTION

since the tine Link (1962) publi-shed Kogi}'s theory of analysis for
.stimating the umbra enlargement from tinings made of the imtersion and
eergion of lunar craters from the ghadow of Earth during a lunar eclipse as
--lustrated i-n Pig. l, nany astronolners have provlded such observati.ons for
:eCuction.

Jiri Bouska ( l95o-J-97O ) was one of the first astronorers to undertake
s;ch work and has published hi.s estinates of unbra enlargement for ten lunar
e€lipses observed by hi.n and fellow agtronomers in Czeehoslovalcia from 1943
L:gust 15 to 1968 April 13.

Various analysts (A"shbrook, 195?-l98oi watts, 1961-1962r Ueeus, 1979;
Srnnott, 1982-1983) have continued this study of observations by publication
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Fig. 2 . Single crater timi-ngs.

in SkU and TeLescope from the event on 1956 November 18 to the present and
resul,ts for eighteen eclrpses have been reported so far.

In L9'?2 the Canberra Astronomical Society Progra-mne eormeneed and
studies have continued in para.l-lel wi.th other programmes with eleven
eclipses analysed to l98zl. The CAS Progranme is unique i-n that from the
outset four contaqt timings for each crater observed have been attem;rted and
reported ( Soulsby, 1978-1983 ) nhen conditions nere satisfactory.

This approach has allowed the analysis ertension described here and
known as Sj-ngle Crater Timings (SCT) to be applied.

CONCEPT

Fagure 2 rllustrates the concept of SCT and is taken from the poster
paper presented at the fenth NACAA an Brisbane. It can be seen from Fig. 2

that umbra contact with the ].eading edge of the crater observed at El when
the iloon is at lll , knorrn as Pirst Contast and at EZ when the ltoon is at n2
at second contact, gives circuBstances for expressing a val-ue dR as the true
change in distance of the crater centre from the umbra centre on the
fundamental plane due to the size of the crater.

once dR has been detennr-ned, it rs deducted from the crater-umbra
radius for first and fourth contacts and added for second and thrrd
contacts, from which the value of umbra enlargement (tE) for each reported
single crater timi-ng is found. David lterald has developed the necessar!
formulae for this analysis and these can be provided if required.

Applicatj-on of this approach as an extension to the normal crater
ti-mi-ng reduetion (cTR) techni-gue provides values of tE for any single crater
contact not possi-bl-e with the L5-nk method used by Sky and TeLescope, Jl-rl
Bouska and others.

,z'
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CI{OD

t{hen four contact trmrngs for any observed crater are reported a
:elattonshj-p between each can b€ drawn up as shown in pig. 3. Here values
-: tE for each timing (and the average) can be plotted on linear axes
i:a:-nst trme to show observer vari-ation.

In some cases (Observer 4 in Pig. 3) the reported mj-d-crater tinrng can
:e"rate from the calculated mid-timi-ng particularly noticeable here for lc
:,-3 2C for the total ecliPse of 19?9 Sepenber 6 for the crater IYcho. This
---ustrates the dj-fficulty of observer esti-mates of the crater eentre but
::"ES show consistent esti.mates of the crater edge or rlm rrhieh is vrsi.bl-e
::: all craters. llhis highlrghts the difficulty of estimating the centre of
:eatures many of which are wi-thout central peals.

The compartson of observer's crater tr.mings is consldered further later
-- this Paper to examine any patterns of consistensy between observers.

: : scussroN

In Ftg, 3 where an observer's timi.ngs produce a near horizontaf irne
:€:Yeen contacts it j-s considered that a reasona.bly eonsrstent estj-mate of
:-e umbra edge has been made for each crater rim, even if the tE value rs
':: courmon with that of other observers. observers 3, ? and g for lc,z2c and
::'rervers LZ and 15 for 3C/4C show this for Tycho the crater resu.l-ts
- --ustrated.

Each observer's results have been averaged and tht-s value j-s shown as a
::.shed lrne j-n F1g. 3. When each observer's timlngs are compared wr-th thr,s
.;€raqte then an estrmate can be made of the \rart-ation between observers,
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na.de of all crater timings reported for severaL lunar
ecli:pses observed in the Southern Hemisphere or cAs

d fsr
&!*:-ar

t

T'.

Pive craters have been seLected and variations from the rrean of all
tinings for each feature for each event lrave been deternined for twenty
observerg. llhe detailed exanination uas nade using a simple linear
regression fit conputer programe to deduce a mathenatical expression for
the straight line relationghip betueen tE and ObEerving Tine on the basi-s of
that found in Pig. 3. lftre observer's timing degnrtures were determined as
the difference betreen the projected regregsion mean and that observed for
each crater contast timi.ng. In all, son€ 58? si-ngle crater timings were
reduced with alrout half thig value again for corresponding nean tE values.

In Fi-g. 4 these departures from the rean values are shoun for several
consistent obgervers for each of the four contacts where reported and for
the five craters considered. Pig. 4 illustrates the variation of this data
over the full range of eclipses observed, but these results are not
considered a good sanple due to the gaps i,n the available data.

To appreciate the results presented i-n Pi.g. 4 it nust be rerrenbered
that each observer's contact timing is based on his or her estimate of the
most dense part of the unbra at contact wi.th the crater edge. Hence, the
deviation shown from the overa]-l mean tine for eaeh of the four contactg
illuetrated representg each observer's best estimate of this urnbra edge.

For emersion crater tinings wtrere the crater reappears from the umbra
additional difficulty i-s experienced (compare stel.J.ar occultation
disappearances with the mre difficult reappearance tinings ) and hence third
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i*3 fourth crater contact trmings cannot be expected to be of the sane
i::uracy as those for frrst and second contacts due to reaction time and
::ier physlologrcal" factors.

observer number 4 Is shown for comparison, not as one of the consistent
:-3ervers, but to indj-cate the spread;nssi-ble when varj,ations are srhown for
i. -onger period of time and for a greater nunber of events.

From the examination ttade it has been determined that wide fluctuations
:.::ur for most of the twenty observers studj-ed; however, for the several
t-ovn in Fig. 4 lrho exhiSi"t disti-nct trends, either early or late, when
::apared with the average of all observations, a consistency in therr
Ps--rmate of the urrbra edge is evident. Hovever, it nrust be remenbered that
:-€ average used ag a datum does change from event to event and fron crater
i: crater and i-ndeed for LC/2C to 3C/+C and ag such provides a nalor
,arla.bLe in all comparisone.

::+ICIJUSIONS

ComParison of each of the tvtenty observers' estiJate of the positron of
: -e umbra edge on contact wrth five selected craters for si-x of the }unar
*:-1pses observed in the Southern Hemrsphere Programne does not provide any
:::-t j-nct trend exce;rt for the three congistent observerg tllustrated in
'-;. 4 when usrng the method of comparj-son to a mean contact ti_me.

Eowever, it is intended to esta-blrsh a-bsolute contact times for several
::f'-ers by photoelectric meang in future eclipses in 1985 and this wr1l
r:a-bilize the change in the datum used for obgerver variation eomparisons
r--ih a view of providing lmproved uurbra size and shape estimates and
:::rections or adjustments to the observational data held.

r' :S{ Oi{TJE DGEt{Et'lT S

fhe many observers who have talten part in thrs prografine have provrded
Da Lrith invalua.ble information and I owe all rry debt of gratitude. lhere
L:e too many to list individually but succesg in this progranme has been
nms', dependent on their continued interest.

I have also received sup;rcrt from David Herald, Roger Sinnot, Jean
e€'is and Geoffrey ilmery ( 1983 ) of the Britirsh Astronomj-cal Assoeiation and
-: '-hese fellow astronomers f am most grateful.

Prna)-ly, it would be remiss of me i.f I di-d not record my gratitude to
Tr"., wife, Catht-e, for her love and patrence during trry many hours of happy
: :mputinq.
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:*= PRINCIPLE OF ABSOLTIIENESS IN
"-:.^,n P. Callow,
r:--ronomi-cal Society of Western

ASTRONOI.{Y AND COSUOIOGY

Australia

THE PRINCfPIJE OF ABSOLTIIEMESS IN ASTRONoUY AND COSttoLOGY
J. Cal-low

ABSTRACT
Tttere is now firm unrefuted evi,dence that Earth has a vel-ocity
in the order of 3OO km s-l relative to a unaversal preferred
frame of refererrce. To congrder thrs phenomenon as absolute
motion of Earth, €le has been done by some physi-crsts, is ln
direct oppositj.on to Einstern's Special Theory of Relativity. A
return to Newton's conceptg of a.bsolute rest, space and tLme
resolveg this problen. but the Principle of Relativity has to be
repLaced by the PrinciPl.e of Absoluteness. 'Ttre Laws of Physics
have their simPlest form i.n the unj.que frame of reference at
a.bsolute rest'. Such a ehange in the fundamental concepts of
modern physics leads to guite a different picture of the
univeree to that seen by reLativitiste. Some of the afternative
interpretations of physical phenomena j-n astronomlz and cosmologry
are discussed and shorrn to give a consistent and understandab.te
al.ternative to the generally aceepted model of the univerge.

..I:R.CDUCTION

'Ihe history of astronomy and cosmolog'y tras not been a continuous
u;eioSrment in man's understanding of the nature of the physical universe.
:: can be divided into periods by the theories believed at the ti-me to
:ss:ri-be reality. 1rhe long period dominated by the Ptolemaic theory ended
*-::. the aceeptance of the Copernican theory. Tl-Ie Neurtonian theory, with
-:! concepts of absolute sPace and time, guided the thinking of astronomers
r.': cosmologists during the erghteenth and nineteenth centuries. The early
i*:-:s of the twentieth century saw the switeh to Einstein's theory of
-*-a:rvity with the rejection of the classical concepts of, an aether and a
-..--lue frame of reference at alsolute rest. fn recent years physicists have
-*;ealed physrcal phenomena that are inconsistent uith relativr.ty ttreory.
" :uture years j.t is likely that this will be seen as the beginning of, the

--: cf the Ei-nstein era. We are now at the dawning of a new age.

Ttrose who doubt this should ponder the followi-ng. Einstein has said of
--. special theory of relati-vity (Einstein, f946) 'Accordj-ng to thi-s theory

'"e:e 1s no such thing as a "specially favoured" ( unique ) coordrnate system
': cccasion the introduction of the aether-rdea and hence there can be no
*---er-drift, nor any ex;reriment with whrch to demonstrate rt' . In hrs
:-;lna1 relatj-vity paper Einstein also clarmed that the results of

-:;e=iments "suggest that the phenonrena of electrodynamies as wel-l as of
ni:-anics possess no properties corresponding to the rdea of absolute rest",
;:b€'rer, R,A. Muller (1978) has sai-d "Absolute motion of the earth through
:;-:e has been determined by measuring slight drfferences in the temperature
'- --he three-degree cosmic background radiation reaching the earth f,rom

'a:-cus dj-rectrons,,. T'he new aether-drift experiment shows that the ea-rth's
i-- motion is space is a-bout 4oO kilometers per second". Professor Paul
i;:es ( 1982 ) said 'modern theories of "the vacuum" reveal that even empty
:.a:e is seething with activi-ty... Ittost peopl,e think of empty space as lust

vacuous, devoid of any physical content. Physicists, however, know
:ry:--er' . He closes his article by saying "Janes Cl€rk Ma:<we}l and his

: --eagues would surely have been gratrfied to learn that in its modern
:-.r'.r-um form the aether has materialised at 1ast".

l_{

rt l.
I
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f n conjunction wi-th this they shoul-d also ponder Si-r Henry Dale's
(1954) statement on sclence, "And science, we should insist, better than any
other discipline, can hold up to its students and followers an ideal of
patient devotion to the search for objective truth, wi-th visi-on unclouded by
;rersonal or political motive, not tolerating any lapse from precision or
neglect of any anomafy, fearrng onl-y prejudice and preconception, accel*ing
nature's answers hunrbly and with courage, and giv1ng them to the world with
an unflinching fidelity, T'he world cannot afford to lose such a
contri-bution to the moral frannework of its crvi.Iisation".

Is there no anomaly here? Are not nature's answers clear? There is an
aether and a unique franre of reference at absolute rest. Astrorromers and
cosmologists are failing as sci.entists if they adhere dogrmatically to
sPecial relativity theory, i-gnoring nature's ansrrers. While Einstein was
alive there was no clear exprimental confirmation of the existence of a
unigue frame of reference or an aether. Yet Bernard Cohen (19?9), after
intervi-ewing Eingtein late in his life tel}s us, "Looking back over all of
Nerrton's ideas, Einstein said, he thought that Nervton's greatest achievement
nas hi-s recogniti-on of the role of privileged systems. tle repeated this
statement several times and with great emphasis. fhis is rather puzzling, I
thought to myself, because today we believe there are no privileged systems,
only inertial systemsr'. Could it be that Einstej-n, great sclentist that he
was, realized, without the evidence available to scientists today, that his
own theory was not a true descriSrtion of nature? frith all Nevton's great
achievements how could Einstein possibly believe that his greatest
achievement rtas his recognition of the role of privileged systems if
Einstein himself still believed that not one such system existed.

The fact that there is now unrefuted experimental evidence for the
exi-stence of a unique franne of reference and an aether does not mean that
Ei.nstein should no longer be regarded as the greatest scientist of the
twentieth century. we can still say of Einstein much the sane as he said of
Ner*ton "you found the only way which, iD your age, iras just about possrble
for a man of highest thought and creative power".
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(he main purpose of thj-s paper is to
consistent with all the phenomena, that can
relativity and more truly guide the thi-nking
in the age ahead.

ABSOLTITTE I{OTTON

put forward a new principle,
replace Einstein's principle of
of astronomers and cosmologasts

A superfrcial abservation of the motion of the Sun and stars convinced
men for generations that the Sun goes around Earth. Thrs led most great
thinkers before the seventeenth century to accept the Ptolemaic theory as a
true description of nature. In a similar way rn our time a superfi,cral
examination of the phenomena has convinced scientrsts that it is only
relative motion that needs to be considered in krnetic energy calculations
and collisions. Just as after a more careful and unbiased examination of
the facts, people now readily accept as qul-te obvrously true the Copernic
idea that Earth and the other planets orbrt the Sun, so thinking people.
after a more careful and unbi-ased examination of all the known physrcal
facts should realize it 1s equally obvious that absolute motion is important
in mechanics and electromagnetic phenomena. It then follows that t
principle of relati-vi-ty must be false and should be discarded.

The one phenomenon, above a3-I otherg, that nakes the importance of
absolute motion clear i-s the fast that ki-netic energy has j-nertial mass.
The relationshi-p betneen mass and energy has been clained as the most
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-roortant outcome of relatj-vity theory. lltre equati-on E = Ec2 will forever
:€ assocj-ated with Einstei.n. Ttre fact that radiation energy has momenttrn
r?5 a recognised lnrt of electromagnetic theory before the turn of the
:?:ltury. once it is accepted as true, that it is j_nlrcssible to have
D:.D€nturn without nass. that ener(ry has mass goes back at .Least to IrtaxyeLl.
:-e way of putting E = nc2 into vords and figures is; one joule of energty
'as a mass of 1.11265 x lo-r7 kilograms. It is just this that is one of the
E.st inportant Physical discoveries of a.l.l tine. This is a fundanental
:r.1stant of nature. It is this that is nissing from classical nechanics.
*en the speed of light i.g fi.xed by definition at 299792458 metres per
ie:cnd rvhat is really being done is to fi-x this i.nportant funda.menta-L
;:istant. the relationship betreen nass and energry, &t 1.112650056 x tO-r7
r:-ogra.ns per joule. Ttris is so beeause c = (E/mll12 = (L/L.11255o055 x
-; - r7 1L72 = 29979245e metres per second. Although both equati-ons are
r"i:hemati.cally correct to rnaintain that E = me2 i-s just as fundanental and
::-e as c = (Eln7t72 is similar to arguing that ttre statement, the Sun goes
a::und Earth once each day is just as true and fundarental as the statement
--at Earth turns on its polar axis once each day.

Understanding the relation between mass and energiy and lts consequences
-s a prereguisite to undergtanding the nature of the physical universe.
i:-.stein gave a central. position in his theory to the speed of light as a
:-rdanental constant and gave it the erctraordinary property of having the
i>-re speed relati-ve to all observers. Yet Peter Kapi-tsa (1964) tel}s us
i::-stein saj-d to him, "f don't believe that God created the Universe without
:-e speed of light being dependent on something". It should be reali-sed by
.-- scientists that the sp,eed of li.ght depends on just how much mass energy
-is. Nineteenth century physicists believed that the properties of the
*e--her determined the speed of light. The aether that physi-clsts trave now
:::nd does exist does not have properties that deternine the speed of light.
"- Appendlx f, the application of Nertton's lanrs of motion and mechanicg show
r-:te definitely that i-f kinetic enerqlr has an inertial mass of I.rtr265oo56
I j-O-11 kg J-l then the greatest speed that can be given to mass is exactly
-:i192458 m s-I.

Photons are also subject to these same laws and are lrmrted to thl-s
i.ar!€ speed because therr enerqry also has thi-s sane mass. fhrs umrting
::€€d must be the same throughout the universe because it does not matter
-::,r. where particles or radiation come, or the motron of therr source, they
t:--I have the same limiting speed as radiation and particl-es from sources
- aarth. Thus, throughout the universe there must be one unique frame of

'i.:erence at absolute rest in which mass at rest does not have any kl-netrc
.-e:9y. If , in thi-s unique frame of reference, a rnass of one kilograrn rs
i::elerated from rest to a speed of 1.414 metre per second so that it has a
r--e:ic energy of exactly one joule then at has a total mass of

- i.11265oo56 x 1O-1? kg. If this rras not so the speed of J.:-ght from al,l
!:-:ces in the unlverse would no always be exactfy the same. Although thrs
;-;es a new meaning to Newton's concept of absolute rest, rt conflrcts wrth
':: cnly Einstein's extension of the principle of relatrvrty to the whole of
::'-r!ics, but al-so with Nevton's pranciple of relatrvrty i.n mechanics. The
.:;s of mechanics are not the safie in aff rnertral frames of reference. The
-:-:rLon for the total mags of a body and its k:-netlc energry.

m = mo( I - y27c2 )- I/2 ,
:,*::ved in Appendix L, only holds in the unrgue frame of reference at
csclute rest, A new principle in physircs ]-s requrred to express thj's fact
.-: to replace the principle of relati-vity rrhi-ch is false and does not apply
*i:r in mechanics.
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THE PRTNCIPI,E OF ABSOI,UT'EIIESS TN PHYSICS

T'he principle of absoluteness can b€ atated as, ?'-he Lolls of physica
nave their simplest form in t'he unique franne of reference at dbsoLute res?.
Anyone who has doubts about the truth of thi-s principle should treat r-t as a
postulate, just as Einstein did with his principle of relativity. They wi}l
then fi.nd that this new principle not only fits in wi-th Newton's theory, but
it unifies and e:ctends it so that it can completely replace Einstei-n's
specral theory of relativity. trhe main consequences of this principle of
interest to us now are as follows, 'Irhe law of the absolute speed of light.
T'he speed of light is c in all directions only in the unigue frame of
reference at absolute rest, In any other frame of reference having a
veloeity v relative to a-bsolute rest the speed vari-es with direction fron
c - v to c + v. Appendix II shows the way thi.s law leads to a quite
dlfferent understanding of the null result of the l,iichelson*Morley
experiment and also the Kennedy-fhorndile experiment, that is ful}y
consistent with Nevton's concept of alrsolute time.

The nost important consequences for uechanies can be stated as follows.
In the unigue franre of reference at absolute rest all energv has an inertiaf
mass of 1.112650056 x lo-r kilograms per joule. Abody of intrinsic mass no'
yhen at rest in thig frame of reference al.vays hag an increaged nasg vhen in
motion, due to the mass of its a.bsolute kinetic energy. lfhe total mass n is
given by the equation, m - mo(t - v2/c2 l-L/2 where v i-s the a.bsolute
velocity of the body. It follows that any body at rest j-n an i,nertial frane
of reference having an absolute velocity v has a total masg

m = m(1- j2/g2,t-L/z.
When the body is in motion relative to this inertial frame of reference, its
total mags may increase or decrease, depending only on whether its absolute
speed is increased or decreased.

ABSOLUTENESS IN ASTRONOIfY AIID COSIiOIPGY

The observed behaviour of radiation from double stars and binary
pulsars has been claimed to conf irm the truth of Ei.nstein's relativlty
theories. However, not only is the observed behaviour consistent with this
unified Ner*tonian theory, it is also easier to understand. Because the
radiation, according to this theory, has a speed c only relative to the
frane of reference at absolute rest, it does not have to have the
extraordinary proSrerty, required by Einstein's theory, of having a speed of
exaetly 29979245A m s-r relative to an observer on Earth, throughout t
rrhole year. tle know that the speed of the observer, relative to the rest o

the galaxlr changes by approxidmately 6OOOO m s- I sinusoidally throughout t
year because of i-ts orbit around the Sun. When we consider the fact that
the }ight is on its journey through space for perhaps thousands of
without changi-ng its speed it seems fantasti-e that the photons always arri
at Earth with a relative speed of exactly c as is required by Einstein'
theory. Before the advent of radar one of the most accurate ways
determining the speed of Earth in its orbit around the sun was to meas
the Doppler change throughout the year of the l-ight from a star 1-ying in t
plane of Earth's orbit . f n aceordance rrith the pri-nciple of a-bsoluteness
can now understand this simply ag a change in the speed of light relative t
Earth due solely to the change in the absolute s;reed of Ea.rth. Again, th
is very simple compared to relativity theory which requires not only t
freguency but also the wavelength to change in such a vray that
multiplied together they give the speed c. In this new theory light
only tras an absolute speed but also an absolute frequency and an absol
wavelength. Once the a.bsolute velocity of Earth has been accurate
determined the absolute frequency of starlight could be found.
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Consider a high energJy cosmic ray particle. It nay have been qenerated
nrllions of years ago rn some distant gala:ry. Accordl-ng to relativity
:heory it does not have a precise energy unless an observer somewhere
:bserves it. fndeed some stupporters of relativj-ty theory maintain that it
:ces not have any real existence until it is obserwed. In contrast,
rccording to the principle of absoluteness it has a precise energiy at every
::rstant of its life, whether i-t is observed or not. fts enerqry may be
:^.anged by the aeti-on of gravitational fi.e].ds or the i-nterstellar medium,
-i+- at each instant rt has one unique value. If it is adsorbed on inpact
.-th some body it is this absolute energy and mass that is involved, but, of
:curse, the a.bsolute velocity of the body with which it collides also has to
:e talen into account i-n considering the result of sueh a collision. In the
::Ilisron of bodies on Earth the absolute velocity is so small that the
€:fect of the mass of the absolute kintj-c energly can usually be neglected
::rd is undetecta.ble. Eowever, at absolute velociti-es approaching that of
-:.ght, the mass of the kinetic energy nay be many tirnes greater than the
-rtringic rest masst and must be taken into account. In collisi.ons i-nvolving
:.indamental parti-cles accelerated to high energies, the mass of their
usolute kineti-c energy must always be tdcen into account. It is the
-solute speed of the particles, not their relative velocity, that is
-nportant.

It is generally agreed that rn physrcs the conservation laws are of
::ndamental inportance. Although relatrvj-ty theory embraces the
::nservati-on laws, the conservation only holds in a particular inertial-
::ane of reference. Trhe total mass of a body j-s not an invariant, it
lepends on who observes 1t. In this absolute theory, the conservation is
usolute. The absolute sPeed, the total mass and the absolute kinetic
:-.ergry are invariant, the sane for all inertial observers. .the total mass
:j the unr-verse is an absolute invariant quantity, made up of the mass of
!,e.:ter and the mass of enerqry. In relativity theory, the totat mass of the
--:-verse does not have a definite value, it ctranges with the speed of an
::server relati-ve to it. l[\'o observers, moving relat]-ve to each other,
.:,ild calculate a different total mass and, accordi-ng to the theory, one r.s--st as correct as the other.

This absolute theory sheds new light on the phenomena that have led to
:-e acceptance of the Expansion of the Uni-verse and the Br-g Bang theory as
--e standard cosrnological model. Because in thi-g absolute theory there j-s a
::ame of reference at absolute rest, iul expandrng universe must have a
:::ltre, a place at rest. Any ottrer place in the universe would have an
'-soLute veloci-ty away from thi.s centre wr-th the velocity increasing with
:-stance from the centre. Because the distant parts of the universe are
:e-reved to be receding from Earth with speeds approaching that of light and
i.:.:th has been measured to have an absolute speed 1n the order of one
:-ousandth that of }ight, Earth and the calaxy must be near the centre of
:'e universe, While this is possrble, it should be regarded as an unliJ<ely
:::ncidence unless there is other clear suppotrng evidence. fhe now proven
1.r-stence of a materi-al aether ealls for reconsrderation of r-nterpreting the
::served red shrfts in the spectra of drstant cosmological objects as a true
-.::,oler shift caused by speed of recessron of the source. It is very
'-rrkely that an aether pervading all space would have no effect whatever on
.-iht passang through rt for bi-lJ-ions of years. While the old classical
t€rn€r was assumed to have properties that determined the speed of light. it
: nohr clear that the aether shown to exist does not have to have this

::?perty. flYhe speed of light, the linlting speed for al] matter and energry,
-: Cetermlned sofely by the fact that energy has 3ust so much i-nertral mass.
i:,rses1, the results of experiments are consistent with a photon being a
:a-icle and this parti-c1e berng accompanied by, and to some e:ctent gurded
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by, el-eetromagnetic waves. These electromagnetrc waves could be waves in
the aether. ff these rraves accompanyi:ng a photon lrere to dt-ssipate energy
from the photon to the aether at a rate tttat caused a gi-ven photon to lose
half its energy after traveffing through the aether for twelve bilfion
years, this would account for the sa.ure red-shj.ft that rs nor-GIEilGfE-IE
Hubble's constant having a value of 55 krn s-l Dtpc-r. 'Ihj-s rate of energy
loss from a photon is go low that it i.s unli-}<ely that it could ever be
neasured in a laboratory on Earth.

1[tre observed 2.7oK black body background radiation is asserted to be
confirmatj-on of the Big Bang theory, but if there is an aether, and it can
a.bsorb energDr fron photons, then it should have an energry content that could
be revealed as a temperature. 1lhe observed microvave background radiation
could be black body radi.ation from the aether. Although the aether woul-d be
losing energy by this radiation, its temperature could be maintained by
energfy absorbed from starlight and other forms of radiation.

Trhe aether, to have the observed properties, must be made up of real.
particles, not just energ,y. It is unnecessary to postulate a new particle
to fulfil this purpose. Electron-positron pairs having a binding energy of
approxi-mately I.o2 Mev have all the properties requi-red, A seething sea of
such particles, each with a fluctuating but average energry could b€ the
source of the observed 'zero-poj-nt motion' . If a suffj-ciently strong
electrj-e field was applied to such an aether electron posj"tron pairs should
be created. T'his is just what has been reported (Greiner and Hamilton,
]98o). ft is also consisttent with P.A.l{. Dirac's prediction over 50 years
ago that if an electron was plucked out of the 'vacuum' a positron would
appear 5-n its place. Moreover, although the strengths of the electric and
magnetic f5-el-ds of these minute dipoles could average to zero, on account of
random orientati-ons, they could be aligned to form electric and magnetrc
fields. In other words they could be the carri-ers of the electromagnetic
field, Ttris role has long been assigned ta vtrtual photons, lfhese vi-rtual
photons, these electron-posrtron pairs could have a vari-alrle energy
depending on the extent to which the electron and Srcsitron merge together or
are partrally pulled apart by forces. Real photons would then be vi-rtual
photons that have been given a comparatively high ki-netic energry. A11 real
photons are known to have the sanne 'spin'. Both tbe el-ectron and the
posi-tron are known to have a 'spin' of exaqtly half that of a photon. fhe
spin of a photon which is one of its most fundanrental propertles, rs
therefore consistent wlth i-t being made up of an eleetron and a positron.
'fhe measured mass of an electron and a Positron is known to reside in the
el-ectro-magnetic field surroundlng the parti-cle. 9lhen an electron and a

posi-tron come together the ener€ry and mass :-n the electromagnetic frelds are
released but it is posible that the etectron and the positron retain their
identity and spi-n i.n the photon and that thrs could well have a very smal1
but finite rest mass. 'I'his is consistent with observations ( Goldha.ber ano
Nieto, 1976 ). fhus when an electron jumps into a }ower energy orbit in an
atom it as not necessary for a photon to be created, to carry away the
enerEry, r-t is just transferred to one of the exrstang photons an the
eleetromagnetic field or aether,

Experiments have shown that collisions between sufficrently high energ-a'
photons or electrons and positrons can produce all the known particles.
This showg that it j-s possible that the whole unr-verse consists of just
electrong and positrons plus energy in different rodes and cornbinations.
t{he process of the formation of the universe could then start w:-th the
existence of a vast aether of photons or electron-positron pairs plus
energy. .I,he observed unlverse could ttren euolue by the concentration ol
ener!ry in some photons producing protons, electrong, neutrons and other
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particles. fhe clumping together of these partrcles could lead to the
formation of stars and in them all the elements. This basic sketch of the
formation of the universe is a logical outcome of replacing the principle of
relativity in physics by the principle of a.bsoluteness. trhe beginning ls
almogt the complete opposite of the now standard cosmological model of the
Big Bang.

The ideas expressed in this paper are put foryard for consideration by
those interested in astrononry and cosnology in all seriougnegg and in the
spirit of the search for objeetlve truth. Dogrmatic adherence to outmoded
theories and concepts, however beautiful and satisfying, i9 not the vray to
rnale progregs in understanding the true nature of the universe.

REPERENCES

cohen, L Bernard, 19?9, Einstein and Newton. In Einstein, A centenarT
Volune. HeineEann, p.42.

Dale, H,, 1954. An Autumn Plovering. Perganon Press, p.81.

Davies, P., 1982. Souething for Nothlng. i\leo Sclentt..st , 2?th Hay 1982,

Goldhaber, A. C . and Nieto, M. M. , 1976 . Ii{ass of the Photon . SctentLf I,c
AmerLcan, t{ay 1976 .

3reiner, w. and Hanilton, 't., 1980. fs the vacuum Really En['ty, Arnerican
Sctenttst, voI. 68, t{arch-April 1980.

Kapitsa, P. , 1964. Etre Future Problems of Sci-ence. In the Science of
Science. Pengui-n, p. l3O.

'instein, P., 1946. Relativity.
fetnuen, p.58.

The Special and the G€neral fheory.

HuIIer, R.A. , I9?8. The Cosmlc Background Radiation and the New Aether
Drift. Sci€ntiftc AmerLcan, t{ay 1978.

?1

lln
)rgy
Lose
Lion
3as
rerqY

be

,b€
can

rould
rtion
-d be
tby

real
:1cle
Nof
ra of

the
E.rong
nould
lton,
years
rrould
c and
rnt of
lnetLc
rnetic
-rtuaI
lnergy
rer or
.rtual
t real
I the

fhe
j, as
Ltron '
1 the
rnd a

ls are
their
small

er and
ln an

y the
n the

I

I

j

l.;.

ener9'y
rcles '

I ust
tions.
h the

Prus
on of
other



DERIVATION OF THE EQUATIONS E = mc' and m =

ABSOLUTE THEORY
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APPENDIX I

From classical
is accelerated from
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2 ) -l/"mo(1 -v /c-) '' IN A UNIFIED

In classical mechani-cs the momentum, pr of a mass, m, having a velocity,
v,isp=mv. (f)
In lda><well's electromagneti-c theory el-ectromagnetic radiati-on energ1l E has
momentumpwherep=E/c. (2)
This was confirmed by experiments prior to 1905. Simplicity and unlty in
physics suggests that this momentum, E/c, shoul-d have mass associated with
suchthatP=mv=E/c.
The velocity of radiation is the propagation
for v we have p = mc = E/c - i.e. an amount
energy, E, should have a massf m, associated
mC = E,/C Or m = E/C'.

velocity, c, so substituting
of electromagnetic radiation
with it so that,

it
(3)
c

(4)

(s)

!L I ^Llla 5

n-

,il-

il-

As c has the value 299792458 m/s the mass of one joule of radiation energy
should be 1.112650056 x L0t17 LS. Experinents have confirmed that not only
radiation enerqy but also other forms of energy have this mass.

Cl-assical mechanics, as developed up to the end of the nineteenth
century, did not take account of the fact that klnetic energy has mass. This
can be done without making any change in Newton's concepts of absolute space
and tine and absolute rest or his Laws of Motion.

However, to do this the principle of absoluteness, not the principle of
relativity, must be taken into account. To conform to the princrple of
absoluteness it is only the absolute kinetrc energy, the kinetic energy of a
body with velocity relative to absolute rest that has inertial mass. The
kinetic energiy of a body relative to any other inertial observer o: irane of
reference does not have a direcl rel-ationship w:-th inertrai :r.asi. However,
the absolute velocity of Earth is so low compared witle that of lrght that in
most cases it can be considered to be at absolute rest.

mechanics the kinetic energy, Ek, of a mass, Ro, when it
rest to a vel-ocity, v, is gj-ven by the equation

- [*"Li. o vd (mK JO
Because mo is
equation can

I

E. =m ltrra,r=4v2k o Jo -o

v)
o
constant, i.e. it does not change with the velocity,

be simplified to,
(6)

If the mass, m_, is accelerated from absolute rest to an absolute velocity,
v, then each j8u1e of this kinetic energy has a mass of 1.11265 x 1O-'7 nn,
i.e. absol-ute kinetic energy 'rr^ou2 joules has a mass of '12^ou27.2 kilogram.
This mass, which can be designated m1, does increase with the velocity. To
traveL with the mass mo at the velocj-ty, v, this mass al-so has to be
accelerated from absolute rest. This requires additional- energy that has not
yet been taken into account. As this additional energy will have a mass, fr2,
that also has to be accelerated to the velocity, v, it requires more energy
with a mass, m3, and so on. So the totaL kinetj-c energy, Ekt, is not'/r^or2
but an infinit6 series of terms, of which t/2mov2 is the firsi, even thougfi
the mass, fro, remaj-ns constant as Newton thought. The mass of this total
klnetic enerqy does j-ncrease with velocity and is also given by an infinlte
series of terms which, when added to the massf mo, of the body, gives the
total mass, m, which has to be accelerated to the velocity, v. i.e.
*=*o+ml+*2**3+m4+ *ft- (1)

The value of each term in both series can be calculated from equatlon (5),
the general equation for kinetic energy, in the following way.
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When m is not constant, E,- = li""U(mv) , may be i-ntegrated by parts, i.e.
z lv 

k Jo

E, = mv - I (mv) dv (8).K Jo

lrom this we gea Ekr,, the nth term of the energy series,
2r:, - m .v - lt(^ .v)dv (9)Kn n-] Jo n-l

n'here mn-t is expressed in terms of mo, v and c, as calculated in sequence
irom mo. As an example we first recalculate Ekl by this method to show that
ae get the same result as in (6) because mo is constant. n = 1 so,

_ z (",
:.- =mv - l'(mv)dv_<1 0 lo o

2',2.2= ^ot - '/zmov = 'l2mov

Now ryn is obtained from Ek. by dividing it by .2 Lo convert units of
=:'rergTy to units of mass. Therefore, m, = '/r^ou2/"2

c 1,,l*2 = *tt - jo (*r,r) a"

= (r/rm u2 /.2)u2 - f" r,o^ u2/"2)u d,\ /zLtto' /e ,, 
)o\ 

/4.r,o' /

r, 4,2 t, 4.2 1, 4.2- ',tzmou-/c- - '/smov /c ='/sm.v'/c- (10)

)^aL
:.^ = E. ^/c' = "/em v'/c- (f I)2 k2' ',- o

-sj-ng this method again we find Ex: = 5/1 
5mov6 7c4 rnd *: = % 6mov6/c6.

-i this way as many terms as desired can be calcul-ated but the series can be
-:mplified by the binomial theorem,

' ) 2 3, 4,4 s. 6,6 3s, 8. B- = *o +'/2mov-/c- + "/amov'/c'+ Tgmov-/c- + ""/tzsmov /c- +

- =*oG +rtru2/"2 *'7ur47.4 +5Aau6/"6 +35/rzav8/c8 + .)

's '; -l/^- - m (I - v'/c') /z (I2)
o

l:-is equatlon shows thLat v cannot exceed c because at v = c the total mass
-:uld be infinite. This follows from Newton's laws of motion. Because
::.ergy has inertial mass it is subject to this 1i-miting velocity 1n just the
-:.:xe way as all other mass. It should therefore be realized that c is not a
:::Camental natr:ral constant. This limiting velocity is a consequence of one
--:le of energy, having a mass of I.LL265 x IO-I7 kg. Because ttre inertial
:-s of energy is more fundamental than the velocity, c, it is preferable in
---.'s theory to expresg the relationship between mass, energy and the velocity
:: irght as c = (i/*)" rather than as Einstein's famous equation, E = mc2.
-. Einstein's theory c is fundanental, it has a central position and is
" :stul-ated to have extraordinary properties.
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TtIE CONTRACTION OF SOLID BODIES WITTI ABSOLUTE \ELOCITY

The distance between the atomic nuclei of any substance is in the order
of ten thousand times the di-ameter of a nuc]eus. In solid bodies the
distance between the nuclei is firmly maintained by the electromagnetic
forces which are transnitted through ttre absol-ute space between the atoms.
What has not been understood in detail is the mechanism of this two way
force. Classical physicists thought that the dimensions of a solid body
were not affected by acceleration or motion. The null- result of the
Michelson-Morley experinent showed that this notion was false. Ivlodern
physicists believe that the Lorentz contraction occurs with velocity relative
to an observer. In this absolute theory any contracti-on must occur with
absolute velocity. The simplest explanation consistent with experiments is
that the forces between the atoms act in such a way that the time for a
return trip at the speed c between two points on a body remains constant for
all possjlcle velocities.

The totaL time, T, for a signal-, travelJ-ing at an absolute velocity, cl
to make a return trip over a distance, D, on a body when j-t is at absolute
restis- T=D/c+D/c=2D/c (f)
When the body has an absolute velocity, v, the velocity of the sigrnal
relative to the body is c - v in the direction of motion and c + v in the
opposite direction, so that the distance Dn para11e1 to the motion over which
a signal can make a return trip in the time T must satisfy the equation

.F

hyr
lstl

T = Dn/(c - v) * on/(c + v) = 2Dn/c(I - v2/c2)

Ttre ve.Locity of a sigrnal relative^to the, body when travelling
Da transverse to the motion is (cz - v")1 in both directions,
return trip in the sane tine T, D must satisfy the equation,
T = Dr/(.2 - u2)L'* or/(c2 - r')4 = 2Dr/c(r - 127.21"
When the time, T, is constant,
2D/c = 2D^/c(t - v2/c2) = 2Dr/c(1, - v2/c2)'2p

D = D /(t - r2/"2) = D,/(r - u27"2r"pc

(2)

over a distance
so to make a

(4)

(s)

So if a body contracts with absolute velocity, v, by a factor of
(I - v2/c2) in the direction of motlon and by a factor of (I - v27c21'z
transverse to the direction of motion the time for a return trip at an
absolute speed, c, between two points on the body remains constant for all
speeds and orientations of the body. Because ttre tine would remain constant
these contractions are consistent with the results of af 1 lvlichelson-lvlorley
and Kennedy-Thorndike type experiments wittrout any dilation of time.
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J. P. SK,JELIJERIJP: A FORGCTIIEN NAIIIE IN AUStRAI,IAfi COI{EIARY ASfRONOI{Y
Wayne Orehiston,
Astronomical society of vic-t,orla

ABSTRACT
Australia has a proud hrstory of cometary discovery. spanning
nearly two trundred years. lfell-known are the exploats of such
greats ag Johr Tebl utt and ltalter GaIe, and that contemporary
giant Brll r,radf,eld. Less well-knoyn are trro victorians,
Davi.d Ross and Frank Sk;ellerup, and it is a-bout the latter *
whose tally of comets is second only to that of Bradfield
that this paper is concerned. Skjellerup, who was born in
CoHen, Vi.storia, moved to South Africa in his mid-zo's, and
there developed a passion for astronolry. Fhe appearance of
Halley's Couet rn l9lo sparked an rnterest j-n comet-searching,
which Skjellerup pursued with great success; from I9l2 until his
return to Australia in 1927 he i-ndependently discovered five
cometst. After setthng in l.tebourne he added another trro to his
tally. I.tost of trrs comet-searching was accomplished with a '16

cm refractor, rrhich was located !n 1982 and brought back to
l{elbourne from New Zea}and. In addition to his comet work.
Skjellerup also engaged in varrable star observing, and was a
very active member of the Astronomical society of vlctoria for
many years. He died in 1952. Although he spent two-thirds of
his life in Australia, because of his early achievements while
rn cape Town, many people assume that Frank Skjellerup vras in
fact a South African.

ITf,IlRODUCT'ION

Australian cometary astronouy

Austral-ia has a long history of com€tary astronoqf, beginning wath the
pi-oneeri-ng efforts of Rumker and Dunlop at the Parramatta observatory duri:ng
--he 1820's and 30'9. Each discovered a couet, and Rumker was also
responsi.ble for the f,irst recovery of Encke's comet followi-ng the
:omputation of its orbi-tal period (Orchi-ston and Bhathal, 1984b). But
-\ustralia's links wi-th comets date earlier than Parra.natta observatory, baek
--o the i-nitial European settleuent of the continent. tlhen the 'First Fleet'
leached Sydney cove i-n 1788, one of the newcoulers, Lieutenant willia-n Dantes,
uas charged with establ-ishing an astronomj-ca} observatory in order to
cbgerve the predicted return of llalley's Comet later rn the year. As it
--urned out, Neville t'laskelyne's calculations were i-n error, and the comet
i:.d not appear unti-1 1835.

Duri-ng the l85o's Franeis Abbott was astir-vely involved in cometary
:bservi-ng in Hobart, and he was soon joined by John Tebbutt of Wi-ndsor {Nev
South Wal-es ) . Tebbutt went on to become Australi-a's greatest 2ruateur
astronomer ( see Ashbrook, L972; Kl-m;rton, l98O;Orctrsiton, 1958; White, l9?9),
and eomets were his major preoceupation (see Orchi-ston, I9SZb). He rras
:esponsible for the discovery of two of the 'creat conets'of last century
?rchiston, 1981), and tri-ed to establish Australia's first astronomical

society, an association of comet observers (see orchiston, r982a).

Tebbutt and Abbott provided the impetus vhieh gave rise to a nev
;eneration of comet-observers and comet-searchers, the best known of whom
rere Walter GaIe of Sydney, David Ross of Helbourne and Alfred Barrett Blggs
:f Launeeston (see orehrston, 1984a,b,c; Orchiston and Bhathal, 1984b)'
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Until the advent, of Adelaide's remarkable BiI]- Bradfield, twenti'-eth
century Australian cometary astronoEry was the a]-most exelusive domain of one
llan, J.F. Skjellerup, ttre di:scoverer of sj-x different comets. Erespite this
impressive record, SkjeLlerup's name i-s virtually unhnown tn Austral.ia,
largely because his early work was carried out in south Africa. Tirrough
this Paper, f hope to rectify this situation. After briefly reviewing
SkjelleruP's life we wiLl exani-ne hls cometary work in detail, before
discussing the si-gnificance of hig discoveri-es, hi.s publi-cati-ons record, and
the fate of hi.s telescope and eomet-discovery medals,

J. P, SK.'ELLERI P

John Prancis Skjellerup was born at Cobden, Victoria, on l8?5 lilay 16,
the tenth of thirteen chil-dren (Skel-Ierup, 1961128; Victorian Governnent,
l89O:148). tlhite stiU a gnall boy his father died in an accident, and the
fanily gren up in a state of hardship (Skel-Ierup, t"961-r29). In 1889, just
one day before his fourteenth birthday, young Prank (he preferred this nan€
to John or Prancis) went to work for the Post Uaster ceneraL's Departnent in
Cobden as a messenger (Vietorian Government, 189O:L4B), and srrbsequently
trained as a telegraph operator. When the South African Government appealed
to the Australian covernment for trained telegraphigtg in 19Oo, Skjellerup
was one of those selested (skjelrerup, l9L2-49:1o?). rnitially, he settled
in Kimberley, but soon rcved to cape 1Fown, and it nas there that his
interest 1n astronoulr developed. ALthough he began observing in 1909, it
was the apPearance of Halley's CoDet in 19IO that provided him wi-th the
i-nspi-ration for a full-scale co,mitment to astronouy (tbld.),

When the Cape Astronomical Association began in 1912, Skjellerup wae
aPpointed Foundatj-on Secretary-Treasurer (Skjellerup, }9O9-IZ), and during
their fi-rst year addressed the nenbership on the subject of variable stars
(tbf,d,), A year later, in 1914, he becane a menber of the British
Astronomj"eal Associ.ation ( B . A. A. 1914 ) .
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In addition to his astronoutr
he pursued with a;rassi-on. Ee
rating, and eompeted regularly
( Skjellerup, 1909-12 ).

Skjellerup assigned ttune to go1f, which
was a gifted player vith a low hardicap
for Rondebosch in local tournanents

Apart from gix-month visits to Australia and England i.n l9t4 and 1921
res;rectively, Skjellerup remained in Cape Town unti-l l9z? rhen he retired
and returned to Australia (op. cit. r52,80,93). He settled in the l.tel..bourne
suburb of oakleigh and imediately turned to agtronouy once trrore, although
he waited until 1933 before joi-ning the A.strononical Soei-ety of Victoria.
In legs than a year he had risen 

- 
rrith al-rcst indeeent haste - to the

rank of Vice-President, and in 19212 began the first of three succegslve one-
year terrus as President. In 1943 he was appointed an Fonorary ltenber of the
society (l{oroney, 1941 ; obituary, 1982). 1[\ro years earlier, a nehrspape!
reporter had described skjelrerup as a tal-], slin).y*built, quiet-
spoken lnan, of the student type, wtro tarks to you of his hobby wlth shy
enthusiasm' (Skjellerup, 1912-4:IO?). Hi:s appearance sonevrhat earlier in
life is shown in Fig. 1.

Later in the 194O's sickness in the fanily horne ke;rt Skjellerup away
from Astronomi'cal Society meetings, and al-so prevented hi-m from pursuing hts
other major i-nterest, bowls. For mAny years he had been a competiti.os
bowler with the Oakleigh CIub, and served as President from 1934 to l-935 op.
ctt.rl-O6). He di-ed on 1952,January 6; there were no chi-Idren from th€
marriage (obituary, L952; Skellerup, 1961131).
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SK,IET,IJERIIP'S COI|EEARY trcRK

fntroduetion

Alnost all our information on Skjellerup's observational astronomy
derives from two fieldbook/diaries which I was fortunate enougtr to gain
access to. One of these (Skjellerup, l9O9-12) is mainly a scrapbook and
notebook, but includes a diary of observations carried out between l9O9
December I and 19lO Novedber 17. uost of the entries relate to Halley's
comet. 'Irhe second of these two volumes is a genuine fieldbook, wi.th entries
spanning the 1912-1948 p€riod.

Skjellerup's first astronomical observation recorded ln his fi-eldbook/
diary dates to l9O9 December 6:

Saw Saturn and rings. 2 Satellites vi-slb1-e E of Saturn ![tre outer
one very bri-ght llhe i-nner one just visible. ( Skjellerup, 1909-12 ).

AceomPanying the descri;rtion is a sketch showi.ng the planet (and rings)
and the position of the two satellites.

A ;rerusal of the two fieldbooks inrrediately brings to light furttrer
observations of Saturn, as well as records of meteors, sunspots, Nova Aquila
1918, lunar occultations and lunar eclipses, .Juno, and Jupi-ter, but it i-s
soon apparent that his attention was uainly directed towards vari-able stars
and eomets. His princJ-pal instruments throughout the 4O-year period when
he systematically observed were two di-fferent 76 m refractors and an
excellent pair of Zeiss 8X bi-noculars. From I9I7 until 192? he also had the
use of a 15.2 c'm refractor at the cape observatory (see Skjellerup, 1912-
{8:72).

Let us now examine Skjelleruprs cometary work in detail.

Pig. 1. llr and l,lrs Skjellerup i-n their garden at
T'own (itones Collection photograph).
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fhe fi:rst nention of a comet in Skjellerup's fieldbook appears on l9lo
January 15!

Telegran from Reuters correspondent published r-n s.A. Nevs
on I'tonday l?th Jany "IJarge comet visiSle in East since Yesterday
( Friday )' . ( Skjellerup, 1909-12 ) ,

lrtris object was the celebrated Conet HaIIey 19Io II. Five morninge
Iater Skjellerup rrent to Seapolnt to view the comet, but although he arrived
twenty mi:nutes before sunset there was no sign of it. Further attempts to
observe this eomet on January 23 and 24 were likewise unguecessful, and he
had to wait another seven weeks before catching his first glirnpse of the
fanous spectacle. Hi-s fieldbook entry on this occagion (April 15) reads as
follows I

Saw Halley's Comet at 5.4O am Tail just vi-si:ble through freld
glass. At 6 .5 Alt got on to i-t wi-th 3 in nucleus bright, tail not
vis1ble. only lust glimpsed with nalred eye. (ibid.).

From this date until July 2 he followed the comet religrously, and
recorded details of 1ts appea?ance in his fieldbook. lFhere are also
sketches of i-ts telescopi-e appearance on Apri-l I8 and 24, Accompanying
these observations are seven pages of, newspaper c)-i-ppings on the comet, plus
a full-page diagram by Skjellerup showing the orbi-ts of Venus, Earth and
Ealley's Comet, and various posi-tions of the conet between February 16 and
itune 25.

As Skje]Ierup ;roi-nted out to a newspaper reporter m;rny years later ( see
Skjellerup, 19L2-48:1o?), Comet tlalley 1910 was the single most ingrcrtant
fagtor that inftuenced and consolidated hls burgeoning astronomical
interests. It al.so promgted him to focus on cometary astronomy and to
comrence a regular comet-search prografine. The latter involved morning and
evening searches, generally with blnoeulars.

skjellerup's first success came on 1912 se[yteEb€r Il, and was reported
in the cape T1-mes on the 13th:

J.F.S. writes from Rosebank last night: A fairly bright comet was
seen by ne at ?.30 this evening rn the constellation Centaurus,
its position at that tint€ belng approxj.Eately: Declination,
32 degrees Southr Ri-ght asceneion" 13 trours 58 minutes, No tail
was noti-cea.b1e. During the previous 24 hours the conet had moved
about one and a half degrees in an easterly direction and appeared
last night to be a lj-ttle brighter than on taednesday evening.
( Skjellerup, 1909-12 ).

He was disappointed to learn on ttre 14th that this comet had been
deteeted several days earlier by fellow-Australian, walter Gale of Sydney
(see orchiston and Bhathal, 1984a,b). Tttecape Town newspapers also
reported that Comet cale l9l2 II was independently discovered on the ffth by
a staff member of the Santiago observatory in Chile" For some unknowa
reason, neither of Skjellerup\s fieldbooks contains any entries grertaining
to this comet -- all we have to go on are the news;raper c1-:-ppl-ngs.

lrhe third eomet to come under Skjel]erup's scrutiny itas Comet Tuttle
1912 fV. Thrs first receives a mention on November 19, as too faint to
detect, and was not observed untrl the evening of November 3olDecember l:
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l{aited up to see futtle's Comet (f9I2B). seen at l.O am about
45os IzE. lotl. Very fai-nt not vi.siSle through zej-ss binoculars.
No tail noticeab).e in fact the comet could only just be seen and
no more. ( Skjellerup, 1912-48-6 ).

Accompanying the fieldbook entry is a sketch titled 'Position in glass'
and a eo ent on the apparent uoti-on of the comet. iltri.s vas Skjellerup's
only observation of the comet. Trro nights later he searched unsuccessfully
for another known comet (he refers to it ag 'I912c'), and on Deceftber 15
recorded a faint object near Landa centauri. Its posi-tion had not changed
by the following night, so he concluded that i-t wag 'apparently [a] cluster
of stars, not resolva.ble in 3 ' .

As with other com€t-searchers, Skjellerup used indication of rnotion ag
the primary criterion for identifi'cation of a faint conet, and relied on a
I?-page listing of clusterg and nebulae in one of hig fieldbooks to disnniss
i.nappropriate suspeqt objects. 'Irhe December 15 case, above, illustrates
that this list rag by no means definitive. several rbre suspicious objects,
thought initially to be comets because they were not recorded i.n hj-s list,
nalce thei-r appearance in hi-s l9l3 fieldbook entries, but none showed si-gns
of motion. lfhe onLy comet observed in this year vas Schaunasse 1913II. It
Yas first deteqted on ilune lor

IJooked for Schaunasse's Conet (I913a). Found it after the moon
had set. Position at midnight (S.r. ) N 40" 45. RA 15H 13u
(approxtnate). Not guite as far west as gi.ven ln the Epheneris in
BAA Journal P351. (Skjellerup, 1912-48t24\,

It was also observed on the llth, but uoonlight prevented further
searches until the 23rd, by which tire it was beyond the ranEe of
Skjellerup's 76 m refractor.

Ttre next comet observed by Skjellerup trag Delavan I914v, uhich hras
lo'cated on 1914 Pebruary 14. It vas just visib].e in the telescope, and was
'snall and round [wi-th] no sign of a tail'. It vas subsequently observed on
fourteen different evenings b,etween February 16 and Harch ??, by which tine
:'t rras very faint. The fieldbook eontains little information on the cotnet
:hroughout, other than its ;rosi-tion (occasronally), an<i its apparent visual
nagnrtude.

On l9l4 August 7 SkjeJ-l-erup }eft South Afri-ca for a vr-si-t to Australia,
and during his five uonths in l{elbourne observed Comet Campbell 1914 fv on
:yo occasions ( September 24 and 25 ). On the latter date he recorded in hi.s
i:-eldbook r

T'lre a.bove is the only observation of note urade rn Australia. .ftre

weather was not usualtr-y favouralle. (Sk1ellerup, L9L2-48:52).

As ve shal1 see, in fater years these less than j-deal ttelbourne skies
ere to yield further eonetary di-scoveri-es for SkjeUerup, comet Campb€Il.
reanuhi-le, was very nuch an antipodean affair, beng independently discovered
:y Dr lJunt at the Cape Observatory (ln Skjellerup's hone territory; and the
'[$r zea]and a.mateur, c.J. restland (see orehi-ston, I983a).

T1re year l-91-5 was undoubtedly a record one for Skjellerup in terms of
sn€tary astronoury, wittr no less than four objects under lnvestigati:on, The
::.rst, Comet P/Tenpel 1915 I, vas detected on January 13, exactly one week
iiter Skjellerup's return to Cape Bown from Australia. Although it was, by
::en, a faint nalced eye object, no tail was ap[>arent (though Skje]lerup
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conjectured that the prevailing moonlight may have been at least partly
responsible for this ). Sklellerup followed thrs oblect reli-glously untrl
Pebruary 21, observi-ng it on nine di.fferent evenings, By February fZ it had
developed a small tarL l to L.25 degrees in length, and vestiges of th5.s
were still faintly visi-ble on the zlst, by whrch time it had faded beyond
naled eye r.rnge. His nert observatj-on of Comet P/TenpeI f9l5 I was on April
I (by then the tail had di.sappeared), and he conti:nued to observe it
intermittently with the binoculars and telescope unti.l June Il.

1[tre April-June priod of l9I5 must have been a busy one for Skjellerup,
because in addition to Tempel's comet he had comet llellish 1915 If to
eontend with. He first observed this objeet on April 16, when it was about
magnitude seven and ;rossessed a bright nucleus (Skjellerup, l9l2-48:5?).
Skjetlerup recorded thi-s conet on twelve different evenings, through to June
Il , and on many occasions noted its apPea-rance, rnagnitude and positi-on. For
much of this interval it rras a naked eye objeet, and by June 11 its taj"l had
gronn to 5-6 degrees in length. On June 15, h€ forw:rded hi-s observatj-ons
of Comet t{ellish 1915 II to the Director of the Comet Section of the British
Astronomical Assoclation, Hrs ne:ct observation of the eomet was not unti]
August L2, by which time it had become a bi-noeuLar object, and hi-s final
record of this comet dates to September 30.

The third comet observed by Skje)-lerup in 1915 is a very rnterestrng
affair. fhe aceount begins on October 3I wtren he writes !n his fieldbookr
'11.20 pm. Object seen near c Sagr-ttarrl, not shown ln atlas'. Included
are a field sketch showrng the Iocation of the 'obSect' relatr-ve to
surroundlng stars, and right ascension and declination estiqates (obtained,
as w:-th all previous values, by inter;rclation, using known stars
Skjellerup's sma1l telescope apparently lacked circles, and indeed probably
had an altaz1muth mountrng ). The following evening he noted that the object
had moved signi-ficantly, thereby betraying its cometary nature, and go he
imnediately proceeded to the cape Observatory. lflrere, he and Dr Halm tried
to find the object using the 3O.5 en refractor, but they were frustrated by
intervening eloud. The following morninE ( Novenber 2 ) Skjetlerup sent a
telegram to R.T.A. Innes, Director of the Union Observatory in Johannesbsurg
and one-time a.mateur agtronomer of Sydney ( see Orchiston and Bhathal,
198/ra ) . rt read I

Unknown comet observed Sunday tlonday approximrte position 19 hourg
25 mts 38o south former increasing 5 ftts daily eighth magnitude
confirnation necessary. ( Skjellerup, t9I2-48:5I ).

That evening, Skjellerup returned to the Cape Observatory, at HaIm's
request, and they succeeded in finding the newcomer and recordinE its
poEition.

Fhe nerct day (Noveilber 3), Skje).lerup was surprrsed to find an articLe
in the Cape Ttmes announcing his discovery of the new comet, It deri.ved
frorn fnneg, apparently, and was titl.ed 'Rosebank Amateu!'s Discovery'. He

was even more surprised when Dr Lunt telephoned frour the cape Observatory
the following day to grcint out that the 'drscovery' was in fact comet
P/Pons-Winnecke l9I5 III. Accordingly, Sk3ellerup wired Innes asking for
confi.rmation, and this was received the same day. An annoyed Sklellerup
writes in his fieldbook:

Mr Innes should have dj-scovered the identrty of the comet before
giving a.bove particulars to the press . ( Skjellerup, l9l2-218:62 ).
see also fnnes, 19]5a,b)"
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The last comet observed by Skjell.erup in 1915 was P/Taylor l-9f6 I,
whj-ch Lras discovered by his friend and fellow cape Torrn amateur, C.J.
Taylor. Skjellerup had visited Taylor's observatory a number of times over
the years and used the 25.4 cm reflector housed there for general sky*
browsrng. He heard of Taylor's discovery on 1915 December 2, and located
the comet that evening, usi-ng his 75 nxm refractor. on the 4th an
announcement of Taylor'g discovery appearetl in the cope Tt'mes (the elipping
rs j.n Skjellerup, 1912-48:64). Skjell.erup continued to observe the com€t
through to 1916 February 26 (when i-t was very faint), and on various
occasrong reeorded its ;xrsition.

1l'he only other comet observed by SkSe)-lerup rn l9l5 was P/Neulmln
1916 fI, whi-ch he detected on [€y 5 at the ephemerrs posrtion pub].ished in
Nature. No other observations of ttris comet were m^de. Later in the year,
cn June 19, he searched unsuecessfully for Comet t{olf t9t? III, and it again
eluded him on 1.9L? January 21 and Apri-l 19. ne final]y met with success on
August 11, and observed the comet agarn on the 12th, which rePresents his
last fieldbook entry for 1917.

fn the j.nterim, hrs attentt-on was drawn by a br:-ght new comet,
?/Mellish 191? I, announced in the Cape Tonn nerrspapers on Aprrl 15 and 16.
:louds prevented observation of this earl"y rrrrning object untrl the lgth, by
rhi-ch tl.me it was a spectacuclar sight:

5.30 am Tai-1 of comet vi-si-ble alrove trees on horizon. fhe nucleus
cleared the horrzon at 5.45 am tarl a-bout 10" long nearly straight
up towards the zenith but with a slight curve towards the N.
Nucleus very brrght about grd mag Cooa small and drfused, Tail-
narrow but widened out a l-ittle towards the end. (Skjellerup,
1912-48 :7O-?1 ) .

Purther observations of thj-s i-nteresttng object were ^de on April
and 25,

2L,

Only a slngle comet came to Sklellerup's attentr-on In I9l-8, namely Reid
-918 fff, di.scovered by a friend and fellow Cape Town amateur (see Brown,
-9?3:).31). Skjellerup observed j-t on June 12 and 15, oD both occasions
:ecording the positi-on, On the latter date he noted its magnitude at a-bout
i.5, and comnented on the absence of a tai.l .

By 1919, Skjellerup was an experienced observer of comets, with
::urteen different objects 1n his fieldbooks, and although he could ta)<e
::edi-t for the lndependent discovery of Comet Gal-e 1912 II and the recovery
:j Comet P/Pons-Winnecke 1915 flf, he had yet to clai-m a nerrly-found comet
.: his own. This si.tuati-on changed on the morninq of 1"9,19 December 19 vhen
-e came upon a 'suspected comet' while searetring for the variable star Rs

-:5rae. lrhe fol].owing night j-ts cometary natune was confirmed and the Cape
-:servatory advrsed. 1rhe apparent visual magnitude was a-bout 8.5. Further
':servationg followed, on Deeember 21, of what rras eventually desrgnated
.:net Skjellerup 192OI. On December 23 Innes ( 1919 ) vrote congratufatrng
'r.rellerup on the discovery.

Less tha.n two months later, on l92o February 8, Sklellerup began
,;eeping the lrestern-gouthwestern horizon after sunset and i:nunedi.ately found
: suspicious objeet which, upon subseqrrent examinatl-on of the ephemerides,
- -:ned out to be Comet l{etcalf 1919 v. Ttris oblect Eas observed again on
":!ruary 15 and 17.
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I92o December brought Sklellerup hrs second comet (which also happens
to be comet Sklellerup 1920 II). on the llth he reported at in hrs freldbook
as a 'surspici:ous object', and the followrng n:-gtrt was a-ble to report:
'Obviously a comet, has moved about 1o to N and slightly east' .

(Skjellerup, l9l2-48:??). lfhe drscovery was reported to both the Cape and
Unj-on Observatories, where photographs hrere taken and the orbital elements
calcuLated. Meanwhile, Skjellerup continued to observe his new comet until
I92I January 3.

fhe ne)ct comets to garn Skjellerup's attention were tHo periodi-c
comets, one of which he had srghted six years earlier, fhj-s was P,/Pons-
wrnnecke 1.92I III, whlch he first detected as a ? to ?.5 magnitude object on
1921 July 12 several hours before dawn. Further observations follorred on
JuJy 2? and 28 and August 2? and 30. The other ;rerrodrc comet, P/Encke
1921 fv, was first seen on July 27 as a small round ob3ect of magnitude 9.5
to 1O.O. Further observations were made on July 28 and 29 and on August 24,
by which trrne it was diffuse, with no nucleus, and had faded to magnitude
12.5. These last three obgervations were made with the 15.2 ctrr refractor at
the cape Observatory, and positiona-l readings vere taken directly from the
circles rather than by micrometry. Thls pas a suitable nethod for
establrshing approximate position, but was less than satisfaqtory for
orbrtal computations.

In 1921 october Sklellerup left on a six-month holiday that took hi.rl,
amongst other places, to l-ondon, and whrlst there he arranged the purehase
of a new telescope, another 75 m refrador. fhrs altazj-muth-mounted Cooke
instrument cost twenty-five ;rcunds, and when it reached cape Town ( in L922
April ) was ilmdj.ately put to nork in comet-searching. Success guickly
folloved, with the discovery of a nev eom€t on uay 16. This find was made
known to his fri.end Rei-d the ne:ct day, and was also re;rcrted to the Cape
observatory, where i-ts posi'tion wag determined nlth the 15.2 cm refractor.
SkjelLerup contj-nued to observe the new conet on every opportunity,
recording it on eight additional nights, up to and including llay 28. At the
bottom right hand corner of the relevant ;>age of his fieldbook he recorded
the following cosments about his colleague and fellow comet-discoverer,
Willian Reidr

l{r Reid claims to have discovered thls comet on sarne evening, but
when asked on phone (follg day) if he had a comet rn eight he
reported in negative. He admits however my pri.or Drgcovery of
object. (Skjellerup, l9t2-48:81; his underlining).

Later this comet hae shovn to be the same object that a New Zealand
astrononer naned Grigg had detected in 1902, At 5.1 years, Comet Grigg-
Skjellerup has one of the shortest periods of all. knoyn comets ( see llareden,
1982), and is also farnous for the Puppids meteor shoyer, wrth w?rich it is
assocj.ated (Porter, J.952292; Povenmire. 1980227\.

farly in the morning on 1922 Novenrer 26 SkjeLlerup discovered his
fourth comet (Skjellerup, 1923 li, using the 75 mm refractor, It rras a faJ.nt
tenth to eleventh magnitude di.ffuse nebulosity Iwrth ] no
definite nucleus' . ( Skjellerup, 1912-48:83 ). He reported the neercomer to
the Cape Observatory Later the sarne day, and the followrng night made
further observatj-ons. Artic-Les appeared rn the local press on the zBth
€urnouncj-ng the 'Discovery by Rosebank observer' (see press c.lippings 1n

Skjellerup LbLd.r. From this date unti). 1923 February 17, yhen it was only
just visi}Ie rn the 75 run refractor, the comet wag obgerved on thj.rteen
di.fferent occasions. It reached a ma-ximum magnrtude of around I on December
23 , A tail is not mentioned in any of the freldbook entrres.
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After 1923 March 3, the next entry in Skjellerup's freldbook dates to
late L927, foJ-lowing his return to Australia. After settling in the
Helbourne suburb of Oak)-eigh he began coret-searching with the 76 rmn

telescope. Again December proved a lucky month, when on the 4th he was able
to claim hi-s fifth comet (Skjellerupllaristany, 1927 IX). The way in vhich
Skjellerup was led to this discovery clearly highlights the dual roles of
luck and chance i-n the drana of cometary diseovery: he reports in the
llelbourne press ( see the newscli-ppi-ngs in Skjellerup, 1912-48:93 ) that he
hrag awakened by a strange noise early one morning, and found that the cat
had knocked over something in one of the roons. Noting that the sky rras
clear, he could not resist the temptation to tahe out the telescope and
engage in a little comet-searching before slipping back to bed. He net wi.th
almost instant successl Despite this, h€ rrag not particuLarly ovenhelrred
by the discoverl; the loeal press reports that although he was
tremendously excited wtren he discovered his first cooet repetition of
the experience has blunted his zest', (Skjellerup, I9t2-48:91).

Skjellerup was only a.ble to follow the eomet for eLeven days, but
during that tj.ne i.t created a great deal. of local interest, as a conspicuous
naked eye object. ft even lnspired one writer to gren the following poem for
the ltelbourne nenspapers !

fhe comet that's knorm ae the Skjellerup,
At least eannot get one Pjellerup,

In bed 'oriel' lieg,
And won't watch the skieg,

And says he don't care who the Ejellerup,
( skjel-lerup, 1912-48 r 90 ) .
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On December
observations, as
fieldbook r

12.55 to

15 Skjellerup nade an interesting serieg of daylight 
Ithe comet approactred the Sun. Let us quote from his j

I.15 pm Lying on ground and using side of house and
chimney as screen from direct rays of sun was able to pick up
comet through bi:noculars vatched it for ZO rts and again saw i_t at
2 pm 5.1O pm picked up cornet through teleseope ( low power ) a_bout
rV2 to l7l degs away from edge of sun.
( Skjellerup, 1912-48:88 ).

In the margin, besrde thrs fascinating entry,
:rlptj.c comment: 'lJouLd agtronorners bel.ieve this?'

Nucleus only visj-ble.

Skjellerup added tbe

Pubtic interest in the comet was aLso heightened as a result of
:cnpetj.ti:on for its discovery fron a contestant na-med llhomas Knox. Knox was
i ltleLbourne nightwatchman, and clai-ms to have first seen the comet five
-.rghts before Skjellerup, but he failed to advise lle-l-bourne observatory of
-:s Presence because he took rts prior discovery by others for granted.
-'iti:nately, Knox ( liJce Skjellerup ) received a bronze medal for hrs
-rrnt discovery of the comet Skjellerup, December 4, L9Z7', (see
-evsclippi.ngs i.n 5k1eI]erup, I9I2-4A:96 ) .

The nert comet observed by Skjellerup was P/crommelin 1928 IIf, which
;as first seen on 1928 Novelf'f,ber 24 as a nj,nth magnitude object. His second
;:ew of it was on the followi.ng norning. lloonlight then intervened and
_::evented further observations.

Comet Geddes 1932 vI, diseovered by a New Zealand astronomer, rtas the
-ext comet to ,:laim Skjellerup's attenti-on. He frrst located this
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telescopic object on 1932 June 25 and reported on r"t through a Letter to the
Edi.tor whrch appeared in ?7re Argus ( I'{elbourne ) on June 28 ( see SkjelleruP,
f9l2-49 I 96 ). He observed the comet on ten nore occasions between June 26

and July 2? (inclusive), though it never beca.me a naked eye object' Later
in the sarme year Forbes of South Afri:ca and the South Australran Government
Astronomer, G.F. Dodwel], shared i.n the discovery of a new comet (Dodvell-
Forbes 1932 X), and this rras first vj-erred by Skjellerup on trecember 26,
shortly after the Director of trleIbourne Observatory Provided Victorian
observers with its posltion. Skjellerup continued to observe '1rtre Adelaide
Comet' , as he called lt, untiL 1933 January 17. It reuained a telescopic
object throughout.

Pollowing a comet-sweeping entry for 1933 .'une, the
Skjellerup's fieldbook is 1941 January 21, and reports the
turned out to be hls si)rth and Iast eonlet !

3 im Up to see Cunninghan's Conet. In few uj-nutes
Norma. Position plotted at 3'3o am RA t6hen Dec
about 4.5 short, broad tail about 3r degree long.
com€t ( Skjel}erup, 1912-48:9?; rry underllnl-ng ) '

nerct entry in
capture of lrhat

saw a ccrnet in
40 " s t{agnitude

Possjlcly a nev

The followj.ng morning the comet was found to be moving :.n the vron-q
direction for Comet Cunninghan, and so SklelJ.erup rdas able to report a nee
di-scovery to lleLbourne Observatory on the 22nd. On this eame date he also
wrote.tames Nangle, the Government Astronomer of New south l{ales, mentionrng
that the initial observatrons nere made vrth brnoculars, and askrng that the
Donovan Trust be advised of the discovery (skleLlerup, 1941). The following
day (January 23) the Itelbourne Age ran an article announcing the drscovery
(see Skjellerup, 7912-4a:99).

Other llelbourne neergpal)€r accounts reveal. that another l,lelbourne
anateur astronomer named Barnes al"so detected thj.s comet on January 21, just
one hour after skjellerup (see also, l.loroney, f 941" ), but it rras subsequently
learnt that the comet was first dj-gcovered by De Kock in South Africa on the
15th, six days before Sklellerup ('Conet 1941a', 1941'; 'The history . ..,,',
1941 ). It vas aLso rnde;rendently drscovered on January 23 by
paraskevopoulos in South Africa, and on the 25th by observerg in New Zealand
and South Anerica. In hrs CatoLoeue of Cometarv OrbLts, Itlarsden ( 1982 )

lists thig object as Conet De Kock-Paraskevopoulos 1941 IV, but the
information at our drs;rcsaL shows clearly that Skjellerup was the second
pergon to rndependently drgcover and re;rcrt rt. ft woufd seem, therefore,
that there ig a case for the offrcra] renamrng of thrs comet as De Kock-
Skjellerup 1941 IV.

Skjellerup observed the comet whenever sky conditions pernrtted through
to Febluary 6, on itanuary 30 notlng the talL as 6 or 7 degrees long,
slightly curved' . ( SkSellerup. 1912-48 I 99 ). Durrng the several weeks it
remained a naked eye oblect, thrs comet created atrundant ;ropular attention,
judging fron the various press clipp:-ngs rn skjellerup's fieldbook (I9I2-
48 :99-1OB ) .

The only post-1941 entrles rn Skjellerup's freldbook date to 1948
November, when he observed the famous 'Eclipse Com€t' (f948 XI) on tuo
congecutlve mornings, on the frrst (November lo), it was an easy second
magnitude object and he noted that a star yras visl-ble through the seven
degree long t.ail. The freldbook record for the llth ::epresents Skjellerup's
last known observation of a comet.
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DISCUSSION

During thi-rty years of intermj-ttent comet-searchrng John Fraxcis
Skjellerup independently discovered erght comets. One of these was assigned
to another (cale) on the basj-s of prior discovery, and a second turned out
to be the peri-odic comet Pons-lfinnecke. thus, Skjellerup can claim six
eomets to hrs name, but hls last, De Kock-Skjellerup I94l fv, has yet
offj.ciaLly to be assigned to him, 1\ro other comets named after him (Grigg-
Skjellerup and Skjellerup-Maristany L972 fX) are also shared with other
di-scoverers, although Grigg was not the co-discoverer of crigg-skjellerup r-n

1922. Skjellerup's renaining three comets (1920 f, 1920 II and 1923 I) bear
his nane only, If current rules of nomenclature had applred ln 1912, comet
cale 1912 II would al-so have gained Skjellerup's n.rme, and he could have
elaimed i-t as a seventh legitinate find. Pate, and history, have decreed
otherhrise. Nevertheless, this is gulte a remarka.bte tally, and amongst
Australj-an astronomers is second only to that attained by the eurrent co-
world record holder, Bj.ll Bradfield of Adelaide. Nor should we forget that
in addition to his independent sighting of the aforementioned comets,
Skjellerup was also responsible for the recovery of comet P,/Encke 1921 IV
(al-ong with his Cap€ Town colleague, Reld). we should not, incrdently, make
the nistale (see Bateson, L9'?2, for example) of confusing Australia's J.P.
Skjellerup with the Danish astronomer H.c.F. Schetlerup, who is also known
in cometary circles and can cfaim the independent di-scovery of Comet
1862 IIL Skjelterup himself (1912-48rIO7) was qur-ck to pornt out that they
Here i.n no way related.

Of Skjellerup's six comets, only the last two (discovered rn Australla)
were najor comets of naked eye prominence. Indeed, hrs 192? find uas so
eonspicuous an object that Seargent (1982:J-O9, 133, 215) includes r-t in hrs
Iisting of twentreth century 'creat comets'. Skjellerup's other finds were
all tel-escoprc objects. At least two of these ( there is no tnformation on
l92O II i:n his fieldbook ) were discovered during systenatrc telescopr-c
comet-searches, as \rras P/Pons-ttinnecke l9t5 II, whil-st three vrere forLui-tous
finds. Comet t92O I was found by chance vhrle vari-able star observing; 1941
iV appeared in the process of searching for a known comet (Cunningham)r and
I92? fX resulted f rom the fa.upus 'cat lncrdent ' .

Another interesting feature of al1 the dr-scoveries rs the prevalence of
norning as opposed to evenrng sightrngs. Sklellerup drscov€red four of his
si.x comets in earLy morning skres, rndicatrng that the proportj-on of rnorning
:o evening searches must have increased dramatlcally after hr.s earliest
search years.

Durrng the twelve months from 1912 Noveriber, for instance, he ca:cri-ed
rut systenatic comet searches on 49t of all nrghts sui.ta-ble for observation,
and only 9t of all searches vere conducted lust before darrn. Uoreover, the
3reat najority of Skjellerup's early comet-searchi:nq was carried out with
--he Zeiss binocuLars, but the telescope had become his princrpal. search
:nstrument by the tine that success began to stalk hj_m, rn 1919,

Although it ].s tempting to engage in a stattstical analysi,s of
Skjellerup's 'success-ratlng', j-n terms of the number of hours of search
:1me per comet discovery (see Kresak, 1982:56; Roemer, 1963:529'), required
jata are lacking. There are numerous major gaps rn Skjellerup's fi.eldbooks,
_:articularly after L921 , and some of these undoubtedly represent perrods
rhen he drd not bother to record all his comet-searching activities. lFhere
rere also periods, as between 1914 and 1918, when he concentrated on
'rari-a.ble stars at the exp€nse of comets. Gi-ven these and other
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to arrive at a figure for Skjellerup's
although it must certarnly have been

l.ess than one.

deficiencies, we are not even a-b1e
average nunrber of comets per year,
lower than Bradfield's value of just

As a resuft of his cotnetary dicoveries, Skjellerup accumulated a

collection of cortrnemorative medals. By the date of hrs l94I di.scovery he
had already anassgd four Donohoe Hedals ( awarded by the Astronomical Society
of the Pacrfj-e for the comets he discovered in South Africa) and one Donovan
Mecial (presented by the Donovan Trust, Sydney, for his L921 find)
(Skjellerup, 1912-48:1O5:fO?). He subsequently received a second Donovan
Medal for his 1941 comet (A.9v Bul-Letin, 1942). After Skjellerup's death in
LgsZ the medals, together with his 76 mn refrac'ting telescope, went to
relatives in New Zealand. However, only fi-ve nedals axe mentioned in the
famlly hi.story ( see Skellerup, 1961: 34 ), so the fate of one medal is
uncertain.

ftre five known medals were eventually d:-stri-buted among the children of
ceorge Waldenar Ske}lerup, and two ended up at l{ount .Iohn University
Observatory (P.J. Skellerup, pers. comm., January 1983), In 1984 Pebruary
the Skellerup Pa.mily ki-ndly returned one of the medals to Australia, and it
i.s now on long-teru loan to Victoria college in Helbourne. Thls is the
Donohoe l{edal awarded for hi-s very frrst di-scovery, comet Skjel}erup l92ol
1\ro medals axe still held by nembers of the skellerup Family in
Christchurch.

In mi.d-1983 the Skellerup Fanrly also saw fit to place the 76 mm

refractor on long-term loan with victorra College (see G.rran, 1984), and j.t
ls now used there by undergraduate astronomy and post-graduate museolog-v
students (the latter for conservation and display purposes). It Is a

standard 'I'homas Cooke al.tazimuth-mounted refractor, wi-th a focal rati-o of
about f/Ls, and comes complete with a finder and a number of eyepieceg
(there is not a ful] complement, ES some have been mislaj-d over the last
thirty years). The tube, mounting, and all attachments are ln brass. The
mounting ls supported by a sturdy wooden tripod.

Given Skjel1-erup's outstandlng records rn comet discovery and varia-ble
star observi.ng, his grcor publications record comes ag somewhat of a shock.
Indeed, f have been unahle to find any publrshed papers by him on his
cometary work, though he did maJ<e a prastace of forvarding his observationg
to the comet Seetion of the British Astronomical Assoeiation. As some small
congolation, Skjellerup would sonetimes lecture on agtronony to astronomical
soci.eties and other bodies. However, his talks rarely focussed solely on
comets; rather he preferred to deal wi-th the range of activitles op€n to the
a.nateur astronomer and to the contri-bution that enateurs could tralce to the
discipline of astronomy (e.9. see Sklellerup, L942,1943, 1944). In these
addresses, comets merely formed a part of the menu.

CONCLUSION

After Bradfi"eld of Adelaide, J.F. Sklellerup must be classed as
Australia's most guccessful comet-di-scoverer. Between 1912 and 1941 he

discovered seven comets, five of wh:-ch now bear his name. A case has been
m:de for the renaming of another, to brug hj-s tally to six. of these six
comets one (Comet SkSellerup-Haristany 1927 IX) turned out to be one of the
Great Comets of the tventieth century, Meanrthife, another of his frnds,
Comet P/Grigg-Skjellerup, i-s a well known perrodic comet associated with tbe
puppids meteor shover. In recognrtron of hls drscoveries, SkjelleruP was

avarded four different Donohoe l.{edals and two Donovan Heda}s. One of the
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former has recently been returned to Melburne by relatives i-n New Zealand,
along wi-th the 76 mr telescope that Skjellerup used for much of his comet
work.

In additi.on to hls cornet discoveries, Skjellerup was responsible for
two recoveries. He also carried out regular observations of known comets,
recording data on 2l different objects between lgto and 1948 ( see Tab]-e I ).
Despite thi-s impressive observational tally, he failed to publi-sh any papers
on his work and was merely content to fomard hi-s observations to the Comet
Section of the Brit1sh Astronomical Association rrhere they could be used by
others.

Although comets were his first }ove, Skjellerup also was addicted to
vari-able star observing. lFhroughout hi.s life he was active in astronomical
societies, first in Cape lfown and later in t{elbourne.

lfhis lnvaluable contribution to astronorry was brought to an end in 1952
when .fohn Praneis Skjellerup di-ed at the age of seventy-f ive,
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TAATE L Comets observed by J.F. Skjellerup, 1910-1948

a3
lae

e€G
3lr
r-E
Js.
tb
iElt
--tE

Year

19lO
I912
I9t3
1914
1915

1916
r917
I9t8
1919
1920
1921

L9Z2
1923
1927
1928
L932
r933
1941
l9rt8

Number
observed

I
2

I
2

4

2

2

I
I
2

3

2

1
f
1

2

I
I
1

Comet Name( s )

Balley l9ro rr.
Gale 1912 II, Tuttle l9I2 IV.
Schaumasse 1913 IL
Canpbell 1914 fV, Delavan 1914 v.
P/Tempel 1915 I, MeIIlsh l9l5 II,
P/Pons-winnecke 1915 III, P/Taylor 1916 L
P/Taylor 1915 I (continued), P,/Neulmln 1916 II
P/Mellish 1917 r, Wolf 19I? IIL
Reid 1918 III.
Skjellerup r92O I.
Hetcalf l9I9 V, Skjellerup 1920 II.
Skjellerup 1920 II (contrnued),
P/Pons-Winnecke r92 1III, P/Encke 1921 rV.
P/Grigg-Skjellerup L922 I, Skjellerup I923 I.
Skjellerup 1923 I ( continued ).
SkjelleruI>l,taristany 192? IX.
P/Cromneli.:n 1928 III.
c€ddes 1932 t/-I , Dodwell-Forbes 1932 X.
Dodwell-Porbes 1932 X ( continued ).
'De Kock-Skjellerup 1941 Iv'.
'Eclipse Comet' 1948 XL
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TTIE TOTAL SOI,AR ECTIPSE OFSOtiAR DIAI.IETER I{EAStJREMENTS FROl.t PAST ECLIPSES:
1922 SEPTEI{BER 22
D. Herald,
canberra Astronomlcal soclety

ABSTRACT

fhere has been much interest in recent years in . measuring the
dia.meter of the Sun to see if there have been any changes in its
size. one of the more successful methods has been to ma](e use
of observations near ttre l:-mits of the eclipse Snth of total or
annular eclipses. This raethod has the advantage that it can
potentially be compared vith suita.ble observations made at
,histori-cal' eclipses. Ttris paper concerns investigations that
I have made into the Tota] solar Eclipse of L922 september 22.

Research to identify histori-ca} eclipses at which sui-tab1e observationc
were made for the purpose of measuring the size of the Sun (that is,
observatj-ons made from near the limj-ts of the eclipse path) which has been
carried out at the U.s. Naval observatory has elucidated som€ suitable
observations Dade at the eclipse of 1922 Selaember 21. The nature of the
reports pulrlished was such a.g to make this partieular eclipse worthy of
elose investigation; however, some modern data, such as site eoordinates,
were reguired, and I was asked to assist rn this natter. In Fig. I there is
reproduced the map of the eclipse circumstances as pubtished i-n the NauticaL
Almanac for L922.

llhe rePorts of the eclipse, published in the ltemoirs of the Sydney
observatoru are fairly full. The najor part of the report i-s devoted to the
efforts made at Goondiwindi- (on the NST{/QLD border) to perform the 'Einstein
experiment' and other miscellaneous experiments. For the current
investigati-ons, these matters are of no interest, Horrever, there are
reported also two sets of observations, made by non-astronomers, which are
of paranrount imgrcrtance. They are vigual observations made at or near the
towns of Grafton (NSW) and Beaudesert (QLD). Because of the gurte different
problems associ-ated wj-th the two sets of observations,
separately.

:-.- , .

Pig. 1.
22.

I shall di-scuss them
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Circumstances of total solar eclrpse of L92Z Se[}tember
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BEAUDESERT
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the report of the observations made at Beaudesert i-s gurte brref, and I
quote it here in full:

Beaudesert is a small town in Queensland, sj-tuated in Lat. 27d 59'
Iong. L52d 56'. It does not possess a high school, but I
interviewed I.{r, Stanley, headmaster of the State School, who
promised to place a number of hls oldest and bri-ghtest pupils at
distances a furlong apart along a road passing in a more or fess
north-south di-rectj-on, the central: point being the rai-lway station
through which passed the predicted position of the shadow-edge.
Ur. Stanley was absent from Beaudesert at the time of the eclipse,
but the observations were carried out as arranged, under the
superintendance of Mr. George Cravford, All reports agree that
the sun rras not totally ecli.psed within the linits of the string
of obgerverg: that i-s, that the shadow edge passed south of lat.
28d O' . Ttro reliable youths went as far south as Hount I'tahonret
(Lat zgd A7' , long l53d ol'), uhere the eclipse xr.Lsr total , the
totality lastinE for 1 min lo secs.

When f rrent to raodern maps to iclentify the site eoordinates of ilount
ltahomet, it rtas rather di-sturbing to note that the specified coordinates
per€ for a Location geveral kilometers away from the peak na.Ded ut ltahomet,
and could equally possiSly be for another peal< i-n the mountain range.
However, correspondenee with the Queensl-and Dept of Happi-ng and Surveyrng
elicited the followingr

with due res;rect, the geographical coodrnates mentroned in the
L922 report should today be used only as an aid to general
;rcsltioning, A number of geodetj-c datum changes have occurred
since the 1922 computations which would explaan the difficulties
you have experlenced in positioning the feature on current nap
sheet series. lfhe modern coordj-nates for the trig statlon on top
of 1,ft. Hahomet are ]at 28d 04' 49"24, long I52d 59' 3Z*4I .

An interesting aspect of the observatj-ons urade in Beaudesert is that
they were made by school students. fhe ecl:-pse occurred in 1922, that is,
61 years ago: if the students were in their early teens at the time, ther,
perhaps some may still be ali-ve and might be locatable. of particular value
would be any rnformatron that the observers on l,lt Mahomet might recollect.
To this end I arranged for a small article to be placed in the Logan anc
Albert Ti,mes, the local newspaper for Beaudesert. About a week later :
received a }etter from a ur Dawson J. Bradshah, who has }i-ved on a propert-v
on the slopes of ltt ltahomet for the whole of hi-s li-fe. He was alrle tc
reeall the names of the two youths mentioned in the report. Bernari
Kennedy Yore, now living j-n catton, and Si-d Rasmussen, now dead. f phoned
Bradshaw, thanked him for the informati-on, obtarned Yore's phone number, ani
ascertai-ned that Bradshaw had not spoken to Yore for some years. Bradshau
was of age 77.

f then rang l{r Yore. tr feel sure that he was somewtrat stunned tc
receive a phone cal-L out of the blue inguirrng a.bout somethrng he saw 5:
years previousl on speaking at sone length wr-th l{r Yore, I was impressec
with the elarity of his recollection. In particular, nithout any knowledge
of the contents of the publi-shed report, he told me that the observations
were organized by ceorge Crawford, that stanley, the Headmaster, was a.bsen:
on long-service leave, and that a string of observers were located 1:
Beaudesert centered on ttre railway statron and spaced at furlonq lntervals
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- he recalLs them using a 66-foot tape-measure to space the observers.
From the exact correspondence of these detarls with those of the pu-bllshed
report, I concluded that he was alrle to accurately recall the circumstances
of the event.

It turned out that at the time they all thought it was a 'bit of a
lark', but they had a feeling of pride and responsi-bili-ty as they had been
specrally picked to go to Mt Matromet. He was able to confirm beyond any
doubt that they observed the eclipse from the feature marked on modern maps
as Mt Uahomet, and said that rn fact there were four people at the site 

-himself, hi,s father, gomeone by the name Gray, and soueone else. He
recalled that their prime mission nas to observe the shadow on the
J-andscape, that he himself would not have had a watch, but hi.s father would
have, and that hrs father would trave done the ecli-pse ti-mings. He descri-bed
h1s father as being a 'very accurate' person, who was particularly
interested in the eclipse. He also recalled nritlng a detai.led report, as
di"d the other observers in Beaudesert. ( Nj-ck Loveday trj-ed to locate these
at the Mitchell LiJrrary, with no suceess. ) tftren I spoke with Yore, he was
of age 75r he lras thus L5 at the date of the eclipse.

Some days after spealing with Yore, I received a letter from a
I{r H,E. Gray of' Taringa. He also could recall the details of the sites
around Beaudesert. Apparently he was asked to go to ttt l{ahonet, but on the
day of the eclrpse he got sick and couldn't go to school! as a result they
arranged for anottrer boy to go in his plaee. Nevertheless he ended up gotng
as well, together wj-th Yore and Yore's father, In regard to the timings, he
recalled that 'l{r Yore senr-or had a pocket watch, and I thi-nk the other man
had one algo. I seem to remember they had a bit of a difference, and it
eould have been a matter of a few seconds,. these little thrngs di-d not
appear rmportant at the time'.

It was most heartenrng that the two independent recollections of the
eclipse were so close, and agreed so rrell wrth the publ:-shed information.
Ihe recollections have removed most of the uncertainties assocr-ated with the
published report of the eclipse as seen from Beaudesert.

GRAFTSN

The observations that vere made at the southern lrmrt of the eclrpse,
at Grafton are of qurte a different nature to the Beaudesert observations.
A1l observations rrere nade by adults, and there were many re;rcrts from
throughout Grafton. Fj.gure 2 is a map of Grafton, on a scale of l:25OO0, to
whrch rt may be useful to refer. Fhe follouing condensed report Is
suffrerent to indj:cate the nature of the Grafton problems"

An attemPt was made to Iocate the edge of the Etoon's shadow on the
earth at Grafton. A p()srt].on on the locus r:f the shadow edge was
computed from the Nauticaf Alrnanac, viz. 29d /}1' 30" sth, long
152d 55'8. (through the grandstand at the Grafton Racecourse).
IVo separate sets of observerg provided two distinctly drfferent
paths for the shadow edge. one set placed the observed shadow
edge on the river i-tself, just gouth of the clty, rn lat. 29d 41'
35", the other placed et a lrttle north of the grandstand, say 29d
40' 2O". 1rhe drsputed strap is a little over a mile, and lust
includes the whole crty of Grafton. There is no doubt that the
shadov drd not reach the south bank of the river.
Both parties agree on the followr-ng points: Throughout the
dlsputed zone the black moon uas completely vasible, the corona
was visibl-e for the complete cj-rcle, though more pronounced ori the
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northern edge, and a bri.ght sgrct of apparent sunlight persisted at
the posltron of 1l o'clock. One additional observation seems to
decj-de the matter, v:-z. that the actual edge of ttre shadow was
plarnly seen along the river, near its nothern bank, by people
situated on both banks; that the portion near the city t'as dark,
whereas that near South Grafton vas quite bright all the tine.

In interpreting the analysrs of these observations, it is wise to
remember that they drd not possess the modern understanding of trhat happens
at the times of eclipse contactsi nor could they predict, let aLone analyse,
Barly Bead phenomena. Indeed, reading the fuJ-1 report, one gains the
r-mpressaon that they e:q)ected the shadow edge to be ertremely well defined

- whrch rt i.s not.
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The worryrng aspect of the reports is the presence of the brrght sflot
of light, whrch aLl observerg from Grafton reported to be present throughout
'totality'. However, there are three reported observations, each from sites
gomewhat north of the racecourse whrch are qurte interestrng. One, at the
racecourse grandstand, reports that the crescent of light 'shrank unti], it
hras a thrn Lrne, when rt became a brrfliant spark of light -Like Venus, got
smaller, then increased in size and agarn b€came crescentic, but never
entirely drsappeared'. The other trro observers' reports are similar, wrth
one who was some 4OO yd north of the grandstand regrcrting that the last
spark of the Sun's glow disappeared and reappeared 'almost instantaneously'.
The reporter of these observatj.ong also notes that having s;roken nith one of
the observerg nho reported the visiSility of the shadon edge on the water of
the rlver, he vas convinced that vhat vas sleen on the water wag no more than
a line of lrght refleeted from rippleg on the water.

Hon are these obgervatrons to be interpreted? llhe contemporary
astronomers eoncluded that the weight of the evj.dence polnted to the shadow
edge passing over the rJ.ver, south of Grafton. However, the reported
observations are ENTIREIJY CONSISrSNT wrth the occurrence of a large Bai-Iy
Bead (whr-ch 1s to be expected at the southern ]inb of the moon), thus
placing the southern limit of the actuaL eclipse path some /toO yd or so
north of the racecourse grandstand.

CTJRREIIT STATUS

Itaving investigated the reports of the eclipse, iod com€ to some
definite conclusions about what was seen, both at Grafton and Beaudesert, rt
has been possi-ble to go to the computers and analyse the observations by
eomparing them wi-th predj.etj-ons of the echpse path location using modern
ephemeris data together wi-th ttre now, substantially, known shape of the
Iunar limb. of great encouragement is the fact that the urodern data is
entirely conslstent with the ecli-pse ]rmit as affected by the lrregular
Iunar limb being somewhat north of the Grafton grandstand, a"nd also predlcts
the presence of appropriately large valleys to form the observed Baily Bead 

"

Unfortunately, rt al-so puts the northern l-imi-t NORTtt of Beaudesert, whereag
the observations from there indicate that it was 50UTH. ltaking correctr-ons
to the ephemerrs data so that the northern linit is south of the Beaudesert
observers, and consistent with the l,tt ltahomet observations, has the effect
of moving the southern lamlt far too south in Grafton. At thas stage, the
cause of this inconsistency is unknown, and awaits further investigations.
Unfortunately, until or unless the observatlons are soroehow interpreted i-n a
manner which i:s consj-stent with nodern epheueris data and its uncertarntj-es,
this partrcular eclipse nay not be of much val-ue for lnvestigatlng the
changes of the solar radlus over historical periods.
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AND AUAfEIJR ASTRONOMY IN TASUANIA

of Victoria
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ABSTRACT
The second half of the nrneteenth century saw the enrergence of
state observatori-es across the continent which, }n addltion to
astronomical research, provlded an assortment of astronomical
and meteorological data, as well as a time service, for therr
Iocal corwruni-ties. In centres wrthout professional
observatories, it sometimes fell- to serious anateurs to Provrde
this public service. orre such 'astronomrcal information centre'
was establrshed at Launceston by A.B. Brggs ]-n I88O. and
faj.thfully served the local eomrunity for twenty years. AIf red
Barrett Biggs was introduced to the uorld of astronomy in L874
when tre assr-sted the Arnerrcan Transit of venus party at Campbell
Town where he served as a teacher. Soon after he obtaLned a 76
crn refractor, and ugrcn moving to Launceston in t88O added a 216
cm reflector to his repertor-re. Operating from two
obgenvatories, he carried out regular double star and cometary
work, and provi-ded a time service for the local grcpulation with
his home-made transrt i-nstrument. His early double star
obgervatlons were made by means of a micrometer of his oun
construction. During the I88O's and 90's Biggs contributed a
number of papers to professiona.l- journals in Augtralia and
overgeasi rrrote num€rous astronomical articles for the IocaL
pressi and marntarned a correspondence with Australta's leading
astronomers. His interests also lay in areas other than
astronory. He was one of the founding fathers of sei.smology rn
Australia and rs said to have been the first to build and use a
telephone withrn this country, Bj-ggs died in J.sOO,

I

r fMIRODUCTIOI-|

one area of astronomi-cal hlstory gaining lncreasrng attention is the
contri-bution made to the advance of the disciplrne by antateurs (e,9. see
Inkster, 198o, 1982 ; Rothenb,erg, L981; Stebbrns, 1981, 1982; Will:-arns,
1983). fn Australra, despite earlier accounts by Baracchi (1914), Ellery
(I9O2) and Russell (f889), hre are strll at the stage of documentrng the
achievements of the various notable a.mateurs, and except rn the case of John
Tebbutt, perhaps (see Ashbrook, L9?2; Baracchi, I94I:351-354; Kimpton, 198o;
l'lcDonagh and orchiston, I96l-; Orchiston, 1968, I98I, 1982b,cr Wht-te, l9'79 ),
this work is stiL} very much rn its rnfancy. Recent detailed studres have
been published on leading South Australlan arffrteurs (waters, l98o-1) and
J,F. Sklellerup (orchiston, 1984c), while research is currently rn progress
on the contributi-ons of Bendrgo's John Beebe and l€s1i-e Jef f ree { by
D. ltartin); Davrd Ross (orchiston) and R.w. lligmore (Brewer), both of
t{el-bourne; Sydney's tla}ter Gale (Bhathal) and R.T,A. Innes (orchrston);
Captain Henry Baker of Ballarat (Kay); Newcastle's l,tark tlowarth (Burke); and
Drb I'tcFarlane of Irvinebank, Queensland, and Bone of Castlemal-ne, vi-ctorla
lb6th by Orchrston), amongst others. S()me preliminary lnformation on Bone,
Innes and cale has already appeared in Orchigton (1982a,b,c) and Orchiston
and Bhathal ( 1984), while orchj-ston ( r983b) provi.des a li-strng of nota.ble
Australian a.mateur astrononers,

The Purpose of this paper is to add t-o thrs data bank by examr.ning the
:ole of Alfred Barrett 8r-ggs in late nineteenth century Australran and
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Tasmanian astronory. A preliminary report on lry 'Biggs Project' was
presented at a Royal Society of lasmani-a semi.nar in Launceston last Novemb€r
(see Orchiston, 1984a), and an extraustive account is given in Orchiton
( 1e84b ) .

Alfred Barrett Biggs (Fig. 1) was born in London on 1825 April 10, the
second of twelve children. In 1833 he emigrated to Tasmania, and there
gained an edueation through his father, a businessman turned school teactrer.
H€, too, turned to teaching i-n 1845, and spent the next. 30 years of his li-fe
in a number of posts in Tasmania and Victoria. He entered a new phase of
li.fe in l88O when he accepted the position of aceountant and head ledger
keeper at the taunceston Bank for Savings in Launceston (Beever, 1972:96),
ancl remained there until shortly before his death on 19OO freeember 19
( Obi-tuary reoo ).

Bi-ggs's interest in astronory was awakened whi-le teaching at canpbell
Town ( Eistorical Comittee 1966 ), wittr the advent of the 1874 Transit
of Venus, but only blossomed following hi.s nrove to taunceston and his
appointment to the bank.

We shall now review the various instruments at Biggs's disgrosal before
proceeding to an examination of his observati-onal programmes and an
evaluation of hi-s plaee i.n Tasmanian and Australian astronorry.

II
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TNSTRUUENTATION

The first telescope that Brggs acqurred was apparently the 51 nrm

refractor that he used in 1874 to observe the Transrt of Venus ( Br-ggs,
1881di*. we have no descrigrtion of this j-nstrument. some time durrng the
perr.od 18?5-8 he obtai-ned a 76 nrm refractor, whrch he fr,tted out with an
equatorial mounting complete with circles and dr j'.ve ( Brggs , i,bLd. t f882b).
At Launceston the telescope was mounted on a stone pler (A.w. Baggs, 1933)
wrthrn a smal-l octagonal domed observatory 1-ocated in ftorge Pullen's
garden, o.8 km from the bank wtrere Erggs li-ved ( Brggs, 1882d; I886c ).
George Pr.rllen hras Biggs's brother-in-Iaw, and was the actuary at the
Launceston Bank for Savings (Beever, r'9-12:74-75r Bi-ggs Pamrl-y Tree).

Soon after moving to Launceston Brggs ( 1882b) also added a srmple home-
made transit telescope to his stable of instruments, and a retlcle
rnicrometer of hi.s own design for the ?6 uur telescope (BiLggs, 1882a). Both
proved inadequate and lrere subsequently replaeed, the former by a transit
instrument on Loan from Melbourne observatory, and the latter by a new home-
made mode1, this tine a bar micrometer ( Blggs, 1889b; A.ht. Br-ggs, 1933 ).

'Ihe most important ingtrument used by Brggs hrag a 216 mm Nerrtonian
reflector given him by a Campbell Town friend, t{r John Taylor, rn mid-1885
(B].ggs, 1885b). In a letter to John Tebbutt dated 1885 July 31, Biggs
descriSes this instrument as I

an 812 inch Reflector - (Brownlng-with) ..... It ls
mounted equatorially (approximately) by rts former owner, but
without circles ft rs provrded wrth Brovning's poners Nos
1,3.5, also G achromatic and a;rosition spider-line eyeprece.
Also Barlow-lens, and diagonal Sun-prj.sn.

Biggs (1885c) modified the lnstrument to surt hrs observatj-onal needs.
adding circfes and an ingenius drrve invoJ.vrng a yater-clock (see A.w. Brggs
n.d.). The new te.lescope was mounted j.n a newl-y-constructed rol"-L-off roof
observatory in Royal Park (as 1t rs now known), adlaeent to Pullen's
property (The -Largest telescope 1885; Scott and Scott, 1935). Three
years later, Biggs (1888a) purchased the Latest Troughton and sj.ms frlar
mierometer for use with the large refLector.

In addition to the above, a marine chronometer, se)ctent and master
electric cl.ock completed the range of instrunents at Biggs's disposal
(Brgqs, 1882b; A.W. Biggs. 1933).

Let us now examlne the use to whi-ch these instruments were put.

OBSERVATIONAL ASTRONO}.NT

fntroduction

Although Biggs carried out hrs frrst observations rn Campbell fown,
assrstj.ng an Amerj-can Transit of Venus partY r-n t8?4 (Raymond n.d.:383 ), he
only turned seriously to astronoury after movi.ng to Launceston. He contanued
to observe regularly throughout the l88o's and ].nto the 90's, when advancl-ng
age and failing eyesrght forced hrm to curtail hls enthusiasm. By 189? he
had a11 but a.bandoned observational astronomy (Brggs, 1e9?).

t Henceforth, al1 tert references to 'Brggs' relate specrfrcally to
Alfred Barrett Brggs.
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Throughout his conparatively short astronomj-caL life, Biggs's attention
focussed pri-marily on two different types of objects -- comets and double
stars -- though he also made a ;rcint of observrng a range of 'current
phenomena'.

Cometary astronomy

Biggs coumenced h5.s assault on cou€tary astronory with one of the najor
comets of the nineteenth century, the Great Corret of 1880, which he followed
assiduously for one and a half months (Biggs, 1881b), His next comet was
also a Great Comet, that of 188I, dlscovered by John Tebbutt ( see Orehiston,
198I). He obtained a number of positional readings drrectly from the
circles, and sent these to Tebbutt (Biggs, 188Ia), thereby esta.blrghing a
fri.endship that was to last for the rest of hj-s life. It was Tebbutt's
corment that cometary orbital computations were only possj-bLe with
;rcsltional meagurements obtained uith a mieroneter whieh promgrted Biggs to
construet his own device. Thi-s was first appli-ed to Schaeberle's comet of
188I (Biggs, l88lb,c), which proved too faint to detect. Instead, Biggs had
to wait for Comet Wells (1882), by which time he had the use of his new bar
micrometer. He recorded detail-s of this conet on 18 different nrghts
( B5.ggs, 1882c,d,e) and on ei-ght of these also obtained micrometric
positions. AII these data were forrrarded to Tebbutt.

Biggs had a second chance to pursue micronretri-c conretary astronorry
Iater in 1882, wi-th the arrival of the Great Comet of that year. Although a
morning object, this did not stop Bi-ggs frou obtarning 25 observations
some with the mlcrometer - and he again fonrarded all his measurements and
notes, plus field drawings, to Jotrn Tebbutt (Biggs, L882f,gi l883a,b,c). On
1883 January 15 Biggs recorded an occultation of a nineth nagni-tude star by
the comet's nucleus, which he thought was ',.... of considerabte scientj-frc
interest' (Bj-ggs, 1883a).

Trhe end of 1883 sanr the reputed discovery of a naked eye comet by trro
Tasmanian la1zmen, Clevers and llhirlnal-l, but Biggs was convinced that the
whole matter rras a hoa:c (see Orchiston, I983a). Despite a search, he could
not locate this object.

lflre year l-884 featured another, less controversial , conet, digcovered
by the Melbourne astronomer, David Ross, while searching for Comet Pons.
Comet Ross was a '..,.. very hazy, ill-defined object' (Biggs, 1884a) rn the
76 rmr telescope and so received relatively little attention. lfhis was in
marked contrast to Conet Pons which was observed both visually and
spectroscopically, In 1884, Biggs's first astrononry publieatron appeared in
the Pdpsrs cnd Proceecll,ngs of the RoUaL Soel,aty of TaemanLa, It lras titled
'Notes on speetroscopic observations of Comet 'Pons' ,....0 (Biggs, I8g4c).
Tfhis was followed later j-n the year by a shot paper in llonth Ly Nottces oi
the RoUaL Asttor.oml,cal SocLetV, which reported the vj-sual observations of
thj-s comet and Comet Ross 1884 (Biggs, I884d),

with the arrival of the large reflector Biggs was a-ble to pursue
fainter cometg for longer, and he imediately put this premise to the test
in 1886 when three different comets were visi&le from Launceston (towards
mi-d-year, aII at the same tine), Although Biggs forwarded a nunber of,

micrometrlc observations to Tebbutt (Biggs, 1886b), he drd not write up anY

of this work for publj-cation.

In contrast, 188? brought Biggs onl-y one observalrle comet, but this Yras

yet another creat Comet, and was renarkable in that its head appeared tc
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]ack a nucreus. Biggs (1887b,c) noted thrs featrtre in
Tebbutt, and al.so remarked on it in a short observational
1887a ) .
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Further micrometrrc positions, thrs trme of Conret Sawerthal, with the
new rang micrometer, were obtarned in 1888, and publi-shed in two short
pap€rs ]"n MonthLV ffotices ( BiLggs, I888b, c ) . 'I'he f i-rst of these also
contai-ned informatron on the head of the comet, together vj'.th magnitude
est imates .

Austral"ra's internatj-onal reputation in cometary astronony was boosted
in 1889 when J.E. Davldson of Queensland discovered a new comet, and th:-s
was the only comet obgerved by Bigqs during that year. All hi-s observations
were sent to Tebbutt (Biggs, 1889a), and were also brought together j.n a
short paper (Bigqs, I889c).

About this time, over-exertj-on at both work and observatory caused
Biggs's health to breaJ< down (see Biggs, 1890, 1891a), and he was only ale
to regume comet-observing in late 1892, wrth a very few ;rcsitional
measrurements of the 'Andromeda Comet' and Comet Brooks (Bj"ggs, 1893a). No
publications resulted, and these two eomets ln:aL"U the end of Biggs's comet-
observing career.

One final aspect of Biggs's cometary rrork warrants our attenti-on, and
this is his involvement in comet-searching. Uost of his searches were
conducted under the auspiceg of the ill-fated Austral-t-an corps of Amateur
Comet-Seekers i-nitiated by John Tebbutt in 1882. Since the hlstory of thrs
body, and Biggs's erucial role in it, have been dealt with in detai-l
elgewhere (Orchj-ston, 1982b), hre need only outline the major lngredients
here.

trhe rdea of a tea-m of observers each charged with systenatj-cally
searching thelr own sky-zones for new comets had rts origi.n with the Boston
Scientific Socj-ety, which suggested that Tebbutt establish a srmllar group
in Australia to monitor the southern sky. Although a number of those
approached indicated a willingness to become i.nvolved, Tebbutt and Brggs
were in fact the only ones to corunence gystematic searehes, Br-ggs Persrsted
with his searches during June, July and August 1882, wrth Comet wells
actively competing for his time during much of this period, Cloudy skies
and 'e)ctra duties' at the bank plagued Biggs duri.ng September and into
october, when his attention was directed to the newly-arrived 'Great Comet'.
'Ittis spectacular ob3ect was followed until 1883 Aprr-l ?, and must have taken
up much of the tilne that Biggs would otherwise have al.located to comet*
searching. He was also distracted in late 1882 by the Decenber 5 Transrt of
Venue, spending a good deal of time renovatj-ng the Reverend canon
Brownrigg's transit rnstrument, with vhj:ch he hoped to obtain accurate tttne.

All of the alrove activities merely served to reduce the frequensy of
Blggs.s comet-searches, but what put Paid to them once and for all was

Barnard's accidental discovery of a new comet wrthin Blggs's sky zone
towards the cLose of 1882. Naturally Biggs was devastated, and wrote
Tebbutt that 'T{here seem^sr to [be] a fata]ity against rry prosecution of the
work I have undertaken'(Biggs, I882h). When Brggs alrandoned comet-
searchlng the Comet Corps died a sudden death (much to Tebbutt's chagrin -
see Tebbutt, 1887:16-1?).

,€
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Non-cometary astronomy

After comets, the multiple star alpha Centauri was Brggs's Eajor
Preoccupation. He carried out hi-s frrst observati-ons of the separation and
position angle of the two main components of the system in 18?8 and
continued to record them from time to ti"me through lnto the earLy l89o's.
In 1887 he published an lnteresting paper on his observations, and drew algo
on the measurements of others to derive a new period of 83.? years for the
system. I\ro years later he publrshed another paper (Biggs, I889d), whieh
detarled a long seri-es of new observatrons L-arri-ed out in 1888.

Biggs also made a po:-nt of observing Transi-ts of t{ercury and venus.
Indeed, his earliest astronomical. observations were uade duri.ng the L874
Transit of venue, when he served as the 'Recorder' j.n the 'Photographi.c
House' set up by the Anerican party at ca-mpbell Town (Raymond n.d.:33). By
the time of the 1882 Transi-t he was firuly estabtished in Launceston, and
teamed with Reverend Brownrigg to successfully time the various contacts.
Instead of publishing their results in the tradi:tional fashion, in an
academj-c journal, Biggs (1882r) decided instead to wrlte them up for the
Ioeal newspapers.

fn addition to the above events, Br-ggs also attem;rted to observe two
Transits of Mercury. On 188I Novernber 8 he uissed the t-ngress phase due to
clouds, but rtas later able to view the Tr.ansat in progress from the bank
with his little 51 trm telescope (Bi"ggs, I88td). As the time of egress
neared he returned to hi-s observatory to watch the spectacle through the '16

Run refractor, but

just as f got the Sun rnto the telescope, clouds obliterated
j-t from view, and I saw no nore of rt. I eould only 'gnash rry
teeth' ( Biggs , 1881e ) .

He made a-nends ten years later, wrth the Transit of 1891 Hay lO, and
published a brlef account of his observations.

Biggs also observed two lunar eclipses, in 1885 l.larch and 1891 Uay, and
wrote short descriptive papers on both events (Biggs, I885a, 189fb).

Finally, Biggs rorrnded out hi,s prograrune with occasional observati-ons
of aurorae, sunspots, the varia-ble star R cari.na, and planetary
eonjunctions, opgrcsi.tions and ocerrltations. He wrote tuo short papers on
thi.s work (see Biggs, I886a,e), fn colla.borati-on with Reverend Brownrigg he
also contributed nonthly meteorological rePorts to the Launceston Etannl,ner
(8. Underhrood, pers. ccrmn., January 1984), and made a sp€cia] study of the
mysterious 'sky glows' of tgB3-a (Biggs, I884e), now thought to have been
assoeiated with the eruSrtion of Kraltatoa.

DISCUSSION

Alfred Barrett Biggs was a late-comer to astrononry, and hrs intensive
involvement lasted a mere 15 years. During the l89o's ill health and
fai-ling eyesight progresslvely took their toll and kept hrm from the
telescope. Eventually the walk from the bank to the observatories became
too much, and in 189? he relustantly announced:

I regret much that f have been compelled to almost 1ay aside rry
Observatory work, of late. I find advancrng years telllng

He lras then 72 years of age.
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Despite hi-s comparatively short foray rnto the realm of astronolry,
Biggs achieved a great deal. over the thirteen years from 1880 to 1892 he
followed 15 different comets (see Table l), and published six short papers
on this work. He also publi"shed his double star work and his observations
of 'current phenomena' . Yet he rem;rined insecure throughout, often
questloning his own ability and the value of hi-s work (e.9. see Biggs,
I882c, I884b, 1893b). He keenly felt the 'tyranny of distance'.

Academic publj-shing rras for him a painful process, but a necessary one
if a serious couulitment to astronomy was involved:

llowever little my modest efforts may be estinated by the master
minds who lead the way there are times when locality has an
i:nportant beari-ng and r thrnk my situation is-;f;;;;;-unique.
Under such circumstances, careful observati.ons and noteg from even
a novice nay be of gome value. (Biggs, 1893ai hj.s underlining).

And so thrs rs what Bj.ggs did: he pu-blished simpl.e descriptrve papers,
and left it to others to mal<e whatever use they wished of the data he
provided (see Brggs, 1884c,e). OnIy very rarely drd he try to tajce the data
beyond this basic stage to an analytrcal or theoretrcal level - and even
then somewhat unsuccessfully. In the case of his double star work he had to
rely very heavily on John Tebbutt's assistance 1n order to eome up with
meaningful resu"lts.

But if Biggs feLt ill. at ease rn the academic publishi.ng
his niche j-n popular writing for a lay audience. Perhaps
unexlrected given his background rn the teachrng profession
astronomy wasr a wonderful hobby to be shared by all. and
promoted this viewpoint by writi.ng up accounts of his various
projects for the locaL Tasmanian newspapers. He rras guj-ck to
Tebbutt in 1891 that

in our Little colony, whrch is so wofully [sLc
the subjects I have discussed, these efforts
appreciated. (Biggs, L891a ),

arena he found
this is not

. To Brggs,
he actively

observational.
point out to
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ghese frequent nesspaper articles were the most visi.lc.le signs of
Biggs's strong commitrnent to popular astronomy, but they were not the only
ones. He Lectured on astronomy from trme to time, and nade a point of
operating h.i.s Royal Park observatory on an 'open house' bagj-s, to all
intents and purposes running it as a cr.ty observatory. lugt liJ<e the
Vietorian astronomers ylilliam Bone and Janes oddie did rn Cagtlemaine and
BalLarat, respectively ( see orchiston , I982a,e\. The local.' trrcpulace
responded magnificently, and flocked to their beloved 'Astrononer Royal'
(see Scott and Scott, 1935) to look through the largest teJ.escope r.n
Taemania.

To uqr mind, Biggs's greatest contrlbution to Australran and Tasmanian
a€ttronomy was not as a researcher, but rather as a popularizer. He Has one
of the first Australian astronome amateur or professional 

- 
to espouse

the eoncept of popular astronorry and wholeheartedly pursue it. In some ways
he hras an anachronism, for his efforts would have been nore i.n place in
today's society with the eurrent high public profrle of astronorry,
astronautics and astrophysics.

Despite this appraisal, we should not lose srght of the fact that Biggs
also made a contribution to scienti-fic astronomy. Although not in the
league of Hobart's Francis Abbott (see Orchi-ston, 1984b; Rinmer, 1969),
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Brggs would have to rate as Tasmania's seeond most important nineteenth
century astronomer (aDateur or professional). Both Baraechi (1914) and
ilcAuley ( f9O2 ) lj-st Abbott and Biggs as the only Tasmanian astronomers of
last eentury who gained any degree of professi-onalism. Thus, Biggs's
eontributlon easily eclipses that of other possible contenderg, such as
Janes Dear, the R€verend Canon Brovnrigg, captain Shortt and Lieutenant Kay.

civen the heightened public awareness of astronorry in Launceston
achieved through Biggs's various activitles, rt is illuninating to ponder
the fate of his observatories and instrunents following his death in l9oo.
contrary to the wishes of the fanily, Blggs begueathed the large telescope
to the Royal Society of Tasmania, and in tgOI it was ghifted to Hobart
( Royal Society of Tasnenia 19OL-2:21 February lgol Uinutes ). In late ]9O2
the soci.ety loaned this i-nstrument to the Physics Degnrtment at the
University of Tasuania (McAuIay, 1902), and j-t reneined there until 1918
when it was retrieved by the estate and subsequently sold in lleLbourne (this
whole episode is considered in detail in orehiston, 1984b).

Ttre ?6 m refracting telescope was bequeathed by Biggs to one of his
nephews, and was mounted at Inveresk, Inaunceston, until the death of its new
owner in 1946. Its current whereabouts, as with the large reflector, ie
unknown. Ttris, unfortunately, is also the case for the 5I mt refractor and
the original home-made transit telescope. I'he second transit i:nstrument was
returned to Melbourne Observatory (A.9{. Biggs, 1933).

lltre fate of the two obgervatories i-s egually obgcure. Both apPear to
have been demoli-shed soon after Biggs's death and the removal of the
telescopes. Currently, al1 that reuains in Royal Park as a tangiSle
reminder of these buildings is a stone nronument (l{eston, 1933), which bears
the following inscrlption :

IAT. 4I " 26' I" S .

IpNG. L4'70 1', 49.5" 8.
STIE OF TEE OBSERI'ATORY OP

A.B. BTGGS, ESg.
ERECTTED BY TITE

ROYAI. SOCIETY OF TASUANIA
18TH SEPT. 1935.

As I have i-ndicated elsewhere (orchiston, 1984b), the eurrent locatj.on
of the nonument does not correspond to the site of Bi999's Royal Park
observatory building.

pinally, it is only fitting that we complete this Paper by looking
briefly at Biggs's non-astronomical achievements. trhe j-nnate ogtical and

mechanical genius that he brought to astrononry through his telescopes and
micrometers was also channelfed in other directi-ons. He manufactured his
own microscocpe, and was for a tine actrvely involved in microscopy.
tikewise, he eonstructed an electric master clock and a nlcrophone (Obituary
11te EngLLsh lfechantrc, Biggs promptly constructed three telephones of his own

and suceessfully tested them between Campbell Town and Launceston. These
are reputed to be the oldest telephones in Australia, and in 194? two of
them were donated to the gueen Victoria lluserrm a-nd Art Gallery in
Launceston,

Biggs also made a najor contribution to earthquale research, and is
regarded as the founder of j-nstrumental sei-smology in Australj-a ( see Roya1
Soci-ety of Tagmania, I98/f ).
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fhroughout the later years of his life, B:-ggs was also rnvolved in
society activi-ti-es. For Fany years he was a member of the taunceston
Mechanics Institute, servi:ng three segsi:ons as President and three more as
Treasurer (Whrtfield n.d, : 23-24). In a-bout 1885 he was elected a Fellow of
the Royal Soclety of Tasmania, and in 1895 jorned the fledglrng New Souttr
Wales Branch of the Britrsh Astronomi.cal Associatron ( BAA, IS9F5 ).

fn additi.on to these scientific and mecbanical pursurts, Alfred Barrett
Biggs was an accompl:-shed composer and ehoir-master, and a frequent
corunentator on politj-cal and community igsrres j.n the Tasmanian presrs
( obituary l9oo ).

CONCLUSION

Alfred Barrett Biggs of Launceston rras one of a number of talented
amateur astronomers operatlng in Australia during the second half of the
nineteenth century, but what set hin apart from his contenporaries was his
ertreme geographrcal- i-solation, and the fact that he canne to astronomy very
late in life and spent such a short time in the service of the discipline.
Nevertheless, he was able to achieve a great deal, Hi.s rnterests lay rn
both scientifrc and popular astronomy, and his contri-but:-on tn each was
signifieant.

Blggs's regearch astronomy revolved around comets and the multrtude
star alpha Centauri, but he also found tire to record a variety of current
phenomena. Almost al1 his observations vrere carri.ed out with a '16 rtrn

refractor, a 216 rur reflector, and several drfferent micrometers, som€ of
which he made. llrhese instruments were housed 1n tlro separate but adjacent-
observatories, some distance from his place of resrdence. In the course of
hj-s research Biggs enjoyed the friendshrp of that doyen of Australran
astronomers, John Tebbutt, who provided a-bundant guldance and asslstance.
Partly through Tebbutt's influence, Baggs ended up pu-bltshtng srxteen short
astronomical papers in academic journals.

The second area of antronomy to which Brggs was devoted was popuiar
astronomy, and he was one of Australra's [rost outstandrng pi:oneers 1n thls
fleld, tlis eonstant efforts to bring astronorry to the average man uere
achr.eved through lectures, f reguent nenspaper articl,es and reports on
astronomy, and by operating one of his observatori-es as a de facto city
observatory.

When his combined astronomj.cal" activrtreg are examined, it emerges
that, after Prancis Abbott of Hobart, Alfred Barrett Blggs was Tasmanta's
nost important ni-neteenth century astronomer.

Nor were Biggs's scientifj:e, mechani:cal and ogtieal talents confined to
astronomy. He is al-so recognized nationally as a pioneer in the fields of
telephony and se1smolog.y. He was one of tbat rare breed, the
multidisciplinary amateur scr-entist-engineer. But, on the basis of hi-s
astrononry, alone, Biggs rates a place rn the hrst.ory of Australian science.
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TABLE I. Nunbers of coEets observed
try A.B. Biggs, 1880-1892 .

Year Nunber

1880 I
1881 2

1882 Z

1884 2

1885 3

1887 I
1888 I
1889 I
1892 2

Total: 15
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A PORTABI,E PHOTOEI,ECTRTC PHOTI)HETRY SYSTEM
C. Bembrick* and D. Daggar,
t8ritr-sh Astronomical Assoclation (NSW Branah)

111

ABSTRACT
A photoelectrrc photometry system has been developed whrch ls
suitable for both ([IBV) varia_ble star work and oecultation
observations from a remote srte, All the equi;nrent rs designed
to be portable and battery powered (fZ V). Ttle system utilises
a Meade 25 gln Cassegrain reflector and Hopkrns photometer head
krt, fitted wrth a current to frequency (I/F\ converter. The
photometer uses an EltI 9?8lR side wrndow photomuJ,tiplier tube
(uncooled) and the system limrt set by the dark current of thrs
tube is approxrmately mv 12. Electronics for the data
acqur-siti-on and drsplay system have been designed and
constructed to frt rn a small box, Tht-s unit contains:- a)
poner suppues, b) a quartz oscj-llator for tirning and c )

electronics to count and di-gitatly drsplay the I/F converter
pu)ses over a sel-ected ti-me interval . This unit also enables
the signal, together wrth trming pulses, to be output to a chart
recorder. An interface is also provided to enalrle data
acquisitron (every l/loth s) by a computer. The ]atter rs at
present a t'{icrobee l6K which has a battery back-up memory and
can be operated from a 12 V DC supply. The system has
suecessful-ly meagured total lunar occultations and Juplter
satellrte eclrpse phenomena. Variable stars down to at least t"{y
t have aLso been measured.

INTRODUCTION

Previous experi-uents wrth a prototype photoelectric photometer
( Bembrick and Daggar, f982 ) encouraged us to develop the fully porta-ble
system descriled trere. Elements of the previ-ous systern such as the a/p
converter and the tlT lrcwer supp]y have been incorporated rn the newly
completed rnstrumentat ion.

AI}tS

Ful] portabrli.ty and battery op€ration have been retained in the new
system with the aim of operatrng from remot,e field sites for eventg such as
minor planet occultations. The new system remains a pulse-counting
instrument rather than the more sophlsticated photon-countl-ng desrgns. .,I.he

detection of stellar diffractron patterns from ]unar occul-tation events has
not been contemplated ln the design of thrs equipment as this would requj-re
mj-llisecond sampling rates for the photometer readings,
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No attempt has been made at thrs stage to
complexities such as a cooled ptrotornultiplier tube.

THE EQUIPT.IENT

The telescope

The new system has been
telescope whj-ch has a tripod
from 24O v AC supply or a 1,2

linked wrth a 25 crn, f/Io,
rnount and electrrc RA dr:_ve.
V DC car batt.ery.

j-ntroduce addi-tronal

Schmidt-Cassegrain
The latter runs
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Eyep icere

Fig. 1 . Irhe Hopkins ptrotometer head attached to the 25-qn l,ieade.

Ttris telescope has been fitted wlth a 50 mr guidescope of 600 m focal
length which i-s uounted in such a way that i.t can be offset from the aain
telesco;re ogrtic axis. It can tlrus function as an offset guider when the
photometer tread is attached to the Cassegrain focug of the nain telescop€.

Ttre other ogrtion for photometer guiding is an off-axi.g guiding unit,
with a low power illuminated crosshair eyepiece, which is normally inserted
at the cassegrain focus imnediately in front of the photoreter head.

Guidi.ng is at present accomplished by use of the manual slow motion
controlg of the tetescope. If the teleseope has been well aligned then
little guiding i-s usually required in RA and intermittent adjustnent in Dec
is a1I that is required over a time period of a few minutes.

lfhe photometer head

To speed the constructi-on and develo;nent of the neu systen a
comprcial photoneter head, including tube, was purchased, in kit fonu, frou
ileffrey Hopki.ns i.n Phoenix, Ari-zona (Hopkins, 1982). ftris kit was purchased
with an Et{I 9?81 R side window tube and standard UBV filters. :rhe head is a
small lightweight unit, Fig. 1, rreighing less than r kg and we have
incorporated our I/F converter circui-try (Bembrick and Daggar, f982) within
the head. lrtre head, Pig. 2, incorporates a small flip mirror and high Power
eyepieee with illuminated crosghairs for viewi.ng the starfield through the
diaphraqrm. Ttrere are three diaphragms and a large viewing aperture 19 m in
diarreter. llhe diaphragm sizes arer-
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Fi-g. 2. llhe Hopkins photometer head.

The three filters and one dark sU-de are mounted on a sma]-l turret which
encloses the side rti,ndow Pm. Adjustable detents are used to define the
fi,lter wheel and diaphragim posi,tions and thus these 'c1ick stops' make the
head easy to use in the dark.

![he head has been nodified so that it can screw directl-y into the back
of the off-axi-s guiding unit, which in turn is screwed firmly to the
telescope, trhe whole assembly is thus assured of adequate rigidity in
coupling to the telescope.
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QUARTZ
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VOLTAG E

CONVERTER
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DISPLAY DRIVER

SEQUENCE
INTERRUPT
CONTROLLER

CHART

RECORDER
DIGIT VISUAL DISPLAY

Fig. 3. Photometer control box com;ronents.
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{rn rf,**t

Fig. 4.

Control box electronics

llhe front panel of the control box.

llhe control box supplies the head lrith high and low voltage power and
receives back pulses wtrose frequenry is proportional to the photomultiplier
current. It presents the data obtained through three channels, see Fj-g. 3.

Firstly, a six digit (Iight emitting diode) front pa.nel readout
displays ttre average freguency of the head pulses, the average being taken
over a time that is set by a front panel switch (1, 2, 5, or l-O seconds,
Fig. /1 .

Secondly, an output for a pen recorder which has a ful} scale voltage
of O.1 v. FulI scale can be set with a panel switch to correspond to a
count rate of 1oo, 25o, IOoO, 25oo, loooo, or 25ooo. To reduce noise thj-s
output has been through a }ow pass filter with a time constant wtrich can b€
selected by switch (o.5, L, 2, or 5 s). Also present is a second signal, a
10 second period square wave, to assj-st i-n timing the chart record, see
Fig. 5.
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Thi-rdly, there is an erght bit ;rcrt for interfaci-ng to a mi.cro
computer. fhe port supplles an interrupt to the computer every O.1 s. 'the
computer then reads vi-a the port the nuriber of pulses that have come from
the photometer head since the last lnterru;rt. AII the control box functions
are timed by an internal quartz crystal timing uni-t. This unit can be
synchronj-sed to an external reference by means of a reset and restalt switch

- see Pig. +.

Ttre control box can be run from the 24O V AC mai-ns or from a L2 v
battery, Alt its supplies are regulated and it has a regulated high voltage
generator to supply the photomultrplier in the head. ltre hi-gh voltage can
be selected rn steps of ]-oo V from looo v to 15oo v.

It was decided that the front paneJ. display would read in counts Per
second rather than total counts. llhis means the nunbers are similar whether
one selects a I, 2, 5, or IO second counting period. lrhis wag achieved by
dividing the lncoming head pulses by 2 on the 2-s range and by 5 on the 5-s
range, while for the lo-s range the decimal point in the display wag moved
along one place. Ttris causes the counter resolution on the 2-s and 5-s
ranges to drop to I count,/second rather than O.5 and O.2/second. As the
head signals vary by more than I count the loss was not considered
significant compared to the convenience and reduced ehance of operator
error. Any very high precision readlngs would in any case be made on the
lo-s range where there is no loss of resolution.

llhe three channels (readout, chart recorder, computer) are totally
independent on each other's settings.

lFhe computer

The decision to interface a computer to the photom€ter was made when it
w,as found that a reasronale quality portable t2 V chart recorder could cost
up to twice as much as, for instance, a l{icrobee computer. 1[he Hicrobee ]ras
chosen becauge it can be powered from a 12 v battery, has a parallel l/o
port and has continuous CUOS memory with an internal sustaining battery.
.I,he continuous memory meansr that data can be stored in menory at an
observing site and read out or processed at a later time. tlhe Microbee is
also compact and li-ght.

T,here are addj-tionaL benefi-ts that result from the use of a computer.
Irhe data can be recorded wrth smaller ti-me resolutron than can be obtai-ned
with simple pen recorders. AIso, the data can be recorded in raw form. the
good time resolution means that rf fittering has to be done it can b€ done
with a drgital filter that introduces no time lag in the results such as
caused by a }ow pass filter in a chart recorder channel. Ttre data does not
have to be read off a chart and entered rnto a calculator for reduction.
Purthermore it is versatile as to the format in which data can be collected
and it enables information such as dates, times, condl-tions, star nannes,
etc. to be cohbined wi-th photometer data and used for presentati-on or for
li-brary uge when saved on magnetic tape.

llhe interface

The choice of a t{icrobee computer did influence the design of, the
control box and slightly }imited the perforrnance of the photometer. Ttrrs
computer in standard form has a single parallet trrcrt that can be erther I
output bits or I j-nput bi-ts or a mixture of i-nput and output brts. We chose
the mixture as we wanted output bits from the computer to control the
photometer and, of course, input bits to get back the raw data. The scheme
used is as follows:-

p
a
-t
a
I
!c
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Interrupt to computer
Acknowledge lnterrugt & freezes data
Eigh bit digit address
Low bit drgit address
D3 U.S. br-t of digrt

-D2
-Dl

DO L.S. blt of di.git.

BIT 7

BTT 6
BIT 5
BTT 4
BIT 3

BIT 2

BIT I
BIT O

Input
output
Output
Output
fnput
Input
Input
Input

a

T

s
I
t
t
I

The control box interru;rts the computer with O on bi.t 7 and the
computer then replles with O on brt 6, which also prevents any further
change to the data. The computer next places o on bits 4 & 5. Then the
control box places the flrst digit of the reading on bits o,L,2,3 and the
computer reads j.t. Next the computer places I,o on bi,ts 4 & 5. The control-
box then places the second digit on bits O,L,2,3 and this digit is read by
the computer, etc..

In thie way the computer can read a 4 digit nunber from the photometer
on every i.nterrupt ( every o,1 s ). !!hrs li-mi.ts the counts we can read to
99,990 s-1. Ttris is not as bad as it seens because the current to frequency
converter starts to become slrght].y non-linear at loO,OoO counts s- 1. tfe
could drop the interru;A period to o.Ol s to go to 999,9OO counts or fit the
head with a second, Iess gengitive range. Even as it stands, the counters
in the control box fold around above loo,ooo so that l2o,ooo reads as 2o,ooo
countg. Ttris Deans that results can stil-t be meaningful so long' as you
'tel1 the computer' on those rare occasions the photometer is ;ninting at a
very bright object. Ttris linitation does no apply to a computer having an 8

bit input and 8 bit output port.

The problem could have been sol-ved by making the contro.l box
i'ntelligent or by addrng a second port to the l.{i-crobee. fhe first would
have complicated the control box more than we desired and the second would
probably have added a 'computer expansion box' to a system that we wanted to
be compact and portable.
The software

When it was decided to use a computer re had to p]-an the goftware. It
was realized that we would proba-bly want drfferent progrannes for drfferent
types of observations and that these progr.umes rrould also be altered and
developed. So it was decided that the best approach would be to write a
nunber of acquisition modules or dri-vers that would obtaln data from the
photometer and leave i-t in a form that the main BASIC progr.ume could
access. The rdea being that once they were developed thege drivers would
seldom be changed but that the marn prograrmes that use them could be
utodified as much as desired. Thi-s means that anyone who can wrj-te BASIC can
develop a progr;rrnme for carrying out observations to hj-s own li-king wrthout
concern as to the details of how photometers and cornputers talk to each
other. llhis point becomes very im;rcrtant when the drivers are written an
assembl"er as is the case here. llhe drivers are written i-n assembler because
the BASIC on most hobby computers cannot handle interrupts and we also
wanted the speed of assembler, As it turned out the dri-ver we wrote tales
about one to two milliseconds to servi-ce each interrupt whlch leaves the
computer plenty of time to be running a BASIC supervisory progriunme or
perhaps pJ.otting up results on its graphics screen. However we are gettrng
ahead of ourselves I Back to the evol-ution of ttre software.

'Itre l,ticrobee uses a Zao P.I.o. chip for its parallel port. we had no
previous experience using thi-s chip nor in setting up the Z8O mlcroprocessor
to service real ti-me interrupts. so our frrst task was to wrlte a smali
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assembly language routine to test that we had read the manuals properl-yl
The routine simply added I to a srngle dig:-t number and di.splayed it on the
screen. Wtren lnterrupted the computer stops what rt is doing, executes our
lrttle routine and then returns to lrhat it was doing. The excitement was
totally out of proporti-on to the cause when we shorted one of the port pins
to ground (the j-nterrupt) and a number flashed up on the screenl It was not
long before we had the computer apparently doi-ng two things at once by
running a BASIC progranne continuously pri-nti-ng message on the screen while
magically a number at the top rrght of the screen counted whenever the port
pin lras shorted.

The clock

we had planned that the photometer rrould interrupt the computer every
o.1 second. This made the test routine that counted the interrupts an
obvious candidate for expansion j:nto a software clock especially as the
computer has no built in clock and there is a need to record time along with
the photometer readings. We had no difficulty in writing a 24 hour block
(updated every o.l- s) which di-splays HH:MilrSS. At this time i-t was realized
that while the clock had to run all the time it could be a nuisance if the
tj-me kept flashing up on the screen. 1rhi-s wag golved by having the cl-ock
routine display the ti-me only if a location in memory ( a flag ) had the value
1. lrhig flag can be set to 1 or o fronr a BAsIc prograrune or the keyboard.
ltris concept of CONPIGURABIJE SoPrWARE was to have a great influence on the
data acquisrtron software, see Pig, 5.

The acquisition routine

This software had its origlns ln a noble propositi rt's a-bout trme
we wrote something to drag numbers out of the photometer to see rf the rdea
works' As before, we wrote a test routine, It took nund)ers from the
photometer and drsplayed them on the screen, Thi-s h'orked and conf j-rnned that
the photometer,/computer interface was working.

We had thought rt wouLd be necegsary to write several acqulsltlon
modules, each geared to the requirements of one type ot- observation. For
example, one that averaged a number of readings to be used when takrng a
si-ngle measurement of a stellar magnltude; another to record continuously to
be used for occuLtations, etc,. However as work progressed, it became clear
that we could write a general module that could be confiqured by the BASIC
progreume using it,

Before descrrbrng the acquisr-tl-on software we should defrne some terms.
When the computer is rnterrutrrted it gets 4 digits from the photometer ( the
counts since the last rnterrupt). fhrs we cal-I a sarnple, to distingursh rt
from the number that i-s f rnally stored i-n memory whrch i-s called a readrng.
For example, we could sum ten sanrples to make a reading. .fhrs readrng would
be the number of counts from the p-lrotometer head over the last seconci and
would be the same as the number read on the control box drsplay.

'I'he acquisiti-on module has two fundamental modes of operation, FRE;E RttN
and NON-FREE RtN. fhe mode used r-s selected by a fiag that can be set from
the BASIC language progranme.

ff non-free run mode a sample :-s taken on every interrupt. A nunber of
samples are summed to form a reading. As readrngs are formed they are
stored rn a buffer ln memory. When this buffer is full acquisitron ceases.
'l(he module signals thrs fa.ct to the BASIC programme by clearrng the busy
f1ag.
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Flg, 6. Pl-ow chart of interrugt serviee routlne

In free run mode sanples are also formed rnto readings and stored 1r:

the buffer but when the buffer is ful] the module simply starts fllling tt
again from the start, overwrrting the oldest data in the buffer. Thrs
process only stopg rrhen the BASIC progr.uune clears the busy flag. The free
run mode can be used for recordrng occultatj-ons. The system ls set runnanq
before the predicted tt-me and stopped soon after the event. If the buffer
ls IOOO readt-ngs long it brl-ll contaln the last IOOO readi.ngs ta]ken ani
hopefully the record of an ocultation.
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The non-free run mode can be used when one just wants a sulte of
readings, although rt could be used to record an event wrth a certarn
predicti-on trme. As well as the urode (free run or not) the module can be

configured in other ways. The size of the buffer can be set and a paraneter
we call 'option' can be chosen. Option determines the way sa.utples are made

into readings. If optj-on=O then a reading consists of one sample. Thls
means the buffer wrll be filted with readings taken every O.I s.

If option=I then a reading consists of the sum of the Iast IO samples.
A reading is generated every gecond on the second and is the total counts
from the previous second to the present second.

If opti-on=N,N>1, then a reading consists of the sum of N sampies.
(N must be less than loo. )

t'he above descri;rti.on of the acqui.sition module is best sumrarized by
saying that the one acquisition module can be used with tasks that range
from recording the occultation of a relatively bright objeqt wr.th thousands
of readings at O.I s intervals, to i-ntegrating the counts from dim oblects
for effeetive periods that could approach an hour. lhe buffer operatron rs
outlined in Pig. ?. (A) shows the state imoedi-ately after acqursrtion has
comrenced, but no readj-ngs have been stored. lfhe configuration parameters
have been uged to establish the base of the buffer ( Bufbas ). A poi-nter }s
ke;rt to point to the last reading entered j-n the buffer. fhe busy flag rs
set as acquisition ls in progress. 'fhe buffer full flag is not set as the
buffer has not been filled and a tj-me has not been saved. (B) shows the
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510
RAW INST MAG (V)

Pig. 8. A plot of best results, raw instrufment magnrtudes (V)
agai.nst catalogue magnitudes (v), using the 9?8tR photomultiplier
tube and the 80 arcsec. diaphragrm.

state after a number of readings have been stored ln the buffer. The
pornter points to the last entry and 'Tine' contains the tlme at whrch t1c
last entry was made. '!he busy flag rs strll set and the buffer full flag
not set. ( c ) shows the state at the end of a non-free run acqursrtt-or^
cycLe. fhe buffer is full so the buffer full flag is set. The busy flaq
has been cleared to show that acqursition rs complete. In the case of free
run mode the busy flag is not cleared and acqui-srtron continues w1ti.
readings overwriting previous data ( D ). It is necessary to know the va]ue
of the pointer, the Time, and the buffer fulf flag, in order to retrieve
each reading and the trme lt was entered in the buffer.

DISCUSSION

Initial test results wrth the l,teade and photometer combinatron are most
encouraging. T'he 9781 R tub€ has cotrEronly given dark current counts as lof'
as 3 s-1, correspondi-ng to a raw i-nstrumental magnrtude (mv) of approx. 12

Tests using the *1 ( 80 arcsec ) draphragrm show that stars cl.ose to magnitucie
9 can be easj.ly measured i.n a moonlrt sky. Further tests rri.th the 60 and 5:
arcsec d:.aphragms y5.Il be completed when lmprovements to the aligrunent an:
guiding accuracy of this portable instrument have been nrade. Some of tlle
guiding opti.ons have already been descrjlc€d. The final solution will mos:
probalrly involve electric motor slov motron guiding controls for both RA alc
Dec. axes.

The test resufts w]-th the photometer, Fag. 8, show a very good lrnea:
relationship exists between raw J.nstrumentaL (V) magnrtudes and catalogu€
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( V ) magnitudes rfihese results encourage us to belleve that accepta.ble
rigorous transformatj.on coeffici.ents can be derived for thrs equJ-pnent to
yield the standard ilohnson (UBV) magnitudes (,tohngon, 1963 ) used 1-n

photoelectrrc vari-a-ble star work.

Theoretica]. considerations lndicate that for an idea.I transformtron
from the system magnitudeg to standard tlBV magnitudes, the coefficient, Qv,
ghould be cl.ose to zero. |lhj.s trangformatj.on relationghr.p takes the form
of --

V=vo+e.r(B-v)+Zv,

vhere V = gtandard .Iohneon V band
vo - 9lrgten instrumentaL mag.

(B-v) - sta!'s colou! index
Zv - zQto Point correction.

mag.
corrected for ertinctron

h.
!!ilF

;4
!oa
-4
r€rl
:sil
.l.r!
3Al

'fhe colour-dependent term, eq(B-V), ghould ideally be zero if the PHT,/filter
eonbination ahova a perfect match with the standard ilohnson (UBv) system.
coefficientE uP to o.t are tolerable, but valueg larger than this indrcate
that the trangfornation relationship uay not be linear. Prelininary results
indicate that thi.s system's v mag. transformation coefficient (ev) may be as
lov ag O.O3 to O.Ol, a tnost encouragi.ng result.

CONCLUSION

A workable, portable photoelectric photometry system has been develogred
uhich has sufficient sensitivi-ty and flexibility to be used for variable
star and ninor planet work and for occultation events.

'I'he system has a theoretical- Iimj.t of mv 12, though this has yet to be
achieved i-n Practice and wi-ll requlre longer integration tlmes, computer
proeessing and reduction of data,

A hnear relationship for thrs system has been demonstrated between raw
i.nstrumentaL (V) magnitude and catalogue (V) nagnitudes. Preliminary
results indrcate a transformation coeffrci-ent (€v) of less than O.1 betneen
this system and the standard Johnson UBV system.

Further develo;ments of thrs system wrll involve better guidj-ng for the
telescope, a better relay lens for the photometer postvi-ewer eyepiece and
more sophi-strcated software for data acquisrtion and reduction.

It 1s hoped to use thrs photometer to obtarn some minor planet lrght
curves in 1984.
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TIIE SPACE SHUTTLE AIID TTS APPTJICATION TO ASTRONOI{|Y
Jos Helrman and ceoff Davies,
Astronautlcal Society of Western Australia

123

ABSTRA T
1rhe paper traces the develo;nent of the Sp,ace Shutt]e to the
present day, and then explains the operatlonal use of the
Shuttl-e with an emphasls on its re-usability and versatility.
trhe various appllcationg of the Space Shuttle to astronomy are
highlighted, rrith specifr-c emphasis on:
(a) Hubble Space Telescope, a l3-metre long telescope which will
be deployed in space and wiLl, wel] above the turbulent
atnosphere, Iook 7 tines more deeply into sl)ace, detect objects
5O times rnore fai-nt, and view them wi-th 10 tfules better clari-ty
than Earth-based observatories, thus ex;randing the universe
vislb]-e to man 35O tines; and (b) Starlab, a joi.nt prognsal by
the United States, Canada and Australj-a for a one-metre ap€rture
telescope which will be carried into orbit on a Sgncelab pallet.

IMTRODUCTTION

During the three and a half centuries from Gallleo to the birth of thesPace 49€, there have been some significant advances ln astronorryl thereflecting telescope, the photographic plate, eomputer enhancement. Butthroughout this Period one obstacle has reurained: Earth's atmosphere.Despite observatorles being built in desert regions or on nountain -tops,the distorting effect of this turbulent sea of gas and dust parti-cles is
always present.

Hith the launching of the fi-rst arti-ficial satellite in 195?, the wayltag oPen for the nert urajor advance 
- placing telescopes a-bove theatmosphere. Not only did thj-s benefit ogti-cat astronolqr, it also madepossible observations i-n those regi-ons of the elestromagnetic apestrum wherethe radiation does not penetrate to Earth.s surface.

The fi-rst space telescope, for
i-n 1968, and there have been many
gamna-ray, o;rtical and infrared
availa.ble, a further major step
serviced or modifi_ed in orbi.t, and
subsequent re-flight.

ultraviolet studies, was put into orbit
others since for studi_es i-n the X-ray,
bands. Now that the space shuttle is
is possi.Jrle, a spaee telescope to b€
to be returned to Earth for overhaul and

In this paper the authors confine themgelves to a cursory descriStion
of the space shuttle, foll-owed by sumrari-es of the Hubble spaee Telescope
and Starlab. Por detailed j-nformation on al] these complex progr€ume€r, the
reader should eonsult the speci-alist lrterature.

TITE SPACE SH(ITTLE

Concept

Ever slnce the Unj-ted States becane seriously involved in the
possi-bilj-ties of spaceflight, the idea of a winged re-usa-ble space vehicle
has been considered. ft is obvious that the economics of such a vehicle,
that can not only carry a payload i-nto orbit but also do this repeatedly,
are superior to thoge of buj-ldinE large rockets that can only be used once.
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So, whl]st in the 196Os and I97Os the Anerican space programme forged ahead
on expenda-b1e boosters, and in the process landed men on the Lloon, sent
probes throughout the Solar System and placed satellites in Earth-orbit,
major U.s. aerospace companies studied the conce;rt of re-usable space
vehicles.

fn l-97O the National Aeronautics and Space Administration ( NASA )

awarded contraets for feasibility studies into a tvo-stage re-usable space
vehj-cle with the foll-owing features:

a ) capabili.ty to undertdce subsonic to supersonic flight in the atmosphere
as lrell as s;ncefli-ght;
b) capabili.ty to carry a substantial payload into low Earth-orbit ( 185 to
lloo km altitude)t
c) ertensive use of computer-controlled systems with tri-ple-redundancy,
d) a normal missi-on durati-on of seven days, with erctension to 30 days by
inelusion of additional facili-ties;
e) capability to make a controlled re-entry into the atrnosphere
landing at an alternatj-ve runway if required; and
f ) protecti-on against the heat of re-entry by heat-resistant
instead of ablative materi-al .

In L912 the now-fa.uriliar design of a winged orbiter, an expenda.ble
external propellant tank, and two re-usable solld rocket boosters was
selected, Pig. 1.

Design and operation

The current progralrme calls for the construction of four orbiters
Columbia, Challenger, Discovery and Atlantis, of which the first trto are
already in service. A fifth orbiter tras not yet been funded. (Note that
the 'orbiter' Enterprise rras used for landi-ng trials only and had no
spaceflight capability. I

TAELE r, Space Shuttle Characterrsties
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Orbiter
Boosters
External Tank
Payload-bay

Gross Liftoff weight
orblter Liftoff Werght
llaxi-mum Payload Yleight

Length (ut)

37.19
45 ,47
46.80
18.30

2,OOO,OOO kg (

94, eoo kg (

29,5OO kg

Span,/diameter ( m )

23 ,'17
3 .71
I .40
4.60

approx )

approx )

The orblter has three main engines, which are used durrng launch and

are supplied from ttre erternal tank-. Once the tank rs lettrsoned some erght
mlnutes after launch, the main engines can no longer be used. For operation
in space, the orbiter rs equr.pped wrth two Orbrtal Manoeuvring System (OI'{S\

engines and 44 Reactj-on Control System (RCS) engines, '.lhe OtLS engines are
used for modifyrng the orbrt and (after turnj-ng the orbiter through 18Oo) as

retro-rockets for reducing veloci-ty prior to re-entry. T'tle RCS engines (16

at the front and 28 at the rear) are used for all other attitude manoeuvres
in spaee.

The orbi-ter's large payload-bay ls sealed for launch and re-entry bY

trro longitudlnal doors, which remain open throughout the orbital flight.
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I'he payload-bay can aceomodate both fixed payloads and payloads intended to
be placed in orbit, the latter being either ejected by gprings or lifted out
by the Remote llanipulator Syaten (Rl{S) - a computer-assisted mechanical arm
equipped with a grappling deviee and with TV carnerag to allow it to be
remotely op€rated from inside the erew-compartment. tltre RH.s is also used
for retrieving spaceeraft which are to be serviced aboard the orbiter, or
brought back to Earth.

Ehe crew of up to seven eonsistg of the Comtander and Pilot, who are
reeponsible for the orbiter o;reratlong; lr{ission Specialists, responsible for
the launching of payloads and for interacti-on between the orbiter and
nj-ssi-on aetivities; and Payload Specialists, who may be provided by
customers whose payloads are gnrti-eularly complex or requlre a lot of
attention. All Shuttle launches are currently made from Kennedy Space
Center i-n Plorida, in an easterly direction, but from ]ate-1985 launches
will also be made into poLar orbit, from Vandenberg, Californi-a.

The allowalrle di-reetlons of launch, see Pig. 2, are defined by the
reguirement that the fli-ght-path during the launch-phase must be over water,
to allow the recovery of the booster rockets from the ocean and to avord any
part of the e:(ternal tank falling on populated areas.
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on completion of its mission, the orbiter's payload-bay doors are
closed and the vehicle makes an unpowered descent through the atmosphere to
land on a runvay. After removal of equipnent from the payload-bay, the
orblter is prepared for its nerrt flrght. It is desrgned to make at feast 50
flights, wlth an eventual turnaround time of as little as two weeks.

TIIE HT'BBLE SPACE TELESCOPE

ftle Hubble Space Telescope (HsT), Pig. 3, is an unmanned. multr-purpose
observatory which HiIl be placed in Earth-orbit by the space shuttle. 'I'he
orbit wiII be circular at 5OO km altrtude, at an inclination of 28.80 to the
equator, and wj.th an orbltaL peri-od of 94.5 mj-nutes. It is designed to be
serviced and modified in orbit, and to be returned to Earth at intervals for
major overhauls, thereby providi-ng an expected lifetime of at least 15
yearst,

T.he ingtruments to be carried will enable observations to be carried
out frorn the far-ultravi.olet to the far-i-nfrared, with a pointing stalrility
of O.OO? arcseconds. The telescope wrll achreve Io trmes better resolution
and add 4 nagnitudes ( sOx ) to the capabrlltres of the best ground-based
telescopes. Furthermore, i-t will more than double the observation tlne each
year that i:s obtaj.na.ble at the most favoured ground observatorres.
c.rncept

ft was at a r,rorkshop held by NASA r-n 1952 that the first proposals for
a space telescope were made. In 195? the U.s. National Acade[y of sej-ences
held a series of seminars to focus the attention of astronomers on the
project, and in 19?I NASA comenced an advanced study for a 3 rdianeter
instrument which was cal}ed the targe Space Telescope.
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equrpment through the panels in the rear.
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T'he scienti.fic definition was carri-ed out between 19?3 and L976, rrhen
the missj.on object5-veg, modes of operatron and scientifi.c i-nstruments were
defined, It lras at that tine that, due to cost, the size of the ni.ror was
reduced to 2.4 metres and the project was renamed the space Telescope. In
1976 the EuroPean SPace Agenc':f becane a partner when it agreed to provide
one of the ingtruments (the Paint Object c:rmera) and the solar panels, in
return for 15 percent of the observing time on the telescope.

contracts utere avarded to Perkin-Elmer for the telescope assembly, and
to tockheed for the support module, and develolnent eomeneed in l9??. At
that tine it was expected that the space Shuttle would become operational j-n
1979 and the HST couLd be put into orbit in 1983, but due to delays in the
Shuttle prograrnne and to teehnical and management problens with the ItsT, the
Iauneh ig now unlikely to occur before late-1986. In 1983 october the Space
Telescope was renamed the Edwin P. Hubble space'f€lescope. lltre EsT consists
of three major corngronents: the optical Telescop€ Assembly, the support
Syatem Module, and the Scientific fnstrurnente.
Optical telescope assenbly

f'he teleseope is a cassegrain-type diffraction-limited Ritchey-Chretien
i.ngtrunent with an effeetive aperture of 2.4 netres. 'Itre spatial resolutlon
is O.1 arcsec, the liniting nagnitude is 27-28, and the dynamie range eovers
the far-ultraviolet (f2f.6 nanometres) to the far-infrared (I millimetre),

Light i-s refleeted frou the primary mi.rror to the o.3 m-dia-neter
secondary mirror located at the prime focus, then through a central hole in
the pr5-na.ry mirror to a focus l. ,5 n behi-nd it, lrhere the instruments are
positioned. llhe telescope tube contains a serieg of baffles to suppress
unwanted il]unination from bright celestial sources and from the structure.
The tube is 13.1O m long and 4.27 ut in diameter.

lfhe Primary mirror blank, made of Ultra Iow Expansion Glass, uras
supplied by Corning Glassvorks, and consists of 25 Fthick front and rear
plates fused to a honeyconb inter:.or. I.tanufacture comnenced in L977
oetober, and the blank was deli-vered to Perkin Elner in t9?8 December. The
grinding and polishj-ng took three and a half years, by which tin€ the
initial weight of 9O7 kg had been redueed to ?48.5 kg. The fi-nal lrcIishing
( figuri.ng ) Iasted ni.ne months and was done on a unique machine called the
ComPuter Controlled Polisher. On completion in 19Sl May, the surface was
calculated to be accurate to withrn 25 nm.

Coating of the mirror was done j-n a stai-nless-steel vacuum cha-mber.
First a coating of pure aluminium 65 nm thick was applied, then a protective
eoating of magnesium fluoride z?.5 nm thi-ck to prevent oxidi-sation of the
alumrnj-um. The specj.fication calts for the mirror to be refleetlve from the
121.6 nm Llman AIPha line for hydrogen to I m, with at least gS percent
refleeti-vrty at the neon-red resonance lrne of 632.9 nm. .Ilhe smaller
secondary mirror was also prepared to the s.rme speeification,

fn orbrt, the primary mirror's front surface wil-l be at near-space
tenperature while the rear is maintar-ned at 21"c. To ensure that the mlrror
retains its correct eurvature, and the two mi-rrors their relative posi-tions,
special ogtical senstors are placed at the focal plane to allow the conditi-on
of the teleseope to be monitored,. also, the tel_escope's main internal
structure rs made of a low thermal-coefficient graphite-epoxy composite.

If any errors of the primary curvature are detected, the surface can b,e
adiusted bY 24 force-actuators mounted behind the mirror. If the secondary
mirror is out of alj-gnment, six precision motors can be used to nove its
support.
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The Support Systems l.todule provides service systems to operate the HST.
It is contaj-ned i-n a collar, which fits around the telescogre tube, leveJ-
with the prinary mi-rror, and contains the electrical power distributors,
conmunicatj-ons and telemetry systems, thermal control system, and attitude-
controL giyroscopes. Electrical ;rcwer is supplied by tuo deploya-ble and
retractable panels each 1L.82 n long with a total area of a-bout 50 il12,
earrying 48,760 solar cel.ls. These will deliver 5 kilonatts at 34 voltg,
fallinq to 4 kva after two years in orbit due to the degradation of tbe
cells. The solar panels supply storage batteries yhich ryill be used during
the regular peri.ods yhen the HST enters ee1lpse. llhe solar panels are
supplied by the European Space Agency.

Attitude control is provi.ded by reaction ryheels yhich recelve
information from rate-gyros, star-trackers and fine-guidance sengors. The
reaction wheels alfow the teLescope to be moved through 9Oo in no more than
20 minutes. T'he star-trackers will use brrght stars to provide pointing
accuracy to within 1 arcmj.n. which j-s sufficient to place the Euide-star
within the fields of view of the fine-guidance sengors. These three
sensors, Located around the prrmary mirror, use interferometry to provide
error signals to the attitude-control system. Overall accuracy of the
system provides pointing and stability to within o.oo7 arcsec. fhe fine-
guidance system was originally designed to lock onto 13th magnrtud'e stars,
data at the tine showing that this rrould provide 95 p€rcent sky-coverage.
Later, 1t wag found that many of these stars were i-n fact dor.r-bl"e-stars and
that the sensors vould either Lock onto the wrong star or fail to lock on at
all. Consequently the system was re-designed to operate on 14th magnitude
starg.

A11 astronomj-caL data wrl.l. be converted to telemetry yhi,ch yiL-l be
transmj.tted to the ground. Ground-controL rvill also receive 'house-keeping'
data which will rnform then of the openatrng condition of the HST.

scientif rc instruments

The HST wrlf accormrodate fj-ve drfferent instrunents at its focal plane.
but the flexj-ble design allows thece to be replaced, when desired' to
incorporate advances in technology or to satisfy chartEes Ln observational
requirements, Updating, repair or replacernent can be carrj,ed out a.board the
Space Shuttle or after returning the HST to Earth. Each instrument }s
mounted in a standard module which rs completely independent'

wide fj.eld/planetary camera (WPlPc )

This lnstrument, supplied try the Calrfornaa Institute of Technolog:y, I-s

used for the measurenent of evolutionary changes and testing of models of
the Universe, and to look for perturbatlons of nearby stars in a search for
Jupiter-size planets. It consists of two cameras sharlng ttle same housing
and electronics. Ilhe lti-de Field Camera is an f/L2"9 lnstruurent with a field
of view of 160 sq.arcsec., and wrll be used for deep-sky surveys. The

Planetary Camera is an f/gO instrument with a field of vieur of
68 , ?sq, arcsec . for hrgh-resolut:-on imagrng of f arnt sources . :[he 3-i:ght

which enters the WFIPC is direeted by a novalrle mirror to €r-ther of the tHo
detectors; both consist of four sets of Ctrarqe Coupled Devices cooled tc
-95"C and coated wlth Coronene, &D organlc phosphor, Thrs coating converts
ultravj-olet photons into vrsi-ble photons to increase the range of the
detectors. The range is 115-tlOO nrl, wj-th a visual magni-tude of I to 28.
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T'he mj-nimum exposure time is o.1 s and a typical long-exposure time is
3OOO s, corresponding to half an orbital period of the HST. T,he WFlpc is
equipped wrth a large number of filters, transmj'sst_on gratings and
polarrsers.

Faint ob3ect camera (POC)

Supplied by the Huygens Laboratory, 1[tre Nether]ands, the p@ will use
the full capability of the tlST to study very faint objects at hi-gh angular
resolution. rt is complementary to the wPlpc, in having hj-gher spatial
resolutj-on while the WP,/PC has a larger field of view.

The Foc consists of two independent caneras operating at f/96 and f/4a.
When operated at f/48 the field of view is four tines that at f/9€., but of
Iower resolution. At short wavelengths, very high resolutj-on can be
obtained by inserting a compact cassegrain assenbly into the opticat path,
converting f/96 into f1288.
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Trhe detectors are based on the Inage
high performance inage-intensifier which can
using integration-times of up to lO hours
should be possi-ble to obtain a signal/noise
28th magni-tude for ;nint sources.

Photon Counting system, a very
count indi.vidual photons. By
during succegsive orbits, it
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ltre f/48 mode provides a long-slit spectrograph for observrng extended
objects sueh as galaxies, comets and nebulae, whieh should be visilole down
to 22nd magnitude. In the f/96 mode a coronagraph ean suppress brj-ght
objects in the fj-eld of the faint object being observed. ttre Poc is
equipPed with a variety of filters and polarisers, and hag a dyna-mi.c range
of 12O nm to ?OO nm.

Faint object spectrograph (POS)

Trhis instrurnent, supplied by the Unj-versity of Californi-a at san Diego,
will determine the constitution, physical characteristics and dynamics of
faint sources. It wil-I be used for moderate and low reeolution spectro-
Snlarimetry and time-resolved spectroscopy at vi.si-ble and tw wavelengths.

The FOS uses two magneticaJ-ly-focussed, photon-countrng Digicon
sensors, one for UV and visiSle bands, the ottrer for visi-bl-e and near-
i-nfrared bands. The Digicon op€rates by re-imaging the detected photo-
electrons onto an array of si-lj-con diodes. Exposure times vary from 50
nicroseconds to IO,OOO geconds or more. A continuous set of exposures, each
50 rnicrosec. to lO millisec. J-ong, can be made at rates of up to loo
exposures per second.

'fhe faintest stars that are visr-lrle wi-J-l \rary according to the
wavelength studied and the resolution ctrosen, but are expected to be about
21st magnitude at high resolutj-on and 25th magnitude at low resolution, for
a 1O,OOO second extrrcsure. lhe range of the FOS is ll4 rue to 7OO nm, wrth
the polarisation analyser operalrle over ttre range 12O-35O nm.

High resolution spectroEraph (HRS )

Thrs NASA instrument is supplied by coddard Space Fli-ght center, and
wiLl enabJ-e scientr-sts to determine the composrtron of the interstellar
medi.um and the abundance of the elements. It can be operated in sunJ-ight
and therefore can be used at all times, to provi-de high-qua].i-ty spectra at
ultraviolet wavelengths between fIO run and 23O nm.
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'I{he HRS can be operated rn three resolution modes, but normally only
the high and moderate resolution ranges w:-ll be used. At high resolution,
the resolving power is alrout ]-oo,ooo, uoderate resolution wj-Il be used for
target acquisiti-on, estimating exposure ti-mes for hi-gh-resolution spectra,
and for coverage of the short wavelength regron where the Ogtrcal Telescope
Assenbly is rneffrcient.

rlrhe HRs uses tno Dr-g1con detectors each with 512 diodes. l{inrmum
exposure trme rs 25 millrsecondg. Limitrng visual- magnitude varies with
wavelength and mode, but for a 2,Ooo-second rntegratron time wrll be a-bout
11 at hrgh resolutron, 14 at med]-um resoluti-on, and l7 at low resolution,

High speed photometer ( HSP )

|rhrs Unrversity of Wj-sconsin j-nstrument will" be used to study
brightness fluctuati-ons of a variety of raprdly-varying objects ranging from
point sources to celestraf frelds of small angular size, over a dynamrc
range of l2O to 18O nm. It uses four image di,ssectors (photomultipliers
with spatial resolution) and a red-sengrtrve photomultj-plier; two operate at
ultravrol.et wavelengths, and two at visjlle and near-infrared wavelengths.
Unlike a conventiona] photometer, whrch uses a steppj-ng-motor to posr-tion
various filters in the optical path, the HSP contai-ns no moving parts; the
choice of filter and aperture combination rs made by posltioning the inage
within the instrument by small movements of the telescope

The HSP operates in any of three modes: star-sky photometry wrth a
single fllter, allowing the brrghtness of the local starfreld and nebulosity
to be subtracted from the stellar magnitude to improve accuracy, photometrY
or polarimetry wj-th several fr.]ters used sequentially with smalI motiotrs;
and wide-fj"eld photometry over IO arcsec, diameter area wr-thout a filter,
requiring no specia] motron of the telescope. Lrmiti-ng visual nagni-tude,
wrth looo-second rntegration trme and a srgnal,/noise ratio of 10, wrll be
24. Photometrlc accurasy Is expected to be about o.2 percent.

Astrometry

Durrng nonnal- operatrons, two of the three Pl-ne Gurdance Sensors (FGS)
will be used for accurate telescope-por-ntlng, leaving the third free for
astrometric measurements. A Universrty of Texas at Austrn proleqt wr]l make
use of the unused FcS and, with the a:-d of neutral-densrty filters, wrll
measure stars of magnrtudes from 4 to 20. t'tre positions of ten stars should
be abte to be determl-ned wrthin Io mrnutes, Possible targets, as w€ll as
distant stars, are sateflites of the outer planets of the Solar System.

Management and operation

overal,l drrection of the HST progrannne ls carried out by NASA's Offr-ce
of Space Science and Applrcatrons. titarshall Space f lrght Center has
management responsi:brtrty, whrl-e C,oddard Space Flight Center is responsille
for instrumentation and operation planning.

The data centre rs the Space Telescope Science Institute (STSI ),
located at John Hopkrns Unr-versity tn Baltlmore, t{aryland and established by
the Assocratron of Universt-tl-es for Research in Astrononq/. S'fSf wrll be the
host for U.S. and foreign astronoBers, who will use the facrlitY as they
would a conventionaf observatory.

.fhe European Co-ordinatr-ng Facalrty ( ECF ) r-s located at the European
Southern Observatory at Garchrng, Federal Republlc of Germany. The ECF wr]J,
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secondary mirror
assernbly

graphrte epo>ry metering truss

central baffle

fine guidance sensor ( 3)

aluminium main
ba f fle

axial scientific
instrument

prr-mary mlrror
mal-n rlng

radial scientific
instrument

fixed head star trackers(3)
and rate gyro assembly

Plg. 4. l.tain features of the Hubble space telescope,

work in conjunction wrth STSI, and will co-ordinate work in Europe on data
analysis, providrng advanced computer fac:-Irties to European astronomers,
Operat j.onally the HST wr11 be controlled f rom Go'ddard SFc, and aI1
astronomi-ca.l- data will be sent by telemetry to Coddard via NASA's Tracking
and Data Relay Satellrte System, Flg. 5. whi-ch will consist of two TDRS

cosununicati-ons satellrtes in geostatr-onary orbrt and a ground statron in New

llexico. Goddard SFC wrll forward the data to STSI rn t{aryland. Due to
demands on the TDRS network by other users, the HST will be able to use it
for only a.bout 20 percent of the tlme, so most observation prograJrmes wrll"
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be stored on board the HST. Por some observations of irregular or unusual
sources, alternatlves wrll be pre-progra$med with the astronomer a-ble to
select his chorce in real trme.

'Quick-look data' wrll b€ sent drrect to STSI, to enalrle early
assessment of results and to enabl-e prograume changes to b'e made. Normally,
however, data will- be filtered to reroove noise, then checked and reduced
before berng delivered to the sclentrst concerned.

After about two and a half years in orbrt, the HST wrll be visrted by
the space Shuttle. Its solar panels wj-Il be retracted and it wrll b€
brought into the payload-bay for routine servieing and for replacement of
i:nstruments rf reguired. After a further two and a half years, it w:-11 be
brought back to Earth for major overhaul; the mirrors and solar panels walf
be sent to the manufacturers for refurbishment, and new instruments vrall be
lnstalled. By means of regular servicing,
should be obtarned.

STARIJAE

a lrfe of at least 15 years

Starlalc ls a one-metre space telescope berng developed lointly by
Australia, Canada and the Unrted States. After rnltlal proving flrghts
aboard the Space Shuttle ]-n 1990 and 1991, rt wrlI be mounted on a free-
flying space platforn for perrods of gix to twelve months at a t1me.
Starla-b will carry two lnstrumentsi a canera providing high-resolution
imagery over a very large freld of vrewr and a multi-purpose sPectrograph
for the study of extended or poj-nt sources. Starlab will form an rdeal
complement to the Hubble Space Tel-escope, operatrng rn the saln€ spectral
range wrth similar spatial resolutron, but havlng a field of view one
hundred tr-mes larger. Due to rts space envj-ronnent, where the darker
background j-s equl-valent to an implovement of one to two magnrtudes at
opti-ca1 wavelengths :-ncreasrng to four to frve magnrtudes at about looo nm,

Starl-ab will be a more powerful rnstrument than much larger ground-based
telescopes.

a

Fig. 5. Cornparison of
frelds. the Hercules
z=o.o34. I'he Starlab
1.8 upc dlaneter.
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Evolution of Starlab

Because the HST represents a great leap forward in observatronal
capabili.ty, rt would, in the absence of a suita.lrle companion, have to
function as its own survey instrument. 'Ihi-s would be very inefficient, due
to the HST's very small field of viev, Fag. 6. Even its wide Field camera
has a field of view of only 2.7 arcmin,, Iess than one-tenth the diarneter of
the full-lrloon.

The U.S. National Academy of Scrences therefore recomended a one-
metre, diffraction-limited space telescope as the 'pri.ne complement' to the
HST. fn l9?4 NASA cotrurenced a progr.rmme for a Spacela-b Ultraviolet Optical
Telescope, later renamed STARLAB. Scientific studieg cormenced in 1975, but
restricted funding led to suspensi-on of the programe in l9?8.

In l9?9 Profesgor Mathewson, Di-rector of the AustraU'an National,
University's llount Stromlo and Siding Spring Observatories (I'ISSSO), proposed
to NASA that Australia participate in starlab. A few months later, canada
made a similar proposal. These proposals led to Starla.b being revived, and
joint meetings rrere held in I98o, resulting in a greatly-modified
specifi-cation. Origi-nally, Starlab was i-ntended to be a highly-versatile,
general-purpose telescope which wouJ-d remain i-n the Space Shuttle's payJ-oad-
bay, However, the short-duration Shuttle flights (?-fo days) made thrs
extremely expensive, Also, during the early Shuttle flights, it was found
that the payload-bay was an unsulta.ble environment from the point of view of
instrument-pointing accuracy and chemical cleanliness. 'fhese factors led to
staxla-b being redefined as mounted on a free-flyi-ng space platform, to be
;reri-odically vi-sited and servrced by the Space Shuttl-e.

Peatures of Starlab

In addition to actrng as a survey i-nstrument for the HSf, Starlab wr-ll
be a powerful j-nstrument rn rts own right. It wi-ll be of value to afl
branches of astrophysrcs, and could well become one of the world'g most
heavily-used astronony facilities. The Direct Imaging ca$era will survey
entlre galaxies with a si-ngle exposure to seek out unusual objects; rt wil]
survey drstant clusters to discover ttre large-scale structure of matter and
it will measure the explosions of dyrng stars to rnonitor the expansion of
the Universe.

llhe second instrument, the Dfultimode Spectrograph, wrll be used to
determine plasma densi-tles, ionlsation state and chemical com;rosrtlon and
mass-loss of stars, ttre dynamics of galactrc systems, the abundance of
molecular species i-n comets, planets and the lnterstellar medium, Both
lnstruments will use a unr-que ptroton-countrng array developed by ITSSSO to
obtain data more than one thousand times fa.ster that the HST.

Division of responsi-bilities

Australj-a wj.II provide the scientifr-c rnstrument Package, whrch
consists of the Direct Imagi'ng canera, the l,tultrmode Spectrograph, and the
Ultra Large Format Photon Counting Array. canada is responsi-ble for the
telescope structure, main optlcs, thermal control, fine guj-dance system, and
integration and testing of the instrument. 'fhe United States wi-l1 supply
the space platform, Shuttle launch services, telemetry systems, and recovery
facilities. The three nationg wi-ll receive equal observing time.
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The telescope

StarLa.lr consists of a one*metre f/L5 modrfred Ritchey-chretren
telescope followed by an l-nstrument bay, Fig.?. It is approximately five
metres rn length and one and one half metres rn dl,ameter, and wi-ll wei-gh
a-bout l-8oO kg. The nominal optlcal coating of the mirrors j-s alumlnium
Protected by magnesj.um fluoride, grving a usable range from lI5 nn to the
near-i-nfrared. By employing a specral coating, the 9O-I2O nm range could
also be covered. 1[he tota]- f reld of view is o. I o and the limi:ting magnitude
is 26. Stability of the optics is achieved by the use of a graphite-epo:cy
shelf as the inner wafl of the telescop€.
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Sci-entlfic instrument package

T'he Dlrect tmagtng Ca,,.era i.s a wrde-freld, photon-counting instrument
with diffractj-on-lr.mited performanee. It employs a reflective Gascorgne
corrector, developed at USSSo. llhe freld of vi-ew is 30 arqnin., over the
r:rnge 115-l2OO nm,

T e MuLttmocte spectrograph has three modes of o;reration:
a) Iow dispersion - maxamum resolution of 5OOO, with a maximum sl-lt-
length of I arqran. throughout the range llo-8oo nm.
b) high dispersion - maxj,mum resolutron of loo,ooo, with a maximum slit-
length of 30 arcsec. over the range llo-8oo nm.
c) direct imagj.ng - 

agselution up to 5OO, with a maximum freld size of
I x I arcmin. over the range lLo-8oo nm. In mode (a), with a single
exposure, over 23OO independent spectral measurenents can be made i-n each of
25oo spatial elements on the sky.

The Ultra Large Format Pnoton Countrlng ArraU will be used by both
instruments. It consists of an rmage-rntensifi-er which generates one
nlllion eleetrons per photon, which are focussed onto a phosphor coupled by
fiJrre-optics to an array of Ctrarge Coupled Devices (CCDs). the CCD array is
scanned continuously at a rate of up to 15 lltlz, and the output i-s digitised
and stored in the menory of the instrument comPuter.

Operation

Starfalr wilt be attached to a NAsA-supplied poi-nti.ng system, whlch wrll
provide crude guidance by means of star-traekers. Pine guidance wi-l1 be
aceomplished by moving the seconda.ry mirror. llaxi-mum movement ig 5 arcsec.
and the expected accuraclt il-s o.oz arcsec.

Starlab wi.ll be mounted on a spacetab pallet, a U-shaPed platform of
modular design which is a component of the EuroPean-built SPacelab, Fig. 8.
The pallet is designed to be carried in the payload-bay of the sPace shuttle
orbj-ter vehicle. Initial proving fllghts wi-ll be carried out with the
Starlab/pallet complex remaj-nrng in the orbiter payload-bay. on comPletion
of the proving ftights, the complex will be carried into Earth-orbit by the
Shuttle and attached to a free-flyang space platform.

One space platform being developed by NASA is the Science and
Applicatj.ons Space Platform (SASP). This is a free-flying platform that,
placed in Iow Earth-orbrt, wlll support payloads attached to it by providing
efectrical power, thermal control, attitude control, and high data-rate
comnunlcations. SASP will weigh 14 tonnes and wj-ll be 12 metres in length,
and its operational orbtt wJ-ll be 435 km at lnclinations of either 28.5" or
S7o. Corwrunlcations wrth the ground wi-ll be via NASA's Tracking and Data
Relay satellite System, degcri-bed earlier.

Starlalr will remain attached to the free-flying space platform for
periods of 6 to 12 months. It will then be retrieved by the SPace Shuttle
for servicing, modification or the installation of new instruments, and

replaced in orbit. It is anticipated that at least ten flights can be
unertaken by the year 2o1o.

Conclusion

In this
applications
complementary

paper the authors have reviewed two particular astronomrcaf
of the space Shuttle. T'he Hubble sPace Telesco;re, and the
Starlab, whj-ch due to its large-format light-detecting system
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is capa-ble of maki-ng observations which the HsT cannot, will together
comprise the most powerful observatory in astronomicaf history. These
instruments have also been hi,ghlighted because they will provj-de Australian
astronomerg with the opportunity to carry out their observations in space.
Starla-b will do this directly, through the guarantee of equal time on the
telescope, Through Starla.b, Australia wi-ll also gain access to the ltubble
Space Telescope which uright otherwise have been denied them. In addition to
these two telescopes, however, the Space Shuttle offers many other
astronomieal opportunities. Not only ui.]l it carry a variety of
astronomical observatories into space; rt will also play a vitaL role in the
constructi-on of large space platforms and, Iater, of manned space stations
which will probably house a great many observatories.
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ASTRONOUTCAL SOCIETIES -- HOW SUCCESSPI'L ARE TTIEY?
N. Elfke,
Astronomical society of South Australia

ABSTRAqT
An attenpt is made, fron the linited viewpoint of nembership in
two such socreties and guest relationships with some others, to
gauge the effect such societies have u;rcn their innediate ( and
extended ) environnent. The aplnrently unavordalrle
stratification that occurs when groups form ag a reguft of a
gtated or inplied common interest, and the results of such
segregation upon the aims and activj.tieg of scholarly corporate
bodiee j.e further discussed, largely subjectively. The paPer
also endeavours to gJ.ve the author's viewlrcint of the sociaL
responsibility of organized bodies in viev of the conflict that
can arise between a desire to concentrate on obgervational and
data-produetive activitieg and the need to promote vhat might be
termed informational exerciEes aimed at a vider public.

It is qui.te eoneeivable, I think, that there rury be a certain anount of
'eyebrou raising' aDong those good enough to attend this session, in that it
would be natural to assuDe that a conference programe such ars NACAA
provides would comprise tal'Jrs of a scienti-fic or technical nature concerned
with astronomy in generaf, and with those matters which are uniquely the
stock in trade of the a.mateur astronomer in particular. Ttle apparent
irrelevance of ruy chosen topie did indeed, during the thro€s of composition,
plague me with nagging doubts and uncertainty. Houever, resolutely adapting
the polic1l of the deaf adder of scriSrture to the voice of self-denegration,
I persisted wi-th uy self appointed task, with what success I leave to your
judgement. As this literary effort progressed, lt became increaslngly
obvious to me that firstly, because the approach f ado1rted is in sou€
measure autobiographi.eal, and geeondly that the topic is dauntingly ffrny-
faceted, the lEper tends tovards the episodic and the anecdotal. I'his is
regrettable, but in the eireumstances unavoidable - one can only hope that
the continuity is not thereby jeognrdized and that the theuatic thread is
not lost.

I think it appropriate at this stage, and with your ki-nd indulgence, to
outline my personal experiences and affiliations as they seem applieable as
a basis for this paper. !ftrey are ast follows:-

f arn a member of the Astrononical Society of South Australi-a, a member
of the British Astronomical Association, and an associate member of the
Australlan Liaison Group for the Space Sciences and Astronou:lr. 'fhese are
the astronorry-oriented group of bodies with which f an currently associated.
I an also a Pellow of tbe Royal Socity of South Australia, a menber of the
Pield Geologists society of South Australia, and, unti-I recently, a member
of the Australian Uuseum of Natural History, and finally, of eourse, f held
nembershi-p in those associations relevant to my professional life before
retirement. In some of these groups f have held office of one sort or
another, from President to Comittee qrember. It is based upon these
experiences that r presume to attem;rt ttre present task.

The business of invol.vement wi-th a range of i-nstituti-ons has been an
iLmportant feature of the later years of ury li-fe, partly because I develoPed
a somewhat distorted view of learned socj,eti-es from an early exposture to
Dickens' 'Pi-ckwt-ck Pap€rs', in which such insti-tuti-ons were lamgrooned in the
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archetypal Pickwick club as pretentious, pompous and obsessed with the
interminqble minutlae of qui-te trrvi:al matters, which effecti-vely reinforced
a natural proclivity as a loner. However, I eventually overcarne ury

dj.ffidence, and for many years now I have sought and enjoyed the company and
stimulation of my peers, and I might add, it has been a most rewarding
experience. I would like to add though, without embarragsing anyone by
reveali.ng identi.ties, that I have sometimes, while engaged in associati-on
activities, observed behavioural characteristics that could only be
descri-bed as Dickensian.

Having disposed of what lt is that this PaPer is about, and of Ey oun
background as it applies to writing it, I thi-nk it would be a gound idea now
to have a brief l-ook at what nay be termed the hlstorical backqround and to
try and reveal the evolutionary path, so to sPea)t, of the type of corporate
body we are discussing, I shall avoid devi-si.ng at thi-s stage a comprehensive
personal definition of what I thj"nk a society as - so }et us instead settle
for talki-ng alrout groups of individuals organizing themselves foz a couwron
purpose, and specify further that the common purpose shal] be of a cultural
nature. Let us pass qurckly, however, over art-orj-ented groups, and exarnine
more closely those bodi-es which have a preoccupati-on urth scientific and
teehnicaf objectj-ves.

As religion and warfare became nore effrcrently organized and
sophisticated, a process caLled civiLi-zation, there arose a priestly caste
whose task rt was ( and still is ) to preserve the rehgrous and eultural
conce;rts of the race, to order rrtual obgervanc-es in thei-r due season, and
to train acol)rtes to ensure preservation of thei,r cherished bel:-efs. once
again, we have groups of individuals organized for a couEnon, that as,
speci-fic purpose. Pascinating as these matters are, much of which is still
j.n the realm of conjesture, we must taJie a }eap fonard to Greece of the
ei-ghth century 8.C., when for the fi-rst tiue we becoroe aware of collections
of people of di-ffering backgrounds attendi-ng upon i-ndi-viduals whoge fame as
thinkers and sages had spread widely. One nay cite Thales, Anaxagoras,
Anaximander and others. However, one such group founded by q&haqoras with
the best of motiveg, becane an esoteric brotherhood, in which all sorts of
magieal nonsense grew out of what was ori:gi-nally practical and useful
knowledge, based upon geonetry and mani-pulation of numbers, 1[he glthagorean
brotherhood was founded in 53O 8.C., and survived off and on for some 8oo
years. It is thought by some, however, that they preemgted Aristarchus by
lrcstulating an Heliocentric cosmos. Here we have a society with an
heirarchical structure, rules for acti-vities and observances, and a comtmrn
concern (mathenatics and cosnologry).

Moving along a little further, we come to the tines of Socrates, Plato
and Ari-stotl-e. Ttre important featureg here are two insti-tutions, Plato's
Acaderry (actually founded by socrates) and Aritotle's tJyceum, both teaching
institutions, and both founded around the end of the fifth century and
beginning of the fourth century B.c. fhe Lyceunn barely survived the death
of 1ts founder, but the Academy continued until 529 A.D., $rhen it was closed
as a result of the purge of al"Ieged)-y pagan insti:tuti-ons by Justj-nian.

It would be reasona.ble to argue that the Acadenry and the LyeeuIB were
the progenitors of institutions of higher education rather tlran societies as
we know them today, but as \de shaLtr see, there occurred later on a series of
developments that places the AcaderqT clearly on the ancestral U-ne of
societies, in addition to that of universities and other schools of advanced
learning.

Once more we take a }eap forward ( I warned you that thrs paper 1s
eprsodic i-n structure) and arrive at what is known as the Renaissance. This
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uniquely vestern phenomenon is hard to place preej-sely in tine; all rre can
say is that around the end of the fourteenth and beginning of the fifteenth
centuries A.D., the dark ages of feudalism, knight errantry and religious
autocracry were beginnj-ng to display elements of geri-atric decrepitude.
However, the Church alone of these managed to survive by a system of
strategic but llnited withdrawals, and is still a feature of the mo'dern
world, and although some attitudes have become modified, archai-c remnants of
dress and of ritual still remain. I.lention of the 'dark ages' imedi-ately
brings to rry mind a picture of all those obscure monks in their scriptoria
busily and patiently coprying out by hand the remnants of learning that had
eseaped the ravages of pagan destruction and the selective purgi-ng of books
by the Church.

The Renaissance, of course, vas largely contemporary with another
revolution, narnely the invention by cutenhrg of the printing press .

fronically, we trave here an early example of 'high technolog,y' rendering
obsolete a whole class of persons wi-th more primi-tive gkillg no longer
tena.ble in a changing world. I often wonder what became of those naneless
dedieated scribes - did they find alternative employuent in the ehurch they
had served so very well for such a long time? Not only did the printing
Press mal<e i-ncreasingly available to a wider segrment of the population
cheaper bookg in ever larger editi-ons, but the publishers were issui-ng them
in the vernacular as well as the Lingua J?anca of the scholarly world,
Latin. To augnent this heady nixture, a fl-ood of material from Byzanti-um,
after the Turks captured that city in 1453, comprising original texts or
fair copies of the great names of classical creece, becane avai-la-ble in
relatively cheaP printed copies, often, as stated above, in the vernacular.
AII this meant that knowledge was becomi-ng rncreasingly democrati-zed. It
was indeed a new and spectacular re-birth of learning.

AIl this may seem €romething of a digression, but the point I wish to
stress is that all of us i.nheri-t the availability and understanding of
knowledge, which in earlier tines was the sole prereguisite of an elrte
minori-ty. It is solely because ue are able to have access to all the
knowledge lte can assimilate that sone of us find ourgelves making the
logical nert move, and congregate wi-th others of similar tastes and
interests 

- hence astronomical soci-eties, typical of a whole range of such
instituti.ons.

To resuDe our investigations, s€ fi-nd that it hras i-n Plorence j-n L442
A.D. that Cosimo de ltedi.ci', inspired by Renaissance fervour, and
consequently affected by classical- Greek ideals, founded the 'Platonic
Academy', based obviously from its name on ttre institution closed by
,fusti-nian in 529 A.D. ft was basically a literary acadeuy, and j-t survived
for fi-fty years. We ne:ct hear of the formati-on in 1582 of the Accademia
della crusa, again in Florence, and as its predeeessor, a literary acadeury.
It has the distinction of compiling one of the earliest language
dlctionaries. The work was performed by a comnlttee selected fron members
of the acaderry, Does not this remind one of just such procedures inherent
in modern society activities? Eleven years later i.'n Rome, the Academy of St
Luke was formed, its particular area of interest bei.ng the fine arts.

It began to be felt, hovever, that these bodi-es and
in outlook but of ]esser social standing, vere a].l very
stressed, what a.bout science and technologiy.

The idea of a scientifrc society or acadeuy had many

i.n fact, became endemic throughout Europe quite rapi.dly.
of the Academie Francaj-se in Paris, whi-ch cane under

many others simi-lar
f i-ne, but, it was
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Cardlnal Richel-ieu rn 1635, I{ersenne, Descartes and Gagsendi-, and Kep1er by
corlespondence, all- interested in matheuatics and astronorqp and opgrcsed to
the cabbaLlstic and hermetic basrs of much of contemporary and earlier
science, created the intellectual environment which encouraged th€ holding
of weekly meetings at the home of Habert de l.tontmor i,n 1648. fhis was
fornalized as the l{ontmor Acadeuy in 155?. It final}y ceased to exlst in
1664.

A model for academies prinarily concerned with scientific matters was
the Accademia dei Lincei, founded in 1603 in Rorne bY Prince Federi'go de
cesi. Gallileo was one of its earliest and most distinguished members.
Although strictly Linited in numbers of neubers, it exerci.sed considerable
influence ort, for exarnple, the formati.on and policies of the later Royal
society in England.

Back to Paris, and two years after the demise of the l{ontmor Academ':/,
The Academie des sciences was founded in 1666, which laid emphasi-s on
research work, and in fact provided what were then excellent facilities for
chemists, physicians, anatomists, astronoDers and nathenaticians. T'he

Acadeny hras under the direct patronage of touis XIV, who held the
insti-tution in much hrgher regard than the opi-nion held by hrs cousin
ctarles II of England of the Royal Society.

This is our cue to leave the Continent and take a Iook at the situation
i.n England. :Fhere had been a tradrtron ttrere that a few of the more
enlightened proprietors of stately homes would someti-mes hold lnformal
gatherings at their resp€c*tive fami-Iy seats, encouragj.ng the attendance of
neighbours and friends wi-th sinilar interests in i-ntellectual natters.
There were no formal prograrmeg, and very little cross-fertilisation of
ideas with other such eventg. It should be understood that these were aat

hoc meetings, and of comparatively rare occurrence. 1!hey did, however,
serve to nurture the concegt of the establishment of a formal soci-ety for
the better understanding of gcience and natural philosophy, whereby regular
meetlngs and discugsions could be implemented.

Gresharn College, London, founded in I58O and funded from the estate of
Si.r lfhomas Gregharn, never achi-eved the fane of i-ts older and wealthi-er
rivals, such as oxford and Cambridge, but did succeed i.n attracting to its
teaching staff some illustrious names. We mentlon the coLlege because it
was the setting, in 1660, for a signiflcant event. Folloui-ng upon a Lecture
at that institution by Sir Christopher wren, who wag its professor of
astronomy, but who is better known as the areh1teet of st Paul's Cathedral,
a meeting was held in the rooms of Laurence Rooke, professor of geonetry at
cresham. At th5-s meeti-ng a formal resolution was passed to inaugurate 'a
more regular way of debating thi-ngs, and, accordrng to the manner in other
countries, where there were voluntary associations of men and academtes fot
the advancement of various parts of ]earning' by meeting weekly, and
inviting others to join them. Thus there carne rnto bei-ng the Royal Society,
al-though there had been other atteDpts to do so dating back to 1645
unfortunately the Civi-l War and the Comonwealth, and the chaos inevitably
concurrent with those events, discouraged further development unti-l the
retuln of the monarchy in 1560. It was not, ho$rever, unti-l 1662 that the
Society was granted its Royal Charter by Charles II, which i-n the end meant
very little, as that parsimonious and indifferent monarch successfully
evaded maling any sort of fi-nancial grant
to its members as 'l{es fous' ('uy jesters').

'I'his attitude, coupled nith the fact that a]-l scientific equj-pment in
England at this tlme was privately owned (even Flamsteed, installed by the
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self-same Charles II as the first Astronomer Royal, was provided with an
empty building only, and had to furnlsh it hinself and instal his oun
private instruments), were the main reasons that the Royal. Socj-ety beca.ne
aolely a dlscursive body, ir.n which re;rcrts of experi-nental work and talks at
a scholarly level were mixed with a great deal of conjeeture and discussion
of a nore naive standard. t{uch of this }ess than scientifie content has now

mercifully passed into oblivion, due in no suall measure to the careful
editing of Henry Oldenberg, of whi.ch more wi.ll be sard later, fhe fact that
it even appeared wag the regult of the fact that the Soci-ety in its early
formative yearg was open to all who professed any lnterest at all in science
and alti.ed topics, which resulted i-n quite a large body of what would nout be
calld popular or lay membershiP'

From the latter half of the seventeenth century onwards, Iearned
soeieties proliferated, spreading northwards and eastwards through EuroPe,
and later crossed the Atlantlc to North Ameriea, although there the
developnent was both tater and slower, reaching t-ts peak as late as 1848
uith the estalishment of the Smlthsonian Institute. This now fanoug and
august body had its belated inception as a sequel to the strange and
strongly contested will of a chemist naned Smithson, a Scot uho lived nost
of his life i,n Paris, and who had no rdentifiable contacts lrith Nnertca in
his llfetime. Uost of these later generati.on societies had a restricted
membershj,p, and were not very often open to what we would nov term anateur
ranks.

I\to concomitant but seemingly unrelated phenomena becane apparent
during the eighteenth century. Plrst of all, the social dichotorry of
professional and a.nateur took place, over a perlod of tim€, i.t must be
stressed. However, concurrently and vith narkedly greater rapidity, there
emerged the soei.ety sponsored and edited publication. Reverting to the
first matter, we note that both the professional and the anateur had a
colmlon origin in that class of individuals we can best designate as
dilettanti (to use this rare form of the plutal of dilettante), that ls,
those of compulsive curiosity who of their own volition, and often with no
career inducementg, experinented (perhaps dabbled is a better term) in
scientific, or paeudo-scientifi:c matters, utde Newton and alchemy or Kepler
and astrology. They were invariably avid readers in their chosen
enthusiasm, and did gometimeg contribute to hrrqanity'g better understanding
of nature.

The second lnteresting event, the society-produced publication, which
nade a rather sudden aPpearance and has gone from strength to strength ever
since, certainly increasing in numbers and di-versity, i-f not, unfortunately,
uniformly in quality. The progenitor, so to speal , yras a periodi-cal cal}ed
the 'ilournal des Scavons', which first appeared in 1665 January for the
Academie Francaise under the editorship of Denis de sa1lo. Unfortunately,
he rtas too liberaf in hi-s vrews for the comfort of church and state
authorities, and so it iras suppressed after three uonths. A process al-l too
faniliar in human history. The journal was reinstated early in 1666 under
the editorship of the Abbe,Jean GaIIois, a safe, respecta-b1e, but i-ncredi-bly
dull edi.tor. At the sarne time, 1666, the 'Phrlosophical Transactions' of
the Royal Soci-ety conqrenced pulrl-i-catlon i-n the capable hands of Henry
oldenberg, the long-time and competent secretary of that body. It is still
issued under the same titl-e, and in Oldenberg's time was circulated to other
European societies, either in a Lati-n or in a }ocal vernacular translati-on.

Fotlowing, ln succession, ugrcn the 'Philosophieal Transactions', which
was greatly admj-red on the continent, there appeared the 'ciornale dei-
Letterati' in Rome in 1670, the 'Acta Eruditorium' in l,eipzlg i-n 1682 editedn

e
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by Leibnrtz, the'Nouvelles de la Republrque des Lettres' r-n 1684 in Paris,
the 'Memoires des Trevoux' i-n 17O6, agaln ln Paris, a ,Jesuit publicatlon,
rigrdly conservative and strongly antr-Newtonr-an, to name but a few early
examples. In addlt:.on to perrodl-cals, whrch eventually comprrsed bulletrns,
proceedings, trangactrons, 3ournals, crrculars, and newsletters for exanple,
there were al-so issued books, of whrch we could ci.te Newton's 'Prj-ncipia'
(168?), 'opticks' (l?o4), both of whrch the Royal society pubushed upon the
recormrendation of Edmund Ha.Lley, and whrch set a precedent which continues
to thiLs day. Darwin's 'orrgj-n of Specres' f:-rst appeared as a Royal socj-ety
publicatron in 1859. In the earlier days of socrety publicati-ons, they were
quite often ci-rculated to other bodres by neans of the eonsular courler, le
pu-blic mail servlceg were then non-exlstent or nost unrelia.ble - dare I
nuggest that the last-naned characterrstrc has hardly yet dlsaPPeared?

In view of the preceding, rt seems most likely that at least some
€rmateuts would seek to set up therr own societies with little, i.f ory,
restricttons in the way of requlred academrc qual:-ficati-ons. By the:.r very
nature, these groups tend to be ephemeral, and, in earlrer times, rather
haphazardly kept records woul.d seldom reach any sort of archival authority
for preservation. For these reasons, evi-dence from the earlrer years of the
nj,neteenth century of the existence of such parochral and low-activlty level
societies, ls frag,mentary r-ndeed. In contrast wrth the scenarlo we have
been at some considerable pains to esta-b.l-r-sh, there are those urho opine that
the anateur scientific socrty rs purely and srmply a by-product of the
modern socral environment, and the phenomenon manifested rtself practically
overnight, so to speak, Reminrscent, i-t would seem, of Bottlcellr's famous
paintrng 'The birth of Venus', rn whrch that }ovely goddess is dePrcted
emerging from the sea fully groyrn and delightfully unclothed. Thrs last
point, however, raises doubts rn Dy mind as to the approprrateness of our
allegory, becauge from what I remember of much older members of scientifrc
societies (fron the dimness of qg long vanj,shed boyhood), it would have been
conpletely out of character for those personst ever to have appeared rn
public without correct dress, in or out of the seal

However, ignoring the view that our sort of lnstitutron has no
antecedents, let us agree that we have esta-blished there are lndeed forms
and structures inherent i.n our present trme having c1ear, although sometines
tenuous, connections wi.th the past. It would be apparent, I a.n sure you
will agree, that the }ong survlvr-ng academr-es and societies can be seen as
Iearned societies in the full sense of the term. trhey are rather fully
engrossed .in on-goi-ng research prograrmes, the presentation of scholarly
papers, the pulrtication of those papers, and the preservatlon of the status
of titles such as 'fellow', whrch carry with them implicit evidence of
competence. on the other hand, the amateur goci-ety, which is really what we
are talking about, has a guite different purpose and motrvati.on, and this
seems a convenient time to leave our historical rnvestrgations and
concentrate on the stated rci,son d'etre of thrs paper. I should }ike to
point out, though, that the hrstorical approach is for me a really
fascinatr-ng topic, and in the lrmrted space and scogre here I have not been
a.ble to do rt full justrce.

To continue, the anateur socrety Ls rather drffrcult to defrne
precisely. It rs hardly a learned society rn the sense of those mentioned
by name a.bove, nor rs it simply a recreational club, although both elements
do appear. Furtherrnore, in the multiplrcrty of such bodi-es now current, the
actrvrty fields and levels of attainment are verY diverse indeed.

fhose of you who have taken the trou-ble to attend thrs }ecture would
share with me, I have no doubt, a keen rnterest in, and indeed nay I say, a
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love of the universe at large, rts structure, contents, and dyna-uric
phenomena, including rts past and conjectural future, and be futly aware of
is antesome beauty and wonder, of which we are a mi.crocosmic, a]-beit
conscious, part. Purthermore, r feel sure that you would also have a
concern for the wefl being and survival of those corporate bodi-es designed
to foster an rnterest rn, and develop our knowredge of, the ancient
discipline of which tre are modern acolytes. It is this area, that of the
functlon and management of i:ndividual socretres, that I should like to talk
about. The discusslon is based ugron a very suall sample indeed. and clearly
i.t would be fooli-sh to deri.ve any statistical assessuent therefrom.
Bowever, I do consider that some statements can be nade that would be
rel,evant to other groups slmilarly srtuated and motivated.

Let us suppose, ir order to begin at the beginning, that a society is
in the Process of foundation. One can reasonably infer that a group of
interested persons have'found'each other, drt inaugural neeting is
Promulgated' and the business of existence asr a fornal soclety is
esta-blished, ei-ther then or at subsequent neetings (remember the resol.ution
passed at the 1650 meeting at cresham college in London, a.e noted earlier).
A constitution, a set of rules and policy matters are agreed upon and
recorded' Any other regal matters, whieh will probably vary from one
locality to another, irr€ hopefully complled with, and the society then
enterg upon its period of existence, which its progenitors ol}timistically
stee as of very long duration.

In contrast with professional soci-et)-es, whi-ch are invarrably state-
sgrcnsored at least i-n part, and are often benefrcrarres through bequests
from deceased estates, the typi-cal amateur group has to struqgle along on
very little, if anything, more than individual subscrrptions, and these are
often refuctantly and tardily paid, and, i-n any case, hardly cover the cost
of bare gurvival . Etti-s somewhat discouraging si-tuation r-s, unfortunatel-y.
all too familiar, and explalns in part the rather hi-gh nrortality rate of
young amateur soci-eti.es . Let us suppose, though, that our typical,
hypothetical body does sueceed in rreathering al} the diffi-culties attendant
upon its youthful period 

- what then?

To start with, its menbership wiL] undoubtedty be small, and it j:s
unlikely to include mueh organi-zational and qanageri-al skill in its lirnrted
membership ( lt is a matter of good fortune and augers well for its continued
existence if it does ). It is hardl-y likely to have its orrn meeting
faci.llty, such as club rooms, library centre, workshop, remote or
incor;rorated observatory, nor such imgrcrtant items as books, j-ngtruments,
A.T.M. stocks, or means of using them. AII these, or some of them, rlay be
avarlabLe at the inception of the soclety, or soon after, but in the
malorrty of cases, most certainly not.

The condltion of ehronic poverty which is endemi-c with many,
particularly young, anateur soci-eties, creates a set of constraints that
materially l-init activj-ties r.n the parti-cular subject interest that brorrght
the society into bei-ng, It is often the case that some individuals who
have, prior to jorning a society, pursued a particular interest such as
novae or comet searching, variabl-e star observations, and so on, wi-lL
undoubtedly continue these acti.vi-ti.es after loini-ng, and wiII possibly
thereby act as a catalyst for support for their own interest, and even
stimulate the generation of interest i-n other fie1.ds of astronoqT withi-n the
society. It is not necessari-ly the case, however, that such response will
be forthcoming arpng other members, and pleas for support often appear to
faII on deaf or uncouprehending ears, though oddly enough, I have noted, on
occasion, that the seed has been sown (to mi-x metaphors) and at some later
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time one's recomended i-deas are espoused and successfully pronoted by the
most unli.kely of persons; which only goes to show that it is the total
organism that thrives, the lndj"vidual ce}l j-s expenda-ble.

To return to the administrative asPects of running a society, and this
applies to all institutions, uhatever the motivating i-nterest which brought
it into bei-ng, th€re are functions which are sometires ineptly and
haphazardly formulated and perforned, someti-mes even inveighed against by
thoge whom guch systems are designed to protect, Administration conprises a
series of functiong denanding a high degree of skill and knowledge, the
importance of which cannot be overstressed. In the very nature of these
matterE, unfortunate memberg of an institutj-on who etub their toes on some
point of 1aw, and lrave their attention dravn to the fact, tend to denegrate
the authority concerned as 'bureaucrati.c', alld the point of order ag 'red
tape', I muet eonfeEs to being guilty of thj-g sort of frustrated reaction
to regulatory restraint ryself . Noy the structural format of society
nanagement and the proceduree steming therefrou, have evolved, as I hop€ I
have shown in our higtorical exeurgug, over a long greri.od of time, and
though by nou seeningly arehaic, are generally aceeptable. Ttroge who would
naJ(e grr€epihg changes to group adminigtration systems and methods ghould
heed the anful example of what has happened in the political arena with
larger (national) groups. [tris by no means denegrates the attrition by ti-ne
of thoEe elementE whi'eh have become redundant.

Astronomical soc1eti'eg cone in a wi.de range of sizes and atri.vities.
Some activities are funda.mentally subjective enthusiasn€r, and comprise, as
has been uentioned earlier, sueh hobby-type pursui.ts as anateur telescope
ma}'ing, observational projects of, sdY, vari-abl.e stars, doubLe stars,
occultations, eclipses, and seanches for transient phenomena such as comets,
novae, and so on - the }ist can be e:ctended considerably, but enough has
been given to categorise the sorts of things that are the stock in trade, to
a greater or less e:rtent, of all amateur aetronomi-cal societies, and can be
carried on by individualg, often supported by sub-groups called sections.
such activities are self-contai-ned within the society, and rarely, j.f at
all, involve interastion with the public at large.

On the other hand, it nay be that, if circumstances permit, the society
may entertain ambj-tions to enlarge its horizons, and in addition to the
normal activities listed above, can becoue involved in projects
predominantly aimed at establishing the society as an integral and
significant influence in the local social zone, be it city, suburb or
district. T'lre sorts of things that can be suggeated here comprise public
viewing nights, solar barbecues, demonstrationE of society projects, star
parties, and others which I a.lt sur€ you can aII suggest. Quite apart from
thege, however, or Eore possi-bly in additi-on, a society ean become involved
i-n nhat may be termed educational and public relations exercises. T'hese
projects require a good deal of time, effort and rnaterial, and can only
suceessfully be prosecuted j.f the soci-ety i-ncludes in i-ts membership persons
with requisite qualities, and al.so has the capacity to support sueh schemes.
In the educational field, the proSrcsa} is to supply to schools which request
it, fectures and demonstrations, using prepared 'kits' of printed and audio
visual material, with additional equipment for practical demonstrati-ons.
The whole thing being designed to compleuent any astronomy-based segnent i-n
the school curriculum.

Public relations activities, on the other hand, are best carried out by
someone who is persona grata w:-th the media, or who has the sort of
personality that could foster such relationships. By gaining the
cooperation of T.V., radio and press facilrti-es, and wi-nnlng their support
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for donating time and space (not an easy thing to do), it would be ;rcssible
to develop three i-m;rcrtant areas. Frrstl-y, alert the public to forthcoming
astrono[ry srpectaculars, e.g. eclipses and comets, and advertise the
society's plans to offer public vj-eving and i-nformational functions for
these events. Secondly, to alert the public to political decisions to
curtail funding for sci.ence and technologiy, and ;rrsuade those interested to
promote lobbying ca.urpai-gns to counter such matters. lrhis eould also be a
matter for consideratlon by a national coodi-natrng body, which will be
mentioned at the end of this talk. Third1y, to arrange a regular gessj-on
( or sessions ) to keep before the public notice the activitles of the
soci-ety, and the current astronomical phenomena (the ehangi-ng sky at nlght,
for examPle).

A1l these suggestion could be better rnplenented if the society that
plans to beeone 9o involved could increase its conittee, or council, to
include a social secretary, dD educatronal officer, and a public relations
officer. tlhether one, tvo, or three persons are elected is dependent upon
the restources of the socr-ety concerned. Another matter that could
concei.va.bly involve the socral eecretary and the gu.bi1c reiat:-ons offlcer is
that of fund raising, Although r-n the !>a-st fund rarsrn_o has been an ic \oc
low profile activity, I feel that ue nou ne€d to Dlace :t upon ar, crgan:-zec
and effective basis by impleu€ntrng }ong-ten oblectrves. and glar. :lr-c--:::rs
to achieve those oblectives.

Before I leave thi-s d:-scusslon of socretres trn eenera* a:c --:,€
indi-vidual soci-ety i-n particular, I should lrJte to enter a g-ea ::: re---,e:
consideration of the rank and flle, that rs, those yho. though navrnq ^eggexpertise and experience, nevertheless form a Ea3orLty r anrd a fui-
subscrlption paying uajority too). There r-s a tendensy to denegrate th€
interests and llmited achi-evements of these people, and emphaslse the feats
of the elite few. No one would deny the si.gni-fi-cance and value of thrs
elite grouP, and the necessity to give their work due prominence, but after
all, we are members of an amateur society, and those better equipped have a
responsi-bitity to encourage the less advantaged, and to curb a natural
impatience when cal-led upon to listen to naive and elementary comnents.
After aI}, there was a time when all of us were al,Eo mere beginners, and it
behoveg us to remember that.

There ig much, much ltore that I could talk about here, but time and
space necessitate ealli-ng a ha1t, eo let ne conclude with firstly the hope
that this pioneering attemgrt nay not have been in vain, notwithstanding its
shortcomings and inadeguacies, and that it will generate further studies
into this and a1lied topics. Secondly, I would lihe to propose that a
national body be set up ( a sort of NACAA with more muscle ) with a permanent
seeretariat (possibty the science comunication unit of the cslRo could be
aPProached for assistance in this regard). trhis idea rnay seem somewhat
serendiPitous, but f personally do not think so. It could be achieved by
application and dedication on ttre part of al-l of us.

Pi-nally, let us make the most of what we have and create new directions
with new purpose in our varj.ous societi-es, for better cooperati-on and
exchange of ideas over and a-bove that of our biennial conference. There
ought not be any astronomical society, horrever small and inadeguate,
operating in isolati:on.

tty grateful thanks go to ury wife for carefully preparing the typescrrlt
and pati.ently correcti-ng the uany deficiencies in q7 ori-gina.L manuscrlgt.
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ASTRONOMICAL SOCIETTES' JOURNAIS: ARE THEY rtoRTH rT?
J.L. Perdrlx and R.J. Lawrence

ABSTRACT

At least 25 publr-catrons are produeed by astronomical societres
in Australra grvrng over I8O issues and 18OO A4 pages annually,
A closer look rs taken of thrs situation and a specioren rssue
of an Australran ,Journal rs produced and discussed.

During our 13 years as Editors of an astronomical journal it became
obvi-ous that the production of a journal on a regular basis is not an easy
task, occu[rying such a posi-tion gives the Editor an idea] fonun for
expressri-ng his opinions, writing upon his favourite topies and puJrlishing
those subjects most dear to his heart. of course suffici-ent naterial must
be forthcoming and it must be of a suitable standard for the particular
journal. But is the monthly or bi-monthly headache worth it?

fn response to a questionnaire sent out at the end of f983 to all, then
known, astronomical societies in Australi-a we received 19 replj-es from 27
questionnaires, follow-up letters and telephone ealls. However, ansrwers to
gome of the questions were avarlable without a reply and so the figures
could be built up into something meaningful.

There are 29 astronomical societies in Australi-a with a tota]
membership of over 2OoO. (There are algo astronautical soci-eties which have
not been considered in this paper, but whi-ch may well add weight to our
final reconwrendation. ) Betveen them they produce some 25 publications
rangi-ng from annuals to monthlies giving over l8o issues per annum.
Converting atl the published material to A/Fsj-ze pages, there are over 18oo
pages of printed material produced annually. A staggering amount, half as
much again as .Sky and TeLescope including all its advertisements.

It was reported to the DeLegates'Heeting at the ?th NACAA (sydney) in
1976 that there were 21 astronomica] societies with a total- menbership of
l2OO producing 17 publications. The present figures for societies and total
nembership are larger; hovever, neglecti-ng those socj:eties formed about or
since that time, ten of the (19?6) societies reported a decline in therr
membershi-p since L978. tlhat do all these f igures mean? one certain ;rcrnt
is that a number of people are spending an awful lot of time producing these
publications which are not always read by the members.

We should look at not only the quantrty of printed matter produced, but
also the quality (material and presentation) of the issues. For those
urembers who are unable to attend meetings regularly, the journal is all they
recei.ve for thelr annual subscri;rtion. one recent issue from a soci-ety was
16 A5 pages produced on a reducing photocopier and sj.x of them were totall,y
unreadable. fhe content niay have been excellent, but is it of use if it is
unreadable. other journals have extremely god reproduction, but the
contents are not worth spending time on readrng. we could go on }ooking at
all the publications, but rt would be tr-me wastinq,

T'he pri-me purpose of a society's publications is comnunicatj.on.

1. They are to advise and remind members of meetr-ngs and the marn agenda
item for the next meeting.

flhey are to gi-ve any recent up-to-date discovery details for members,
so that they may observe the object.

2.
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lfhey are to present sone good arti-c1es ( recent lectures, reviewg or
regearch results) for nembers to read.

trhey should be a forum for those obsenrations of membere worthy of
reporting.

ltrey should contain soDe loeal news of nembers or club's activi-ties.
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We are not proposing that all the Auatralian astronomicaL societieE
should cease producing publications. llhere is a very strong need for local
publicationel honever, ve believe that they ghould be restricted to the
local content. Photoeopying nachlneg are the best things since sliced bread
when they are working properly and they are eoprying fron good, clean
originals. fn our vienr aII astronouical societies ghould produce a
newsletter to advise renbers of co,ning events. In addition, as IErt of
their annual subscri-gtion m6ers eoul-d receive igsues of an Australian
journal.

f,e have produeed a speciren issue of sueh a journal for this Convention
€ut an example of nhat could be expeeted. If you are expeeting the quality
of Sky and Telescope then ue suggest that you subscribe to that nagazine.
ltost of the articles have either been published before or uoutd have been
published J.n journals around Australia. trhis has been done to i.l)-ugtrate
the types and guality of artieles which are bei-ng produced, but seen by only
perhaps lot of the 2OoO ana.teur astronomers wtro are uembers of soci.etj-es,
not to mention the many other Australiang uho would read then with eagerness
if only they were available to then.

Irhree ingredj-ents are necessary for such a journal to becone a real-i-ty
publisher, accePtance of such a journal and cooperat1on fron the

executive menbers of the Australian astrononieal goei-eties. Itre first of
these is the easiest to find and should produce no difficulty. A
cireulation of over 2OOO would ensure a vi.de audience for advertisers, thus
helping to keep cogtg down. It{eubers of distant societieg uould learn about
suppliers of astronomical goods and serviceg whj-eh they ctid not realize uere
available in Australia.

It j-s hoged that acceptance by neuberg of astronomieal eoci.eties uould
be autouatie. we do not believe that Yaraandoo is the ultirnato in an
Australian journall however, uith a dynarnic Editor it would eontinue to grow
and aim for even higher goals vith each iggue. PuIl aeee;rtance rould lead
to the inclueion of colour pages. As circulation continued to groe, ye
would see s;ncialty articles by profeasional astronoqerg appearing, bringing
amateurs up to date nith the latest diecoveries.

lftre last of the ingredientg is ttre one vhich ve believe wiII be the
nost difficult to obtain. As that si:rteenth century proverb says the road
to a Yaraando is paved with good intentions. It was for this reason that ue
have produced thi-s slnci-men issue, independent of any one astronomical
society. It wals the fear that one large society would take over that
prevented the fomati-on of an Australian National Astronomical Body (N{AB)
14 years ago. Once a ffl issueg had b'een produced, we believe that the
cooperation of the Australian agtronouical societieg vould greatly improve,
but then we could be vrong. ft is the independence of sueh a journal yhich
we believe would be its strenqth.

!ftre prospect of wrlting up your leeture to the local soeiety does not
greatly inspire you if the circulation of your local publication is only in
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the tens or perhaps may approximate 2OO. 'fhrs would be increased at least
tenfold with an Australian journal and make the task of writirng 9o much rnore
rewarding. It is expected that each Socrety's Edrtor would take an interest
i-n Yaraandoo and be responsi-ble for vetting and forwarding suitable articles
for publication. These Edl-tors would also be expected to contribute newg of
their Societies for inclusion in a secti.on devoted to club's Activities.

We trust that you wi1-l enjoy Yaraando No. o and that it wrll provide a
talking point .rmongst members of societies, Just as rt would provide a
forum for the exchange of vi-ews and ideas amongst readers rn the future. we

should greatly appreciate any eorunents or ideas which you may have regard:,ng
the idea, content, style, format, etc. of an Australran journal. PerhaPs
you do not l-ike the name, it is the choiee of one (JLP) for us, the legend
is truly Australian* o! did this and the Greek and Roman legends all have a
common origin in the very distant past.

To iterate, \re do not advocate the cessation of societieE'
publj-eations. we are recomrending that there should be an Australian
journal as part of the subscrrption of every member of all societies and
that these societies shoufd produce therr own neusletter, Whilst the
journal would contain news of various act:-vities of societies, production
time would not always allow for announcernentg to be received in trme for
notification to reach members before certain events. T'his is the function
of a newsletter,

What is the time scale of such a lournal? To us, the obvrous tine to
cornmence publication of Yaraandoo would be just prl-or to the appearance of
Hall-ey's Comet, when interest in astronorry must garn nomentum. If there rs
no interest in this starti-ng date, then the eoncept should be placed on the
Agenda for the Delegates' Heeting at the 1986 NACAA in Hobart,

Whilst we have concerned ourselvesr in this pap€r with AustraLian
astronomical soei-eties, w€ do have close neigh-bours acrosg the Tasrnan Sea
who should have been incl-uded :-n thls study. Tf, no not rf but when, thrs
type of journal becomes a reality, we should hope the Neu Zealand
astronomical societr-es would be part of the venture and any other South
Pacif ic societi'es.

We should li-ke to thank alL those socreties who rePlred to our
quegtionnaire and provided us with the necessary inforuation, our sp,ecral
thanks go to the Editors of the Journals who allowed us to reproduce those
articleg in Yaraandoo which had been published before and to the authors of
the other artlcles.

We are forwarding a copy of Yaraandoo, contarning a co[ry of thrs paper,
to all the Australasian Astronomrcal Societi-es,

*YARAAITDOO

To the Euahlayr trr-be
the Southern C!css fhe
Australian l-egeroary Tales
publishers Angus & Fc!€rtson

Yaraandco rs the place of the whrte gurt-tree or
Ieqend of Yaraandoo is reproduced here from

by K. Langloh Parker by krnd p€rmission of the
Publr-shers,

In the very' :€:r:.::nq uhen Ba:-a-ur,e, the sky krng, trralked the earth, out
of the red grcunc :f --:.e :--ioes he made tpo men and a voman, Whren he saut
that they were a-:';e :e s|,:r€c *.hem such plants as they should eat to keep
Iife, then he ve:*. :i ^:- ,a'.,'
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For some time they lived on such plants as he had shown them; then came
a drought, and plants grew scarce, and when one day a man killed a kangaroo
rat he and the woman ate some of its fLesh, but the other man would not eat
though he was famished for food, and lay as one dead.

Again and agin the woman told hi'-m i-t vas good and pressed him to eat.

Annoyed, weak as he was, he rose and ualked angrily away towards the
sunset, while the other two sti}l ate hungrily.

l{hen they had finir-shed they }ooked for hi-m, found he had gone some
distance, and went after hin. over the sandhills, over the pebbly ridges
they went, losing sight of him from tj-me to time. t{tren they reached the
edge of the coolabah plain they saw their mate on the other si-de, by the
river. llhey call-ed to him to stop, but he heeded ttrem not; on tre uent until
he reached a huge yaraan, or vhite gum-tree, beneath which he fell to the
ground. As he }ay there dead they saw beside hi-m a black figure with trro
huge f iery eyes. This f igure raised hi.n i:nto the tree and dropped him i.nto
its hol1ow centre.

Whrle str"ll speedrng across the plain they heard so terrific a burst of
thunder they gazed wonderingly towards the giant gurFtree. lFhey saw i-t
being lrfted from the earth and passing through the ai-r touards the southern
sky. 'fhey could not gee their lost mate, but fiery eyes glearned fron the
tree, Suddenly, a raucous shrj-eking broke the stil-lness; they saw it came
from two yellow-crested white cockatoos flying after the vanishing tree.
Ir{ooyi, they ca).}ed them.

On went the Sp:-rit Tree, after rt flew the Hooyi, shrieki-ng loudly to
it to stop, so that they mrght reach their roosting-place in it,

At last the tree planted itself near the Warrambool, or ililky W&y,
which leads to where the sky gods live. t{hen i-t seemed quite stiU the tree
gradually disappeared from their sight. llhey only saw four fiery eyes shine
out. l[\ro were the eyes of Yowr, the spirit of death. 'Irhe other two were
the eyes of the first man to die.

T'he Uooyi fly after the tree, trying always to reach their roost again.

t{hen all nature realized that the passing of this man meant that death
had come into the world, there yas wailing everywhere. llhe swamp oak trees
sighed incessantly, the gun-trees shed tears of blood, which crystallized
into red gum.

To thi-s day to the triles of that part, the Southern Cross is known as
Yaraan-doo, the place of the rrhite guut-tree. And the Poj-nters are called
Itlooyi, the white cockatoos.

So is the first comi-ng of death remenrbered by the tribes,
Southern Cross is a remi-nder.

to whom the




