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DIGITAI SSTTING CIRCLES
by B.S.

ASSTRACT

BIOGRAPHICAL

Adcock Astronomical Society of Victoria

The design and construction of a set of digital setting circles
discussed. The circles w111 display declination to an accuracy
one degree and hour an6Le to an accuracy of 4 mlnutes of time.
MechanLcal- Drawlngs and cireuit diagrams are presented for the
construction of the declination circLe and ttre concept of the
R.A. circle is discuseed ln sufficient depth for thereader to
design his own.
The problems encountered when the accuracy of the circles is
increased is also discussed. An attempt is rnade to compare the
dlgital setting circles with the anal-og or conventional t1rye.

NOTE.

is
of

Member of the Astronomical Society of Victorla since
President in 1978, President 19?9-80. Director of the
Planetary Section since 19?8. Active observer of the
Observations sent to A.L.P.0. Also active observer of

t966. u,ice
Lunrr and

solar system,
variable stars.

INTRODUCT]ON

1t is the aim of this paper to describe the design and construction of a simpl-e
set of digital setting circles to be used in c0njunction with an equatorially nounted
telescope. The circles have an accuracy of approxirnately 1". (This is equlvalent to 4
ninutes of time ln Right Ascention). A description will then be given as to how the
resolution of the clrcles rnay be increased. At each stage an attempt will be made to
cotrpare the digital setting circle with its analogue or conventional counterlnrt. The
paper is written from the point of view that the reader has a basic knowledge of
astronorny, but very lJ.ttle knowledge of electronies. The concept of celestial co -
ordinates is so fundamental to a discussion of setting circles of any scirt, that a
review of this topic i.s given in section 2. The author wllL admit that there are
trany way6 of solving the probl-ems encountered. There has not been time to pursue all
avenues, and of those that have been explored, not all have been successfuL.
In addition, the proliferation of advanced electronic processors and components has
nade the task of keeping up to date more difficult. The ideas presented below represent
a set of simple working solutions as far as the work has progressed.

2. CELESTIAL CO-ORDINATES

Figure 1. shows a diagram of the earth in space and the celestial sphere surrounding
it. The equator and poles of the earth have been projected to the tinfinitet celestial
sphere to form the celestial equator and the celestial poles respectively. The
iefinitions of right ascension (R.A.) and decliaatlon (dec.) are narked on the diagram.
The dec. of an object is measured in degrees, arc minutes, and arc seconds north or
south of the celestiaL equator. Angles south of the equator are deemed negative, This
j.s sinalar to the measurement of latitude on the earthrs surface. In both cases all
positions lie in the range +9oo to -90o.

Right ascension of a celestiaL object is measured in hoursry rtnutes and seconds east
of a datum called the zero meridian. The zero meridian is an imaginary line passing froni
ti:e north ceLestial pole, through the constellation of Aries to the south celestiaL
Fole. The exact point of intersection on the celestial equator is called the vernal-
equinox, As viewed from the earth the zero meridian ie in continuous motion, rotating
around the earth from east to west each sidereal day, Local sidereal time tells us
:or long ago the zero meridian passed across the localmeridian. The loca1 meridian is
a:. ilraEirary line joining the celestial poles and lnssing directly overhead at the
cbcer:vers location.

1he position of any object in the sky is defined by its R.A.. and declination.
SettlDg circles are large protractors attached to each axis of an equatorial mounting
for tle Frrpose of positj.oning the telescope with respect to the celestial equator,
{zero declination) and the l-oca1 meridian, (zero hour angle). tt was stated above that
ae R.A. of a star is measured east of the zero meridian and that the position of the
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izero meridian is defined by local sidereal time. The difference betweea sldereal
time and the objects R.A. is called the locaI hour angle and is the position of
the object relative to the local meridian (measured west of the local meridian).
rTritten as an equation: H.A. = S.T. - R.A.
Figure 2 shows the definition of these terms on a diagram which rnay help the
reader visualise the concept more c1early. An example of the position of Alpha
Centauri at 1o.@pm on the 5ttr of April 1980 is also shown.

To actually set the telescope on an object, the declination of the latter rnrst
be read fron a star chart or table and transfemed directly to the declination
setting circle. The R.A. obtai-ned from the same source, must be subtracted from
sidereal time. The sidereal time must correspond to the i-nstant when the telescope
settirig is complete. The above cal-culation produces the local hour angle of the
object and it is this position that is transferred to the R.A. circle. To retain
the object, the sidereal drive must be started the instant the setting ls complete.
Methods have been devised to set the R.A. of an object directly without knowledge
of local hour an61e but to do thisn it is necessary to employ a second set of
poilters. Parts of the assembly must then be driven continuously at sidereal rate.

The descrlption presented in this sectlon is fundamental- and is independent of
scale (digital or conventional). Attention shall now be turned to the special
problems and construction methods related to digital setting circles.

, DIGITAL SETTING C]RCLES

The field of modern electronics has a lot to offer the amateur astrononer and
he or she should not be afraid to take advantage of it. l,lany lnstrument displays
for domestic and industrial use employ digital read-outs and to avoid the labe1
of ttbeing trendytt the author would like to outline the advantages of digital
displaye as applled to telescope setting circles.

Probably the biggest single advantage id the ease of reading the display, The
numerals on a digital display are indisputable. On the other hand a conventional
setting circle requires interpolatlon between scale narkings or use of a vernier,
both of which take tinne and ski1I to read.

4 digital display is easjly read at night particu3-ar1-y llght emitting diodes
(lnO) displays. They are not so bright however to disrupt the dark adapted eye.
The brightness and colour of display may be chosen to suit the user. The read -
out need not be at the telescope but can be at any convenient location, This
alleviates the problem of reading a conventional circle at odd angles depending
on the direction of the instrunent. One must never gain the impression that
digital setting circles are easier to build or set up. As the reader will see beLow
the problems are different to those encountered in conventional circlest but just
as conplex. Or€ disadvantage of course is that the cj.rcuits nust bb supplied with
dlectrical power. Modern devices such as Cl'10S logic components and liquid crystal

displays (fCl; consume such a snall qnantity of power that battery operation over
many nonths is p,ossible. It should be pointed out that notwithstanding the 1ow
power consumption of LCDrs they are more suited to daylight aplication. AnX owner
of a digital watch si1l testify that the background to the display nust be
illuminated to read the time at night. Even so the reading can be diffisult. LED|s
on the other hand are more suited to night time use. If battery operation is required
a switch should be employed to energise the display only when it is neccesary to
read it.

Considering srnall telescopee which enploy setting circles, it is common to find
the declination circle calibrated in steps of one degree and the R.A. circle
calibrated to a comesponding accuracy of 4 minutes of time, lf greater accuracy
is required a vernier may be provided to resolve, for examplerone tenth of a degree
in declination and half a ninute in R'A.

The digital setting circle shalll now be presented firstly on the simple basis of
one degree agcuracy as explained above, and then extended to the more complex of the
counter$art to the vernier ecale.
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4 SINGLE DISK SEtrTING cIRcLE

The digital
these "f"3 ".

setting circle as a systen nay be divided into three selnrate sections.
An encoded disk to produce a digital word representing the position of
the telescope.
An electronic digital circuit to decode a digital word.
The digital display.

b.
Co

The very basis of a digital circuit ls the bifiary number scale. fn an electronic
circuit, a high voJ-tage output (e.g, I volts) represents the binary digit 1 and a
1or voltage (..9. O volts) represents the binary digit O. In this way one can count
any numberr 6ay O to 2O ueing binary numbers as follows! Or 11 1Of 11, 1OO, 1O1, '11O,
111, 1OOO, 1OO1, 1010, 1O11, 110O, 11O'.l, 11',10, 1111,1OOOO, 1OOO'.1, 1OO1O, 1OO',l1, 1O1OO.

hch dlglt ie called one bit of infornation and the number 20 is represented by five
bits or five outputs from the circuit.

An extention of this idea is to separate the decades of a number and to represent
the digit of each decade by its binary code. It is called the binary-r:oded-decimal"
form (B.C.D.) tn this way each decade i.e. O - 9, requires four bits of information
to fully describe it. The BCD scale is tabulated in fig. Jb. Using BCD scale, the
number 4279 is represented by sixteen bits of information thus: -

4279 = oloo 0olo 0111 1oo'1,
The BCD scale is extravagent i.rt that it uees more bits of informatj-on than the pure

binary scale but for our aplication , far less decoding is required and the circuit can
be nade in a simple modular form.

The BCD code for the telescopes position comes directly from an encoded di.sk. An
enioded disk is a circular piece of naterial (in the authors ca6e 15 guage aluniniuin)
rith concentric tracks, each track representing the one BCD bit of infornation for
either R.A. or dec. Fig. )a shows the declination encoded disk. Holes are drilled
aLong each track (represented in black). An array of infra-red enritti-ng diodes are
mounted on one side of the disk and a sinl.Lar array of photo-transistors are mounted
on the other side. I.R.Ii8ht falling on the phototransistor through a. hble will
energise the transistor and the circuit will deliver a logie level- one at its
particular output. On the other hand if a phototransistor is shaded from the source by
an aluminium section, the output from the ci.rcuit will be 3,ogic Level z€too BOD code
nust now be converted into a legible number and this is achlcved very simply by the
use of a sirnple i-ntegrated circuit cal1ed a BCD to seven segment converter. The BCD

to seven segment converter has four inputs corresponding to the bits of the BCD sca1e.
It has seven outputs which are connected directly to the seven segnrent displayt An
input of the form O1OO, for ezanple wil-1 autonatically produce L/ on^Lhe disBlay.

In the case of declination, it can be seen that to read from -90- to +9O-, nine
tracks (bits) are required. Four bits are required to display tens of degrees and
Iikewiee four bits are required to provide unl-ts of degrees. A further track is
necessary to display the negative sign for southern declinatione. Yet another track
called the anbiguity track must be provided thue rnaking a total of ten tracks, Ten
phototransistors and ten infra red or light emltting sources are therefore reuired as
shown in figure Ja.

Without the ambiguity track a difficult problem arises. frnagine that the encoded
disk is in a position to read one degree. (i.e. the four bits designated to read units
of degrees will be OO1. In advancing one degree the bits will read O01O. Durlng the
change-over the least significant blt (L.S.B.) is required to change fron 1 to 0 and
the second L.S.B. is required to change from O to 1 sirmrltaneously. Ttre simultaneoue
change ls the problem. If an overlap or delay (due to tbe non ldcntical nature of the
comtrnnents or slight imperfections in the disk encoder) occurs, the reading may be
r-omentarily 0OOO (zero) or OO11 (three). This situation is intolerable and may be
overcome in two ways. Fltetl$-a special code called a grey code [as been devised where
only one blt changes at any ons increnent or decrement, Counting from zero to nine a
grey code rnay be OOIO' 0110, 0111r O1O1, O1OO, 11OO, 1101, 1111r'1110' 1O1O.

The disadvantage of the grey code is that it rmst be decoded to be applied to a BCD

to seven segment decoder.
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The nethod used by the author in all exanples is to use an ambiguity track ss shorn
ln flg, Ja. and Jb. The ambigulty tra€k enabl-es the disks to be read only duting the
short time shown. It can be seen that the ambiguity track is positioned so that the
bits representing the positlon of the telescope are on or off but not half way between.
The output from the phototranslstor on the anbiguity track is applied to an electronic
latchr The latch transmits the phototranslstor outputs only when the clock input
(connected to the arnbigulty track) ls high. When the clock input goes low the latch
holds the last condition of its inputs until it receives another high input from the
amblguity track. A variation of the ambiguity track may be employed. The method uses
the rlsing and falling edge of the least least significant blt to trigger a rrone shotil
(e.g. 74LS12t). The output fron this device serves as the clock sigral to the latches.
The advantage of the circuit is that one track is saved and the ambiguity track of the
form shown in Fig. Ja. is ndt necessary. The circuit however will not work unless the
Ieast significant blt is alternately high and low. Flg. 4 shows a portion of the R.A.
disk encoder and it can be seen that the method just descrlbed would not work in this
c&6eo Flg. 5 shows a complete circuit for the declination readout. It should be noted
that the circuit separates units of degrees and tens of degrees to be quite independant
of the others cicuitry.

The R.A. disk encoder and decodi-ng components rnay be structured jn the same nanner.
In this application tens of hours, units of hours, tens of minutes, and units of
minutes are created in B.C.D. code. Fig. 4 shows a section of the R.A. circle . The
difference here is that by increnenting in steps of four minutes the digits O121415r8
are required. The L.S.B. is therefore permanently connected to zero potential. The
tracks required are;

Tens of hours 2 (O to 2)
Units of hours 4 (O to 9)
Tens of minutes 1 (O to 5)
Units of minutes 3 (O1214r5r8)
Ambiguity track 1T

Again the author w111 admit that beneflcldl changes rnay be made such as mrtiplexed
display however the circuits shorn should be simple enough to be constructed and tested
by an enthuslast not familiar with electronics.

One last word on the accuracy of the diske. Consider the dec, circle rcading 2Jo as
Flg. 6 shows. Once the reading l-s made it will not be changed untll points a or b on the
adjacent ambigulty tracks are reached. This variation is greater than one degree but
less than two degrees depending on the construction of the diska. A similar argument
appl-ies to the R.A. azis. The effect is very similar to mechanical backlash. A simiLar
effect would be produced with a conventional setting circle if it was slightly loose
and free to rotate through one degree on its shaft.

It should also be noted that the comtrnnents shown in figure 5 are examplee of a

large ran$e of suitable devices. One raust be careful however because the pin connection
of some integrated circuits nay be quite diffCrenttothose shown, particularly LED|s.
Common cathode LEDts nay be used of courde but will require a different BCD to seven
segment converter.

5 MECHANICAL CONSTRUCTION

In the proceedings of the 8th N.A.C.A.A. the author described how the disk encoders
could be nade fron high contrast photographic fifun. An accurate representation of, the
disk was dravm on white paper and a photographic copy was made. The translnrent and
oFaque areas thus represent the binary ones and zeros respectively. The method works
but it has two disadvatages. Firstly the lhotographic negative is mechanically weak
and rmrst be supported by a transparent plate of preferabs,,ly sanwiched between two
plates. The support dislcs absorb light and the selnration of the e,ource and detectors
must be increased to acconodate the increased thickness. This jeopardised the
reliabiti.ty of the circuit. S'€condly both the support disks and film are susceptible
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to scratches and other damage thus further reducing their transparenc]. A disk nrade
fronr 15g aluminlun wlth [oles drilled in appropriate places is a more acceptable idea.
The separation of the source and detector can be minimised and the metal disk is lees
prone to anage. (tt fs difficult to run a scratch acrogs a hoLe!), The disk shown in
Fig. Ja l-s a plan of the final result. It is important to note that the figure should
not be used as a teurplate because it has not been drawn with sufficient care.

It is possible to nark out the dislc with a compass and pair of dividers. However
the method used by the author was to nount the disk in place on the telescope and use
a 360 tooth gear to index it around. A steel btock with ten holes of the correct diam-
eter was mounted in place of the phototaeansistor and source array6. The holes nrust
Ilne up with the desired tracks and the metal acts as a guide to trspot the holesrr
rith a hand drilI. Drllling right through is not reconnended because the burr produced
tends to prevent the rotation of the disk. After slntting all ho1es, the disk is
taken to a drill press for completion and de-burring.

The active area of the phototransistors allows for a hole of about 1.5mrn in
diameter and 1.Onm for the ambiguity track. To prevent overlapping the disk mrst there-
fore be about 225nn to 2!Onn ln dianeter. Even so, adjacent holes tend to run together,
These can be cleaned out into slots as shosn in figure Ja. Unmounted hackeaw blades
and a fine flat file were found to be most useful for this task. The construction is
very painstaking but no more so than conventional setting circles, where the same sort
of accuracy is demanded' The accuracy is totally rellrant upon the spacilg of the
ambiguity track because this track provides the signal to up-date the display reading.

For best resul$s the phototransistors and light source (or I.R. source) nmst be
nounted as close together as trnssible. The disk encoder must be machined on some
surfaces so that a movement without nwobblerr is achieved.

5 mllrtpta otsxs. 0Hn ntcttll, counrnnpant to a vnnxrna')

The following section is a sunmary of the problems which confront the designer
when the accuracy of the circles is increased. The dlsk encoder cannot be divlded
into smaller and smaller sections. The limiting diameter of each hole is about 1.5mn
although this ryay be reduced slightly by empl-oying a slit in front of the photo -
transistor array. The example cited ln the last section requires J5O divisions
necessitating a disk in the order of 22Jmm to 2)Omm in dianeter. Further sub-
division into 72O divisions must require the diameter to be doubled otherwis€ over-
lapping of areas will occur.

The sol-ution to the problem is to drive each aris with a worn and wheel of ratio
J5O.1. A further disk encoder rmy be placed on the shaft of the worm as shown in
Fig. 7. Consider the dec axis for a moment. The secondary disk is coded to read
minutes of arc and it is also provided with the ambiguity track. An anbiguity signal
nay be generated electrically from the secondary disk by detecting when a1l bits are
zatoo (i.e. minutes of arc read OO). A multiple input NOR gate will provide the
desired signals. Two complex problems mrst now be overcorne.

Firstly, if the secondary disk reads correctJ-y for positive angles, its output
nust be subtracted from 50 when negative declinations are experienced. Secondly the
disks will read correctly for increasing angles but not^for decreasing angles.
Colsider the reading ilcreasing througir, for example 55o. Th. ninutes read up to
54o 59, and the next increment is OO ninutes. At this poixt the main disk is read
to Ue 55o. The minutes then procedd to increase. On the other hand if the reading is
decreasing, the njnutes read dom to OO at which point the rnain disk is read to be
65o. A further decrenent gives Jp' but the degrees remain at 610. Thus circuitry
must be provided to detect an increasing or decreasing reading. Furthermore,
circuitry must also be designed to subtraqt one from the degrees when the angle is
decreasing except when the position is OOo OOr, One can gauge the comptexity of the
problen.

A further linitation is that the two encoders must not rotate out of synchronism
because the main dtsk is read on the command of a signal originating from the
secondary dlsk. It is therefore not possible to push the telescope nanually
unless the movement is an integral number of degrees.
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Slmilar argunents apply to the R.A. axis. ft is interesting to note, however,that if a circuit is designed to subtract one from each readiig when the R.A. is
decreasinS, it is poesibl-e to include si-dereal time in the operatioh and display
E.A. directly rather than hour angle. Sidereal tine obviously nust come fron adigital clock in the sane coded form as R.A.

The alternative methodtb+-tb u6c amicrolrocessor to perform all these conplex
operations. The author has designed such a system for use on a siderostat mounting
and at the noment the method used to display the position rtf the telescope is by a
combination of hardware (circuits designed for the task) and software (programs
written into the proceasors nemory).

It is possible to design a systen which increments or decrements the reading
depending on the direction of movement. The author has used this method but does
not reconmend it. Any error which nay be nade due to elec.1pical noise or speed of
components is accumulative and compllacchecking routines must be devised to make
sure the reading is comect.

At such a level of comlexity it is now trrossible to include a correction for
different epochs, This takes into account precession of the equinox.

7 CONCLUSIONS

A description of the construction of a set of digital setting circles to read.
declination and hour angle has been given. It requires one encoded disk and a
decoding circuit for each axis. Sone very simple conventional setting circles can
be made by wrapping steel measuri-ng tapes around the perineter of a wheel, however
to make a set of inscribed circles is the same order of difficulty as required to
make encoded disks. The circuits are straight forward applications of the devices
involved and can be made at home. Any advancemcnt towards high eccuracy is
acconpaniedby a narked increase in the complexity of the problem. This advanced
type of project should only be tackled by those readers who have access to electronic
test equipnent.
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4BSTRACT
Connent is nade on the attenpt by overseas investi.gators to propose

eqtratlons for the zenlth sky brightness at various distances f,ron citles.
The esti.matj-on of future li-ght polluti.on 1ncreases A.tr diseussed.

ts
BICIGRd,PI{ICAL IfOTE

Bill was born in New Zealand and obtained a degree, Bachelor of
Engineering from the Uaiversity of New ZeaLand. Since 1953, Bi-}l has
lived ln South Australia and worked at the nor:s naned Defence ReEearch
Gentre Sali-sbury, where he is cuuently the Princi-paI Research Scientist
in charge of the Rocket Propulsion Group. Bill joined the Astronomlcal
Society of Sonth Australla i-n I97O and has served two years as Secretary
and three y€ars ae Preeident, Hj-s naj.n interest in amateur astronomy is
comet hunti-ng whlch he €on$enced in 1971-,

Tffi ASSESSI'{E}N' 9T TIGHT FOLLUTION
W. A. Bradfi"eld

I NIRODUCTION

The light Boi-lution problen, as i-t affects the vrork of professional
astronomers at observatories located near najor ci-ties, has been recei-
vi-ng increased attentlon in recent ti-nes. In some area6, astronorners have
persuaded local govern$ent authorities to restrlct the growth of unneces-
sary lightlng, and j-n partj-cular, the amount of light directed upwards.
Undoubtedly, light pollution is a great souree of annoyance to the anateur
astronomer who conducts observations from his home in suburbia. Unfortu-
nately there is little ehance to linit the growth of suburbia and conse-
quently the amateur can only expect inereased light pollution in the
future. I{owever, the assessment of lrght pollution in country area6
adJaeent to cities shosld be of great interest to Societj-es plannlng
locatlons of future observatories, It should also be of beneflt to the
individual- who is prepared to transport his portabS-e equipnent to country
observing sites as required.

Sbortly after presenting, at the 1974 $ACAA in Adelaide, a paper (ref 1)
on nlght sky brlghtness obeervatlons made in the Adelaide area, the author
gained access to artj"cles (ref, e, 3) coverin6 sj-nilar observatlons made
in the vlncinity of three large ltalian tovrns duri-ng 197L. P.J, Treanor,
the principal inveotigator correlated the ftalian raeasurenents with an
approximate }aw, based on an extrensLy einBlified model for the propaga-
tion of oi-ty fight to dist,ant observlng sites. i'Iight sky brightness obser-
vations nade in the vincinity of various eiti-es in the U.S.A.. have been
pentioned fron tine to time inrrSky and Telescope:aagazi-nes. In partieular,
Pike and Bemy (ref. 4) described their work in southern Ontario, Canada
during L975. They eomelated their results with an equation adapted frorn
the law proposed by'Treanor. Thelr fonnula has been subject to conment
(ref. ,) by M.F. Walker of Lick Observatory, who hiraself had made measure-
nents at vari-ous distanees frou cities i-n California.

The najority of investlgators have been interested firstly in obtainiag
a measure of ex1sting levels of 1i.6ht pollution and secondly in estinating
the extent of future changes, The present paper covers the authorrs analy-
sis of the problen, after reading accounts of the overseas actj-vj-ties and
studylng references dea1ing wlth the seattering of light ln the atmosphere.

i{AruRAt M9H3 sKY FRIqI{TNESq
Any neasurenent of uigbt sky brtghtness aust incLude a contribution fron
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l.{easurements of the zenlth night sky brightness v/ere made by Treanor

and his associates in the region of three ftalian tovins, Rome, LtAquila
and Teramo, during the northern hemisphere sumrner of I97L. A portable
night sky brJ-ghtness photometer v/as used vrith a Corning 3384 filter cor-
respondlng to the standard B fllter of the UBV system. The nights chosen
for the exercise lvere judged to be of excellent quality vrith good trans-
parency and absence of clouds. Because the neasurenents inctuded effects
of other small tov;ns, amounts to cover these contributi-ons and allowan-
ces for natural sky brighlness were subtracted before attempting to cor-
relate values with the proposed law. By taking into account the popula-
ti-ons of the three towns and differences in their development, the results
were reduced to fit the proposed Iaw. The following expression i-ncorpo-
rating empirically determlned constants was obtained: -

S=aP
...... equation (2)

":/here 
S is the zeni-th sky artificial brightness/ natural brightness ratiq

P is the population in units of 1Ol
X is the di-stance in kilonetres
a is 1.0 for Rome and most large citi-es ln ftaly
a is O.77 for Teramo

fn formulating equation (1), Treanor attempted to allol'r for tire ind.i-
rect light received at the zenith sky from an assumed point source tovrn,
hence the i-ntroduction of the f, term to account for scattering of light
from vrithin a small forlvardly "directed. cone of directions. I.Iovrever therelatlonship betvleen the values for A and B as given in equation (2) is
questionable. For example by substituting x = ) kj-lometres and X = 50kilometres, the coresponding reduction in S betvreen the tvro distancesis a factor of fO. JITovr vrhen the illum:lnation from a point source varj_esinversely as the square of the distance the illuni-nalion must for this
example reduce by a factor of 1OO, or nore if there are losses by absorp-tion of light. obviously the value of A chosen by^Treanor is too 1argein relation to hi-s chosen value of B. This ratio * i" 0.133. Tf the *ratio is reduced torvards the value of k (in this 8a.", 0.026) the -u

inconsistency di-sappears. The individual val-ues of A and B are not im-portant since appropriate adjustment can be mad.e to the econonic develop-
ment factor to obtai-n the correct numerlcal varue of s.

( 1.8[-r .Y 
N "* (-c.o25x)

Pilce and Berry (ref. 4) in analysi-ng their oun observations
ontario area propose cl an equation uhich vlas based. on TreanorrsTheir equation 1:/as: -

in the
equation,

b=a(p)c'5t exp (-kX)*.i, 
1

where b is the zeni-th srry brightness due to tolni'right'."" 
equation (J)

P i-s the population
a is the cconoiric development factor
X is the distance of the tovrn

V, U and trr are constants related respectively to the
the direct bearn conponent and the attenuation of the
light by absorption and scattering losses.

The experi-mcntal results obtaj-ned by pike and hj.s
the following equaiion for light pollution:-

ecattering component,
direct and scattered

associates yielded

2.522 I "*n 
(-o.o25x)

x'1
o. oB

X
b = !o (F)0.5 

[ . ecluation (4 )
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where b i-s the zenith sky brightness it StO (vis) units

P is the population
X is the distance of the tovrn ln kilometres

rrre fi ratio (or fi ratio, usin6 Treanor terrninology) t" t+ - o.a3o9
and for the range of )i values li}'"e1y to be consj-dered does not appear to
give grossly rrisleadlng results for the changes of brightness with dis-
tance. It is surprising that Pihe in Canada used a value for k of 0.026,
the same as proposed by Treanor, when he says (ref.4) thab his results
dlffered from those of Treanor, possibly because of different llght
scattering characteristlcs.

The use of equation (4) is probably acceptable for giving an idea of
hovr the zenith sky brighlness due to light pollution varies l'lith d.istance.
Tlor,vever the use of a sqllare root of the popular tern is highly questio-
nable'when attempting to compare the effects at a gi-ven dist,ance for towns
of different populations.

i,rialker (ref,5) pointecl out that the zenith brightness, at any distance
out,side a ci-ty (lrhere an observatory ought Lo be located) is at least
proporti-ona1 to the population if the city, and- that the zenilh sky brig$t-
ncss proporti-onally'bo the square root of the population a.s quoted by
Pike (ref.4) cor-ild only apply to the centre of a populated- ai'ea., A simplc
proof is outlined (ref . )) by irJalher to show that the zenith s}-,y bri6ht-
ness a.bove the centre of a city of circular area r,-:il1 vary as the square
root of the population ciNy, over a range of city sizes urc to about 10 km,
radi-us, that is with populati-ons of 5COrOO0. Pikets ecluation -ray have
been incomectly quoted in reference /1. The eo,uation as stated therein is
c ertaj-nly rnisl eading.

It should be realised that Treanorrs lavr and that proposed by Pihe
vrere formulated on the assuruption that the tor,,rn producing the light was a
poi-nt source of 1ight. Thus apart from the already discussed deficiencies,
both relationships can not be used for small values of X, that is for
values of X defining points rvithin or close to lhe city lerirreier. Firstly,
in the lindt'r,'Ihen X = 0, both equations give i-nfinite values of zenith
illundnation or brightness. Secondly, the type of matherrratical expressj-on
used gives a curve similar to that ln figure 1 and can not be correlated
vrith the zenj-th brightness- di-stance relationshlp that probably occurs
over and near the outskirts of a city area, To illustrale this point,
figure 2 shovrs the calculated varlatlon of brightness on the underside of
a sheet of uniformly dense cloud al 2.5 km altitude, stretching over a
uiriformly radiating clty, 20 km by 2Okm ln slze. In using expressions of
the Treanor type, X values less than twi-ce the radius of lhe cily out-
skirts should not be considered. if rneaningful i-ndications are required.,
scAT'fl0RIrc .A1'{D +,BSORPTIOi{ pF LIGHT I}r Tq4 .ATi4OSpIIERE

'fJhen light passes through the atmosphere, atlenuation of the light
occurs as a result of three principal actions,

(1) i'nolecul-ar scattering
(2) absorption by :nolecules or aerosols
3) scattering by aerosols
These aspects are discussed in various references dealing vd-th the

passage of light iu the attnosphere, (refs. 10rltrl2rL3). For clean air the
absorption of light by atilospheri'c gases and r,vater va'pour ie generally
significant in the inf::a-red but for visual lvavelengths and for situatio:rs
vrhere the visibllty exceeds 1O kilometers the absorption is very small
and can be neglected. Scattering of light by r:rolecular or Rayleigh scat-
tering can be estj-mated by theory as the inverse of the fourth povrer of
the r,vavelenght.

The presence of aerosols in the atmosphere causes aclC,itional scattering
of light, horvever the prediction of aerosol scattering is diffj-cr,rlt
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because of the extreine variability of the aerosol content. The scatte-
ring depends on the type of aerosol parti.cle. Tvro main types have been
classlfied (ref. I2rl-3) contine'ntal- or mari-time, according to the origin
of the particle. Attenuation by maritime aerosols tends to be greater
than that of aerosols originating from country areas. Attenuation by
ci-ty aerosols can be an order of magnitude greater than that of country
aerosols. Industrial pollution can increase attenuation still further.

Studies by various investigators have shown the dependance of aerosol
scattering on the relative hum:!dity. In particular, Gimbling (ref.12)
shows that a fourfold increase in tolal scattering at O.) mlerometre
wavelenght ls predicted as the relative huraldity lncreases from 50 to
95 %.

Measurenents made by Crosby and Koerber (ref.14) at lYoomera revealed
large changes in scattering during the year, wlth minirnum scattering
occurring ln August and rnaxirnum scattering i-n January and February Other
researchers have made neasurements to ascertain the background aerosol
scatlering. Porch, Charlson and Radhe (ref.15)noted that the total scatte-
ring, (iiayleigh plus aerosol), at a v,ravelenght of O.) nj-cronetre, ranged
fron 1.J to 2.0 tinies the Rayleigh scattering. A value of 1.36 vas obtai-
ned for }lcMurdo Station in the Antarctica, Porch et a1 (rcf,16) gave
values of 1.J for Cemo Tolo1o and 1.1 for Kltt Peak.

Tvrorney (ref .17) stated that the e:<tiction of a lightbeam ls dc.t63ininu6
primarily by the aerosol content of the air. If the air is very c1ean,
extinction by aerosol rnay be comparable to Rayleigh extinction by air
molecules, thus confirming the observations of Forch.
FURTHNR COI'O,M}N O1' TLLUI"II J.{,ATION LAV{S

The values derived for the varj-ous constants in the equation proposecl
by Treanor and modified by Pike are presunebly average values, reflecting
the local atmospheric conditions at the time of the measurerjlents. In viel,r
of the importance of aerosol scattering, even in places re;;rote frorn
industrial or automobile contaminati-on, it 1s surprising that Treanor a-nd
Pike accept the low value of 0.026 for the constant k, since for blue
light this a:nount 1s slighlly less than the extinction coefficient per
kiloinetre for Rayleigh scatterlng only. Based on evidence gathered by
Porch (ref.l-5l6), a value for k should have been closer to O.O) per
hilometre.

Treanor in deriving hls lavr for the illuminatlon received at the ob-
serverts zenith assuned that the zenith brightness alvrays bore a fi:<ed
relationship to the ill-umination. This j-s not the case and. may be one
reason vJhy some of Treanor I s measurements do not fit his derived larnr
very well. The zen:ith sky bri6htness depends on the anount of scattering
downviards of light received in the vertical cone of atrirosphere vrhich has
its vertex at the observer and must be an integration of scattering at
all points in the colle. Ior a 6iven zenith illun-ination, the zeni-th
brightnees should be proportional to a term

/\[ 1 - exp ( -r ) tr,\ - )-
where T is the optical thictrrness of the atmosphere in the cone. The value
of T could be obtained by Bouguerrs classical method (ref.11) of iaeasu-
ring the brightness of the same star at various values of zenith distance,
although changes of the scattering during; the n:ight rod1l introduce
difficultie s

Because of doubts about the use of Treanorts ecluation and Pikers
variatj-on of i-t, the author believes that the lllunination received from
a city at the zenith of a distant site j-s probably suffj-ciently defined
by a simple l-avr involving an i-nverse square of the di-stance, irithout



l9
allov;ing for adjustments obtalned by an exponential expression. This

tryou1d only be necessary if significant absorption of light occurued.
THE I4EASUREMENI OF Si(Y BRIGHTI.]XSS

l,Iost of the rnethode for determining the night shy brightness er,rploy
photometer devices rvhich compare the brightness of a snal1 portion of
s}l-y vti-th the brightness of a surface r',rithin the photorneter, the surface
being illuminated by an electric 1ight, l{atching of brightness can be
achleved by adjusting a varlable filter (for example a variable density
l'redge as used by Pike) or by varying the intensi-ty of the electric light
(ref.I). It is desirable to use a colour filter over the eye vier,ving
aperture to restrict the range of vtavelenghts being monltored. The
lnstruments must be calibrated by reference to a suitable standard of
bri-ghtness.

The undertaklng of measurenents on a suitable cloud free night at
varj-ous distances from a city is not difficult. Ilovrever, problems arise
in the adjustment and interpretation of the results. Sone aspects for
consideratlon are lieted: -
(1 ) Defini-tion of the centre of the town, on the effective centroid

of the light.
(e) assessment of the natural light to be subtracted.
3) Assessmer:t and allor,vance for light from other s;aaller, lerhaps

rnore dlstant tovrns.
(4) Lach of unlformity of the distributlon and. concentration of air

pollution vrith hight and distance from the tovrn.
(5) cirange of light output during the night; lights bei-ng turi:ed off

and fevrer cars on the roacls as the ni6ht progresses.
(6) Change of pollution cluring the night, .Jue to dispersion by wind

or acculilulation under a tenperalure inversion layer.
Q) Allorvance for topographical interference to right propagation,

€.8. hiIls.

aiiiruAI, Irrcl?EAsE oF LIGHT POLLUTIOI

Both Treanor and iitalher logi-caILy assume that the light emj-tted by acity is proportional to its population. Hov,'ever if the stand.ards of
Iiving increase and bhe city li6ht ei:litted per head of population rises,
the total light enitted rnay i-ncrease r:ruch faster than the populatiion.
Pilce and Berry malte the conrnent (ref .4-) that in sotne parts of the U.S.A.,nlght lighting has increased 23i,'" each year fron L967 to l9?O. lTear
Toronto, ontario, local short term ai:nua1 increa.ses have reached 3Oi4.fn assessing future trends for Ontario, Pike assumed a noiiiinal- LOi[
increase.

In the Adelaide area, the ,ropulati-on (abou1- 68?6 of the State total)
increased (ref.lB) duriirg the 5 year periocl, l9?1 - 19?6, a,t an an:rual
average rate of L.2i4, r,','hich is not particularly alarming. Holvever the
usre oJ electricity from the Electricity Trust of South Australia forstreet lighting increa.sed over the rp year periocl , I9T2 - ?6, by an
annual average rate of LL?'". Sone of this l';ould. have be-:n brought about
by the remaining council areas changi-ng over to all night li8hting
i-nstead of turning off at 1 am.

l{otor car heacll-ights contribute to light pollution and should be
considered; South Australian motor vehicle registrations over the sane
! lear perlod incr_eased at' 5% annual'ly. Since automobile exhaust ernlss-ions are responsible for a najor part of city air pollution, vrhich
drifts over suruounding areas, the effecti.ve annual increase in sky
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brightness in the surrounding Adelaide area due to autourobiles must
be increased by at least 6?/o. Even if the cars are not used at night,
pollution produced during the day in still air conditions renaj-ns and
increases the scattering of light from the sky under observation.

fhus in the Adelaidc area, lhe contbined increase of s;tree t lighting
aird. motor car numbers probably increases light pollution by at least
17lJ annualIy. Over a period of 6 years, the zenith sky brightness at
sites withj-n 50 l.,ilonetres of the city centre could be doubled. This
means that the city resident travelling to the adjacent country area
vould over the same period need to travel approxinately 4Oi( further
to contj-nue tJt+ exiterience the sarne dark strry condition.

t.r
CO I'IC,T,U DI iG RE i,lARI{S

The problent of assessing light pollution is d-ifficr-rlt because of its
d"ependance ou 'bhe airount of air pollution. Fu'bure increases of light
pollution are alar.ning and there is not much tha'b can be done lo €ase
the problem other than by reducing air pollution.The best the observer
can do ir to note the variabili-ty of light pollution as it is related
to the current ineteorologica-1 conditions and select euilable nights.

The a.mateur astrononer vho is prepared to,:'roloi a';ay fror.r hi-s srib-
urban ho:ne lvith portable equ-ipnent can esca_lre fro.l the light pollution
of the cities. eaders of rtsiiy and Telesccpe" r:;agazi-ne rvill- be a.irare
of a grolving trend in the U.S.A. to set up trailers as portable ilounts
for telescopes. Thc question of hov,r far to iravel io reach accepta.ble
conCitions must be at'ts',,;ered.

Firstly, the zodiacal tight can be useC as a.n ii:Cicator. If at lhe
time of astronoi:rical t";ilight, the zodiacal light can not be dis-
cerned, then extra travel i-s required.
Secondlyr & comparison of light received at the prospective observiirg

site from varlous directions can be made, By ueing a r:;hite square sectl
ion post it is posslble !o compare the ill-unination on tvro adjaceirt sj-.des.

The key aspect of light pollution ls not the quantity of light recei-
ved at the zenj.th shy but lhe amount of local scattering of the light
by atmospheri-c pollutants, that is to salr the observerrs problern hj-n-
ges on the lever of air pollution existin6 at his location.
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A SUPERNOVA SEARCH PROGRAMME FOR A}4ATEURS

T. CRAGG, A.A.Q.r S. LEE, S.A.S.; G. THOIIIPSON, A.A.Q.;
A. PAGE, A.A.Q.

ABSTRACT:

The authors give details of their plan for a search by amateur
astronomers for supernovae in external galaxies.

BIOGRAPHICAL NOTES:

Tom Cragg:

Interest in astronomy began in L937. Joined the L.A. astronomical
society in 1939, eventually becorning twice president. During L944
started regular daily sunspot drawings. Now in fourth sunspot
cycle. A standard observer for the American Sunspot Number. AIso
began regular variable star observations for the A.A.V.S.O. in
L944, which now number over 99,000 individual esLimates.
Discoverer of five new variable stars. Became an active planetary
observer for the newly formed ALPO in L947, becoming Saturn
Section chairman in the mid r50s. Recipient of awards from ALPO
and WAA.

Astronomical career began in 1945 when hired as a "guide" at the
Griffith Observatory, an association carried on (part time) until
1976. Briefly worked in an optical shop in 1951 but moved to
the Solar Department of Mt. Wilson Observatory in L952. Continued
at llt. Wilson for 24 years until L976 when moved to Australia to
work as Chief Night Assistant at the 3.9m Anglo-Australian
Observatory.

Steve Lee:

For several years a lone amateur, living off borrowed instruments.
Joined James Cook Astronomical Society (now Sutherland Astronornical
Society) and B.A.A. in I97L and took a tiking to building
telescopes. Became interested in grazing occultations but began to
specialise in photography. After the ad.vent of micro-computers,
became a keen amateur computerist. Current project is a large,
computer controlled telescope. Worked as a computer programmer
for several years before joining the Anglo-Australian Observatory
in L977.

Gregg Thompson:

Joined the Astronomical Amateurs Club of Moreton Bay in 1963 t
eventually becoming President and comet section leader for two
terms in L975/76. Also joined the Astronomers Association of
Queensland. Elected to council and later became Tech. Sec. for
two years, and librarian for the past 4 years. Current
counsellor of the new Astronomical Association of Queensland.
Presently constructing 40 cm reflector. Interests have been
Jupiter, comets, grazing occultations and, currently, supernova.

Arthur Page FRAS:

Foundation member of the A.A.Q. and past president. Currently,
and for many years, leader of the A.A.Q. Variable Star Section.
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Interest in Astronomy extending over 40 years pIus. Past president,
editor and life member, Astr. Soc. of Queensland, principal founder
of the Astronomers Association, Queensland, and its president and
council member. Vice-president, Astr. Soc. of Queensland,
Foundation member of the Astronomical Society of Australia and
latterly Council mernber, fu11 member Astronomical Society of
America, Director, V.S.S., A.A.Q. Long term interest in astronomical
photography and photo-electric astronomy and cartography of variable
starfields with special reference to faint variable stars, novae
and supernovae. Invited participant, XVth General Assembly, IAU,
Sydney I973.

PREAMBLE

A supernova explosj-on (SN) is one of naturers more spectacular
events. For a few weeks, a single star liberates as much energy
as the combined output of all the stars in a galaxy. Those seen
in our own galaxy have generally outshone all but. the sun and moon
and been visible during the daytime. Chinese astronomers have
recorded several "gruest stars" during the last few thousand
years and so have given present-day astronomers some insights
into their frequency within our galaxy along with allowing
astronomers to find out what becomes of a SN.

The end product of a SN appears to be a neutron star, usually seen
as a pulsart ot a black hole.

A SN outburst j-s a comparat5-vely rare event and quite short lived,
leading to the unfortunate circumstance that few of them have been
observed and thus tittle is known of them.

Two years ago at the 8th NACAA, Tom Cragg outlined a plan for a
co-ordinated search by arnateur astronomers in the brighter galaxies
to find SN. This paper is intended to further explain the
progranme and where it stands two years later.

WHY SEARCH FOR SUPERNOVAd

Why indeed? A SN is the penultfunate stage in the evolution of
certain stars and so can tell astronomers what the star has been
doing during its life

Studying SN is the only way astronomers are able to see individual
stars in distant galaxies. If enough information can be obtaj-ned
on SN, then they can be used as "standard candles" for measuring
intergalactic distances independent of the red shift method.

But not all stars end up as SN. Why not? Just how rare are SN?
Initial estimates placed them at one SN per galaxy every 500
years. Later estimates based on the study of pulsars in our
galaxy indicate one per galaxy every 25 years. Current observa-
tions havenrt accounted for more than one per galaxy every 50 to
100 years. What is the actual rate? tr{hy are there such diverse
types of SN and why are two types far more conmon than the others?

None of these questions can be fulIy answered without studying
more SN. To do this more SN need to be discovered. This is the
aim of our programme.
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SUPERNOVAE

Very briefly, a star turns into a SN when it can no longer support
its own weight. Gravitational collapse then causes a "thermo-
nuclear runaway" which is the SN explosion. This appears to be
caused for several reasons.

There have been five types of SN recognised, referred to as
Types I to V. Types I and II occur in about equal numbers and
are the most common. The rest occur so infrequently that they
are difficult to classify properly. Indeed, it may be said that
their diversity might preclude their classification but represent
an "aII the others" c1ass. More SN of these types need to be
observed to clarify this point.

SN are classified by their light curve after maximum, and their
spectrum (if available) .

A Type I SN is thought to be caused in a binary system consisting
of a white dwarf and another Inormalt star. Ivlass transfer to the
white dwarf eventually triggers the star to collaps€r releasing
vast amounts of energy. During the mass transfer stage, the
white dwarf has smaller outbursts of energy seen as a recurrent
nova. These systems are quite common but so far none have been
seen to turn into SN.

The Type II event has been seen to occur only in spiral arms of
galaxies. They are thought to originate from massive stars that
evolve quickly through the red giant phase and soon run out of
fueI. The subsequent collapse of the nucleus and ejection of
its outer envelope is seen as a SN.

It is worthwhile to note that astronomers believe that all
atoms heavier than iron are formed in SN explosions. It is
also thought that the shockwave generated by 55 triggers star
formation. It would seem that we owe our exi-stence to the
spectacular demise of some few stars.

SUPERNOVA SEARCHES

Over the years a number of SN searches have been carried out.
The aim of these has been to find SN and to increase the chance
of success, clusters of galaxies were photographed with wide
angle telescopes such as Schmidt cameras. This had the
advantage of getting large numbers of galaxies on a plate but
at the expense of completely burning out the brighter galaxies
and the nuclear regions of many others. After a while it was
found that elliptical galaxies were not prodigious SN prod.ucers,
so searches were centred on spiral rich clusters of galaxies,
thereby biasing the searches to faint spirals.

Photographs also take time to be processed and more time to be
scanned, so most discoveries were made days or even weeks later.

Let us examine the main ftaw of photographic searches more
closely. When a plate is exposed to register very faint
galaxies, then all detail in galaxies several magnitudes
brighter is lost. Also the nuclei of galaxies only a few
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magnitudes above the plate limit are burnt out. This isnrt
a great problem as on any plate there are many more faint
galaxies than bright ones.

Now consider elliptical galaxies in relation to spirals,
A spiral has a small nucleus in relation to the total area of
the galaxy. An elliptical, however' is nearly all nucleus.
The consequences are that for an equivalent (integrated)
magnitude, perhaps 5g of a spiral is burnt out while some
8OB of an elliptical is lost. This makes it. far more difficult
to discover SN in ellipticals than spirals. From a sample of
278 SN, only 29 were discovered in ellipticalsl The numbers
speak for themselves.

A VISUAL SEARCH

As any observer will tell you, the eye is better than a photo-
graphic plate for resolving faint objects next to much brighter
ones. Consider the case of the t2th. magnitude SN discovered
in'1968 in NGC 5236 (MB3) , It appeared over the nucleus and
the chances of having found it photographically were s1im. Not
surprisingly, it was found by an amateur comet searcher.

The advantages of a visual search for SN by amateurs are
considerable. It has already been shown that the ratio of
discoveries of SN between ellipticals and spirals seems out of
all proportion to what might be expected. A visual search might
drastically revise this ratio.

As the brighter galaxies are not closely clustered, professional
searches tend to ignore them as being uneconomical to scan.
This means that efforts are not duplicated between professionals
and amateurs.

The time spent on each galaxy is small (provided the right
rnaterial is available - read onl) and it should be imnediately
obvious whether a SN is present or not. The ability to scan
galaxies frequently without incurring delays means a much
improved chance of finding a SN pre-maximum, something that is
of great interest but happens extremely rarely, for previously
explained reasons.

Most photographic searches end up finding SN fainter than 14th
magnitude. This means that a large proportion of SN thus far
discovered haven't been classified as few telescopes exist
capable of obtaining spectra of such faint objects in a useful
time.

A general rule of thumb says that a SN at maximum can reach ttre
same apparent brightness as its parent galaxy. As the galaxies
on our list are brighter than 12th magnitude, most SN will be
brighter than 14th magnitude at maximum, a range that is very
accessible for astronomers not only in the visible region of
the spectrurnrbut in the important UV and IR regions'

AN AiI'IATEUR SUPERNOVA SEARCH

We have just described some of the
SN searches and some improvements
different techniques.

problems encountered in previous
that can be made by using
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Letrs list the advantages of a combined amateur SN search:

(a) as with amateur vari-able star observers, the sheer weight
of numbers of observers spread over a large geographical
area, increases Lhe chances of any one galaxy being
observed at any one time. Result: the possibility of
finding a SN prior to its reaching maximum light. This
is probably the main advantage of the programme.

(b) as it. is envisaged that most observations will be done
visually, the probability of finding more SN in ellipticals
and the cores of spiral galaxies increases. This will give
a truer ratio between the classes of galaxies.

(c) Initial observations of SN suggested that they were extremely
rare events, occurring perhaps once per galaxy in 500 years.
Later research into supernovae remnants (SNRs) and pulsars
(thought to be the remnants of the original star) indicated
a much higher rate of production in the order of one per
galaxy every 20 to 50 years. More recent observations
come close to the pulsar estimates but still cantt account
for more than one SN per galaxy every 50 to 100 years.

Why the discrepancy? Probably because nobody is looking
or perhaps looking but not recognising',! As with point
(a), amateurs looking constantly with the right materj-al
could find the "missing. SN.

(d) of the five types of SN classified, only Types I and II
occur frequently enough for us to have at least some
knowledge about them. The more SN discovered, the greater
the chance of finding one of the rarer types.

(e) reduction is simple and instantaneous. There is a much
reduced possibility for errors to creep in (like plate
flaws or processing marks) and only the possibility of an
asteroid straying into the field could produce spurious
reports. This problem canrt be eliminated from any type
of search, though on long exposure photographs, asteroids
tend to produce trails. A re-examination of the field a
few hours later would show movement if it were an asteroid.

(f) circulation of information amongst amateurs and then to
professionals is generally quite good, thus making for
quick confirmation of a discovery and reporting to an
observatory. Most professional astronomers are sufficiently
motivated by a transient event such as a SN to give up their
own observing prograrnme to secure a good spectrum. This is
the ultimate goal of the prograilrme.

(g) a visual search is less costly than a photographic one.

THE SUPERNOVA SEARCH PROGRAMME FOR AMATEURS

We have just shown the advantages of amateur astronomers searching
for SN provided the right material is available. The task of
making the right material is being undertaken by the authors in
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the hope that enough amateurs can be convinced that it is a
worthwhile project, and will participate.

At the present there are a few amateurs, notably in the northern
hemisphere, who are trying to make their own material for a
search. The resources available to two of the authors (S.L. &

T.C.) make it far easier for them to generate a complete set of
charts more economically more quickly and hopefully, better than
a lone amateur.

BRIEF HISTORY OF THE PROJECT

The original protagonist of the project is Tom Cragg, who for years
in the U.S.A. tried to inspire amateurs to search for SN. His
argument was that amateurs who just like to look at, or photograph,
galaxies for the sheer pleasure of it cou1d, with a little more
effort, search for SN and thus make a real contribution to
atronomy. Variable star observers could just peep at a galaxy
or two if they were in the vicinity or maybe even spend a short
while looking at galaxies for something different. His ideas fe1l
on seemingly deaf ears.

After moving to Australia to work at the Anglo-Australian Observa-
tory and then interesting Steve Lee in the project, they decided
to do something about it.
Independently, Gregg Thompson had the same idea of starting a
SN search. His initial idea was to perform a photographic patrol
but after discussions with Jeff Ryder (present director of the
Sir Thomas Brisbane Planetarium) and later Arthur Page, they
decided a visual search would be better. Gregg started to draw,
by hand, the charts necessary to perform a visual search.
Shortly afterwards, Page received a letter from Cragg (also a
member of the A.A.Q.) telling of his ideas for a SN search. Page
informed both Cragg and Thompson of each others plans and
suggesting a pooling of resources. The result of that
collaboration is the project about to be described.

PHILOSOPHY

The philosophy we adopted for the project was simple and complete:
to create a complete set of charts of galaxies and their regions
that would make finding a SN by visual searching a relatively
simple task, whilst trying to eliminate some of the mistakes found
in variable star charts.

WHAT WAS NEEDED

It was decided that the end result would be a series of charts
to a suitable, constant scale, showing the galaxy and its surrounds
with the stars' sizes closely corresponding to a scale of their
visual brightness. The visual impression of the galaxy would be
shaded in, along with its most distant extent as seen on a deep
Schmidt plate. A11 galaxies would be checked visually for
superposed foregound stars lost in photographs but seen by eye.
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The galaxies would be grouped by magnitude. So far about 300
galaxies are being done in three groups. Brighter than 10th
magnitude, I0 Lo 10.9 and 11 Lo 11.9, based on the magnitudes
given by de Vaucouleurs in his Catalogue of Bright Galaxies.
Pertinent information such as 1950 and 2000 epoch eo-ordinates,
dimensions and magnitude would be included on the chart. Other
information would be tabulated in a sma1l booklet supplied with
each set of chart,s.

HOW IT WAS FINALLY DONE

The first stage of the process is to photograph each galaxy field
on either the S.R.C. U.K. Schmidt Telescope 'Jr survey plate (for
galaxies south of -20o 6) or the Palomar Observatory Sky SurveyrR' plate. This is done on 35 mm Ilford Pan-F film with a Pentax
50mm macro lens. The developed film is next enlarged to ttre
standard scale (usually 10",/mm) and a print is made on llford
Ilfospeed paper. This part of the project is the responsibility
of Steve Lee.

What follows next is the important part of the project. Depending
upon the brightness of the galaxy, the photographs are passed to
either Cragg or Thompson who convert the photographic magnitudes
to visual magnitudes and search for superposed stars lost on the
deep Schmidt plates. The photographs are an aid for searching
for the faintest stars visible but mai-nly for orientation of the
chart and positioning the stars correctly.

Why is this time consuming process so important? It has already
been explained why superposed stars are lost on photographs, but
why is it necessary to check the magnitudes of the stars in the
field. Very hot and very cool stars are systematically brighter
on the blue or red sensitive plates used for making the prints
than as the eye sees them. Astronomers use special emulsion/
filter combinations to increase the information content of their
plates. The blue (B) combination covers the range 385 to 495 nm.
The red(R) plates cover 610 to 700 nm while the new 'J* emulsion
is filtered to cover 395 to 540 lrm. The photographic visual (V)
range, which corresponds roughly to what the eye sees, is 495
to 600 nm. The rrJrr is fairly close to V but not good enough.
The difference between a star seen in B and R can amount to
several magnitudes. Even between V and B or R, the difference
can be easily 2 magnitudes. This is a fault with some variable
star charts in that the drawn sizes of the stars are not always
commensurate with the stars visual brightness. Anybody who has
tried to locate a variable star from a chart not in V will
understand the problem and why it should be avoided. On the
average, 1 to 2 stars per field are added as being superposed
and several others have their sizes altered to bring them to V.

to avoid the possibility of a stray asteroid being recorded as
a star (or even a SN being recordedl) the charts are observed
at least twice. On each chart, the observer records the
approximate limiting visual magnitude for that chart. For
Thompson's 20 cm it is usually around 14th while Craggrs 31cm
is near 16th.
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once each observer deems the chart finished, it is sent to
Thompson to re-draw in its final form. However, before it is
accepted for printing, a copy is sent to Lee for a final
independent check tor errors that could have crept in during
the many processes that each chart goes through. He uses his
own 20 cm or cragg's 31 crn for this. The checked chart is then
returned to Thompson to supervise the printing of charts from
this master.

THE TEXT

The text will take the form of a booklet supplied with each set of
charts (or available separately). It will be a comprehensive
statement on the history and our present knowledge of SN. It will
contain d.etails on the reasons and thinking behind the project,
notes on the methods of observing, searching and reporting, side
benefits of the charts as weLr as useful tabres and diagrams.

This paper will serve as a vague guideline for the text but in
a much expanded form.

ERRORS

Any project of this complexity and duration witl have many errors
creeping into the system. we have tried as far as possibre bo
reduce the chances of errors by introducing many checking points
along the way. None the less, errors can sti1l exist. They
might include:
(a) copying and printing errors in the charts and tables.

These are checked with the source information before going
to print but the source may contain errors.

(b) galaxy co-ordinates. Again a copying or printing error.
It is well known amongst professional astronomers that all
catalogues contain errors in positions due to either
printing mistakes or original measurement errors. The
2000 epoch co-ordinates were generated from the 1950 co-
ordinates and again copying or printing errors may exist.

(c) chart orientation, The direction of north can suffer from
many errors. Firstly, copying from the Schmidt plates
will introduce an error, especially near the poles where
the lines converge rapidly. Orienting the print paper with
respect to the negative will introduce yet another error.
Copying onto the final chart will produce stitl another
chance for an error. However, these are all random errors
and it is expected that they will tend to cancel out to
within t 50" Gross errors would be picked up at the final
checking stage.

(d) star positions are expected to be accurate to within a few
arcseconds.

(e) magnitudes should be close to V though not necessarily
consistent between different charts.
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THE CHARTS AND THEIR USE

The charts are intended for worldwide use, so standard
orientations were chosen. North up and east to the left for
galaxies south of the equator and south up, west to the left
for those north. This is suitable for an inverting telescope
searching within its own hemisphere. The usual problems for a
telescope with an odd number of reflections will occur, along
with searching in the opposite hemisphere. This can be avoided
only at great expense. Each chart has a circle 18cm in diameter
which corresponds to a field of 30 arc minutes (N degree) at a
scale of 10 seconds per nm.

Each galaxy should be searched not only within its visible
confines but also to some distance out. Studying the AAVSO
chart for the SN in NGC 5253 in 1972 will show a common occurrence
in that SN does not stay within the observed confines of a galaxy
but can occur in the "halo" that unseen but much theorised
extension of a galaxy. The stars on the charts are checked for
being rrvrt within a distance of twice the radius of the visible
size of the galaxy but not necessarily the entire field (except
for gross differences) .

Some charts will contain more than one galaxy; in these cases
the chart name will be for the brightest or most central galaxy,
Charts might also contain much fainter stellar-like objects
labelled "9a1". These objects are seen as galaxies on the
Schmidt plates but appear stellar in the telescope due to their
faintness. Remembering that SN can achieve the same apparent
brightness as their parent galaxy, these faint galaxies could
also be searched for new objects close by.

Some charts xnay contain magnitude sequences or references to
nearby variable star charts with sequences. These can be used
to determine the magnitude of any SN that are seen. Sequences
will be given in the usual manner; to tenths of a magnitude
with the decimal point omitted.

YIELD PROBABILITY

If we assume the rather optimistic flgure of one SN per galaxy
every 25 years (or its converse; one SN per year for 25 galaxies)
then, with over 300 galaxies, there exists the possibility of
finding L2 SN per year, Gj-ven that elliptical galaxies are very
poor SN producers and that over half of the galaxies on our list
are ellipticals, and even that the rate of SN production is only
one per galaxy every I00 years, then at least one SN should be
discovered per year.

WHAT TO DO WITH THE OBSERVATIONS

If a suspected SN is observed, then the (Uf) date of the observa-
tion, the galaxy name, the offsets from the nucleus of the galaxy
and the SN magnitude should be transmitted as soon as possible to
the responsible people in either the Variable Star Section of the
R.A.S.N.Z. or the A.A.V.S.O. It is best not to alert a
professional observatory at this stage as the abovementioned
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organisations wilt have a system set up to check for possible
mistakes before an announcement is made. This slight delay is
essential to stop the "wolf syndrome" from occurring.

The offsets are best measured by first plotting the SN onto the
chart and then directly measuring its displacement (in mm) nott,h,/
south and east,/west from the nucleus. Convert this to seconds of
arc by muttiplying by the chart scale.

But with the prospect of only a few SN a year, of what value are
ttre negative observations? For a start they tell when a SN
didn't occur! This information will immediately improve our
knowledge of SN frequency. Or if one is reported the following
day, the magnitude it wasn't the previous day is of great value.

The only relevant details for a negati-ve report are the (UT) date
of observation, the galaxy observed and the approximate limiting
magnitude of the search. It is envisaged that each observer
would send in monthly reports similar to those sent in by variable
star observers. As yet, it is undecided as to whom these negative
results should be sent. The 'hoped-for', enormous number of
observations could overload the Bateson system for varj-able star
observations so it has been suggested that Page of the variable
star section of the A.A.Q. could handle them and issue summary
reports for Bateson to publish in his monthly newsletter.

CONCLUSION

Rumblings of this project have been going on for almost a
decade but only for the last two years has it begun evolving
into something real. Indeed, it is only within the last year
that plans were finalised and work begun in earnest.

The authors have great plans for the project. We feel that it
might fill a niche amongst astronomers who would like to do
useful science but who don't like variable star observing. It is
hoped that those already participating in various observing
progranmes would also join in the SN search programme.

While our search has only included galaxies to 12th magnitude,
most amateurs possess telescopes capable of searching much
fainter. As the number of galaxies between 12th and 13th
magnitude alone is more than the number brighter than 12th, it
would be uneconomical to extend the search in the same fashion
with hand drawn charts, checked against the sky. Although it
might be possible to use other mettrods to extend the range, ttre
authors feel that the search can attain its goals as it stands
and need not be expanded. However, if the demand exists
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A Super Nova occirrring near a II II reglon of.the galaxy v'rould be easily iden-
tifi;d on the chart but not so usi-ng the plate'
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*JIOtgS M104, Sombrero Galaxy, Mag.Lim. L4,2,26.9.78.

Chart of N.G.C. 4594 ready for printing' As the. sombrero galaxy is a much observed showpiece of
the skY, Ltris Lhart may aid in the discovery of
a SN if one occurs in this galaxY'

FIGURE 4
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Silver Coin Galaxy, Many Bright Knots, Note Scale. 28.11.78.

Hypothetical SN in N.G.C. 253. ,Report would beas follows

SN N.c.c . 253 tggl Apri1 03.L42, 2 | 20,,N,5|40uE. MSge equal stlr lOr2O"S, 2O"W ofNucletis . Approi. I0 .5 .



45
OBSERVII{G AND PHOTOGI?APHII{G TI-IE

IIYDROGEN . ALPHA LIGHT
SUN IN

by DAVID CRUI''tr Astronolnlcal Society of 1I,S.1,V., tfebb Socj-ety
The Sun is one of the fet'r astronomical objects that shols chaitges

froil day to day. The constant proceseion of sunspots acroes the solar
surface and the changing of these sunspots from day to day is a source of
constant interest to solar observers, both professlonal and amateur.
The Sunts surface, however, 1s much nore active than observations in whi-te
light can reveal and observations using narrow band opti-caI fj-1ters vrorl'"ing
on hydrogen or calcj-un light show a nuch more complicated and active solar
surface, a surface of small solar flares usually surrounding sunspots,
whose outbursts are hidden when observed in white light.

The solar disc observed in Hydrogen-Alpha light shovrs a mottled surface,
areas of active hydrogen quite brlght alongside areas of rquiett activity
which absorb the light, thereby appearlng darker. The nost spectacular
sightshoweverarethe prominences that can be seen in their nany forns,
from huge tree-like structures to loop or arch types, to long, narrow
needle-like shapes. These are best seen on the limb of the Sun rvhere they
stand out against a black background. The variety of sizes and forms that
prominences can take ensure that every nevr pronrinence seen is alr,uays dif-
ferent from the others,
PROI4TNENCES

Roughly speaki-ng, solar proin:Lnences are clouds of gas that are found
between the solar chronosphere and the corona. Their spectra shovr lhal lhey
are lil"e the chromosphere, bei-ng rich in hydrogen, heliun and cal-ciun.
Proninences appear i.n many shapes and sizes but they can be put into tvro
main classificati-ons, QUIESCEITT and ACTIVE.

Q.UIXSC gIT PROi,rr IrE NCES

These appear as relatively cool (5ooOo Kelvin) filament-like structures.
They are formed vuhen tnatter condenses from the corona and flovu's downlvard
along magnetic llnes of force into centres of attraction ln or near sui:spotsin the chromosphere. The internal speed of the matter florv is approximatelyfive kilometers per second, The sizes of these prondnences can be 2OOTOOO hmin lenght and 5OI0OO km in height. They are usually iir the form of arihes
or loops, tree- or fern shapes.

ACTTVE PROMTT{EIIOES

These pronrlnences are ejected violently from an active point on the
chronosphere lvith velocities varying betv,reen BO and /1OO kiloneters 1)er sec.,
soinetimes they are ejected so vi-ol-ent1y that matter j-s expellecl fron the
surface and escapes into space. The active prorninqncu "onlists of several
regions of differing tcuperature, all Rrea of jOoOuI( as quiesce:.rt proi,r:inence,
a hotter region of 20'ooo"l( to 40rOOO9K. (These 6ive otrong heliur:r lines).

Both qu.iescent artd active prorninences have an outer layeq v:hose lelrrpera-ture is close to that of lhe corona (tr5oo,ooo to a,ooorobo"K.), hese
shel}s racLi-ate in th.e high ultraviolet frorn highly ionisea atorns of oxygen
and neon. Active pror,r:inences are usually 1ong, thin needle-like structuresthat can reach heights of Borooo to lloorooo km. These active pronlnences are
found in or near bright actlve regions, sunspots or brlght plages.
SYM@EN AIPEA LIGHT

Whsa a brlgbt llne sXreot:run of, b,ydrogen is obtalned (prodrneed by inean-
descent 5as ln the solar chronoephere), four pain spectral lines appear.
These are called Hydrogen A1pha, Bela, Ga.mrna and Delta. IJyclrogen afpha is
found in the red end of the visible spectrum at a r,vavelenght of 6563 R,
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ftydrogen Beta ls {n
spectrum at 485| X'
i-ndigg at 4]4O tr and
4102 X. The Hydrogen

the boundary of the green and the blue part of the
Hydrogen Ganna is ln the botrndary of the blue and
the falntest llne, Hydrogen DeJta in the violet at
Alpha llne belag the brightest line, ls nost conmonly

used.
The earllest nethod of observing proninence6 was of using a spectroscopet

the telescopets optics were focussed oa the l{ydrogen Al-pha }ine. The Ilne
was then wldened and prominences could be 6een and studied. This nethod
was discovered lndependently i-n 186O by two obeervers, Nornan LOCKYER of
Englaad and Jules Jannsen of France, and enabled astronomers to study
proninences at any time whereas before the oaLy way to see then had been
at solar eclipses, j-f there were any on the Sunts linb at the tine.
Today the Hydro6en Alpha work is done by seleetive Narrow Band Optlcal
FiIters.
I{YDROGEN ALPEA OPTICAI FILTERS

ere available to professional astrononers
on1y, the handuade Lyot filters were painstakingly nanufaetured with quartz
and calclte optlcs, they were very expenslve and well out of the range of
the anateur. Today there are two basie types of fllter avaj-lable to the
aua.teuf, to make narrow band observations. The dlffenenoe between the two
is the Bandwldth, the amount of stray llght besides the IIa 5563 8,, that
the filEfrI-rcss to pass throagh.
1. WfDE BAIID FfLTERS (e.9. Prominence Probe, R. Tuthill)

This filter^has a bandryldthof 3-4 f "o that the filter aIlows light\of
betwegn 656? X and 6519 X with the required Hydrogen Alpha wavelenght of
658 X tn the middle of this, This stray light has the effect of washing
out the delicate disc features but allows you to observe the solar pronj--
nences. Such a filter as thls has an adjustable dlsc to block out the bright
and featureless solar surface, the lj.mb of the Sun can be observed for
promlnences.

NARROW B-AND FUTEEBS (e.9. Daystar by Del V!,Ioods)

These filters have bandw:idths that range from I,O-O.4 fi, With these fil-
ters so nuch stray light is excluded that yoir can see and photograph the
solar surface features, sunspot actlvlty, flares, plage spots and, of course,
pro$i nencesr The namovl band filters are sensitive to tenperature changes
in the filter optics, so they are placia in a temperature-contrelled oven
that keepe the filter at its opti-mum temperature, usually at ta3oC.
If the tenperature of the filter should change, the wavelenght that the
filter lets through will change w-j-th a correspondlng loss in contrast.
soLA& IfypRocEN ALPHA ASTR,OPHOTOGRAPHY

As Hydrogen Alpha light is ln the red end of the spectrun it is essenti-a]
that the filno be red sensitive, not all black and white f11ms are. The
proper film to use is I(ODAK SO-115, a good fine-grained good contrast pan-
chronatic filn that has extended red sensitivity. This fi-1n j-s of interest
to astrophotographers for it also performs well on Jupiter, Mars and white
light sunspot photographs and I thitlk that it would be lnteresting to try
on red ernission nebulae using SO-U5 with a cold camera.

Fer good contrasted photographs of the solar surface I use a Celestron Bat Pri-ne Focus with ncy Hydrogen Alpha fllter (a Daystar 0,55 gandwith ATl"t).
The best exposure ls usual3y L/Lz5th second but as the Sun's altitude,
atnospheri.c haze, thln cloud ete. can have an effect, I alrays tako several
expooures at 1/5ot[, I/Lz|t}r- and l/Z5Oth seeoad. The filn ls developed for
four mlnutes at 2O"C in D 19, for high contrast.

Prontnence photography I do by eyepiece projection but I found the
Celestron tele-extender to *wkisardfor thls so I use a shorter tube whlchglves a snaller but bri-ghter inage.
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Thls short tube is used with a 40 nn eyepi-ece. Foeussing can be difficult
because the proninenees are falrly dim with this pro3eciion method, but a
dark cloth over the canera and the bead makes focussing a 1ot easier.
Exposures for proninence photography can vary from two sec. to f, sec, and
so a range is taken with several photographs taken at each exposure.
Developing 1s as abolre.

For coloer slides the best fj.lm f have found j-s Agfa Gevaert CT 18,
the priae focus solar dlsc slides show falrly good contrast and the pronl-
nences photograph we1l. The cxposure tincs of this filn are sinilar to thoseof SO-115.

Althougb ny Daystar filter was fairly expensive (a11 told it eost
$ 1ZoO, whi-ch ls more than qy Celestron 8 costs), I ce.nsider it money well
spent. The sight of the aetivity on the Sunrs surface in }lydrogen Ught
is speetacular and awesone, and the trany and varied proninences have a
speeial beauty of thelr own. The interest aud pleasure that thls filter
has Siven me and other observers 1n the Astrononical Soclety of N.S.VJ, i-n
observlng tke Sun have made thls fil-ter well_ worth whj-le.
REFERENCES
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IIIJNAR ECLIPSE CRATER TIMINGS

by STEPHEII.HARDY Canberra Astronomical Soclety

enersion
the last
(t) ,

In the followlng paperr practical methods of obtaining immersion and
times of craters will be described. These methods have all been used on
three lunar ecltpeas - May 1978 (1), September 1pl8 (2), Septenber 1979

with what we think Ls considerable succeds,

ABSTRACT

BIOGRAPHICAL NOTE The author joined the Canberra Astronomical Society in 1975.
ffinadetwote1escopes.Hiemostactiveinterestinastronomyis
Iunar eclipses (when the oplnrtunity arises), but also enjoys all aspects of
anateur astronomy. Currently in Sixth Form at Daramalan Junior College, he hopes
to study Phlsics at the university or take dp a course in electronics at a tertiary
level in 1981.

TITRODUCTION

. The lunar eclipse is a phenomenon that occurs (if one is lucky) every six months.
These eclipses are divided into three categories;
(1) Total - the moon is fu1ly stradowed by the umbra (the earthrs shadow)
(2) Partial - only a trbitefi is taken out of the moon by the umbra.
(J) Penunbral - no umbral shadow is vj-sible, but there is a slight darkening of the

moonfs surface due to the penumbra (see figures 1 and 2)

Tle abose desri-ptions only apply at mid-eclipse, when the ncon is closest to the
centre of the umbra. Only total and partial eclpses are of interest to crater timers,
as the edge of the penumbra is far too itl-defined and falnt for any observations
with a standard deviation of less than I'OOO!

PREPARATION

Ideally, preparation should start a few months before the eclipse. Every oppor -
tunity for observing the fu11 noon should be taken, If this is not practical, the
observer can at least have a good look a few hours in advance of the eclipse (weather
permitting) to learn as many of the craters as trnssible, and if the observer has been
good and learned his craters, to faniliarise hinself with the orientation of the moon
in the eyepicce.

The most useful aid for successful crater learning is a large map of the moon and,/or
a photograph of the full oooo - not two halves stuck together. We use the fRand MacNaIIy
map, available throillE-Astro - Optical Snpplles, Tt is a large map, the moon having
a dj.ameter of approxJ-mately one metre, A photograph of the full moon is norrnally hard
to procure. We have not aeen a decent one in any astronomy hook to date. ftArtistrs
Inpressionsrt seem to be quite popular in expenslve books, such as the Readers Digest
V,lorld Atlas, but of no use at aII from our point of ciew. The same applies to the one
in Nortonts Star Atlas!

Tternap can be used before and during the eclipse in case any names s1-ip the memorJr.
To some extent, the map may be used to decide which craters to time, but it can be
slightly deceptive. 6oue craterswhich literally jump at you on the rnap fade into
obscurity on the full moon and vice-versa, e.g. Ptolernaeus, Vendelinus and Werner are
big on the map, but are very difficult to tlne, especially if there is any haze or
1lght cLoud. Much better are the little trrecentt' bright spots such as Censorinus,
Aristarchus, ProcLus, Ukert, Abul-feda-F. Also, memorise dark features such as Grimal-di,
Julius Ceasar, Plato, Boscovitch, Condorcet, l4araLdir Le Monnier, etc. - reoember it is
contraet )rou are looking for,

For convenience we tacked our nap to a large rectangLe of thin particle board, This
assembly was strapped to the roof-rack of the car and we drove at a snailt s pace to
our observing site. Keeping the future position of themoon throughout the eclipse in
mind, re selected an obstruction-free, wind-free site, in which to set up our equipnent.
It was in the front yard for the first and third eclipse, and on a hill for the second.
I nmst add that full dress rehearsal-s before each eclipse were insisted uponrand formed
a good coeoperative spirit among the I teamr. It al-so showed up 6ome faults i-n the
system, uhich we were able to tde-bugr before the big perfornance.
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EQUIPI'MNT

A telescope is essential, preferably of long focal length (equal- to or greater
than 1OO0 mrn) combined with a long focal length eyepiece for Long eye-relief. The
conblnation of teleseope and eyepiece should be chosen so that the irnage of the
moon fills alnost the entire (apparent) field of the eyepiece, thus affording max -
imum nagnifi.cation withoirt blocking off any part of the moon. Long eye-relief
(distance of eye from eyepiece) ls important. This is because having your eye in
close proxinity for an hour: (a) is extremely uncomfortable, (b) introduces eyepiece
fogging problems, (c) restricts your head movement.

In an attempt to reduce fogging, J nade an eyepiace warmer out of tle appropriate
wire-wound resistors and motorcyc)-e battery, but the wattage of the unit was unable
to conpete with the efficient heat dissipation in the cool of the night!

The telescope I used on all of the last three eclipses wa6 a 15ornm diameter, 120Omm

focal length reflgctor. The eyepiece was either a 25mm or 18mm Kelner with an apparent
field of about 45". ltttrough we dontt bave the finance, a good 2Omm Erfle would be j.deaI
wittr its large (50 - 5O") fiela. To increase the contrast of the moon, a light green
or blue fiLter is useful. An added bonus with these filters is that the light from the
noon does not have such a lasting or forceful impact on )rour retina, enabling you to
read the map without seeing spots. Other useful items are a short - wave radio for
time signals and a tape recorder with at least one hour of continuous play, The tape
recorder and radio could be substituted (for reasons below) by an accurate watch and
graph paper. Recording the whole event of the eclipse on magnetic tape is undesirable
bec'ause obviously the retrieval of information takes exactly as long as the eclipse
Iasts. I find it extremel-y boring, but 6ome people may tolerate replaying the whdle
event.

A torch or l-ow power lamp should be near at hand for reading the rnap (we used some
red cellophane on an ordinary torch). For ' {ea€ie of identification, we narked all craters
of interest (4) on the map with architectrs pins and flags. t'his made the map look J-ike
a stategic battle plan. the radio, tape recorder, pen and paper, etc, should be set up
on a lnotabLe desk; the map should be close to the telescope. Everything should be
ready and tested before the penumbral phaee starts, 60 you can familiarise yourself with
the procedure, and refresh your memory regarding craters,
RECORDT}G OBSERVATIONS

It is irnportant to record observations in an unanbiguoua easy-to-reduce watrr. I have
already mentioned the basic method of recording, that is, the use of nagnetic tape
(foolproof and straight forward), but the graph paper method (figure 4) is easy and
has a number of advantages over a tape recorder, Whatever method of recording is used
the observer decides when a crater has rhad an eventr - (teventt in the rest of this
paper refers to any phase of crater l-mmersion or emersion) - (figure ]) and calls out
the crater name, the type of event, and a,rrnowtr to denote the actual tine of occumence:

i.e. TfCOPERNICUS, SECOND CONTACT ......NOWrr.
These particulars are recorded along with the radio time signal or with the voice of
another helper regding out the time from his or her watch, This latter rnethod of time
reference has the advantage that it is not necessary to tcount the pipsr during play-
back,

the predictions (4) fron the prepared cards (f1g.5), Jet another has pen in habd, ready
to record events and constantl-y keep tritck of time. This third person works wj.th the
previously prepared graph paper (refer again to figures 4 and 5) and keeps his ear on
the time signal and the observerrs voice, Each second of tirne is represented by a 2nn
6quare, 50 such marks are made down the sheet, and on the new minute (Iong - sounding
ptp) he or she noves back up to the top of the page, 1&rn to the right of the previous
colursr. ftre Snrn wide slnce is left for a quick initial or hieroglyph identifying a crater
na.me when the observer reports an event'

The person who reads out the predicted contact tines for craters etc. is very helpful
to the observer, because the observer will be reninded of any crater names he rnay

have forgatten. In this way at least twice as many events can be observed and recorded.
The greatest adv'antage that the graph paper method of recording has over the tape
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recorder is that the data are clearly visible for final writing down into the form
that the statistical analysist can use. Tt took less that ten mlnutes to record the
data from 5O innersions during the September 1pl8 eclipse (2).

Figure 5 illnetrates one example of the crater cards, based on Byron Soulsbyrs
prediction data, The co-ordinatee give the observer a rough estimate of the craterfs
lnsitlon. The observer must know if hets looking at the right crater! He can use the
varioue checking methods mentioned. earlier. Two identical sets of cards should be
made up, the difference between then being in the way they are ordered, and the contact
phgees. One set is for inmersions (first and second contact), the other for emersions
( third. and fourth contact), Both of these sets of cards should be arranged in chrono-
logical order. Remember that this order is different for immersions and emersions.
These cards are used by the observerrs assistant, who reads out the infornration a few
mlnutes in advance of the actual event, not as (or after!) they happen, nor too far
ahead. The assistant with the cards can look at the map, and say something like:

on Posidonius, Pliny and Rocis - they should
6oon. Posidonius is at two otclock on l'lare
donrt confuse Ross with Dawe6. Plinyrs the

..1
in chronological order, as soon as first - and
finished, so they can be counterchecked with data

rKeep your eye
be coming up
Serenitatis;
bright on€ o o

The assistant puts the cards down
second, if available - cantact are
from graph paper later.
THE OBSERVERS TASK

Every good observer should submit as many craters and features to menory as possible,
pven if he has to invent rediculous nemory aids in the process, Nothing is better for
this purlnse than the actual full noon in conjunction with a nap, but patient obser-
vation 'of all phases of the moon is possible with a small telescaope, and repays the
anateur astronomer a hundred fold, especially when he can remember many lunar features
during an eclipse without reference to a nap.

Anyway, having memorised lots of craters, he might find that in practice he has
sonething quite as difficult to do: he has to declde just where the edge of the umbra is.
Instead of being a nice, clearly defined shadow, the unbra has a fuzzy edge, due to the
dispersive effect of the earthre atmosphere on the shadow. Do not despair, however! !

Chose for yourself a lnrticular density of shadow. this shal1 be the imaginary rredgetr

to the umbra. Do all your timings from thls'redgert. The trick to getting a low standard
deviation in your results is to be consistent in your judgement of the shadow density.

One nasty complication in this technique is when the umbra seens to rrcurveil around
a crater (this may be due either to the actual height of the crater influencing the path
of the shadow or to an optical illusi-on). this is no problem to the wary observer. Hc
can project the curve from the rest of the shadow that is uninfluenced by this extra
curvature over the offending crater, and tape the particular timing from this imaginary
curve.

Another difficulty is experienced when timing absolute first and third contact. This
is because no shadow edge is visible in the fj,rst place. I have caught myself staring at
the moon not realising that the shadow had started its telentless transit. This is
where a bit of extrapolation (otherwise known as cheating!) comes to order.

Tlming emersions is tricky, In this case it is the craters themselves that are not
visible in the first place, Thus, third contact s1lps even the most astute observers
(especially when the eclipse is a dark one - O-2 on the Danjon scale (5)), but once
part of the crater is vislble, fourth contact is much easier to time. Better than
nothing !

It is inrportant to attempt to obtain all four contact tines (phases) of a lnrticular
crater. Thls greatly increases the value of your observations to the statistical analyst.
During the interval between imnersions and emersionsl i.€. totality, you need not simply
sit around adniring the view or complaining about the co1d. Rather try your hand (or
better still, 1'our eye) at the odd occultation, or naybe you prefer the subtleties of
the Danjon estinate, colour bands, transitory lunar phenomena (tl,pto), or try to calculate
the magnitude of the noon in shadow.
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CONCLUSION

All data should be tabulated in neat forn and pronptly eent to your frCrater Data
Expurgatorfr (Synon Soulsby, C.A.S.). Ttre lunar eclipse is a very rerarding and
eatisfying series of observations. It may not be the nost scientifically rusefulr
event tn the skyr but fron the anateurs point of. view, hardly anything beats Ls.
This is prtly due to the fact that lunar eclipses are not comnon, but on the other
hand, they are not very rarei even tle unlucky observer should see at least twenty
throughout his llfe without having to nove from hls back 3rard.
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ABSTRACT

The ai-m of this paper is to set out in detai-l not nornally
found or considered the factors which need to be taken into account
when naking precise predictions of solar eclipses, and to encourage

the observation of Baily Beads as a means of obtaining precise data
on the relatj-ve positions, size and shape of the Sun and Moon.

BIOGRAPHIGAL . NOTE

The author has a BSc (Hons) degree and ls a recipient of the
Bereni-ce Page Medal.. His acti-vities ia astronomy include the routine
neasurement of accurate positions of coitets, of measuring star posi-
tj-ons in specific fields for occultation work, and in deterr:r-lning

accurate relative coordinates of the Sun and the }4oon during Solar
iclipses (of June 20, L974 and October 23, 1976 so far).

He is currently d:irecting and coordinating the red.uction of a

substantial portlon of the Astrographic Catalogue.
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1. II3Iopuggg
Iu 1974 aad 1975, Bany .0,ustrallaa analeurs rer€ prlvileged to vlew

total eolar eellpses. In 1974, those who travelled to the southsestern
corner of tfleetera Auotralla had a good vlew of the ecllpse, ev6a though
a litt1e 116ht hase lnterfered. ln L976 reatber condltiona rere aot
aearly so good, rlth aoot observers being clouded out, al.though eone did
get qulte good viers. A feature tbat I have soted froa these eveats
(rhich is alse reflected i.n pepular books on astrononey) ls that tlre
typtcal anateur has the lapression that the beat, and the ooly reallstic,
place to vi.er a total eclipse is frsn a site as close to tbe central
lLne of the eelipse as possible, and sone ev€B ge so far as to eeasure
tboir succoss ln eclipse observtag by the nupber of ninutes of totality
that they have experienced. To ny way of thlnkiag, whlch f have indicated
at paet Conventions, thie attitqde is nleleading, and precludes best
utlllzatlon of the eclj-pee phenoaena. After all, the advantage of a total
ec}.lpee of tbe sun by the nsoea is that on"ly the photosphere ( aad chrono-
sphere) ls hlddea, leaving the atnosphere visible. But if the nooa were
mueh larger, the advantage rould be nuch reduced. .A.s an extrene example,
the sun ls eclitrlsed by the earth every eveniag fer about LZ hours, but
ao speclal advantage can be taken of thls event!

In all, the true advantage ef a total solat eclipse is that the noon
can be nsed to cover up the part of the sun that you want coverad, while
leavlng the part one rmlEhee to sbserve unobseuredg and unleas oae decldes
before the eclipse what one wants to see noetr a.nd to place oneself accor-
dlagly, then Eae io not taklng the best advaatage of the eclipse.

E:cept if one rants to observe the corgna, or nake observatioas using
the longest pessible duratioa of totality, the best locatioa is generally
rel} aray fron tbe central liae ef the ccltpse.

The eclipse lf 198I Feb. 41r, uh,lch ull} be vleible in southern
Tasnaala, 1s an anaular eeli;:ee. This Eeana that aoet of the pheaoeena
vleible duriag a total eoltpse riJ.l not occur, and thus nost of the
lnterest of a total eelipee will not be present. i.s a result, one cannot
expect that naag people will travel to view the eclipse.

However an anaular eclipse is not totally devoid of ueeful phenoaena
to be observed. Apart frora ataospheri"c pheneeeaa, which should be fairly
ein1lar ts total ecllpees (as would be wi1d-life phenomena), Baily Beads
rj.ll alss be preeent. But aore on that later, after I have goae through
the steps leadlag to an aecurate predlcti-en of the local circumstances
of the ecllpse.It should be aeted that the pred:ietlon steps can be used
for total eclipsea a6 selI.
2. GEI{ERAL PREDICTIOI{S

The overall cLrcunstancee of the ecllpse are shown j-n fig, I (reprodu-
ced rlth the klnd peraissJ-on of the U.S. i{aval Observatory).

The ecli-pse first conlaences fron at dawa aear Brisbane - i-,e. that is
the polat on the earth whieh first contacts the penunbral shador. The
correaponding polat for the end ef the ecllpse i.s ia the Pacific Ocean
off Chile. The zoae of aaaularity (there le ao unbral shador ia an anaular
ecllpse) fj-rst touches the Earth in the Great Australian Bight at about
ZQh 33s tt, and paee€6 over Easnaai.a sone J p:inutes later. Sone J houre
laterr after paesia6 south of l{es Zealaad, the zone of annu}arity leaves
the Earthr just off ChLle. The daratLon of aaaularlty varles between
59 sccoads at the connenceuaentr 29 eeconde balfway along the path, and
54 eecoade at the end of the path. The wldth of the path varies stnilarly,
betreea 50 aad 3,J nilce.

The only laadnase erossed by the path of annularity is Tasmania, andthus anygtr€ rishlng ts observe the annular phase nust', unless he u6es a
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boat or a plaaer travel to Taenania. Cloeer iaspoctlon of flg. I shows
that the path eroeeee th.e oouthernnrost portion sf Taemania, whlch to alarge part is laaccessablo, Before lnveatigating exactly where the path
goe6r tt Lo p€rhaps worthwhj-le to check ueteorologlcal data on cloud
cover at the tine ef the ecLipse, The Melboqrne office of the Bureau of
l'{eteororogy hae supplied ne with the followlng data. (eee page J)

{\NULAR SOTAR ECLIPSE OF TgBI FEBRUARY 4.5
'.vgitude 130' East 140" o{ 150" Greenwich 170' 180. 170" 160. 150. 140. 130" l2O" n0" 90' West 80' 70'Greenwich

\
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SOUTH
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450"ol
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33.3 -13L 45.3
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Central eelipse beglns
Central ecllpse at Local Appareat Soon
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-1,6 39.4
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TABtr,E I. },IETEOROLOGICAL DATA f OT ],OCAtIONS 1A TASEANiA

Cloud cover in eigbte
Januarl February

9an ]pn 9an 5ps
5555
6565
5451+
55r'

Main rainfall in nm.
Jaauari Februari

Ilobart
TasE. Isle Llghthoaee
Bqshy Park Hops Res.
(W of Hobart)
Haydena (llt BushY Pk)

TI,BLE 2 Data for loca1
Site Coordinates
-4Jo oo' -r4?o oor

m-rI-
m-
f | -4
m-L-n
D=

45
63

4z

5B

41

5B

36

58

Newnorfolk 5 5 5 4 38 35

strahan55559273
Interestingly, the fignres for each of these sitee show alnost no

seasonal variation in cloud cover, but si.6nifleant variation in ralnfall,
with February bcing the drlest nonth except at Tassanlnan Isle lighthouse.

What are the factors which aeed to be coasldered in naking a general
seleetlon of site locatioae? The follow1-ag 1e a reasonably conplete li-st.

-- Is it possible ta gain reasonably easy aecess to the area? (the south-
west corner of Tasmaaia has poor accessability. Only the south-east
corner has easy accese)
-- Is there a good road paralleI to the path so that a last u:i.nute dash
can be nade should cloud become troublesome? (Oaly the roads in the
south-west satlsfy this. )
-- fs the general topography of the area such that the eclipse will not
be hidden behind a nouatain? (This ls iaportant in ]981, as the altitude
of the eclipeed stra will only be soae 15 degrees. On the eastern coast,
lt will be over the sea, lnLand sites lrill need to be carefully selected. )
-- Are there any neteorologlcal preferences along the eclipse path?
(Frem table I i-t is clear that there are ao slgnificant preferences on
this aspect in 19Bl)
-- Can one 6ee vrhat one rants to see at the eclipse, from the slte?

Considering these aspects for the 19BI eclipse, ease of access, plus
tgpography, weigh heavely in favour of a site along the south-east coast
of Tasnanla.

It ls now best to obtain nrore detailed predictions of the circunstan-
ces of the eclipse j-n the region selected. To achleve thls, f have com-
puted the necessary data to easily obtain the varlouo eelipse contact
tines for four regularly spaeed sites, together wj-th differential corree-
tions (like the a and b ceefflclents 6iven 1n occultati-oa predictlons).

Over distances of 1! or 20 ni1es, the differeatial corcectioas are
sensibly l1near, and enable high predietion accuraey with nlnj-rnal calcu-
latlon for any locatlon near a standard site. The necessary formulae for
conputing all these quaatitiec are given in the ExpJ-anatory Supplement to
the Astrononleal Sphenerls, Section 9D.

circunstaneee. (ia U.T.)

t5 :3 relo * o.!E aI- r.36 dg (artitud e = za.z)
21 41 19.O - 0.56 aJ.- r.2O d,g

20 36 14.1 - O.1l- al- t.L? dg

o.ool 8zz - o.ooo 0575 a)+ o.oao 22?4 dfi

L = o.OOh 756 n = O. fi39A Eag. = o.9g19
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-43;o oo' -14?o Jo'

(For rest of
TABLE 2 please
read page 1{ )

hn
Tr= L9 JG

To= 21 {1
4g.r + o.23 o,l - r.o6dfr (artltude = 20.5)

35.8 - A.57 a)- r.z}df,
Tn= 20 36 r?.5 - o.12 d)- rJ?dg
D = O.OO3 543 - O.OOO O5?Z d) + O,OAA 22?g d.a

L = O.O0ls ?26 n = O.r32lg mag. = O.9B3O

The nethod of using these orpressions j-s as follows:
Taking the standard site nearest the actual observing stte, one conputes
the d:iffereace i.n posltlon of the two sites, in nlnutes of arc (in the
s€nse actual - standard), rememberlng that shifts southwards or eastwards
fron the standard sitq5rq negatlve sh.ifts.

In the expresslons, dland dp represent the shi-fts in l-ongitude and
latltude respectively. Thus by inseitlng the d). ana dl values lnto the
expressions, one obtains the tlne of comlnencesent of the partial phase
of the ecllpse (T1), the time sf eading the partial phase (T,.), the tine
of naximun eclips€ (T-) and the distance of the observer frofr the axis
of the shadow at maxiffium eclipse (D).

For an observer located ln the path of annularity, the raagnitude of
D (ignoring the sign if negative) will be less than the radius of the
zone of annularity (L).

If one wants to detern:iae the locatloa of the northern and southern
lirrite of the eclipse path, all one aeed to do 1s to deterroine wbat
values of dI ana al wiff cause D to equgl L.

Thus, for exanple, at longitude -I\1" 3Or (the seeond site), the
difference between the values of D and t i-s O.OO1 IBj. The northern
liffit at that longltude can be found fron,the expression for D as being
o.oQl rW / o.ooo 2279 ninutee north, = 5.19 norih - i.e. at latitude
-42" 54t.81. In a sinilar manner, t,he exact central line can be deternined
by finding the dl and dp that nake D = O exactly.

To deternine the contact times of the central eclipse, slightly nore
involved nathenatj-cs i.s required. The flrst step is tb compute the para-
metrlc angle Q from sin Q = D/L.

llote that lf D is greater than L, i.e. one is outsi-de the central path,
then D/L is greater than 1, and sin Q can not be deternj-ned.

The posi,tion lngle of lhe second_agd third contacts for this eclipse
can be found as being 263" -- Q and 83" + Q respectively. (?he determinatloaof the flgure ot 253 (ana Bj) is explained in the Astrlnomi-caJ- Ephemeris).

The scn{ -duration (t) of the annular phase is novr found as beingt= (L.coe Q). 3600 / n seconds
The tines of the eecond and the third eontacts are thus found byrespectively subtractlng and adding t to Tr.
Thus, by the use of the siuople expressions set out above, it is possi-bleto easily:. ang accuTgtely, determine the fuII circumstances of the ecllpse,for any site in south-eastern Tasmanta. It should be_noted here that a1iti-nes are in U.T.1 ( the assumed value of T being 5Zs.O ). The emor6introduced by using the expressions above, as conpared to doj-ng a ful1cornputation for the actual site, will be less than O.1 sec. ft thus pays,in any ecli-pse expedition, to compute such expressions for site-s near theprobable si-te of the expedition, so that when the site is actually selec-ted in the field, accurate predi-ctions can be easily deternined for thesite without the need for l-ong tedious calculations 1n the field.

3. THE SHAPE OF TEE TSIIADOIt , and ephernerls emors.
Sofar, what I have covered is the nornally computed eclipse predictions.

So long as the observer ls goi-ng to be located reasonabl-y near the ceatral
Ij-ne of the eclipse, these predictions will be fine, for sin q will be snall'
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and aay change ln Q, due to errors in the value of D, for exanple, viIl
be hardly aoticed in the valuee of cos Q. Horever I an an ardent bellever
of avoldlng the central path, and it thus becones necessary to take into
account several factors which are not nornally considered ln eclipse
predictlons, namely the actual shape of the shadow, and egors in the
ephemerides of the sun and the moon.

The ohape of the noon has long caused problens in eclipse predictlone,
(and also ln the analysis of lunar occultations).

The Explanatory Supplement to the Astronomlcal Ephemeris states that
frThe centre of the figure of the moon does no! coincide with the centre
of raassl to allow for thls a comection of -O".5 is applied to the tabularlatitude of the Inoon. As from 1954, this figure will Ll revised to -00,6,a value whi.ch ls in better accord with the latest obsorved deterrninationrr.

Ilowever C.B. Watts has shswn in his rThe Marglna3. Zone of the Moont
APAE XVIf Q963), (conrnonly refemed to as the tWatts Charts'), application
of li-nb coruectlsas ustag the ttrratte Charta ln occultation reductlons
ful1y renoves tbe discr€paney between the centre of figure and the ceatre
of nasb. Thus so long as one takes into account the profile of the moon
as determined using the tr{atts Charts, there is no need to include the cor-
rection of -OI.51 and indeed, as fron the iatroductj-on of the Astronornical,
Almaaac 1n 1981, this comection wi-ll not be applied in computing eclipse
predictioas. The ftguree I have ueed in deriving the predictious above
have not included thie correction etther.

WelL, how does one convenientlSr detormlne the aetual shape sf the
shadoss? Taking advantage of the fact that du:riag aa eelipse the lunar
llbration ln latitsde is a3.ways near ze?a, the I].S. F'aval Observatory has
prepared a ehort seriee of charts (!5, to be preci-ee) deri-ved from the
!9atts Charts, sthich are availab}-e ia the U.S, I{aval 0bservatory Ci-rcular
no. 141 - tl,unar timb Profllee for Solar Eclipsesr.

?he chart appropriate to the 19Bl eclipse is reproduced in Fi-g. A,(again with the kind permission of the u.s. Naval bbservatory).
These charte nay be used to gai-n,,.an j-dea of what the linb of the noon is
l-lke at any point of centact, aad also whether the contact tiae will be
early or late, by nakiag use of the poeition angles determined as per the
previouo eectioa, and the tabalatione ia the Astrononical Ephemeris (or
the Astronon:ical Alaraaac) of the posltlon angle of the lunar pole.

Hosever any such deternlnation is no aore than an estination of verypoor precision. To enable accurate predictions of the effect of the tunarllmbr I have found a qulte useful way of nodifyl-ng these charts. To des-cribe the exact manner in wh.ich the nodiflcation is perforned j-s notparticularly easy. It is based upon the priciple that for any positlon
angle of contact, the actual contact tiae wilL occur wben tnl eage of the
sun is so located thatr in the case of a total ectipse, all of tfie sun is
hj.dden by the Eoonr with the liunb being tangential at one point only, (and
not necessarlly at the posj-tj-on angle of contact), and in the case oi an
annular eclipse, the linb is so located at the position angle of contact
so as to be tangential to the profile at one point only, and otherrry-iseclear of the limb. Thus to compute what I wj"ll call a irofile CorrectionChert, as is shown 1n Fig. 3, one has to go through the follovring steps:i. Conpute the shape of the edge of the sua near the vincinity of acontact point. For an eclipse of ldagnitude M, the height of the Lolar linb
above the mean lr.lnar linb at an angle P from the point of contact is to a
reasonable approrimatlon given by the expression

h= p$]tt . (1-M) . (1* cos P)
Better accuracy can be obtained by using the actual sea:i-dianeter of the
sunr listed j.n the A.8.1 or A.A., instead of the nean value of 961 used
above. Usiag the sane radial scale as is used in the Lunar Lj-nb profiles,
the edge of the aun, relative to that of the mean noon, 1s drawn on tracing
paperr w"lth the point on the curv€ comesponding to P - O clearly narked..ii. Thi-s curve ls then noved around the lunar profile in such a nannerthat it never crosses tbe actual lunar profile, and the curve at polnt p=O
J.s kept in a tangential direction to the nean lunar limb. fn the case of



t9
an annular ecllpse, the curve ls kept outside the lunar proflle, for a
total ecllpse, lnslde.

The curve produced by the locations of the point P = O represents the
posi-tlon of the solar lLnb at the relevant position angles of contact
when the actuaL contacts occur. In general, thLs curve does not coincide
with the nean lunar limb, but sonewhat above it for an annular eclipse,
and below it for a total eclipse.

iii. To enable coruectlons to contact tlmes to be determ-i-ned, it j-s
neccessary to deterrnine the rate of notion of the noon. To a reasonable
approximation, the notion of the moon relatlve to the sun ls glven by
B. 3600 / (lunar parallax), in seconds of arc per second of tirne,
where n is glven above in the predlctlon expresslons. Making further
approxtnatlons, this can be nore einnply put as belng 1.O5 . n / M arc-
seconds per second. This i-s the naxirnum radial motion that is present,
and is manifest in the dj-roction in which the noon j-s moving relative to
the sun, which 1.s deternlned as being in a direction 90 degrees fron the
rean of the pqsition angles of the contact points determined as above,
i.e. at Q = O". The radial motion at angle Q is obtaj-ned by multi-plying
by the factor cos Q. By choosing an appropri-ate interval of time (I chose
4 seconds) a further set of curves is drawn, as shown in Fig. 3, giving
the position of the solar limb relative to the lunar 1lmb at that set
interval of time from the contact tlme determined usj-ng the mean liiab of
the noon. Radia]- lines are now drawn between the nean lunar lirnb and the
latest curvo, and the posi-tlon of the curve representing the position of
the limb at actual contact tine between the nean limb and the lirnb dis-
placed by the set interval. determlnes the tine correction to be applied
to the conputed tines of the second and third contacts.

i-v. Near the direction perpendlcular to the relative notion of the 6un
and the moon, the tine correction can become very large. In fact wj-thin
20 degrees of this poi.nt, there ls little value ln determining corrections
to the times. V/hat 1s more relevant is the height of the solar Llneb at
actual contact at the points perpendicular to the relative motion, for
this helght is the factor which deternlnes the location of the actual
northern and southern limite of the eclipse.

For the Feb. I9B1 eclipse, the northern linit ls determined by a point
located 2tt.2 above the lunar south point, and the southern limit by a
point about Ott.4 above the aorthern poj-nt. (In a totaL eclipse, the north
limlt is deterrnined by the north point of the moon, rather than the south
point). This coruesponds to a correction to the positi-ons of the positions
of the eclipse linits as mj-ght be deternined using the expressi-ons of
section 2 of 4.5 kn southwards for the northern liui-t, and 0.6 km north-
wards for the southern limit.

The second type of probleie referred to at the beginnlng of this sectj-on
is ln the epherneris positions of the sun and the noonr In the case of the
solar ephemerisr errors of the order of a few tenth of a second of arc
existr but to ny knowledge no reasonable fornulatlon that would enable
ready prediction of such errors exists.

However in the case of the moon, the errors are quite sgnificant, the
published ephemeris being in disagreenent with the actual position of the
moon by up to O.5 seconds in latj"tude, which corresponds to about a kilo-
meter in an eclipse.

Morrlson and sadler have analysed runar occultations from 1960 to 1966
(Mon. Not. Royal Astronoraical Society (1969) I44, :,29) and d.erived. expres-
sj-ons which enable appropriate comections to-Ee determined, to more
accurately represent the position of the moon. Putting the appropriatequantlties into the expreesions derived in that paper (the quanti-ties arereadily obtainable frora the A.E., or A.A.)1 one finds for this eclj-psea negligible correction to the longitude of the moon, but a very signifi-cant correctlon of + Orf .57 to the moonrs latitude.The effect of thii cor_rection to the noonrs latitude is to nove the whole eclipse path north-
wards by 1.1 km.



60 LUNRR LIMB PROFILE
L=-5?00 B=0?00
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The apparent outline of the edge of the noon at the time
of the eclipse, the edge portion belng greatly nnagnified.
in the radial direction. This chart is used'to create the
shadow profi-le of the eclipse, which is shown in fig. 3,
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To eumnarize what I have covered sofar, whlch i-s probably appropriate

at thls polnt, the following points have been detern:-ined.
1, The expression presented in part 2 enable accurate predicti-ons in

aecordance wlth ephemerls data.
il. Correctlons need to be applled to such data to accurately predict

the actual circumstances of the ecllpse, In Fig. 3, a convenient
ntanner of allowing for linb corrections i-s presented. This flgure
also provldes a neasure of the l-ocatlon of the actual eclipse limits.
In addi-tion, the posi-tion of the whole ecllpse path requires corec-
tion, I-t belng moved northwards by 1.1 km. The northern linit is thus
3.5 km south of the liurit obtained using the expression of section 2,
(and published in the A.A.), and the southern limit is 1,5 irm north
of the southern liml.t as predicted above (and in the A.A. ).

The accuracy of these predictlons has yet to be fu1ly deterrained, but
should be reliable to better than 1 kn, (based upon experience gained in
the U.S.A. in Feb. 1979).

4. BAILY BEAD.S

There are few observations which can usefully be made during an annular
eclipse. Atmospheric and naturalistic phenomena will stlt-l be present,
though probably not to the same degree, as in a total eclipse.-l'{ost of the
features of a total ecllpse depend upon the coruplete obscuratlon of the
photosphere. One observation that cloes not have thls requirement is the
observation of Baily Beads. In fact, Baity Beads ls a phenonenon vihich is
explicltely concerned with the photosperer &nd is visible at all eclipses'
whether total or annular- indeed Francis Baily first notj-ced them at the
annular eclipse of 18J5. The nechanism for the formation of Baily Beads is
qulte simple; the edge of the sun is smooth, that of the noon irregular.
When the edges of the sun and the noon approach coi-ncidence, the slope of
the solar h-mb, relative to the lunar linb, becornes less than the slope
of the mountains of the moon- thus the mountain peaks along the edge of
the moon can project across the solar 1imb, causing apparent gaps along
the edge of the sun, thus giving the appearance of beads of light.

Fig. 4, adopted from my paperrtObservations of Bai-ly Beads at the Total
Solar Eclipse of June 20, L)l4tt, The Moon, (1976) ].3 p,91, demonstrates
the roecharllsm.

The Baily Bead phenomenon is usually observed in the few nj-nutes before
second contact, although as Mark Taylor and myself observed at the June
L974 eclipse, it i-s possi-ble for beads to occur as nuch as 10 minutes from
the times of second aad t,hird contacts. The duration of any partlcular
bead is dependant upon the relatlve radial motion of the sun and the noon
at the locati-on where the bead occurs.

In deriving Fig. 3, consideration was 61ven to the relative moti-on in
forroing one of the curvee. I there noted that the radial motlon varied as
the cosine of Q. If Q is near tO degrees (i.e. the observer is located
near the path limits), cos Q is small, the radial rnotion is smallr and
the Baily Beads will last for a relatlvely long perlod of time. Ia addltion,
if one is located on the central 1ine, the line joining the sun and the
moon ivi-ll always be in the same direction, and the beads wj-ll form on
either side of this 1ine, tending to converge on the li-ne at lhe time of
contact. However, near the path limits, the 1i-ne joi-ni.ng the centres of the
sun and the noon appears to rotate, such that 'at mid-ecli-pse i-t is north-
south. The net effect of this is that the beads will still- tend to forn
on either side of thi-s linel and tend to converge upon it at the tj-mes of
contact, but the line is also nowing around the edge of the moon, thus
resulting ln a greater portlon of the edge of the moon being used to form
the beads. The total result ls that the beads are more numerous, and last
for longer, when observed fron near ecli-pse path lialts.

The observatj-oa of Baily Beade is qui.te oi.npler a:ld requires no specia-
list equipraent- only a smal1 telescope (preferably a high quallty refractor)
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a portable tape-recorder, and a short-wave radio (to pick up the time
sigaals such as VNG or WIIVH), One could try to photograph the beads, but
to be successful, one aeeds what could only be descrlbed as professlonal
equipnent, and some degree of good fortune in obtalning the correct ex-
posure.

The actual observation is quite straightforward. The first step is to
select a site from whlch to observe the beads. In the site selecti-on
process, one must be able to accuratoly identify the site on a survey map
of at least I : IO0 OOO scale. It is not practical to locate oneself in
the mi.ddle of an open field. Sites shoul-d be located near to some readily
identifiable feature, such as road intersections or sharp bends, houses
(in the country), or if at all practj-caI, at a trigonometry station. An
attempt should be made to measure the distance of the site from the centre
of the feature chosen. The final accuracy desired in the positj-on of the
site is sonething better than + 1O0 feet (JO meters). Havlng chosen the
site, and set up the equiprnent, one arranges to project an i-nnage of the
sun. Limited experience indicates that an image dianeter of about 3 - 4
inches (B to 10 cm) ls nost satlsfactory. On the image, one can refer to
ttopt or rlefttor some such slmilar terninology, so long as at some point
a general orientation is made- e.8. ttop is northt.

As central eclipse draws near, the sun wiJ-l forrn trvo horns, vrhich will
eventually meet. A close watch at the very end of each horn is hept, (One
may desire a second observer, but this is not necessary), and the Baily
Beads wi-ll be noted as very sma1I beads of light separated a small distance
from the end of the horns. On the recomnended lmage size, the first beads
to appear will be separated fron the horns by less than 1 mm_, but as cen-
tral eclipse approaches, the separation wi-ll j-n general lncrease.

The rnanner j.n which the beads are recorded 1s as follovrs: as each bead
is formed, call out some comment, and record this siraultaneously with
tirne signals being obtained with the short-wave radlo. (Anyone r,'rho has
ever been on a grazi-ng occultati-on expedj-tion vrrill be fanili-ar rvith thj-s
method). One must nake sure that in the conment made, an identification is
made on which horn the bead 1s located- e.g. ttbead formedrtoptt. Another
comment ls made vrhen that bead disappears. -€.8. ttbead top mergedtt. iVhen
more than one bead is present, an attempt should be rnade to separately
identify each bead- e.g. bead fornedrtop, another bead, another, first and
second merged, thlrd merged, all nerged!

In the 20 seconds on either side of annularity, (or totality), there
will be many beads- too many to lndividually record all in this manner.
Attempt to record the largest beads, but above aJ-L, record the last bead.
(i.e. obtain the actual contact time).

After the eclj-pse is over (and note that the observer i s free to nake
any other observations he desires during annularity (or totality), the
observer can return home before extracting the informati-on fron the tape
(although this should be done as soon as possible after the event). What
i-s required from the tape is a list of all the comments made, together
with the tlme the comment was initiated, to an accuracy of 0.1 second,
using the tlne signal vrhi-ch trvas recorded at the same as the observations
were made. Experf-ence has shown that this step takes some time, and
usually requires at least J play-throughs of the tape, and at times nany
reruns of short sections of htgh activity.

This then, together with the accurate location of the observing site,
provides the raw data for the analysis of the observattons, and should be
forwarded to rae as soon as possi-bIe after tbe event, (at p.o. Box 254,
WODEI{ ACT 2606). In the analysi-s of the L974 ecllpse results, I showed
that it was possiblel using only the above type of data, to uniquely iden-
tlfy the lunar features which were responsible for each bead.

5. INFORMATTON OBTAIIfED FROM BAILY BEAB

When a Bally Bead is
cance ls that the solar

forned, or disappears,
limb, at that observed

the observational signifi-
time, is tangentiaL to
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clther the bottom of a lLrnar valtr-ey, or to the top of a lunar nountain.
So long as one can ldentify whlch va1ley or mountaln is responsible, (and
I have shown that one can, elsowhere) then one can compute where that
nountaia or valley is relatlve to the edge of the sun at the observed time'
:si-ag the publj.shed ephenerides. Thls process takes some time and involves
coneiderabl-e mathenatics, whlch I w111 not go into here. The result that
o e obtained for oach observation is the helght of the edge of the noon
above the 6lln, as predlcted by theory, knowing that at the observed tirne
ib.e linbs were coincident. By plottiag these helghta as computed around
the edge of the Eoon fron the various observations (see for example Fig.5

:f points wbich foLJ.ow a roughly sinusoidal curve, If the sun and the noon
ccmesponded in real life to the epheneri-s data, a strai6ht line with zeroLe:-ght would be derlved, but as is readj-Iy apparent from Flg. 5, such is
:ct the case. The curve can be readi.ly analysed by using the method of
'east squares to obtain J basic quantities to be applied to the ephemeris
cf one of the objects to reduce the observations to a strai-ght line- namely
cb.anges in longitude (or R.A. ) r lati-tude (or Dec. ) and semi-dianeter.

Referued to the sun, tlne :--976 data indicate a correction of + Ott.l! in
icngltude, + ort.84 in latj-tude, and + Ott.13 in seni--diameter. This infor-
:,atioa provides baslc data for inproveroent of the tbeories representing
t.e positions of both the sun and the moonr a.trd is the basic reason for
:erformlng the observation. The eruor in the determination of the above
iigures is about * 9rr.O5, vihich is considerably less than the errors of,
saJ, a single traisit instrunent observation. (In fact there is only a
randful of stars whose positions are known to better that accuracy).
.. HoHI BIG IS THN SUN ?

It rnay be a surprlsing fact, but there j.s not a great deal of precise
:rfornation avallable concerning the constancy of the sun (apart from
.unspots). It has always been assurned, for examplo, that the llght output
:s coastant, but long term measurements to an accuracy of better than a
couple of percent are onl.y recently being undertaken. The sane also
applies to the sep:i--diameter of the sun- recently it was reported in i;lElV
:0fEMIST, (and also in the Adelaide Advertiser) that soneone had derived
i-rom Greenwich records that the sun was shriniring at a rate of 1O km per
:iear. At that rate lt w111 have zero diaineter in only IO0 OOO years!

That rate of shrinking comesponds to a change in seni-diameter of
:ti.7 per century, and if one looks at the figures adopted through thelistory of the l{autical A}manac - Astronomical Ephemeris (see the explana-
icry supplement, secti-on f), one finds a variation of adopted oerci-dia-
:eters of between 960.8 and 962.8. If nothing e1se, this shoutd serve to
show that constancy in the solar senri-diameter is not an observed fact,
but is only an assutned fact. Perhaps the sun w111 die considerably sooner*'han expected! After all, the Solar Neutrino problem is sufficient to
Cerooastrate a lack of theoretical understanding of holv the sun works. Andinfortunately it is not an easy problem to measure the exact size of the
sun, the obvious reason belng the shear brightness of the photosphere,sith other effects such as atmospheric turbulence, irradialion, ind tleron-existance of a solid surface. cornpoundj-ng the probleil. (Incidentallyr.
at the Ii-mb of the sunr the brightness varj-es at about f magnltudes per'
second of arc)' Hence neasurements nade vrith convential instruments haveto date not realised neasurenents which are consistent to much better thanI second of arc on an absolute scale (rather than a short teril relative
scale ) .

In Feb, 1978, a total eclipse was observed ln northern U,S.A. and
3anada. Several observers observed Baily Bead phenomena, and vrhen the
cbservations were reduced, and analysed, a figure for the cogection to
the semi-diameter of the sun r/as deri-ved as being + Orf.14, differing from
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the figure 1 f derlved from the ]-976 eclipse by only Orr.OL - a consisten-
cy that hae been prevlously unattainable. As a: result, workers at the
U.S. Naval Observatory have been looklng at observatj-ons rnade at past
eclipses, where less data are available (in fact there are only 4 past
eclipses wj.th sufficient data, one being an eclipse that occurred in L715,
whj.ch, thanJrs to Slr Edmund HaIJ-ey, was extensively observed), lvith a view
to determinlns the presence of any varlations in the solar radius. As yet
the analysis has not been cornpleted, but l-t uray well be possible to
separate both long and short term variatlons ( such as may correspond to
the solar sunspot cycle) from the data, fn any case, to improve the data
base, it is deslrable that the observations be made at as many future
eclipses as possib1e... Hence I urge that everyone who is in Tasmania for
the eclipse in 1981 to attempt to observe and record the Baily Bead"
phenomena.

One requlrenent for the high precision in determlning the coriection
to the semi-dlameter is that observatlons must be rnade from near both
llnnits of the ecli.pse, otherwise it is not possible to separate tlLdThangej-n senlldianeter from changes in the positions of the bodles. It is also
desi.rable to have observers spaced so that tb,e contact polnts are spread
around the edge of the mooar so that more, and different, data points on
the lunar limb are obtained. tr'or th:!s reason T would like to hear fron
all potential observers of where they nray be si-ting themselves - it wou1d
be a plty to have ev€rone located noar one liurit, and no-one near the
other. Optimum data ls obtained from sltes as close to the limj.ts as
possible, but I generally recommend sites some 4 or more miles in from
the linits. Thls geaeral-ly allows the observer to view the central- eclipse
for sorue 5A% or more of the central line duration.

One point that I should nake about this eclipse. Baily Beads were first
noted at an Aanular ecllpse, but scientj-fic observations of thern have only
occured at total ecli-pses. I{o-one has attempted to make use of them in
any neaningful way at an annular eclipse. Until such an observation is
made, the analysis completed and the results corapared to prevlous results,
the precision of the observation can not be definltively stated. Personally
f do not expect any problems, as the beads are visible only when at leastpart of the photosphere is visi-ble in both total and annular eclipses.

I can thus assure potentlal participants that i-f successful, they will
be participating in a pi-oneering observati-on, but the success of the obser-
vation w111 not be known for sorne months after the eclipse,
7. CONCLUSION

In the first 3 sections, I have gone through the steps necessary to
obtain an as accurate prediction of the local circunstances of an eclipse
as possible, and have atteupted to indicate the manner of applying thls
to any eclipse. The derivation of nost of the baslc data involves much
mathematics which I have not presented, it i.s available elsewhere,

The accurate predictions, partlcularly for the path lj-mits, i-s required.
if observing near- the eclipse path limits, which f reconmend. The remaining
sections deal with the observatj"on of Bai-ly Beadse whi sh has the potential
of being an inportant measuring tool. I take the opportunlty here to again
thank those observers who attempted (with varying neteorological succeis)
the observati.on In L976, and who thus prowj-d.ed the basi_c daia v,rhich has
initiated the cument interest in t,his observation, and hope that as rnany
observers a6 posslble who are in Tasmania for the eclipse 1n l9B1 will
attenpt the observation, and that travellers to cloud-rid.d"en Nevr Guinea
in I9B3 and 1984 will also attempt the observation at the eclipses there.
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The U.S. ltraval Observatory publlshes a series of clrculars including

irforrnatlou concerning ecltpses.
Thus circular no. frf provid.es the l1mb charts for ecJ-ipses. A circular'

is produced 61ving detai-led topo6raphi.c maps along the eclipso path for
all total eclipses, about two years before the event. Occasionally a
circular i-s produced for an annular eclipse. There urilI be no ci-rcular
lcr the Feb. 1981 eclipse.
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Canbema Astronoini-cal Society P.O,Box l){, r'Ioden ACT 2606

ABSTRACT:

Occultations of stars by asteroids enables a determlnation of the
size and shapes of asteroids. The difficulties of predicting these
events, and the lnformatlon so far obtained, is presented.

ASTEROT DAI, OCC ULTATTO}IE

An occultation, by defi.nition, 1s the hiding of an object by another
object. fn the most famj-Iiar context, a lunar occul-tation is the hiding
from view of a star by the moon, and has long beeir used as an event to
obtain infornation on tire position of the noon. In fact the interest in
observing lunar occultations is largely a resuli of the efforts of
J.i'i. Bror:rn in the I92Ots (vrho derived the theory of the i,rotioir of the
nloon, about the turn of lhe century, which i-s slill in current use),
vrho recogn-lsed the value of lunar occultati ons for liosit,i o:re-l ,,'.'ol'1-, '.':ith
the riloon. :lut occul1;atioir phenoilena are not restricted to the rrooir and
the stars. Technically, a solar ecli;ose is a lunar occultatj-on of the
sun, and 69cultations of stars by ot,her planetary bodies, such as the
major planets, arre also occultations, usually called planetary occr-rI-
tations.

Tlte li}'relyhood. tiial an occultation event will occur is a conplJ-cated
function, dependa:rt on the fol-lovring factors:

i) Apl:arent diaileter of the occi"rlting body (and- the occulted body,
if non-ste1J-ar)

ij-) The paralla>l of lhe occulting boCy ( t' rr ir \
iii) The rate of moti-on of the occulting body

As seen frorrt any particular 1:oint on the earth, the occulting bociy
appears to move j-n a path tthich ie as wide as t,he apparent dia;:reter of
the obj cct. Any obj ect l',"i"Lhin that palh tnust be occulted, a.s seen froiir
that particular point. If r';e allol'.' for observers located any'rhere be'cvreen
the poles of the earth,'bh.e paralla>r of the body liill effcctively ir1-
crease the path tridth i:y tt;ice the valu.e of the parallax. Thus any object
rvithin a path of r,idlit i-) + 2 times ii) urill be occulted. ar=r seen fronr
somevrhere on the earlh. The nuinber of occullali-ons by that object is
dependan! upgp its rate of motion, in the sqnse tha!_ thp gggater the motion,
!h-e greater-the area of sky that J-s covered, For illustrEtj-ve purposes.
i.t iE convenient to computb the nunber of occultations that dlht-oceur
ln a twelve sonth period.

To do this, r"re need to i-rnol'r four things the rate of motion for the
]2 nonth period, attd. hence the lenght of the path of the occu.lting bocly,
the parallax and diameter of the occulting body, and. the mean density of
stars in the sky. Frou the first three of these, simple rnuliplication of
the path width by paih length vill give the area of the sky which the
object passes in front of, as seen from somevrhere on the earth, i-n a 12
month period. Cornr:aring this area to the number of stars per square
degree vri1l then lead to an estii-nate of the average number of occultaions
that may occur.

The star densityrurhich v;e need to trrnovr, is of course dependant upon
the nagnitude of the stars. To make useful predictions, the stars -.hou1d
have v,reIl knorvn positions, rvhich iilinediately restricts us to etars brrgh-
ter than about lrag.lO. As a good guide, the S.A.O. Star Caialogue, v:hich
i-s reasonably coiirplete down to nag. 9.2, lists 2r9,OOO stars. The number
of square degrees ii'r a sphere is 41 ,253, so on average there are 6.3 SAO

stars per square degree. Including stars fron other catalogues, irrinci-paIly tbe AGK 3, to extend the coverage dov;n to about ilagni-tude 10rIeads
to a figure of about B stars per square degree, for stars vrliich postions
are vlell knovln.
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Using data obtained from t-he :.-979 Astronomical Ephemeris, T have

computed the data of Tab1e J-, which gives a conparison for various
bodie s,
TABLE 1.

Mean Twice l.{ean Approx
Apparent Parallax Path
Diameter Length

i.roon 095 a3o 4.5ooo
i{ercury 0 ,0019 O. OO5O 443

venus o.ooJ8 o.ooJ8 443

l'{ars O.OO17 A.OO32 24O

Ceres 0.00006 O.OOO9 1OO

Jupiter 0.O1OO O.OO1O 49

Saturn O.OO44 O.OOO4 25

Uranus O.O01O C.OOO2 12

i\leptune O. OCOT O.OOO2 8

pluto Q.OOOQ}? O,OOO2 7

Area of sky Est. annual
covered during nuinber of sta,rs
year in sq. degr. cceultecl
ILr25O .sq. degr, 90,OOO

3.L
3,4
I.2
o.1
o.54
o.12
o.015
o.oo7
o.oo1

24

27
O

nOUrO

4
1-

0.1
0.05
o. 01

Tab1e t has been corputed on the assumption that the body is con-
tinuously visible, and that all events are observable, Of course this
is not true, for a subetantial portion of the time the objects are too
close to the sun for any observatlon to be possible. A1so, if the object
is brighter than the occulted bod-y, then vlsual observation is cliffi-
cuIt, if not mpossj-ble. The nett result is that the number of plane-
tary occultations that is predi-cted for any year j-s sonewhat less thanj-ndicated by table 1, particulaf,ly for the planets Hercury, Venus and
Mars.- see, for example, section 1o of the Explanatory supplernent to
the Astronorlical Ephemerls.

Of particular interest in the table is the listing for Ceres, vuhich
is representative of the asteroi-ds as a whole..lLven though the apparent
diameter is ne61igib1e, bhe nunber of potentj-al occultati-ons is about
the same as for Saturn- i.e. about l a year. But there are a conside-
rable nui:rber of asteroids- currently, (Dec. L979) thcre a.re 2rIBB
nuinbered asteroi-ds, and counlless unnumbered ones. This means that each
year Nhere are observable froi:r somerryhere oir the earth sone 1BOO occul-
tations of a loth rnagn-itude or brighter star by a. nunbcred. rulnor planet,
or one occultatiorr ever)'l hours. 1lor an event that occurs so often,
urhere are all the observations?
PREDICTIOI{ OT ASTEROIDAL OCCULTATIO}IS

Although asteroidal occultati-ons as a r',rhole are coirlnton, only ten
have in fact been observed, and all of these have been i-n the last ?years. The real problem in observing these events is to lcnov,r tvhen an
event r,'rill occur, vihich asteroid and star rvlll be involved, and from
lvhere the event r,'l-ill- be observable. I{aving regard to the large number
of stars that inay be occulted, and the large number of asteroids, the
problem of searching for occultations using epheneri-des is an extrenely
tine consuming affair, t'rhich had to alvai-t the availability of nodern
high-speed computers, and star catalogues in machine-readable forn.
Tn fact, prior to the earl;' llfOts, planetary occultation predictions
involving the major planets r/ere made uslng a semi-iranual technique,
and no guarantee of completeness could be given. Even nol'rr a conputer
search for a twelve months period for any given asteroid is tirnecon-
sumin6, and computer tiile is not ava11able to search for atl ninorplanets.
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As a result, a realistic compromise has been reached, only those

asteroids which diameter ls estimated to be somelvhat in excess of
1lO km are selected. By so doi-n6, The asteroids are restricted to those
whlch wtll produce the widest occuLtation path on the Earthts surface,
thereby maxiurizing the probability of obtaining a succuessful observa-
tion. The asterolds r,vhich have initiatly been selected are:
Itrof s 1to 22r 24t 261 3r,34,39r 41, 44,45, ll8, 5L,52,65,88, 92,
r29, L3O, 1961 24r,324,349,354,45L, Lr7L,5lr, 532, and fOlp.
Others will be included in future years, giving a total of vrel1 over
50 asteroids.

As seen from the previous statistical analysis, r'rhich did not take
into account things such as proximj-ty to the sun, these should give rise
to about O.8 events per asteroid per year, or a total of about {O for
a tvrelve month,s period. In L979 3L events vrere predicted.

The process of finding these events, although iedi-ous in practice,
is nevertheless stralght forlvard in princi-ple, The fj-rst step i-s to ob-
tain an accurate ephemeris of the asteroid - a step vrhich is in fact
aaother cause in the restri-ction of the number of asteroids selected,
a.n accurate ephemeris (to lrtaccuracy) is abtaj-nable for only a. sma1l
nurnber of the asteroids.

The next step, l''lhich is the ti-rne-coinsuming step, is to cotjtpare the
ephemeris r,'rith the star catalogue atrd identify all those stars that the
asteroid noves very close to- say withj-n 1Ort. I{aving found these stars,
accurate apparent posi-tions of the star and asteroid are conputed-, and
usi-ng the same math:natics I'rhich are used for occultationc:'f stars by
tjre moon, the path of tire occultation across the earth is deterrrl;red..

ft perhaps sirould be noied here that an j-nteresting variation froirr
lunar occultations and eclipses is present in these asteroidal occulta-
tion paths. As seen from the earth, the noon invari-ably travelg east-
wards, and eclipse paths, and occultation paths, are alvlays oriented
west to east. But the asteroids are planetary bodies v.'hich can undergo
retrograde motion, and also d"ue to the high orbital inclination of
some of these objects, they can appear to be travelllng north-south.
Thls motlon is reflected i.n the dlreotion of the asteroidal oecultatton
path on the eartb surfaoe. fn p rticulatr, although there 1s a strong
tendency for weet-east paths, east-west paths are the aor$ if the aster-
oid ts at opposition, and north-south paths do oceur, partioularly if
the asteroid i.s at one of its so-ealled tstationaryt pointsr i.€.
stati-onary in Right .A,scension,

PROBL8l4q

So far the prediotlons obta1ned as above are a necessart prerequisite
for obtairuing successf,ul ohservatj.ons of astetoldal occultations, and
have only been obtaj.nable in the last few yea?s. Unfortunately such a
prediction does not necessarily lead to a successful observation,
because of several problems r,vhich are severe in this particular type of
prediction. The problerns all relate to the accuracy l"rith I'rhj-ch one can
predict the position of the asteroid, and hoi'r accurately the starts
position i-s hnolvn, cornbined ivith the srnall dianeter of the objects.

To i-llustrate the extent of the problem, it should be noted that
a liiiely error in the position of a star in the SAO Catalogue at current
epochs is in excess of j a.J arc sec, l'lore recent catalogues, such as
the AGKJ, are somewhat better at about + O.J arc sec, but these are
virtually restricted to positive declinEtions. On top of thj-s there is
the emor in the epheneris of the asteroid, rvhich rrj.th the exeption of
the flrst ferv, ia of the order of about + O.5 arc sec (for the better
observed asteroids). Combine these eruorE, and one fi-nds that relative
to the star, the position of the asteroid j-s likely to be in error by
+ O.B arc sec.
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llovr the typical horizontal parallax of an asteroid is about 3 arc sec'
so that the positional uncertainty is equivalent to the parallax
change from a movement of O,B/3 = I/4 of the radius of the earth i-e.
1600 km. Thus the posltion of the occultation path as predicted has a
likely error of j 15OO hrn on the earthrs surface.

itror,v the largest asteroi-d is Ceres I'iith a diameter of 1O2O hin, follo-
rved by pallas (650), Vesta (55o) and }lygiea (450). All other asteroids
are less than {OO }rm in diameter, nost of then substantla}ly less.-For
the asteroids for vrhich predi-ctions are being computed, the typical
di-ameter is about 2)O icm, or less than LnZ of the likely error in the
position of the path. lthus an observer sited exactly i-n the centre of
the asteroidal occultation path, as initially predicted, has onJ.y about
one chance in twelve of observing the event. Although this does not
rule out the possibility of obtalni-ng useful observations, it is gene-
ral1y felt that the probability is too low to mount elaborate expedl-
tions to observe such events.

This is not insurmountable hovrever, and can be overcorne with appro-
priate logistics. The problen is purely one of astronetri-cs, and one
r"rhere the utmost precision i-s required. For most asteroids, for a pre-
diction uncertainty equlvalent to the vridth of the occultation path,
the position of the asterold relative to the star nust be knovrn to
about O,1 arc sec or better. At this level all kinds of problerns creep
in, aird for a full discussion f would refer the reader to iey paper
rstar Catalogues- a Discussiont, presented at the 8tti inCAA. To put
the matter bri-ef1y, systematic emors, both betvreen and within any
star catalogue presently available preclude the obtai-ning of a relative
accuracy at the desired level UI{LASS the asteroid and the star are
photographed together on the one plate. Practical experience has dernon-
strated further requi.rernents, namely:j-) itreither objoct imst be near the edge of the plate,
ii) The star and the asteroid must be separated by less than one degree,
iii) There must be an adequate number of reference stars, lhe nore the

better, suitably dj-s'bributed over the p1ate,
iv) The plate scale must be sufficient to enable meaningful nreasure-

inent at the deslred accuracy 1eVe1.

AIt these cornbine to nalce rather severe restrictions, A -schinidt teles-
cope is generally not suj-table because of the sma1l plate scale;
against that, very long focus refractoro used for parall-ax vrorh gene-
rally have such a large plate scale that the field is too small, rvith
the result that very feur reference stars are included, and it is diffi-
cul-t to have the star and asteroi-d suitably positioned. It is becoming
apparent that the best telescopes for thj-s purpose are the o1d tastro-
graphi-c telescopes vrhich $/ere constructed in the late nineteenth century
for the Astrographic Catalogue project. These telescopes, of 3.4 m
focal- l-ength photograph an area two dogrees on a side on a 12 cm sguare
plate, and are capabl-e of providing positions to about 0.O5 arc sec.
The separatlon requirenent of less than one degree (a figure arived at
fron experience), gives ri-se to yet another severe restrj-ctlon. As a
typicaL asterotd noves about 1/11 degroe a day, (but sometlmes aa mrch
as L/2 degree or aore), tbe naxinun tine bef,ore the predleted event
before a sui.tabl.e photograph can be taken to inprove the Bred:icti-ons is
about 4 days, (but nay be as li.ttIe as 2). Allowing about half a day for
the proeess of exposi.ng, developin6, drying (very carefully), neasure-
ment and computatlon, one can see that there is not much tine to com-
munlcate predlctions to potential observers. Certainly if one has to
rel.y on the mail, the predlctions would probably be too late.

The solution t,o this problem is to insure that all potential obser-
vers of these events are provided v'rith basic predicti-ons of the eventswell beforehand (lncludlng such things as finder charts and 1ike1y
regi.ons of visi-bility), and then vrhen a last roinute inprovernent to the
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prediction becornes available, to commualcate the details to those
observers vrho are likely to be able to see t,he event, by the fastest
:eans possible. For Australia, if an improvernent ls available fron
overseas, it is forvrarded to me by telex via 1.{t Strorrrlo ObserVatcry;
or I ni6ht obtain an improveuent using the Yale- Colurnbi-a telescope
at l.it, Stronrlo (though r'.rit.h a focal length of 10.B m, tiris telescope
has a very small fle1d, leadir:g to many probleins, and as a result f
eave had li-mited success so far). T then contact by phone those people
to vrhom I have sent copies of predictionse and rvho are i:r the actual
occultation path region, nolifying theiir of thj-s fact. I"Iopefully this
results in a successful observation of the event. As yet horveverr &tr
asteroidal occultation has yet to be observed in the southern herri-
sphere.
cBSIRVATIO f.iAl, RESUJ,TS

As lndicated above, irre have yet to observe an asteroidal occultatj-ou
fron Australia. r,ie do hovrever have the distinctj-on of observing the
fi-rst ever recorded occultation of an asteroid by the rloon. Several
Queensland observers near Brisbane, and rrl;rself near Bourke recordeC
the occultation of Ceres on Sept. {, 1973. Froil the duratioir of the
fade- which lasted for about 2 seconds, a dianeter of 12OO ! 25O I;n
vlas deterrrrlned, confirrning radi-ometric deteri:ti-nationsr and proving
the o1d inj-cronetrj-c neasures of 77O km erroneous.

Horvever sorue success has been obtained overseas, principally in the
U.S.A., and a brief synopsis of what has been observed v[11 indicate
the j-nterest that is being created ln these events.

The inltial reason for attempting to observe these events rrras to
determine the size of the asteroids, so as to confirm other ilethods
of determinatj-on (note for example the inconsj-stancy rvi-th Ceres, above).

A secondary reason is that a good. photo-electric record of the event
eirables the deterninati-on of a starts diameter lvith a resolutio:r of
about Ort.OOO1 to be obtained, an order of rnagnitude better than tvhat
is attained in a lunar occultation, and several orders of nagnitude
better than specl',Ie j-nterferometry.

The fj-rst observed asteroidal occultati-on vas by Pa1'l as, in treb. 1973.
It rvas observed from J spaced locations near the shadoiv path. Tvro ob-
servers reported certai;: occultations, but the thj-rcl observer, Iocated.
between the other tivo, 1'Jas certain he sar'/ no occultation at all.

In October 1973, a brief occultation of a star by An'bigone r"ias obsetr-
ved by a very experienced observer. lloviever astroi:retric measurelnents
iirade shortly after the event shovred that the asteroid passed south of
the star as seen fron his site.

In January Lg?5, an occultation of i(appa Gem. by Eroslvas r,veIl obser-
ved in the II,S"A., attd a rrlnor axis of about B l;in, lvith a secondary
axis of about 16 }-,in t'ras deternined. Interesti-ngly, several observers
located ve11 outside lhe nain path of the occultatJ-on reported bri-ef,
or even tpartialt occultations,

0n June 15th, L976 a.n occultation of fapetus (a satel]ite of Saturn)
Tras obcerved in part.

In l"{arch 1977, a,n occultation of Gamma Cetj- by ilebe uas observed
fro;r I'fe>lico City, by several observers. 9OO hn nortl:, atl ex1rerienced
observer record,ed an occultation for O'5 sec.

In I'larch L977 the rings of Uranus lrlere discoverd by occulta.tion of
q o*onuvq] a

In i{ay L97B an occultation by Pallas vras observed photo-eIectrically
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by 7 observatories. A dj-ameter of )l1O hm was determined, a value 'which
is sllghtly smaller than that obtalned by indirect methods.

In June I97B an occultation by Herculi-na was observed by two visual
and one photo-electric observer (at Lowell Obs. ). One of the vlsual
observers claimed that the star dlsappeared completely six times with-
ln + 2 minutes of the uain event, although before and after that, the
stai remaised quite steady ln brlghtnese, The main event lasted ior
about 20 seconds, and the lon6est of the eeeondary events lasted for
4.O- eeconds. E:raniuatj.on of the photo-etectric record showed a corres-
ponding seoondary event. The event was interpreted as belng due to a
satellite of Herculina, now offlcially designated as 1978(532)I, having
an estimated dianeter of 45r 6 ! 3.6 km. Herculina was determined to
have a major axis of 232 kn and a rnj.nor axj-s of 202 km,

In June, f978 a very short occultati-on by Metis vlas reeorded visually,
The observation os doubtful.

In July 1978 an occultation by Juno was observed (from Israel), and
yielded a larger than expected ralniraum diameter. A I/4 sec. secondary
occultation rvas confidently recorded.

In Oct. 19?B a dubious 1:hoNo-electric recorcling of an event by Victoria.
in Dec, I97B four visuaf and three photo-electric observers record.ecl

an occultation by l'felponene. The star nrgs found to be a close double,
separation of Crt.OJ, as detenlined from the stepped. llght curve, the
second.ary step being about 3 secons long in time. lfelpo:lerle ri'as de'Lerm-irred
to be closely spherical, vith a dj-aineter of 1J5 hin, Iruegula-rities of
about 10 k,tt were found on its lii:ib, rvith the posaibility of a 20 kn derp
vaIIe)' and a sirnilarly high nountain on the other slde (this inay be the
result of a tindng error a! oi:.e station). fnterestingly, a photo-elec-
tric station located 600 ]cl south of the observed occullation paih. recor-
ded an occultation also.
I i'trIJRPRETATIoU

As far as the initial reason for rnalciirg these observations is con-
ceraed, observations such as the 1978 occultations by Pallas, Herculina
and i,lelponene shoved that the detailed infornation oi: the size a.nd shapes
of the asteroids are beJ-ng det.ernined. But an interesting a.nd entirely
unelipected observational result 1s persi-stently ar:pearing- narnelSl the
reporting of secondary occultations. :jlhile it is easy to disiiriss bhese
secondary occultations as being due to atnospherlc disturbances I'rhen
t.hey are oLly re;uorted by one observer, i-t is far nore difficul'b vrhen
'i"hey are reported by spaced observers, and / ox confj-rined by photo-elec-
tric observations,

The only satisfactory i::terpretatj-on of vthat has been observed is that
at least sone asteroids are multj-ple bodi-es- i.e, they have their olvn
noon or moons. And if one places high reliability on 'bhe visual obser-
vations that have been nade, then one could conclude that the majority
of the larger asteroids have a complement of moons. fn terins of our
knowledge of asteroids, this is a radical change frorn accepted thought,
but on post facto analysls, perhaps not so unreasonable. Certainly fronr
the observed distances of these secondary objects, they are dynainically
possible. Even at a dj-stance of 99O km fror:r llerculina, vrhich has a di-a-
ireter of about 22O km, lhe 46 km satelli.te r"rould be inore strongly bound
to llerculina then the l.loon ie to the Earth (relative to the solar
at trac tion) .

fnterestingly, the concept of multiple asteroids, a}'bhough not accep-
ted, has been around for a long time. I: 1924, n.T, Innes at the Union
Observatory at Johannesberg noted on one ni-ght that as seen through
the:-y 22.5 cr1 refractor Eros appeared to be rBar-lilie, or sinilar in
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appearance to a close d.ouble start (Astrononrische llachri-chten, 4.tpige 55, 1-93J-), and van den Bos and Finsen noted on several nights
near the opposition of Eros in LJJO that it appeared t certainly a
figure of eightn resembling that of a notched or nearly separated
double star of about gtt.lB distancer (Astronomlsche l'Iachrichteir 241r
paee 329,I93L). Atthough these observations can probably be explained
by rvay of the knovrn cigar-shape of Eros, air observation by van den. Bos
ana finsen of a nevr double star (-.rhilst searching for double sta.rs) is
not so easify explained. It turned out that the new double was in fact
Pallas! (I1.lf.R.A.S.C. ff, page 2O9, L926). In this respect il j-s in-
teresting to note the occultation by Pall-as tnA973, abovc.

THX FUTURE

The greatest problem :in observing asieroidal occultations is to ob-
ta-in accurate predictions. Tine linitatj-ons illposed by the astrone-
tric criteria neans that nore often than not accura.te predictions can
not be obtalned, for reasons such as poor tveather. Io'.'.'ever it vlould
seem that even if the occultation path i-s ln fact over IOOOl'.:r a.';tay,
there is still a lil-,elyhood that secondary occultationslay be obser-
ved, and for this reason observatlons should be atter"rpted. As an ob-
servational strategy to avoid atmospheric effects effecling the results,
one should try to arrange to have an observer located a couple of liilo-
metres away, so that he is looklng through a conpletely dj-fferent air-
mass. It w:iI1 then be very unlikely that an atraospheri-c event wi.l1
affect both observers at the same time, so that independant observations
of the same event at the same time will provide information.

In terns of the lnfornation to be obtained, well observed asteroi-dal
occultati.ons are providlng the informatioa that was expected. The ob-
servation of the eeeondary bodies has cone as a bonus, and provldes at
Ieast an equally strong reason to try to attenpt these observations,
so as to improve our knowledge of the nature of the asteroids. In order
to prove beyond any doubt that an asteroid does have a satellite, it
will be necessary to obtain the orbital elements of a satellite arounC
an asteroid. The onJ.y practical means of doiug this i.s to obtain at
least I observations of the object over a period of a couple of weehs.
Having regard to the average occurrence of these events using stars
brighter than mag. 10, the only vray that this can be done is to in-
crease the number of stars. This can be done by going to fainter stars,
and concentrating on those parts of the sky trhere the star density is
the greatest (such as in the l'{illi:y l'/ay regions of ,sagittarius and Gemini,
or galac'bi-c clusters). Unfortunately, by goin6 to faiater etars, it is
quite 1ike1y that the asteroj-d tvill be bri-ghter than the star, thus ina-
Iting any nagnj-tude drop at occultation very small, requiring photo-
electrical observations, but wj-th the right asteroids this should not
be e" -"robIern. Probably the best v,'ay to onta.in the orbit of a satell-ite
vrill be to sel-ct those asteroi-dst'u'hich have the 6reatest Lil-,e1yhood of
a satellite ( such as l-Ierculina) , and Lhen to nal.,e co-lpreirensive pre-
dictions for these objects, using, for example, the Astrographic rtata.-
logue, in the iIill.;y ':Yay regions. On thj-s basis, i-t shoulcl be possible
to predict several occultations per lreeli for that asteroid, and al}
that vii-ll reirtain is t.o observe enough to deternine the orbit. nbviously
this vtill require considerable effort, but f vould predict that this
lvill happen in the ne>lt fetv years.
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APPEI{DIX I

ASTEROTDAT AXp r!41g!!4RI OCCULTATIOI{S, 19Bo (0

Date (UT)
d h- rn

Apr1l
7 r 29 PLUTO
9 ZO ZB { Vesta

15 10 03 5 l-Iebe
23 4 42 IJ? l"{etiboea
June
10 19 15 9lr Aurora I3.5 lBB O.O7 75795 9.2 { Japan, Korea

July
L7 6 47 6oe t''tarianna L3,5
24 L? L3 10 Hyglea 11.8
29 2 3L 2J Thalia l2.O
August
16 2 33 11 Parthenope 11.9 l-52 a.o?
2? 18 10 6 Hete 8.9 186 O.1B

September
3 OO 01 93 l4inerva
4 AI L3 78 Diana

I{ 10 16 4"09 Aspasia
rr 642 6Hebe
October
6 1Z 52 15 Eunoraia 9.9

10 7 oj 216 l{leopatra. 9.6
26 ra 28 12 Vi-ctoria L2.7
26 L5 25 15 Eunorala lo.o
i,love mber
6 B f 7 ef6 Iceopatra lo.o 2I9 o.22

Lo 22 36 28 Bellona lJ.o L22 o.o5
19 LO 3? tp Fortuna L3.O 215 O.OB
20 7 L9 6 Hebe 7.9 186 o.24
2L 1 10 216 Kleopatra lO.J 2I9 O,2O
24 4 L3 1Jl1 sophrosyne 11.8 116 o.12
24 10 0O IEPTUNE B.O 5OtB4 2,22
28 17 56 45 Eu8enia 11.5 226 A.L6

l)e c e nber
5t30612 846

1' ) )^
26 l-44
"r o9,z!-.Yz
May
29 450 2 Pallas 9,6 538 O.ZB Bzolo L-g 46 Sth.Afr, Sth USA

Name

39 LaettlLa
27 Euterpe
54 Alexandra
7 Iris

Mag. Diameter
kmn

r37 O.O?
45O 0.16
115 O.05

Le,g t68 o.o7
l-2.5 14O O,1O
12.1- 208 O.11
8.6 186 o.2o

12.1 L63 O.06
L2.3 116 O.O5
12.8 180 0.11
9.0 21O 0.19

246 O.r5 TBESB 7 ,4
2rg o.25 128066 B.B
),35 0.06 IT 1 1310 9.8
246 o.L3 162353 B. B

N 3t 343 11.6 4
76o43 6.8 r7
93895 9.3 3

1'r o 1581 g.g 4
11rfo8 8.? L2

157922 8.7 4
75392 8.9 24

159307 5.8 6
,s o 418 g.B 18

r28o8l 9.0 30
161869 9., 4
158406 9.1 5
r3o7o5 9.2 25
128184. 6. B 2r
749$ 8.3 r?

t85377 8,7 trr76
94L67 9.1 L?

139356 8.2 5
158606 9.3 3
7ggL4 B.B 16

6 zB g,a 11

E. Brazil
N.Guinea, N.QlD
S. Africa

Centr. IT,America
Si.beria

,9. America
!{exico, USA
PhiII, , E. Chi-na
E. Canad,a, ll.USA

Tndia, China.
'J. Canada , ,":T,'J. USA
Canada
i,lauritiusI f ird. oc.

"il. SiberiarJa.pan?
.tl. Canada, ,rT1. USA
H'Y Arrpzon basi-n
}tr. of South Arae::ica
€.1,1ex, Sth Aiirerica
lld/ Afrl Iberi-a., USA
ll, Australia?
Phil.IslrInd.onesia?

l4exi co
',i, Indies, -<th An.
l:l.Afr, Sth Ai:r.
Fth of Sth Anierica

Star l&.4. Dur. Area of
SAO/AGK3 Sec, visibilitY

L3.7 SOOO O.14 l-2.5 127 Afr.Eur" r'/.Asia.
8.5 549 a.23 rw7 352 9.8 t4 can.rsi, siv Eur.

10.1 185 O.09 L46599 8.9 4 Chile,Argenti.ne
L3.o ILyJ o.ol l-274Lil- 8.9 4. W-,s.Africa

1L
26
4

10
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DIAPI{RAG},1,9 _a4d IfILTERS used for OBSDRVATI OI{,9

of DOUBLE STARS and C,T,USTIRS

BIgGRAPrrv
by Andrew James

AI\IDREW JAMES

Andrew's interest in Astronomy began in 1968, dt
the age of ten when he received his first book on the
subject. He later met tris Long time friend, Michael
Harrip, dt hiqh school and together they learnt the
constellations with Andrew's 3.3 inch reflector. He
joined the N.S.W. Branch of the B.A.A. in 1973. At
about this time his interest in double stars became
apparent and he subsequently spent countless nights
becoming familiar with the night sky of double stars.
Through a smaLl- patch of clear sky he successfu1ly
observed the 1976 Solar Eclipse with Michael from
Mt. DeJ-egate on the f ar southern N. S.W. coast. In
1978 Andrew joined the A.S.N.S.W. and a direct resu1t
of his keen interest in double stars, he became a

member of the Webb Society of England. He has
subsequently organised a comprehensive double star
progranme with a desire to obtain Southern Sky
measurements of double stars by filar micrometer
at a later date. Andrew is currently both Education
Officer and Double Star Section Leader for the
Astronomical Society of N.S.W.
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INTRODUCTION

Our story begins in 1834 when Fredich Bessel discovered irregu'lar motions
of the brightest star Sirius, (Alpha Canis l4ajoris). This appeared to
make the star vary in it's common proper motion, seeming to speed up and
slow at regular intervals. Applying observations from Transit Circles
over the 55 years before this time he found that Sirius moved in a wavy-
like motion through the sky. His conclusions for these pecu'liar movements
was that the star was binary'in nature with the companion being invisible.
In 1836 he also believed that the star Procyon (Alpha Canis Majoris) was
the same. Bessel looked for both the companions with a 715 (19:0) helio-
metric refractor at Oxford University until his death in 1846, yet it
seemed to the telescopes of the day to remain dark and invisible.

In 1852, C. Peters (a young mathematician) close'ly studied these wavy
motions, eventua'lly pub'lishing calculations and a theoretical orbit. His
observations indicated that the compan'ions of both Sirius and Procyon had
about the mass of the sun but because of their apparent size they must be
extremely dense. His estimations were that Sirius separation was c.12" sec,
arc. while Procyon was c.5"sec.arc. at apestron and thus should be seen with
an 8" refractor. A period of 50 years was estimated by Peters but no
information was strangely given for Procyon. All the observatories then
established another search that was aga'in unsuccessful.

Finally, after just under ten years, in 1862, Alvin Clark, an American
telescope maker, who made excellent telescope opt'ics, well finished telescopes
and drives of high quality, completed a new 18" refractor. 0n the first
night, checking the new telescope for optical imperfections, he inrnediate'ly
found the companion that had been so elus'ive to so many observers. It was
found, some lO"sec.arc. away from the primary at magnitude 8.7. Today the
separation of Sirius is 8'105 sec.arc. (Apestron.1979) away and is much the
same as when discovered 118 years ago.

One year before Alvin Clark's discovery, Andrew Auwers deduced that Procyon
must have a period of about 40 years, u.rhich he published. 0tto Struve and
S.l^l. Burnham, being very notable Double Stars observers, heard of Auwer's
predictions and set about to find the mythical and mysterious companion.
Like most of their predecessors they did not find the "Treasure at the end
of the Rainbow".

In 1864, the companion was reported to be found by B'ird with a 12" Refractor
about 4"sec.arc., magnitude 9.4. Unfortunate'ly, it could not be confirmed,
and thus must be disregarded.

Procyon's discovery is now considered to be attributed to the observer
J. M. Schaeberle using the massive 36" refractor at Lick Observatory, in
1896. He estimated it's brightness at a lowly 13th magnitude and even
today is considered a tough test even for Great telescopes. Separation at
maximum is only 4"sec.arc.

Presently, the separat'ion is 3'l8sec.arc. 'in Position Angle 34le.

Since the discovery by Alvin Clark, astronomers both professional and amateur
have tried to separate double stars, like Sirius and Procyon, with varying
degrees of success. Simply, the main difficulty arises out of the litg.
diiference in magnitude, thus causing the primary to obliterate the light
of the secondary component. The sheer brilliance of such stars like Sirius
and Procyon in ielation to their hjhite-Dwarf companions, (c.10,000X Fainter.)
is thus the crux of the prob'lem.
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Now let us consi.der
of double stars and

SEPAMTION I'{ETHODS

the methods which enable us to see the faint companions
adaptions you can apply to clusters and nebulae.

1* FILTERS (Wratten and/or glass)

(a) Neutral Density

A neutral density filter is really a grey filter of a specific
density to absorb light equally in a'|1 parts of the visible
spectrum, usually to drop 1,2, 4 B stops on a camera. By
utilising this filter one can effectively reduce the light of
the primary star by 2 or 3 magnitudes, though this reduces the
secondary also by a similar amount. (N.B. This is using 2X
Neutral Density). However, in poor seeing, the filter becomes
virtual'ly useless as the companion is too faint, especially if
one is using an amateur telescope. The poor see'ing would on'ly
worsen the secondary and in most cases make it invisible. Thus
a neutral density would be useful only occasional'ly when the
optimum conditions exist.

(b) Polarising Filters

Effectively this is the same as neutral density except if two are
used you can vary the brightness of the stars. The seeing con-
ditions are again destructive on the stellar image.

(c) Coloured Filters

These are even less effective than the above filters. The idea
relates to a colour of the filter is opposite to the colour of
the star. As the pairs that exist are usual'ly colour contrast-
ing (i.e. Alpha Scorpii) therefore the primary is reduced in
brightness whilst the compan'ion remains the same or is enhanced.
It works well except where a filter has to be matched to a partic-
ular pair" which in most cases is unsuitable and 'impracticable.

The major disadvantage of using fjlters is the cost; they are
expensi ve !

2* DIAPHRAGMS

Ci rcul ar

Circular diaphragms can be used but they are 'ineffective. All
circular diaphragms are reliant upon making the telescope aperture
smaller by using cardboard. It'is difficult to imag'ine that by
reducing the aperture size of the telescope how this can assist
the observer. Basically the effect is similar to the neutral
density. The primary and secondary stars are proportionally
reduced in brightness. Again the secondary is too faint to be
seen in amateur telescopes. 0f course if the seeing js bad the
'image is magnified thus making the secondary d'ifficult to see.
(The effective focal iength is increased so that now the telescope
is a f30 instead of being a 10" f7 whilst your aperture has been
reduced from 10" down to only 4". )

Hexaqonal diaphragm

The hexagonal d'iaphragm is probably the best and most suitable
method of observing doub'le stars as it effectively changes the
light entering from the star to a more convenient form whilst the
rest only change the conditions of the light entering the telescope.

(a)

(b)
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It is placed oyer the objective or front end (or on the mirror)
of a Newton'ian or Cassegrain (or derivatives) telescope. The
diameter of the telescope determines the actual size of the
diaphragm. The hexagon is descrfbed by being equ'iva'lent to the
size of the objective or mirror. (See diagram 1).

The diaphragm can be made of cardboard or paper at a cost next
to nothing. A tag or plate is placed off to one side of the
hexagon so that it can be rotated by 60'.

One main advantage is that not much light'is lost or wasted
(some 17%) Area ratio 13:14. lnlhen placed on a telescope the
eyepiece on a difficult pair diagram 2 is observed. blith any
star brighter than 5th magnitude (depending upon the telescope),
six diffraction spikes are seen. The giare is "channeled" a'long
the spikes and the companion becomes more easily visible between
any two spikes by rotat'ing the hexagon so that the secondary
appears in one of the six dark sectors.

Explaining why this works is as follows. If we consider the airy
disk as scen through a telescope of good optical quality under a
steady atmosphere we would see a central bright spot with second-
ary and tertiary rings seen around it. This is caused by an
obstruct'ion in the light path com'ing through the telescope. (See
diagram 3).

t^lithout the hexagonal diaphragm two stars will appear to over'lap
under the conditions spec'ified. As the brightness is so large
natural'ly the secondary will be lost in the glare. (See diagram 4)

W'ith the hexagonal diaphragm on the A'iry disk is effectively
destroyed with the light being transferred to the spikes. Thus the
companion can be more easily seen as the effective size of the
primary star is decreased leaving the companion clearly separated.
(See diagram 5).

I have found that this is the best method as it is both cheap and
very effective when observing pairs with large differences in
magnitude over other methods rnentioned.

Coincidentally, the largest one is used with the 40" Yerkes
Refractor in the United States of America is connected with a long
rod down to the observer so that it can be conveniently rotated to
the requ'i red pos i ti on .

(c) 0ther Types

It is probably questioned why the shape has to be a hexagon 'in

the above diaphragm. For example, why not a square or octagonal
shape. In the experiments I have performed using a variety of
shapes on my Celestron 8 the hexagonal diaphragm performed best,
mainly because of the following two reasons:

1. Airy disk is not complete'ly destroyed, i.e. the square of

2. Too little angle between the sp'ikes, i.e. heptagonal or any
other multiple side figures.

0thers, such as fancy derivatives in diagram 6, produce pretty
effects but are less effective than the hexagon. It is enter-
taining to try different ones out iust for interest sake.
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Diaphragas and Filtere Used for Obeervations of
Double Stars and Clusters.

Diaeram.'t .

-

a

DiaEram.2.#
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Spikes.

x1

Imaee of a Tvpical Star UsinE Hex.Diaphragm.
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Diaphragmn and Filtere Uge9 in the Obeervation of
Double Stars and 6lusters.

DiaAram.6.

Cl.rcular HexaEon. IiexaEonal Star.

Off-Axis Circrr lar Cross
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(d) Reflector Vane Effects

The diffraction patterns can be seen di.fferently in reflector-
type telescopes, caused by the spider which usually holds the
secondary. What is observed is the central bright star with
lst, 2nd, 3rd, 4th and sometimes 5th order spikes.

l4ost people find that the multi-rayed star is a positive nuisance
when they observe bright stars. Stars like our example Sirius,
the faint companion can be seen say between the second and third
order rays. (See diagram 7). The effect is similar to the
hexagonal diaphragm but is not as effectjve. This is due to the
Airy Disk not being destroyed and thus the companion will be lost
in the glare of the 2nd,3rd and 4th order spikes.

(The hexagonal diaphragm on a reflector must be set with the
spider and to be rotatable on the telescope mount. It is also
important to have the telescope aligned properly as the spikes
will appear non-uniform. If you wjsh to use a hexagona'l diaphragm
I have found it works best by being placed on the m'imor. (Care-
fu'l1y! When observed some foreign spikes are seen but most of the
glare 'is placed on the six principal spikes).

Examples of Stars to Test

Separati on

Less
than
160 nun

160 mm

200 mm

Larger
than
200 mm

56.7
t2.r
23.8

e CMa

I Ori
- Cru

I
g

G

c

Canis Major
0rion
Crux

Ara
Canis Major
Norma
Scorpi o

Musca
Centaurus
Scorpi o
Col umba

Canis Minor
Canis l+i{€r

l"1q ;n-

17 2t.2
06 42.9
16 23.5
16 26.3

12 43.2
14 00.1
16 26.3
05 37.8

07 36.7
06 42.9

-2Bo 54'
-0go 15'
-62" 49',

-560 20'
-160 39'
-470 27',
-26" 19'

-670 50'
-600 08'
-26" 19',
-340 18'

+050 21'
-160 39'

7 .4',
9.2"
4.7"

16.0"
Difficult 11.0"
22.0"
2.9"

1.6"
1.4 "
2.g',

12.0"

4" secare
11.0" secarc

nr
06
05
12

Y
c

c

G

G

G

Ara
CMa

Nor
Sco

Itlus
Cen
Sco
Col

CMi
cMa

Constel I ati on

3. USE OF HEXAGONAL DIAPHRAGM ON CLUSTERS

0n a novel note, I have been experimenting the use of the hexagonal
diaphragm on open Star Clusters (0S.C.)

The major use of this has been reaiised only recently when some visitors
have diopped in to observe the stars. As most people imagine stars as

multi-rayba images it comes as quite a.shock to find out that they are
points o-1 tlghtl To enlighten their illusion the hexagonal. diaphragm
iriy Ue placei on the te'lesiope so that tiny spikes will be observed
of? tfre'brightest stars in the cluster. In ny Celestron 8 stars down

to about th6 seventh magnitude are enhanced by the d:aphragm- I find
the people are thrilled to see the tiny spikes off clusters like Kappa
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Crucis (N.G.C.4755) or
The appearance of such a
and spectacular.

Exampl es

th.e "Southe.rn Plei.ades'' (IC 2602) in Carina.
sight can only be described as magnificent

No. Cl uster Constel I ati on R.A.

hr min

Dec. Vi ew

1

2
3
4
5
6
7
8
9

10
11

N.G
t47

M6

IC
M45
I.C
I.C
I.C
M41
N.G
1,142

c. 47s5

4665

. 26A2

. 2935

. 2931

.c. 245L

Crux
Scorpio
Scorpi o
0ph iuchus
Taurus
Cari na
Vel a
Vel a
Canis Major
Puppis
Ori on

12 50.6
17 50.7
17 36.8
17 43.8
03 43.9
10 41.0
08 43.4
08 4r.2
06 44.9
07 43.6
05 32.9

-600 0B
-34" 48
-32" 11
+05o 44
+230 58
-64" 08
-4go 00
-52" 45
-20" 32
-37" 51
-050 25

Spectacul ar
Good
Good
Excel I ent
Magn i fi cent
Good
Fai r
Good
Poor
Good
Interesting

4. USE OF FILTERS ON CLUSTERS

The use of filters on clusters is very lim'ited and I have found that
either green, b'lue or violet filters are able to change the background
light of the cluster or to enhance the blue-coloured stars in a particular
young cluster.

If the sky is a slight t'int of blue the eye seems to accept the background
more easily. (Perhaps due to the colour of the daytime sky). Use is
restricted to visitors and perhaps light entertainment (no pun intended!)
at a "star party" in poor conditions. Naturally this is only useful on
bright clusters such as M45, IC 2602, etc.

5. CONCLUSION

Many methods are available to the amateur for separating doub'le stars
with large differences in magnitudes. The Hexagonal D'iaphragm, to me,
works much better than others often quoted. I recommend you attempt
the other methods as well and make your own cho'ice. Perhaps you will
choose another.

The methods also can be used to advantage to observe objects'like open'
star clusters if only just to 'impress visitors and friends.

ENJOY YOUR OBSERVING!
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JOHN TEBBUTT . AMATEI]R ASTRONOMM

by CIIRIs KIMPTON

FAMILY AND BACKGROUI{D

John Tebbutt senior, his wj-fe Ann and two sons Thonas and John
migrated from England on May-Day 1801 on the shi-p the lllle. At the end
of the year they ami-ved in Sydney as free settlers. On their arrival
a promised grant of l-and was applied for frouc the Government. This land
vras found to be unsuitable and complalnts feII on deaf ears.

The family settled in the Hawkesbury district and farmed various plots
of land. In 1BO9 they were tenants on a farm between !/indsor and Freenans
Reach on the Hawkesbury River. In August of that year they were victins
of a great flood that raised the river forty-eight feet and was about
equal to the great flood of 1854. During the flood the two boys, in a
boat, landed on the h111 of the Peninsula Estate where eventually all of
the astronomical observations were to be nade.

They rented land from Dr. Samue1 Marsden in l,lacquarie Street, ',I/i-ndsor
until 1829 when they purchased tand on the north sj-de of George Street
and conducted a general business. This flourished and they closed the
buslness in 1843.

John Toblrtt the second married Virginla Saunders of Freenans Reach.
John Tebbutt the thlrd was born on l,Iay 25th, 1834. He was an only son
and had a younger slster.Ann who died in infancy. Ile was first educated
at the Chr,rrch of, England Parlsh School under the guidance of Edvrard Quaife.
After much progress he was moved to another sehool in L843, run by the
Presbyterian Mlnister I'{atthew Adam. In 1845 the Reverend Henry Sti-les took
over his education and with only six students, four of whom were the
children of the Reverend Stiles, hls progress was astonishing. Latin,
Greek and Freneh were mastered and also as John Tebbutt put it : tf Algebra,
Euclid and the use of the globestt.

At this time he had contact with 1,1r, Qualfe, hi.s old trrtor, who steered
his thoughts to astronomy. Hi.s leisure hours had always been towards the
study of mechanical things.

On the closlng of the business hls father bought the najorlty of the
land known as the Peninsula at the eastern end of TJindsor. In 1845 a resi-
dence was erected on the h111 at the centre of the estate. Sorne years later
with the lnfluenc€ of l4r. Quaife and after readi-ng some literature on
astronomy by l'lr. Hind, an astronomer from London, he realised that tthe
unj-verse vlas really nechanisrn of the highest orderr, and he devoted his
attentions to celestial nechanics. His early studies were hampered by
lack of suitable instruraents, especially as thj-s was a new country.
In the years ahead these difficulties were gradually overcome until he
was in a position to do justice to the Science of Astronony.
oBSEByATORIES ANp I.NSTRUMEMS

fn l{ay lB53 he made his firet serlous attempt at observing. This v"ras a
comet quJ-te conspicuous to the naked eye ln the constellation of Orion,
(Cornet 1854 II). IIis only aids to observatj-on were a mari-ne telescope of
1 5/8,, atameter and a celestial atlas. The position of the comet vras fixed
by alignnent with stars in the vincinity.

In Septenber LB53 he purchased a sextant and a copy of l,Tories Epitorne
of l{avigation. He also was able to use a Scotch eight-day clock v.rith seconds
pendulun. The clock was regulated by sextant observations and by transits
of sun and stars over two fixed plunb lines.

Following hls discovery of the great conet of 1861 he reallsed that his
instrunentati.on was not adequate. In llovember 1851 he bought a 3 L/4rr
refracting telescope bJ Jones of Liverpool, Englandr of 11$rr focal_ length.
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Also 1t was provided wi-th two rlng nri-crometers rnade by Tornaghi of
Sydney( who incidentally made the G.P.0. clock in Sydney). I{is first use
of thls telescope wa6 to observe Encke fs corcet on February 15th, L862.

In 1852 the Reverend t/f. Scott retired as Goverrunent Astrononer and at
his reeonurendation John Tebbutt was of fered the posi-tlon, vrhich he de-
clined.

In 1853 a snall observatory of wooden construction was erected com-
pletety by himself and consisted of a transitroom and a prime vertical
room. He purchased a 2t1 transit telescope by fornaghi and an B day ] sec.
box chronometer by Parkinson and Frodshan. The transit instrument had tvro
sets of nountings, one on the nerj-dian pler and the other on the prime
vertical pler. Thls enabled him to use the telesoope for observations both
ln the meridlan for tj.ne and in the prJ-me vertical for latitude. A smal1
octagonal tower, covered by a coaical revolving roof, housed t]I.e 3 L/4rr
teJ-escope. He was now in a posi.tion to do some useful rvork.

To conplete hls present list he had bought a set of rneteorological
instruments j.n l-862. Hls rnaj-n interests concerned. comets, occultations of
stars by the noon, eclipses of Jupiterts satellites and other phenornena
such as eclipses of sun and moon, neteorsr aurorae and sunspots.

In 1869 his observations were thought of so hlghly that hi-s observatory
was lj-sted in the Briti-sh llautj-cal Alraanae and ltratj-onal Ephemerides of
France, Germany, the United States and other countries.

In July IB?2 a refracting telescope of lsltt aperture and 7Or focal length
was purchased from Anthony Hordens of Sydney. It was manufactured by Cooke
and Sons. The ring nicrometers frorn the J L/4rt r,'iere adapted to fit and
observations were begun with it early in L873.

In 1874 a circular observatory of pine vras built and ln August the
4 L72t, refractor was mounted in this buildj-ng in tirce to observe Coggiats
comet.

In 1879 he made a recording anenograph. Thj-s vras used for recording
wind di-rections and -velocities until L897,

A brick observatory $ras built in 1879 and this housed the l1]tt refractor
on a brick and cenent pier. The rpltt was fltted with a filar micrometer for
the occaslon. The lower portion of the observatory vlas used as an office
and tconputingr roorrr At the southern end of the building vras the prime
vertical chamber vrith pier and the meridian transit room on the eastern
slde for time observations. The meridian room housed a new transil instru-
ment by Coohe and Sons of 3tt aperture and 35n focal length. On the eastern
side of the meridian room a fire-proof room housed the library.

In 1BB2 a square bar micrometer vras added to the l1ltt refractor supplied
by Cooke and Sons, Thls was used to observe positions of comet Y/ells
(perihellon June loth, 1882), vrhich had a close approach tothe surr. it lvas
visible telescotrrically in full dayli-ght.

Later on in the year another eight-day box chronometer by John Poo1e
was added to the liet of instruments,

A most irnportant addition \vas made in 1886. Rn Brrrefractor of ll5rr
focal- length lvas purchased from the estate of Dr.'frl. Bone of Castlemaine,
Vi-ctoria. Dr. ':,1. Bone had ordered it from Grubb of Dublin in 1BB2 at a
cost of about g 5OO. It was bought by John Tebbutt for €, lgOO, Thj-s instru-
ment v{as mou.nted in place of the 4*ttrefracto:: and vuas first, ready for
obsenvatlons of comet l/Iinnecke.

The final stage of the observatory was coropleted in 1894 when a circular
brick observatory vras bui.lt having an internal diarneter of 18 feet, with
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a ten-sided pyramid dome of galvanised iron revolving on ten v;heels.

This completed hls l-ist of build"ings, telescopes and accessories.
At present the original I 5/8,, marLne telescope 'i s i-n the hands of

the present John Tebbutt and the B" refract:r i= o';.'red by the 'lhakatane
Astrononical Society, llew Zealand, vrho purcirased it fro: '1r. f . Bateson
in 1969. The other instruments and accessories nenti-oned ',,.rere sold after
John Tebhuttrs death in 19L6 and their whereabouts are not linov.'n.

oBSERVATIENS

John Tebbuttrs first observations were of a comet in l.{ay IB53 ancl are
well recorded in his first observational journal, This comet was visible
to the nalr.ed eye and his drarvings shol',,it passing from the constellation
of Lepus to I'{onoceros betvreen Pigel and Sirius. l:fith his nari-ne telescope
and celestial atlas he rvas able to ploi its position onl,lay 2nd, 3rd, 4th,
6th and 7th. He followed this comet for several r'reeks.

His next observation brought about his fj-rst publication, :je had read
that the sun revolves on its axis once in about twenty-five days ard he
set out to verify this. Using hj-s telescope projeeting an inage on paper
he Esed sunsBots to deteruine the period of revolutj-on. On i'{ay L31-h, 1854
he published his observations ln the Sydney Morning Herald. i{e deternined
the period as 25 days 12* hours and that the inetination-of the sunrs
oqualor to the planL of the earthts orbit to be nearly Bo, lIe also noticed
that the period of revolution of the solar spots varied with latitude.

fn 185? he calcul"ated the elepsnte of the solar eelipse of }4arch 26th.
I{e publishcd hls caleulatioas ln the Sydaey Morning llerald of t,.{arch 12th
and 17th and showed that the eentre of the r,noonrs shadow would pass just
two mlles south of Windsor. Although the actual day was marred by eloud
and only g1i-npses of the partial sta6e were seen, the darkenj-ng of the
sky and other phenonena had a profound effeet on hin. (the eclipse of
L983, June l1th ls the seventb recurrence of this cycle and will cross
liew Guinea). The year of 1858 bror,rght one of the great comets of the century.
It was discovered by Donatj- of Florence on June 2nd as a very faint objeet
in the constellation of Leo. In the next ten lseeks, northern observers
calculated its orbit and it was reallsed that i.t would becorne a very brlght
object. It noved south and it was seen at V/indsor during October and Novem-
ber. John Tebbutt plotted positions of the conet and used these to calcuf-ate
its orbit. At the sane tj.me the expertise in orbit calculation enabled hirn
to calculate the orbit for conet LB53 1f from the positions he had plotted
Curing his first observations, He derj-ved a great deal of pleasure frorn
;hese efforts.

Another coinet was observed in July 1B5C lcnorryn as co]:r€t 1B6C iII. An
c:bit was calculated and published in the Sydney i{orning T{erald of July Z1rd,.
-tc accuracy of the results vras confi-rned by the i?everencl ,.r,'. Scott, the
iirst Govern;eent Astronomer.

T{aving rnade his presence felt in astronomical circles in Auetralia, he-'1en established himself in world astronomy. On l,lay L3th, 1861 u,hile sear-:ring for comets i-n the vrestern sky, he salv a faint object near the star
i-acaille 1f15 in Erj-danus, This he vievved r,vi-th his sextant to deterrnine its
:osit"i-on compared v;ith Procyon, Sirius and Canopus as references. ilot having
a good catalogue of nebulae, he rvatched this object and as it lrras vi-sj-ble':cth before sunrise and af ter sunset, he rras up early the next morn-Lng.
,-cvreverr compared with Lacaj-Ile L3I5 there was no notlceable movement. On;:le evening t4ay 15th it was clou€y but on the sixteenth i-t lvas seen in the
sane position as on the night of discovery. By this time he had nearly
3iven up l:.ope and, due to cloud, i-t vras not until the 2lst that he could
again talce a position. This ti-me it had moved lts position and he lr,rote in
:i s iournal: rtl was almost persuaded of the cometary character of the nebulafr.



*2
On that evening he sent a Letter to the Government Astronoaer infor-

ming him of his suspiclons. The next nlght 1t had moved again and another
l-etter was sent. On that eventng, Mr. Scott, using the old. paramatta
equatorial- of 3f,tt aperture, observed the conet and also on the following
days until June pth when a 7+" refractor by Merz and Son of t4unich vras
nounted. observations were contlnued with this until June z?Lh. The coniet
shor,ved no tail and togethor r,clth the fact that the comet was approachingthe earth in the direct llne of sight, the original dlfflculti;; of its
cometary nature $iere explained.

The flrst public announcement vras a letter to the Sydney l.{orning Heraldof I'{ay 25th (his 27th birthday) and on June 15ttr a further letter was
published giving approrj-mate elements of j-ts orbit. Hj-s calculations showed
that j-t was rapidly approaching the earth and that on June 29th the earth
would be near the extrem:lty of ite tail, and vroul-d probably be vi-sj-ble in
dayli-ght tvith the cornet only 14 fiil.lion miles from the earth. This vras
supplenented in the Empire of June 22nd and also the deductions of its near
approach to the earth ln the Sydney Morn-ing Herald of the sane date. A
leador in the Empire fol"lowed, conceruing the ttpride and and gratificationrr
engendered inttall who claim Australia as their nati-ve or adopted. countryr.

This was immediately follov'ied by a violent attack on the accuracy of tne
caleulations by rt" writer who was not oaly anonJrrnas bst a3.so qr,rite ignorant
of the Yery elenents of astroro!0]'r. Ilorever, all bls calcclatlons were
verifled by both the Governseat Astronomer aad a Mr. M.S. Eawklns of
Goelburn.

The conet was by then being vlewed in the aortbenn henisphere but therc
tserc Bo neaaa of eabling laformation i.a thcse days.

Mr. George Chaabers F.R.A.S, tn Eescrlptive .A.stronoay, Edttion L86?,
deserlbed the eonet ln the fo3-lowing say:
ttFet courcts ereated greater seneation than the great eonnet of 1851. It was
diseovered by F{r. J. ?ebbstt, an affiatear observer of New Soath l1ales, on
I{ay 1}th, prior to its perih,e}ion Bassa$e, which took p]-ace on Jane llth.

Sir Joba Herschel saj.d that stbie ceeet far exeeeded in brilliancy al1othet eosets tbat he had ever seea, even tboee of 1811 and 1B5Bu.

To elose the renarks of the great eoaet of l85Ln Joha febbatt was reeog-
ntsed as its di-seove:rer, and in:.88O Profeseor Eeinrich Kreutz of Kiel
gave fu11 jestiee to hin as .the first eoapnter of lts orbit and he caleu-
lated a period of revol-stj-on ae 4O9.4 Jrears with its retarn about the year
22W

Fron 1851 John Tebbatt was recognised by the world astronanical eoruaun-
ity as an aetroooner of note, althot*gb b.e on-1f treed, a narj-ne telescope and
a sextant. As already deseribed, his purchaee of a 5*tt refraetor gfas sade
shortly after.

Dunlng the equing Jrears taanJr eonet,e sere observed and poeitions reeorded.
These iaeLqde Swiftrs eomet (III) of 1852, fenpelrs conet (If) of 1854r
oonet r of 1865 wbleh sas a brll}lant eoraet oboervod from 5 stations in
the sonthern hea!.spbere. It passed perihelloa oa Jaaeary 1!tb at a distance'
of only 2* Bt11lsn af,les fren the eea and ia fiftcea days bad reeeded to
65 uillioa altres fron the eea. Approxi.nate erbits werc ealealated by Hind,
Kuleyeky, Floestar febbatt :and l{!.ite.
All these wepe pahtJ-shed by Fr. F. Koerber of Breslaa in 1887- The provi-
sional orbit etrbnents ased sere those takea fron the !ryindsor observations.

fn 186e John Tebbett bad viesed EackefE eopet fer the first time and on
Jene z4tlgr 1865 be sececeded ia deteetlag its retera.

Froa 1864 a series of, obeervattons of in Argr,rs (nt Caninae) were nnade, At
thls stage it sae at about aagaitr.rde f, Profeseor Loonis of Yale Co11e6e
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nscd Joha Tebbuttrs seasrrcaents in a paBer in 1859 deriviag at a peri,od
of 7O y6ar6 for the varlable star and Professor Wolf of Ztrich 46 ycara,
but he snggcstcd that Lf lt was in faot a periodlc variable i-t nr,lst have
a nucb longer perlod.

Observatisns wore nade on 4.t Argus, eelipses of the sun and the moon,
and of, Jnptterfs satellltes in the next few years.

1874 saw the transit of Venus on Deeember 9th and his tinlngs sere
publishcd ln the R.A.S. noathly noti.ces, volunre ]8, page 429, They wcre
used in a deternLnatlon of the solar parallar aad nean soLar dletanec
acasuronents. A scries of lunar occultatioa tintags rryere made especially
for Profcsaor Auwers of BerlLa betrccaLST} aad 18?6r &od theee wore hlghly
regardcd in peblteations of the Astroaosieal Register for l,Iovember, 1885.
They werc used to obtain a fundanental meri-d1.an for Australia by absolute
ncthods, The loagttnde of tbe FJ-adsor Observatory waa dcdueed as
J-Ob ]n ?J.25 e caet of Grecurleh.

IB 1877 rhilc studying observatioas that he had nade in 1852 of Swiftrs
eonret, he eorpFared thc position of thc stars Brlsbaac 5?r4 and 5?99 with
a 5th aagnitadc stat. this star sas comparcd by sextant distances fron
0 scorplo, Altair, Aatares and € sagittarii. This star rBas about one degree
north-east of tr Arae and sli.ghtly brig[ter. The nean Blace tor lE62.O was
R.A. L?b 29w 2.5L6 and deelination -35" Z3t 33.8u. At the tise thi-s star
was not aarked ln aay catalogues. In LB|? in the place of the star was a
verlr faint star. ft ls thought that this was a aova.

The transit of Mercury was see$ in 1878 and aleo the return of coi,iet
Encke, Brorsenrs periodical comet vras seen in !'ebruary, IBTS and later in
1BB4 and 1889 thi; comet should have returned to peril"tion but has never
been seen again.

The Great Cornet of lBBo vras observed in February and as the head vras
belovr the horizon no positions could be neasured. From observati-ons fron
l4elbourne, an orbit rvas calculated. Perihelion passage was only lgorOOO
mlles fron the sunts surface. This comet belongs to a family of sun-
grazers closely resembling the orbit of the Great comet of 184-5.

The next year saw the dlscovery of cornet Tebbutt 1881 (III) discovered
in the constellation Colurnba gn i{ay Q1nd. Telescopic exaninatlon sholved
that it was three objectsrlf' and"y' caeli (4.5 ana 5.5 'nagnitude) and
the coinet. (Nortons girres f,- and Y- as 4.6 and B.f rnagnitude). The cornet
shot'ied no tail until the 25lh vrhen lt vras about 2" in length. Syd-ney and"
l,{elbourne observatories $/ere notlfied. The orbit calculated rvas contained
in a paper read to the Royal Society of New South ti/ales on August 5th, it
was pointed out that there was a great sirnilarity between it and the Great
Comet of 1807. This comet vras the first to be photographed satisfactorily
and the first to have its spectrurn analysed for chemical composi-tion,
In 1894 Dr. J. Ri-eno shovred that this and the comet of l8o? were not the
same, calculatlng the period between 2409 and 2445 years,

Dr, B.A. Gou1d, Dlrector of the Argentine }trational Observatory at
Cordoba, found what he believed to be a companion of the conet in the saire
field of vievr, John Tebbutt proposed that he had observed the stars ).592
and 1597 (eritlsit Association Catalogue) which corresponded rvj-th the rnagni-
tudes given for the supposed conpanion, On June t2th the conet was obser-
ved withln 9O nlnutes of the Cordoba observati_ons and a supposed camFanion
vras not seen. Other observers verified that there was no companion.

From this time until his seventieth year, vrhen he ceased all systenatlc
work, thousands of observations were made on comets, double stars, occul-
tations, eclipses, variable stars, Jupiterts moons, minor planets and many
other phenomena.

In 1895 the l,Ievr South Wales Branch of the British Astronorlical Associa-
tion vras fortned. John Tebbutt uras elected its first President and in his
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inaugural address he stressed the valuable contributions that could

be nade by amateur astronomers. IIe finally mentionect that there would
cone a tirne when the nuntbers would pernr-tt the branch to bocone an Astro-
nonrlcal Soci-ety of }Ietv South Wales.

He came out of retj-rernent to publish observations of the return of
I{alleys Comet in 1910 and also some measurements of double stars in 1911.

During hls }ife tr,vo major arnrards v/ere made to him. In l-86? he was
awarded The Silver Medal of the Paris Exhibition Comraissioners for his
paper ttOn the Frogress and Present State of Astronoiny in llevr South lfqfssrr.
In 1905 the Roya1 Astronomical Society of London bestovired upon hi-m the
Jackson-Gwilt Gift and I'Ieda1 of the Society. Ile r,vas only the third person
to receive lt.

For sone idea of the esteem i.n whi-ch he was held by astronoaers, one
hundred and sixty-eight public and private instj-tutions throughout the
world contributed to his library. He had one hundred and twenty publications
ln the monthly notices of the Royal Astrononiical ,Society, orle hundred andforty-eight to the Astronomlsche ltrachrichten, Berli-n, forty-four to the
Observatoryn London, nine in the Astronoraical Register, s1-xteen in the
Journal of the B.B.A., six in the Astronomical Society of the pacific,
four in the Transactions of the Phi-losophical Society of li,S.y., andtlenty-three in the Journal of the Royal Soclety of l,t.S.rj/. AIso he had
three hundred and two letters and articles publi-shed in d,ally and local
newspapers.

Ili-s very fuIl. llfe came to an eud on the 29th November, L9I6. He was
prcdeccased by hi.s wlfe bat survived his onJ-y son and three of hj-s six
daughters. IIis fu1l record of his observatlons, 1et,ters, publications and
li-brary wero Left to the Mltchell Library, IIls LeLescopes and equipment
were, with one exception, sold at various times.

I think that he could be descrlbed as the greatest anrateur astronomer
Australia has produced and possJ-bly that the world has produced. Ilo one
else coald have d,evoted so nuch time, effort aad money for so great a pa6-
tine as .6,stronoeJr.

It vras a fltting climax that on S,ugrlst 28th, 1973, the Sydney l4ornlng
Herald annouaced that thg I.A,U. had renased the lunar crater Picard G

+r3,6" Iongltude and +9.5" latitude, as Tcbbutt.
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ISOS,CELXS SPIfiROI'mTERS

By Robert Lar:-lgan-Otl(eefe

About the author:
A nember of the fllawarra Astrononlcal Society, his interest in

Astronomy began in 1966. Follovring in his fatherts footsteps, Robert
erected a 25 cm (f IL.75) Ilervtonj-an telescope in a borrovred mounting.
Since then his interests have di-versified throughout the r::any related
fields in astronomy and llarth physics. In demanding hi6her levels of
precision, he has married video and astronony together by the use of
professional equipnent. .lobert is a regular Conventj-on figure provi-
dlng originality and colour vrith a strong sense of theatre.
I I]'IRODUCTION

During the 1978 I'IACAA I raised:rany eirebro'::s by cha,ilengi-ng the tl.ot--
nal tnethods used to measure the depth or sagitta of a rirror. i coin-
plained that most systerns of de;cth de 'uer;:i::aticr ,,';cul_c :rot Sive a pro-
per indicatlon of hol'r a curve t':as grinding at each st,age ci rro6giii6
and figrrring. In one of the vrorlishop sessions I tainlainei il:ai f pre-
fer early warnings so that corrections could be nade a rd lhus preve.rt
vlhat could be a disaslrous grlnding session, as had ofterr nap-:-ne ci..
f only mentioned one of my favourite toys and did not reation its sister.
A11 there vrished to know rnore obout the spherometer and coaxed. ne into
vrritll8 a paper on it. As there are two complementary dewices involved.,
f trj-lI take this opportunity to satisfy my prourlse arid explaiit both.

Before dj-scussingthese Fpherometers in depthrlpts e>lailine the present
systens of dept'h deternrlnation to see their advantages and disadvantages.
IiIORi.{AL TECT-]}rJ QUES

The standard practice that the anateur norrnally uses r,'rittr his very
first home-made telescope, is to j-nvert the ground. nr:i-rrorblank and place
it on the edge of a fairly fJ.at table, whereupon he uses rrfeeler gairgesrt
to measure the si:nIl gap betrveen the edge of the table and the centre of
the ralrror. Each shir:r of the feel-er gauge is riranufactured to certain
:rachine tolera.nces for the testing of gaps and ieachine tolerances i:r
i'tachinery, not optics. Every shir:r has bread.th arrd evet:y lable is notf1at, so that the leve1 of accuracy to lrhich this neasureirent is made
can vary by 5O?/r. This may rcsult in a focal length difference betr.reen
the expected and the actual- by 25,)'".

ff on the second attempt a deep curve is required, then the nunber
of shi-ms required- to reach the depth and satisfy tire gap ie large.
Using the feeler gauges there is the likelyhood of scratchj-irg the nlrror.
Tlle other disadvantage rvith this technicli-re is that rule nuinber one of
telescope constructi-on i-s broken, that is, rrl,Iever place a lvorlied b]arrS
aear to or on an edge as it vri-Il fall and smash,.. (i.iurphy; rt

A nuch nore preferred- system of testing a::ilii.rorrs sagitta is to use a
spherometer' (Sphereometer) and these come j-n l:lany shapci and styles.
The simplest of these is the linear or tl',ro point sneroneter vrhich hasthe abillty to test a niruor to a high degrbe of precieion. -q.t the uj-d.-point position betleen the tvro legs is a depth gauge, so that bolh
concave and convex curves can be measured vrithout altering the systen,
Before measuri-ng the ground mirror blanh, the gauge is calibrated on
an. optically flat surface and not a table top. The devi-ce is a compara-
tor, comparing the nirror with a flat surface. By definition, there are
only two curves that w"iIl shovr an apparent flat surface, no matter which
directlon the spherometer ls placed, provi-ding that the reading is made
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at 9Oo or normal to the surfaee, These curved, surfaces are the optlcal
flat and the spheroid.

Although th:is device has the capability of indicating an astigrnatic
curve, it will not read:ily identlfy a down-turned edge, and has other
severe disadvantages. The device is hand held, and roust be rocked bach-
wards and forwards untj-I the minimum readi-ng ls noted. Tn doing this'
the instrument can heat up to human body tenperature, expanding a little,
while the weight of the hands deforms the support frame, and the rocki-ng
action scratches the mirror.

To reilove all these variables, the next desi-gn of the spherometer
nakes the support frame self.supporting on three equi-distant equilate-
ra1 1egs. The variables of the s1:urious heating and lveight deforiiratione
are eliminated as results becone repea,table. iihe najor disadvantage
ivith this systen is that it is not a spherolieter as 'linor overall chan-
ges in the curve becorne a nightmare to detect. These niiror curve defects
rvilt have to be polished out at sixth or seveuth polisir ai:d,nany houre
or abemations are added. -Lny rotation of the d-evice on an untrue curve
must produce slight changes in the de1:th of the corparative curve,
(re sulting from dj-f f erences in radj-i- of eacir f eg) , bu- t the sa6i-t'ba
chan6e is rrrinor.

To avoid possi-ble scratching by 'bhe legs, the systen vlas again
changed to float on a ring. fn lheory this device vould onJ-y 'bouch the
surface on three points, hol'rever not irat'ber vlhi-cir i',ay the device \"ras
rotated about its axis, Lhe points reinained the sane ancl lhe de1:tir re-
irained constant. OnJ-y j-n the cases of the oi:tical flat and the sphere
rvould the three contact poi-nts become one. Consequently to deternine
if the curve under the ring t'ras in fact spheroidal or sonething else,
it became a matter of detecti-ng other random instabilitj-es i-n the sys-
teut. These instabiliti-es could not be detected vrith t,he calibrated de-
vice, except for feel-er gauges. There rvas little roorn for the device
to measure a dovrnturned edge wj-thout additional rneasuring. J,ilie its
brother, the three-legged spheroineter, this device is a delrth gauge.

DESIG }I CO}trST DERATTOIIS

The design of the three-legged spherotneter has rany advantages,
but the accuracy of the tvro-Ieg6ed horror is prefemed. The solution
is to marry both spheroneters together, having three legs for stabili-
ty, repeatable results and lack of random thernal ef fects, rvhile si'nu-
lating tvro legs as an isosceles tri-angle. This should indicate the shape
of a curve by simulating a stable two-legged systen with all readings
rnade normal to the surface. Rotatj-on about the axis of the neasuring
col-umn should indicate dramatically any nlnor changes in tlre curve due
to the large change ln apparent raclii ttrrough a siigle lBOo rotation.

To test the theory, an isosceles spherometer vas constructed si-nj.-
lar to that of figure 1, Using BBA rour:d head bolts as the datuin sulport
pi-ns, and l-ocl< nute to ad-just and calibrate the length of each thread,
an acryli-c acetate (OtI) support platform '.','as fabrlcated. llhe platforin
1'Ias nrade 1 cm thicl'". Arri.lercertt dial gauge was placed at the epicentre
of the triangle. As the dial gauge was callbrated to O.OOOI inch, it
\r/as niore conven-Lent to space the holes for each support Ieg at inch-
increnents and do the calculati-ons in i-nches, rather than ila.ki-ng in-
accurate conversions.

During testing on an optically flat surface, it vas noted that the
nass of the dlal gauge and the separation of the legs Ied to plastic
deforiling, Although the deformation or sag \?as mj-niilal, it rvould enter
into the calculations ancl rnay give false readings, so a method. of read-
ing l'ras tried to give repeatable consistent results. The greater the
separation of the 1egs, the greater the deforr:ration. The readi-ng rvas
ua!:-ty changed by thE iveight-of the fi-ngers on the support 1:Iatforir,
amountlng to an average of O.0006rr.
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Astronomical nr-lpors are geonetrical^curve s, 'bl:at is the radial curve

is a conic section rotated through J6a" arou.nd the optical axis. Al-1
curves according to the spherorneter fit into threc basic fainilies.
These radi-al fanrilies are: I ) Oblale curves, 2) illat curve s a,nd

J) Prolate curves. The Oblate fanrily has such curves as the oblate
spheroid. Generally it appears as an ellipse wi th a lurned up ed6e.
The re are tlvo curves in the fl-al fanily, the optical fla.t and the s;:he-
roici, while the prola,te far:rily has paraboloiC,s, hyperboloids, prolate
spheroids and the conulon ellipsoid. ':"hen exainining the curved- surface
lrith the spherometer, the radlal curve ca.n be seen to be one of these.
The transverse curve rrill vary as a function of thc distairce fron the
olrtical aris r':rth the exeption of the fla.t fa;.[ly. T]ris variatj-oil is
iiaportant ac the curvc of an appareirt racij-al flat fatltily:lay bc secrjl as
ei-bher prolate or oblate, such that any curved r:u-rface ca.ri] e:lhibit
one of nine pos-.ibIe curve functions. There are only five suitable for
tc1-escope construction, while the others are various forms of correction
plates and over corrected or u:rder corrected curves.

Ii i-s i'r1:ortant to note that off axis telescotres €iuch as thc ilersche Il,
are not variations to tire general rule, rather lhe;' ln1u1 5o coneidcred
a6 segiaents of a much la.rger nrlrror systen, so that lhe reapective cu.r-
ves are contoured vdth respect to an optical axis irhich may be rernoved
from the inirror. The curv€,in this case has constant der:th in relation
to the optical axis.

All ,reasurernents made by a spheroneter are with respect to a flat
plane and the position of the legs on the surface simulate a flat plane,
yet the measuring column registers variations i-n paralleI planes. To
say that all neasurernents are made to the exact norilal of the curve
under test is v/rong. The measurenent is niade normal to lhe flat 1:1ane
passing through that point, hence the rneasuremenl is approximately
made to the norunl of lhe curve.

As vre hnor,r the separati-on of the legs and lhe d,eflection of the gauge
fron the flat plane, then i-t is possible to calculate the res;oeclive
radj-us of curvature of that point on the nlrror by using't,he eo,uations
derived by l,laciri-ntosh a$: (1)

s-+r-t\=
2S

z.
Tt) -

2S
r is the leg separation,
-c is the difference,
R ls t,he radius of curvature (1) rfTil f pa6e 3L3 L97o 'Tiscellai:y

' The spheroneter does not nee d to be used a€i arir accurate tool , rether
it can be u,sed as an indicator to reveal uariring or a-stig:.r,:,tic area-s.

llhe isosceles sphero:leter has one major fault i:: lirat i't, ca:': :rot
readily detect a d-own-turired edge. It rvill shol'r it.., jrresence, but due
to -uhe neasurill6 colunm being :rounted at the epi-ccnlre, the legs re ach
the edge b,,..,fore the neasuring colunrn. :-leturiring to the defini'bion of a
s:rheroid, the distance that separates each leg should "rot be cri'Lical
as all readings in every direction should be the eame.'.';h;i thsn irrl
the ineasuring column at the centre ? In reali-ty, this gi-ves the user
the ability to ileasure the deepest curve at a norllal, and t'rithiir a
f i xed set of raraneters a.c set by the posi-tions of the legs.

or

(f'or a spheroid)

(For a, paraboloid), r:,,hcre
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If the gauge ls tnounted outsj-de the 1ogs, then thc parameters r''tould
change, and the gauge vrould not be nornial lo the curve. The other theo-
retical note rvould be that the j-nertial nonents of the gauge',tould
vary so that one r','oul d need to balance thie device as a level s;/eteiil.
S,o it has the di-sadvantage of carrying dead-',,'rei-ght. mhe other problei:rs
can be satisfied if considered i-n the design. The isosceles slheroneter
as such is a functional tool,','ririle this external diell- gauge lrill not
be as accurate unless used iir conjunction',l.ith it. Figure 2 shorvs hovi
this devj-ce iras Hanufactured, again as a ,-:rototype on an acrylic base
and B BA bolts and loclcnuts. To avoid top-heavy situations, the bala:r-
ci-ng counterleight is lovei'ed to beneath the support assernbllr.

The first problen to conside r is the calibra.tion of tire clevice.
Opviously, as it exa:nines an optical flat it'.;i11 note the depth of the
flat as a quantltati-ve lteasureiteat, ho'.'.'ever;he.r ri is ltlacecl on a ni-r-
ror curve, the depth of the sagitta H-iIl- be a:;Iified b;. the lever and
tire curvets curve. to add to this, the reading is lot lad.e a.t the norl'la1
of the curve and the support platfor::i is api to bercl. C-re could. strengthcn
the support platfortt a.nd mount the dj-al- gauge o:t a:r acljust:.blc hea.cl
assembly if oire lvanted accuracy. The device car be ca] ibi':.ied, but this
is a long procedure. The i-sosceles spheroneter ca:t lool: a,t tne .,iai n lart
of the curve and cleterlirine its parameters. The:r the 'l evei. :':,:e ro:reter
can be ueed and calibrated a"gainst the isosceles rea,dinSs, '.:..-.i clt ;ive sthe initial para,meters to e:ramine the very eclges cf -,.he-rirlcr irc:.r
Cassegrain hole to clrcumference.

There is a vrarnlnA abou! lhe.usg gf th_e .le:/er_ systetr and trrat ree-l-Iy
co Tlonght chould be e:rerciscd - 'ier
using this clevi-ce as a snal1 ridge could give the irrrprsssior ef 3Ia.r;e
valley and :1!ggr€s. The iirstrument can onJ.y ii:rprove the techei ou-e

of rneasuring:a- nr-lrror giving a better aad earlier indlcation to the
observer of a nasty effect. But it j-s lilntted by the abiliiy of that
person. Tirere are nany uses for the device but:rainly for exl ,:'i:'ri-tg tlte
edges. The devj-ce illustrated in figure 2 can bc vory mean:r.nd narty
i-f proper consi-dera.tion of its linritations are not recogniseci or reali-
sed, It nust be used in conjunction I'dth the i-sosceles or tuo lroint
spheroneter for calibration reasonsl though as a general analogue di al
gauge in a slap-up telescope lnrhere accuracy is not a- prerequisite, it
it will outperform the constructorts nethods.

It may seem that I am dvrelling on a rather useless unscientific toy,
but if one studies figure J, one nay note thal the lever is scientific
but its results are peculiar in that for a concave curve it vri1l i-ndi-
cate a convex curve, though the meter uill register a dovrn-turned edge
in the coruect rel-ationship to this amplifi-ed reading of the curve it-
se1f. Rather then naklng the reading relatlve to the normal of the curve
as does the j.sosceles spherometer, the lever spherometer is re] ative to
the normal of the optical flat on vrhlch theoretically the legs are
sitting. The fulcrum of the lever is t,he close pivot point tSlf r and
the force applied hypothetlcally at the intersection of a tangential
plane at the epicentre of the spherometer and the curved surfacel thus,
the anrplj-fication is a function of the curve itsel-f and t,he lenght of
the support platforn from the epi-centre to the ineasuring colunn. The
sagitta of the curve n:ust then be calculated and this i s its rrain
dj-sa.dvantage. Rather than to confuse issues ,"".ith too tiruch irrelevant
iirathenatics, poiats rvhere odd readings are found should be checlied ,:ifir
an isosceles spherometer for ri-dges and valleys.
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The isosceLes spherometer and its sistor, the lever spheroi:reter
are surface contact measuring comparators. irvhereas the present systelir
uses tlvo or three points positi-oned so thal a lieo.snring device is noun-
ted at the centre of a support platforrn betvreen the tl'ro legs or at the
epieentre of an equilateral trlangle, j-ntrinsic d-esign lrroblems 1ii:r-it
their use. The isosceles spherometer uses three legs poiitioned to forrn
an isor^celes triangJ-e such that the neasuring clevice fits either at the
epicentre or outside the 1egs.

To measure a surface, the device j-s calibra,ted to a ina.chiired" or
optically flat surface. The device is theu placed on the surface to be
neasured so that the chan6e in neasurenent fron the flat surface i,o the
surface und.er consideration is the measureincnt. By rotating the device
about the a-xis of the measuring colurnn or the perpendiculai a>:is of the
epicentre of the isosceles triangle, the shal:e of the surface can be
indlcated and/or calcu]ated. rn prlnclple, the i-sosceles s.i-rherorneter
I'rorkes as a tvrolegged spherorneter but has the stabil-i-ty to self-support,
naki-ng neasurements vrith respect to a fla.t plane. If tle gauge is iroun--ted outslde the Iegs, the measureinents';ril-I be arnplifiea ty i levei
ef f ect betvreen the extende 1 support platforia ancl the shape of gie rur-
face in relation lo the datum flat surface, and all- neasuret'rtents ':ladetrill be lo the normal of a- flat plane parallel to tire datunt surf;Lce.

Care rnust be used vrhea using these devices as the observei cair be
triclied by the read.iirgs. f t'rould further point out tirat the di-sadvan-
tages deal r'rith the support platforin deforining (lov modulus of elas-
ticity), ancl" the device being top-heavy (1egs too close or 1o','r su1:;:ort
platform mass), The lever eystein recuires further c'Lead vreight counter-
balancin6 and thir-: uay be considcred as a disadvantage. Both de",'ices
can be nounted on the saine support platform.

The equilateral spheroileter j-s inferior in that it has the li--u'bl-e
difference in effeciive raclial- cha,nge as the device is ro'bated. ?he
iso sceles spheroineter f urther has the advantage of be ing self rsullltor-
ting and ie less prone to surface scratching or rand.oil ther:lal eifects
as is the linea.r ophero;eter. By a slight nodification, it ca.n C.eter-
rine the shape and degree of the edges of a ni-ruor r','hicir other silero-
ncters can not do.

r 'bo thank Dr. lld.elnan and othcrs a"t lhe 1978 I,TAC:I,A for
ilalrer t s inccption. AIso I lrould lille to elqlrees u\y
rrs lodney J. Clarlie, Peter iiartin, ''lally Anglesea and
for their slrggestions airC assistance given in refereein6

rot exact enoughtt ATl,f I p.3I3 Scientifj_c Ainerj-can 1970
and grj-ndi-ngtt p, 116
;s of glass removed for each sta,3erf i:, 297

:actortl
reflectortt

)pe
I rrl&.ksutov artlcles from Gleanings for ATI{rstt ppl6
;tion of a l4aksutov Telescoperr l'/.f . Fillnore
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THE AMATEUR ASTRONO},IER

AI{D

---- =-gI9==8ggE4B9$=====
by Robert Lanigaa-OtKeefe

DISCLAIMER:

This is a privately subnitted paper presented by Robert Lanigan-
OtKeefe. The subject natter and contents of this paper cover the
scientific methodology v.rhich the astronomer should carry out when
confronted with this type of research. It is intended to be a guide
to the terninology and teehnologl used in verifying or dj-screditi-ng
a particular sighting if necessary. The paper is not desi-gned to dis-
credit persons concern€d with UFO research or any parti-cular sighting.
It will shor'; however scientifically deternined evidence of genuine
hoaxes and outright fraud cases.

I NIRrpugTioll-
The amateur astronomer is not li-ke his professional brother, who is

tied down to one particular field of research and budget, so the ama-
teur can quite successfully drop one research projeet for a short time
in order to exami.ne another area needing research. Usually the anuteurre
research budget is zero and nost of the research is done al zeto cost,
with the exeption of the occasional field night and astro-photographic
project. Even though there are many research fiel,ds vrhere oners help
can be most appreciated, there are others where the sheer mention is
taboo. This paper covers a very delicate area which srarrants scienti-
fj-c attentj-on and investigation, but i-s at present lacking all scien-
trfic backing for very good reasons.

Astronomy is a science concerned vrith the exaralnation of the urrlverse,
frorn earth sciences to extra-temestrial objects. Often it beeomes both
popular and profitable for this noble science bo be a.ttacked by llttle
gre en rnen aird the uaidentified flying object.

As aetronotte rs r'.r€ shcu] c' be inlerested in all f c:llis of atnosph,e.l-ic
phenomena as our telescopes,rust optically rseer thror-rgh fhil poilr-lteC
clistorti-on layer. '/rre arc j-nterested in such extra-terrestrial obj ects
as plairets, asteroids, conets, the sun, other stars, nebula€ &,:cl galax-
ies, in al1 spectra. if tirere is life oir a.nothe r t';orlcl, the :: this worild
be of j-nterest es1:ecially lf j-t i-s i-ntcllJ-gert.

ilhe UFC is supposedly a tcpace craftt of extra terrestrial o::igi-n,
ntanufactured by int,elli-gent Ii-fe forns, according to the coi;rinonly ac-
cepted vierv. By defi-nition'bhe UFO can be any object that see.ne to have
foz'r,t ai:d. substance wj.th the appe&r&:rce of flying but ,;rhieh faril-s to
identify itself. Thi-s does not mean the ob;ect rlill never be iC.ertifiecil
ralirer, at that iaonent the object di-d not i-dentify ilself or a.ir observer
could not ldentlfy it. As a consequence there are many objects which
satisfy thls oriterion fron a piece of paper tumbling in the air cuments,
to a rainbo"ry and nany forms of ice crystal phenomena. Thousands of
effects are identifiable after the event although bewj-ldering at first
sight, such as a total solar eclipse to isolated pri-:rritive people.

History books conmonly refer to possible visitations, but language
is not the ideal mediurn of connunication, as there have been periods
where there lvere insufficient sclentifically generated tbuzz wordsr to
carry a description. The reader of h-lstory nrust then place hls olvn nea-
nj-ng into the relevant verses. As a prime example, ttEllas rvas taken
into the sky in a flanring chariottr. Some read this, jurnp up and doi'vn
stati-ng that this is beyond a shadow of a doubt, proof positive that the
aliens toolt Elias to the third star system of Aldebaran vrhere he li-ved
out the rest of his life in a zoo.
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In our culture, there are many critical of the scj.entJ-fic comnunity

and of the inertia of nainstream science, for not accepting the possi-
bitity of ttl,ife out thetretrr ltThe Continent of Atlantlstt orttThe belief
and teachings of Nostradamusrt. There are nany foll-owers of George
Adamski, who with llmited scj-entific knowlodge and poor logical argu-
ments discredits science publj-cly by preaching lothe trasses. qlhere are
nany,,rho clai:u to have been tairen off by the crelri of a UIrO, exaini-ned,
interrogated and have then been given a quJ-ck Cookr s tour of the Uni-
verse, to be returned to their home and bed by the next morning. In
proving their point they exhibit 1:hotographs which can looi; li-ke any-
thing fron a booroerang to a popular galaxy or flying cup and saucer.
And still further some clain that the reason for their long-tlme-short-
absence was that they went through a tine warp.

Then there are the followers of Von Daniken who looir about this small
planet and ask biased and leading questions to obtain one specific com-
mon answer whether brue or false. Like Von Daniken they make great use
of a logic style called the circular argumenl or tautology in conver-
ting the masses and defam:ing the sclentific community. lilhere are nanJr
forms and degrees of tautologt as either di-rect or indirect argunents
as used by car salesnea, poli-t3-cians, reporters, tne cl-ergJ, Ene propa-
gandist and by the now defunct SS.

fn the basic tautologJr lve start ut:ith a premise whlch we wish to prove,
and state a speculation that nay be true, therefore it nust be'true.
Tt is used in dogmatic questioning and statements of apparent, but not
necessarily, fact. Here are a few examples

A. Because the UFO was built by an advanced technology, it has the
ability to travel, at speeds greater than any aircraft in the atmo-
sphere. It ca:r turn in an instant, hover, and speed off, so that it
si}l be seea to follos a type of random motion typlcal of all UFOfs.
This is ealled UFO random notion.
ttThe object was undergoing randon UFO motion, therefore it mrst be
a UFOrr !

Coument: This exarnple begS"ne nith a speculatioa which i.s presented as
fact. Then it presents another speculation taken as a fact ttTypical of
ALL", The argument that the UFOts exhlbit a form of random motion does
not nean that everytfiing folloe'ing randon notion i-s a UFO, as is lmplied.
B. tfFor the object we are observing, science can offer no explanation

as it j-s a genuine UFO, ';ire knew rve were not wanted thererr.
Conment: Thi-s j-s an emotive argument desi-gned to arouse the fear of the
unknown. ft begins by presupposi-ng facts which have no basis at the
moment of sigbting, shoe/ing an advanced case of ignorance i.n science.
The comrnent should have read: rrf have no explanati-ontr, but to drag
science down and state lhe object was genuine, is nore hysteria than
cold facts.
Q. 'rBecause t,he object is il-logi.caL and onJ"y UFOIs are i-llogical to

seienee, then the object must be a U}'Ort,
Comrnent: The si.taess has set hj-nself up as judge and jury, presupposing
scienti-fic thinklng. As logical as the exanple sounds, the logic of
illogic is i1logical. Is aot the ti-tling of aa object as a tUFOt a
logi-cal explanation if the evidence supports a logical explanation.
An iIIogical explanation hints at i.fLogi-cal thinlci-ng on behalf of the
witnesses due to a deception on behalf of the v:i-lnesses themselves or
an ilIusion, and then both answers are logical possibllities for an
i-1Iogica1 basis.
D. ffFron the skuIls found j.n this Egyptian pyranid, rlie see that they

used brain surgerJr JOOO years ago. As we use brain surgery tociay,
isntt it obvious that they nust have received this speclalised
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knowledge fron an extra-terrestrial spacetraveller SOOO years ago?
This is further illustrated from the arangement of the pyra$ids then-
selves which forrn the landing beacons to a landJ-ng siterr.
Conment: To prove the argument about extra-temestrial landings JOOO
years ago, the conclusion is verified by the asserted fact of the
pyraraids being landing beacons, which is just a dlfferent way of stating
that premise again. As far as the SOOO years cross comelation j.s con-
cerned, we use brain surgery today to save li-ves, however vle know very
Little about the philosophy of their culture except for a fevr scattered
facts, and sone of these hint tot"'ard the ancients rvanti-ng unthinking
vegetable workers, a kind of classi-c tBee l(eeperr. l,:le do not and can not
speculate on thi.s brain surgery until more facts energe.

E. ItThe base camp for the ancient aliens nay have been lhe llasl<a Fl-ain.
The patterns have been lald out sith great precision. -hy Cld the
ancients construct the Naska lines? llo one rea11y knows. i'{an have
tried to solve the nrystery v..'ith no succes. Do they point to the
locations of other landing flelds? ft is a persistent fancy that
i,r'e must alLow ourselves to have, for there seens to be no other
explanation on Earth; it is hard to shake the notion that here on
the 2OOO years old Plai-ns of lfasl-,a, there once flel ancient arriators.

Comment: This is the most cunning of logic styles so far i-ra.i,red.
It confuees the readerts thinhi-ng areas, leadi-ng the reader to but one
conclusi-on, that it can not be an ancient observatory a:rd it r:ust be a
landing field. This is salesmanship at its best i-n that the author is
selli.ng you the i-dea, and making you decide for yourself. The rnethod
is sirnple, ask a question, supply an asswer. Ash another questioir,
supply a speculation, close the sa1e. Each ti-ine taunt the reacler unti-I
he ie in total agreenei:t.

lut so much for logic. Any book, fj-In, progranme or lecturer, rrho
uses this logic -style should be carefully treated, as r';ha.t is bej-ng sold
is rnore li-lieIy a deception! Of course the questi-on arises at 'Lhis point,
'',';hen does a C.eceptlon becone a hoax and when is it fraud? According to
the dictionary a hoax is a deception for reasons of hunour, r';hi-Ie a
fraud j-s a deception for personal gain. These three'.'rords are never to
be used by t,he researcher. The researcher is intelligent enough to
state the facts quietly ard clearly lrithout :nalting the obvious conclusion
evident. The researchgr inust use a carefully structured forinat in ;ore-
senting the evidence rvith the clearest examples fi-rst and the more tech.-
nical ones 1ast.

Never be 1OO% sure j-n damning or verifying a sighting,:llven rihen you
are convinced that this evidence in front of you is proof, never say
offi-cially ItYes, it istf, because soneone;nay just have a bit better
technique or find soinething that you ilay have overloolied-, ancl before
you realise itr you have verified a- hoa>1.

Although I do bel-j-eve in there being the possibility of rlife out
theretrr r have rfore inj-strust i-n ny fellovr men, as they are a 6reatdear closer tc ile tha:r any alien and are apt to be dcceived. or to
dec ei-ve.

f became interested publicly in UFOIs on Januar LsL L979 r.;hen f
lvas coatacted by '?a11y Anglesea fron the Illa,rarra ;\rtro:ronical Society.
Iile persuaded to video-ta e a UFO filn that r.'as r,rad.e in lrevr Zealand
of an actual UFO. f rnade several copies of the transrnitted footage
and spent sone $ J'OOO in researehing i-t, l"Iy findings are a matter of
history now, and sj-nee I have done so nueh oa this footage, the tech-
niques that I have used have inspi-red this paper.
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THE BASICS OT UFO RESEARCI]

The sighting has already occurred, and now somehow someone bocomes
involved as a private r€s€areher. Because this person Tas not there'
a1l- the evidence gathered nnust be consldered as dlstorted, corni-ng from
edltorial staff sensationa]-ism and rrritnesses atterapting to explain
sonething which they do not anderstand, or have had nowhere near the
tralnlng required in such matters to nel1aliee what ls funportant and
what i-s not.

Firstly, one uust sort out fact fros speculation by sorti-ng the
enotional- teetinony of each witness i"nto the three basie categories:
A,. Points of agreenent.
B. Contradictions.
C. Unlque statements.

There are $any types of UFO sightings whlch fa}l into many s:ubclass-
iflcations of foar nain classifi"cations. The problem vrhich must be
resolved first is vrhether the sighting $ras a resul-t of natural pheno-
nena, a deception, or the genulne extra-terrestrial space craft.
.some phenomena have both optical and radar components while others
may have onJ-y one. The deception has neither, while your guess is as
good as l:rrine lvith the extra-Lerrestrial silace craftl optical yesrradar
po seibility.

The four naln classifications of IJFOf s are:-
1. Atrnosirheri-c and terrestrj-al phenorrtena.

Sub-classi f ications : -
A. i.fe te or s
3. '.'leather balloons
C. Satellites
D. Fireballs
1-1 Ti olef ni nr!r 6rr u 4rr lrb

F. -qt. lllmo I s I'ire
c. Ice Crystal Refraction
H, Ice Crystal Reflection
I. i'/ater Droplet Dispersion
J. Frontal Interference
i{ . I,li-rage s
L. I'Iatural Telescope
ll. Inversion LaYer Effccts
i;1. and Others

2. Deception
Sub-cf assi fications : -
A. Ignorance
B, IusanitY
c, Hoax
D, Fraud
E. I'ialluciuations from: -

. I. Suggestion
TI. I{ypno sis

iII. Dreans
IV, Alcohol
V. Drugs

VI. Hysteria
3, Optical effects:-

Sub-classi fications : -
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Camera Lens Effects
Camera Lens Reflection from lniindow
GIass iliindorv Re flections
Gl-ass ttJindou Distortions
Film Processing
Fj.lm Enu].sions
Dec eptions
Laboratory Effects

4. The Extra-Terrestrial Space Craft
.A.s yet there are no sub-classificatlons.

Once the enoti-onal testimony is sorted out into its three catego-
rles, the next step is to deternrine the direction and tine of each
sj-ghting so that any astrononaical body can be elininated. (lYhere vras
the nOon, Venus, Mars, Jupiter and Saturn, what etarfj-eld(s) and i'rhat
l{essier and IiGC objects were in view at the tj-me vrhen the sighting
occurred. Connents likeltThe object is to the right of the aircrafttt
are totally meaningless unless one knols the relati-ve posj-tion and
direction of both the plane and the observer. Even to say starboard
side i-s just not good enough without knor.,i-ng r';hich vray the craft is
going. An ai-rcraft, ship, car, bus or any neans of trai:sport is a
variable frame of reference and lvhat is recluired- is fi:led fra.:nes of
reference.

t{hen there j-s a video tape of a film involved, there is more than
enough evidence avaj-lable to the extent that lhe testi-nony of t re i':i-t-
nesses becones superfluous uarrative. If a r',;itrless then states 'rTh"rt j-s
not I'rhat I sawrr! (as t'tas the case in the T.V' lncident), the entire va-
lidity of the film a,nd the story is placed in doubt. 'no determine the
filmrs authenticity, the researcher nu-=t asl.- hi-rnself the nost embar-
rassing questj-ons and then atteropt to seeli answers through calibrated
sfunulation experiments at the end of a long l-ist of other experiments,
to solve these embarrassments first. ii/hen one has explored every ave-
nue, then and only then can a report be written, Each of the follow-
ing eight questlons must be answ;red fully; and ansrvers very carefully
ro,'orded into the report, so that only one meaning can be extracted by
the reader, even if this tnust go doun to their 1evel with a tautology.
Cold scientific facts, cold scientific logi-c, cold scientific analysis
is the real v;ay of presenting a report. :rrhat must be found is a logi-
cal explanation! There is no room for emoti-onalism even though the .';it-
nesses or their agents intimidate and harrass the researchers for
intuitive logical statements of possible facts, as these will later
be used against that researcherfs work, if they are found to be in-
correct by that researcher or another. These questions are:
1. Does the object appear to be sinilar to any knovrn object, an astro-

nonlcal- object or objects, or similar to a brighter regi-on of a
known object. If so, r,';hat other effeets could be found?

Ar
B.

D.
E.
F.

H.

2. Is there sonething intrj-nsical1y wrong vrith
tire frame, in terms of bri-ghtness, contrast

the innage or the en-
exposure, dust, grain,

ghost images, outliaing, et cetefa?

3. Are there any frames of reference and are these optically true?

"llhere 
is the Sun, Moon, Planetsr and are these true?

4. If a fila Isas nade ei-ther inside or outside, what optical effects
should be noticed when both in-focus and out-of-focus (consider
also internal reflectj-on j-n a glass plate for bgth environs).
fs there reflectlon j-n the lens?

5. fs the film eclited, animated, touched up, blurred, or are there
any regularities 1n the footage such as sequentlal syrametry (i.e.
verti.cal and/or horizontal reversal effects and is there a change
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in the focus of tbe graln and dust particles)?.

6. tYbat effects should be noticed and are not, and what effects are
notlced that should not be? This is coapared with the statenents
nade b;r the witnesses, and ei-tb on€ts connon sense.

?. Eow elean is the footage (dust and scratches) and is this constant
throughout the entire footage. If not' sthY not?

B. 0n the data in questj"on, what wpre the prevailing weather conditi-
ons at altitudes up to 15,OOO netres? Cor.rl"d an active aireell(s)
or other phenonena have existed for the perlod of the slghtinS?
What atnostrrheri.c phenonena eould there have been? Was there a
meteor shower around the tj.ne of the sighting or any strange radlo
propagation effects such as Vl{3 micro-pulsations?

There are many ways to baffle the scientiflc conmunlty with a deeep-
tion caused by the atroospbere or the witnesses, and equally scienee
has developed powerful tools to detect a deception. In explalni.ng these
tools, f shall explaln such effects as falsifying research results for
deliberate gain and stll in passing consider a few popular hoaxes and
how they were diseovereld.

These queetlons raay seets biased agaiast the truthfulness of other
people, but when they are not educated or wldely versed on euch phe-
nomena as atmospherie optics and electro-statj-c effects of a1I.klnds,
or interested in the do}1ar, then tbey comeit theaselves to a 1j-ne of
argument, colouring Ban]r points by rationalj-sing the rldiculous so
that they do aot souad lihe idiots.

The protrler scientific approach ie to seek a soJ-utj.oa for an event
by erhaustiag all the other 3rossibilities with the available data,
rather than working to a fixed Fre-suFposed, hSrpothesis. Ilowever if
Tbe aaswer to the first question is ryeet, then one has a basic hypo-
thesis which the researcher nust attenpt to disprove. In dtsproving
sueh a hypothesis, the researcher aust look for the tfingerprlntsr of
the parti-calar objest. fn a ease llke Juplter, oae looks for the four
Galilean noons, the bandlng stracture and the Great Red Spot. ff the
noons are found, then lt j.s possible to salculate the date and tine of
the event. This is compared to the central meridian of the planet and
crosa-comelated. If oae can detect the fourth nagnitude moons, then
equally bright or brighter stars will be visible. By noting the posi--
tion of the planet wi-th respect to these stars, the date can also be
extracted, Tf the image is idea1, then for that particular date and tine,
the incllnations of the moon6 and the parallax op the planet can be
back calculated to gJ.ve the elosest terrestrial latitude and longitude
to the placement of the canera that nade that fj-ln. As you will have
noted, each teehirique used confirms the previous and is a self-check-
i-ng systea of research.

If the results do not cross-correlate, then one must exanine the
methods used and re-do the experiments at higher limits of resolutj-on.
If the results do correlate but not wlth the tine, date and locatj-oa
of the witnesses testimony, then it is possi-ble that one is looking
at a hoax by a person or persons unknown and continue with question 2.

ff the results do correlate with the testinony, then this rnay be a
pos'sible explanation of the sighti-ng, so one goes on to question 2,
seeking answers for each question thereafter. To junp questioas may be
dlsastroqs or to propose an atrnospherlc scenario in protecting the wit-
nesses credi-bility is suicidal. It nay seen true and an honest thing
to do, however they a.re not worth protecting as you are their enemJr
because you are showing then to be wrong and rnisguj-ded.

Eaeh frane of the filn is not just erarined, but re-photographed
at several exposures and densj-ties to eoropare each frame with everJr
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other frame. Oftea the UFO appears as a bright light against a fl-at
baekground with no franes of reference, so there is one truth to re-
nember, and that is to examine the fi}ra fron the standpoint of basic
optics and abberation$:- Coma, Diffractlon, Chromatics, Internal re-
flections, Astigmatism, Distortion and the Airy distr:.

Thls is just the start of the research, as the researcher must
prove beyond the shadow of a doubt lhat the object is not what the
vritnesses claim to have observed. As far as the researcher is concer-
ned, someone has perpetrated a hoax on the vri-tnesses who are genuine,
even if the r,vltnesses are selling their stories to the highest bidder.
In other words, trPerson or Persons Un]<nowntt. The researcher considers
everyone absolutely trustlvorthy but trusts no-one at all. He can not
even trust hiraself and muxt be absolutely sure before the nedia detect
his story. He can not speculate on the causes for such an event, as
the speculation may be wron6 as it has been ln the past.rtEven i.f the
vreather conditions for that night were perfect for a phenomenon to
occur, what was later found on the fil-n discredits the scenariotr, is
a retrograde comment that nust be nade. Your critics will then state,Itwellr you gere wrong once, then you could be wrong again!tt. So the
researcher must have the vreight of inpressj-Tte research behind hin, and
this involves delving deeper into the film, to a total sirnulation of
the fil-n, frame by frarne

The tools of the research trade are only as good as the observers
using them and then how the nedia srish to promote the results. The
photodensitoneter is an amazingly aecurate tool which can photonetri-
caIly study an emulsion, resolvi-ag ?finvisiblett stars to separations
of .OO1 magnitudes. To us, the eye can see to slxth rnagni-tude approx-
inately as a filn rve consider as insensi-tive. At exposure times of a
thousands of a second, an insen-qitive film can be made to reveal the
secrets of distant stars by scanning rnany frames and integratlng the
photodensitometerfs output in a computer. The emulsion nay seem un-
exposed but camles tremendous amounts of informati-on,

The photodensltometer is virtual-ly a li-ghtbean passing through the
emulsion onto a photomultiplier tube. The rosolution of the device is
set by the thickness of the lightbeaur and the gaJ.n of the photomulti-
pIi-er and its back-up electronics. The beam is rnade to scan the filrn,
and again the resolution is set by the nuinber of l-ines per millinetre.
ff the sensitivity and resolution are poor, the results r',rill not show
any faint baclcground objects, horiever if the bearn si-ze is set to scan
the film at a 5OO line/mr:r resol-ution and the sensitivity to C.Cl ru.ag-
nitudes fro:ir darl< current then the stars .lrill shou ui:.

fn one recent U'nO exploltr the research experts of the U.S.A. used
a lovi-sensltlvity photodensitometer and concluded that they could not
find the background stars. From the published results it appears that
they were not interested in findlng them, especially when they con-
trasted the UFO wlth the planet Venus. (Venus had set nany hours be-
fore the sighting).

The next technique is Line Scan Analysis. Basjcally this is a vldeo
systen vrhere a filn is processed electronically in a telecine chain,
The signal is then anplified, and inverted so that black occurs at'naximun voltage. This is then pushed into an autonatic gain control
whj-ch over-compensates on the blach signal and forces the very slight
variations in black iato the optical window of the television systen.
The signal is again lnverted so that whlte is novr at maximum. ?his
signal enters an automatic lini-ter control whi-ch truncates voltages
at certain preset Levels. So far the signal has been dynami-cally
co&pressed into the opti.cailsrffiow and then it is recorded and dis-
played on a noaitor.
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?he ree orded sf-gnat is payed back frane by frane (white at maxirnuro),
and shown on the nonitor screen, .f,,t this point, one llne, a set of
11nes or a frane can be displ-ayed on a eathode ray oscllloscope (CRO)
ln terms of voltages protr)ortional to the brlghtness. This signal ean
be anplified so that ainor peaks in the black signal becone almost
digitaL in appearance, either tonr or tofft, This is far too.:much
gain to extract the stars out, so it is l"orsered to a calibrated leve1
of 10 nnV per crn, (White is at 1.1 to 1,5 V,)

A.t this raage, star pulses, moon pulses and clusters stand up to
alnoet grain levol naximun. By noting coi-ncidence image related peaks,
the stars and moons around the planet Jupi-ter stand up. fhe original
exposare tlne being O.01 seconds.

The CRO screen nay he photographlcalLy copied, line by liae, frame
by frane, and verJr s1ow1y an lmage is built up after many graphs have
been drawn. Thj-s is naaual video integration and requi-res more patien-
ee than nirror grindlng, as the process invoJ-ves slowly cancelling out
the grain effects (grain nolse),

If the object remaiaed stationary for five frames, then it j-s pos-
sible to overlay on of the frames on another, and this shorrys frame re-
lated effects such as phospbor burns and dust stuek to the telecine
image tube. If the objeet had moved, fraue rel-ated effects uiIl sti1l
be noticed, however if there is found another set of related graj-n
ehanges moving s:ith the iaage, then She object was probably one 3>hoto-graph filmed over and over agaln. ff a set of related grain changes
is not related to inage or frame, then lt suggests that the ohjeet was
filmed from a projecti-on s€reen. These results caa also be obtained by
overlaylns 35 mm negatlves of the television pi-cture one atop the next,or by stereoscopic analysis sf the negatives j-n a blink nicroscope.

Basically, Line $can Analys:'i-s has the theoretical power of electro-
nically boostlng the AS3, f,ating of a fi-1n fren 5O to JG,OOO, prorridlng
that variogs safetgr aed eleetroaie tricks are carried out, l,ccordi-ng
to the I'IFK ASTROI{OHICAL EXPOSIIRE GUIDESiT usln6 an F4 telephoto lens,
and extraFolating on the figures presented, an expo$ure at O.0) sees
should loanag€ "to reeord iaages to the tenth nagaitude at such an A$A
rating. .4,1.l- that I have aaaaged to observe sofar is down to Stfr magni-
tude before severe grai-n distortion.

There should be another kind of i.rnage related grain found on filme
made through windscreens, and that is internal- reflections j.n that
wiadscreen. ?his should appear as a ghost lnage above and to one side
of the maia bright object bearing the eorreet angular relatioaship to
the position of, the ca$era and the angle of tbe sindscreen. If this
does not bear the true reLatlonshlp, or it is found oa a fl1a srrpposed-
ly nade oqtdoors, thea the rralldity of the fila saffers, Sia:i.1arJ-y,
i.f tbe fi.la has eaptared 8th aagaitr:de objects and the bright nain
object, thea lt possibSe again to challenge the validity j-f no inter-
na1 rcfSeetlon ig f,ound.

If the i.nage according to question ) seens syumetricaS vertically
and the filp seems to be sJ.ightly blerred, thea sne must exaniae the
inage related grain, as sore thaa llkely, the filn naay have been Fro-
;e-eted. Then reversed by threading the fiLa iato the projeetor eith a
twlst in lt so that the sprocket boles al-i.gn. This is one of the oldest
trlcks ln the boob and. usnall.y the iaeli-nati-on is also changed,
one expects a 18oo vertiea3. rlversaS, but bgr aouaiing the caflera oa a
ti1t, verJr few wake up to it.
OTHER TECH}{IOUES

Oae classic hoax was nade ten years ago rshere a sna11 disc was suF-
ported on a flne thread. ?he dj-sc was held about 1.5 netres from the
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canera and th€ field of view photographed on infinity. The blurred
thread was aot detected for flve year6, when the polaroid plcture was
exanLued *lth a photodensitoneter. Several others of this type have
been found, using line sean analysis.

At the begianlng ot Ig79 it was reported that the Israel arny had
captured a UfO in Egypt. Israel denied it. The arti-cle went j-nto gra-
trrhic detail to diseuss hos, whea and where, hosever the photographs
lllaetrated and rtrel"eased to the preestt dj-d aot agree vrith the story.
The post prized trrhotograph was one of a verJr clear Israeli flag on
a video reeolation image of the saueer. Obvloue resolution di.ffereac€.
Beblnd the rrsatlcern wa6 a box-like object aad aaother saucer (nos
teo saueers). Inage augnentatioa occurs whea one takes two photographs
cf the sane picture and blends both copi-es together, This revealed the
box to be an anplifier urith a glass on top and the saueers as cymbals,
And finally i-n the background i.s the audieaee. ?hls particular sight-
ing was a politlcally sotivated fraad. l{ost i"raportant to remenber is
that ,ehat may seea conmoaplaee can be unreeogaisable if it i-s blurred
or in extreme close-up. It sas aot until after George Adameki's death
that scieace had an iadepth study i-nto thi-s maars possessions. Adanski
is eoas:idered as the father of the UFO cultisn. In the house r?a6 a
lampshade, not a particelarly inpressive lampshade but oae that looked
sinil-ar to a BFO that appeared ia ldanskifs book. ?he original filns
were then found and using holographle projection sith a Las'er, the
lampehade wae eonfi-rmed as tbe UFO. Consequently it is verJr easy for
you to have yoar very orrJn vaeuuncleaner starship.

The researcher must protect his research completely by letting
everybody know of lvhat has been found. There are Inany reasons for this
and you w5.11 no$-I see trhy l repeatedly return to this point. As a final
test to shovr that the effects found on a piece of filrn are artificial
in orl-gln, the researcher rnust simulate the techni-ques which he pro-
duces in his scenario. If the filn was clai-med to be made in a partl-
cular aircraft, and erridence poi-nts to a ground based sighting due to
lack of optical effects, then the researcher ntust obtain perrri-ssion
to enter a sirnilar aircraft and photograph the flightdecli, the panels
and the sight through the rindscreen panels and port-holes, at approx-
irnately the same tlme. The aircraft need not leave the ground. ff the
sightlng was at night, the airport lights and neighbourlng suburbs wilt
give an ideal grey seale calibratloa eheck. The dj.stast lights should
be photographed ydth the sane fils type and colourfilters. fhe main
dj-ffereace of course is to use J) mn fi-lm if the ori-ginal was in 15
or 9.5 uam fi1n. this will effectively cover 4 tises a€ Euch area in
one frane, but per uni"t area has identical resolution, grain and
windscreea effects. ff, the out-of-focus large images shov,r bands, then
examine the smaller images for linear diffraction r,vhj-ch should be per-
pendicular to the bands directj-on. If diffraction occurs, then il is
ej-ther on the v,rindscreen or a dirty lens. If it does not occur, then
examine photographs of banded pJ-anets, In one recent study, the cor-
rellation bettoieen a UFO and a I'IASA film of lhe planet Jupiter at only
one point in its rotation yielded )O similaritles which were unmi-sta-
I<able. 'rihen confronted with thls evidence, a spokesrlan representing
that person said-: ttlVe d.o not care v,rhat similarities you have found,
you are virong and vie 'rill publlcIy discredj-t yourr.

In another case studyr a Bentleman vrho i'rilI reilain anonylnous used
an instanatic caaera to achieve a rare optical effect. fhe CSfRO at
this tirne would research such fi1ns, and using another i-nstanatic
catnera maaaged to prodace the sane effect. I sbouLd point out that
this first photograpb was given nuch publi-city in the roedi-a. The C.SfRO
then wrote a letter to the person coneerned and enclosed a copy of
their photographic simulation. Next thing that happen'ed was a result of
not spreading the word. Ileadllne: IICSIRO filn UFOtr! The |SIRO will not
touch another UFO story for that reason.
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Filn is a nedium can deceive in that the colour bafance, contrast,

sensitivity, exposure, and even the image ean be changed.by the knovr-
ing. Slnilarly video can also be made to Iie, bgr editlng, anj-mating,
changes j.n filn speed, incorrect eoms.entary, false descriptions.
Philosophi-cally man is, and everything he responds to is a sense in-
pression. If the senses are wrong or the stinuli incomect then he be-
lleves his senses bllndly. He nust tbea question hls senses, his own
scenarlos, md the sense i-rrpressions that he is receivj-ng frorn the
outside worId.
SUMMARY

This paper may seem anti- UFO. It i-s not, in that lt is anti. gul-
libillty. FlIm is an amazing medlurn which can teIl you exactly how
the photograph(s) was/were nade. However it requires the tRosetta
Stone t of science to translate photo-language into eold scientlfic
terminology. Anyone can rnake a fake and any researcher can verify
a fake by not examining the filn to the limits of scientific analysis
t e chniques.

Nature is perhaps the b:iggest perpetrator of deceptions, but man
has the innate advantage of ignorance and profit motive. It is up to
the astronomer to examine the film and state the facts quietly and
cleaily to everyone, so that only one explanati-on exists for a sighting.
There is no roo:rl for speculali.on, but one must be very carefuf 'as the
'witnesses wj-1l change their stories many times to argue against the
researchers arguments. The researcher will possibly be harrassed from
tlme to time, so never argue, just remain calm as the annoyed witness
nay realise that you are on the right track. If 1egal action is insti-
gated, then there is the possibi-lity that there is an ulterior profit
reason such as publishing a book and the lega1 action will inake the
hoax a case of fraud. The court action viill end up in a stafenate as
no matter vrhat the outcone and the power of the sci-entific argurnents,
the facts uril1 not be accepted by the UFO fanatics, vrhich neans that
the flIm vrill enjoy the reputation of bein6 the best UFO filrn ever.

I'iy final question is nol'i obvious. ',ftat is the valr"re of UFO research
to the amateur astronomer? To any question there are aI';ays tivo anssrers;
firstly, there rnay be a genuine extra-terrestrlal spacecraft cap.bured
on fiItn, as distinct frora phenoi:rena or manf s contrived. encounters.
The second answer is that the amateurrs inertia is not great a.nd the
research techniques learnt using improved equipment anC valuable astro-
nonical knowledge, can only advance our astrononical research techni-
oues. If we as amateurs complain about the Adarnski-s and von Danikens
in our comnunity and shovr proof positive that r'.'e are not gulIible
mushrooms }lept in the dark, possibly then the tautologies vrj-Il be re-
moved from prime-time television and fron our daily nevrs. UFOs are
treated with cheap sensati-onalj-sm and the culpr1-ts are hero-rrorshipped.
?his is urhat Ere should attenpt to eliainate.
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A REVIEW OF THE EXPANDING UNIYERSE THEORY

M.A. NAUGHTON

There have been many explanations of how the Universe began and
almost every race and religion of Man has its own theory.

tr4odern science usually does not consider how it began, that is
how the material came into existence and explanations conmence with
one of two postulates.

One is that the Universe was always much as it is now, i.e. the
steady state theory, the other is that the universe is expanding.
This theory postulates that it began with the matter compressed into
a comparatively small size which "bIew up" and expanded to its present
size. This is usually known as the "Big Bang" theory.

The most widely accepted theory is that the Universe is
expanding. There is no "proof" of this and the evidence for this
postulate is that the distant galaxies show a "red shift" and the
more distant the galaxy the greater the red shift.. This has been
accepted as an actual expansion and the red shift as a "measure" of
that expansion.

Other explanations can be given for this "red shift" but for
this paper we will accept that the red shift is an indication that
the Universe is expanding. No doubt everyone interested in Astronomy
has read books and articles describing the expansion of the Universe
even from the first few seconds. Various models are used, such as
the rising of a raisin cake r ot a balloon with buttons stuck on it,
being blown up.

Calculations of this expansion, using the commonly accepted
value for the "Hubble Constant" indicate that galaxies at a distance
gf 4000 million light years would have a recessional velocity ofL/rc. Observationi at greater distances are less reliable birt they
do indicate that at 8000 million light years distances the llght from
the galaxies has a red shift which represents a velocity of z/ZC and
from this it is assumed that at a distance of 12000 million light
years the galaxies would have a recessional velocity equal to that of
light and so no light from any galaxy could reach us when the distance
is greater than 12000 million light years. It is generally accepted
that in the future, ds distant galaxies pass out of this 12000 million
light year sphere, they will no longer be observable from Earth. If
this is true we would have an observable Universe with a radius of
12000 million light years (see Fig. 1)

The dotted line represenls galaxies that have a red shift equal
to a recessional velocity of t/ZC. At the dashed line galaxies have a
red shift which would give a recessional velocity of 2/lc. The outer
line is the "distance" where galaxies have a red shift equal to Lhe-velocity of light.. It is postulated that this is the limit of our
observable universe.

A further assumption is that at some time in the past all the
material in the Universe was concentrated in one "Primaeval Atom"
which "blew up" and the expansion we observe is the motion that was
given to the "debris" from this monstrous explosion.
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You may question this reasoning on the ground that a star with a

mass only a few orders greater than that of our Sun is unstable but
matter under the enormous temperature and pressure which would exist
could be in a d.ifferent rstate' to that in a star.

Even though it is difficult to see how the material accumulated
for the Big Bang theory to be viable or how the "Next Expansion"
waits for the last particl-es to return (in the pulsating Universe
theory) in this paper we will assume that the usual Big Bang
explanations for an expanding Universe are correct and will examine
a few implications which result from these assumpti-ons.

Figure 2 shows the rPositionr in space of the primaeval atom
and the debris from the 'Big Bang' spreading through space. Our
observable Universe could be anywhere in this expanding Universe.
Two possible positions are shown A and B Fig. 2.

It is clear that galaxies in Fig. 2 are moving "outwards" and as
they do their separation increases. This is shown in detail in Fig. 3.

The galaxies are moving to the left and so in the future their
separation would be greater. This separation is the motion we observe
and although we call it the expansion of the Universe it is only a
"loca1" observation and has no real bearing on the rate of expansion
of the "real" Universe.

It is clear that if we accept the Big Bank theory the "outermost"
parts of the Universe were given and st.ill have the highest velocity.
This velocity would be of the rrate' of the expansion of the 'real'
Universe.

This does not appear to be compatible with the cosmological
principle that observers everywhere in the Universe must make the
same observations.

I do not take seriously suggestions that we can have an infinite
universe expanding to an infintely larger universe. This seems to be
a contradiction in terms. The various ingenious attempts to show that
the universe is finite but space is curved so that the Universe is
both finite and infinite are not convincing.

If our observable universe is only a sma1l section of the real
universe we would have little hope of detecting any motion other than
the separation of the galaxiesr but if we insist on accepting the Big
Bang theory we must accept the problem, and several others which are
even more troublesome.

If , as Einstein's theory demands, light is not affected by inertj-a
and light, travels in the void of space, light could not travel directly
across the line of motion of the galaxies but would have to have a lead
angle and our present observations would be impossible. If we applied
the r-easoning Einstein gave for the observations of binary stars we
would not be able to see galaxies in all d.irections, IF the Big Bang
theory is sound.

There is a possible explanation. Light does travel in an
atmosphere and we know from the characteristic whistle of the pulsars
that the rare gas of space does affect electromagnetic radiation.
Michelson showed in his experiments with soap fi1ms, that. a film
less than one wave length of light thick slows the light - that is
the light reacts to the few molecules in the film.
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If the Big Bang theory is valid the 'actual' velocity of
galaxies in different parts of the Universe would be different but
the resultant debris "near" any galaxy would have a velocity atmJTt
exactly the same as the galaxy. This means that the extremely rare
gas of space would have the "same velocity" as the "near by" galaxies'
and as a result the velocity of light which I believe is controlled
by the material in its path would appear to have a similar velocity
for an observer. Light would then travel in what would appear to be
a straight line between galaxies.

We know that the few atoms in a soap film controls the velocity
of light, surely it is reasonable to expect the atoms in space to
also control the velocity of Iight. This would give a somewhat
similar result to that which Einstein predicted but for an entirely
different reason.

The "actual" expansion of the universe could be many times
greater than the speed of light. Supporters of relativity could,
no doubt, find an explanation for this but I believe Relativity has
so many contradictions that it will require, dt Ieast, extensive
revision.

Let us review the suggestions I have made.

If the Big Bang theory is valid, outer space would have to be
devoid of any material and the Universe is expanding into this void.

The debris from the Big Bang was initially subatomic, later
atoms and molecules formed and stilI later galaxies. Since there
was no material in space the smallest imaginable 'piece I of matter
woul-d retain its velocity just as surely as the largest galaxy.

This would result in space (within the expanding universe)
being permeated by a rare gas which would control the velocity of
light and make our present observations possible.

Many of the presently accepted theories are unsound, ds an
example consider our observable universe as shown in Fig. 4. The
limit of our observable universe is shown as a circle with the
Earth at its centre. Another observer, O, within this circle also
has an observable universe centered on his observing position, the
dotted line in Fig. 4. Presently accepted theory requires him to
be able to see distant galaxies that are outside our observable
universe. See Fig. 4. This means that tEE-ffit from the distant
galaxy DG reaches this observer O inside our observable universe
but can never reach us.

Clearly this is ridiculous if some form of electromagnetic
radiation reaches us from this observer then any other similar
radiation reaching there regardless of its origin must also reach us.
- The expansion of the "actual" universe may continue at the same
velocity or the velocity may be reduced by gravitational attraction.
Since the actual rate of expansion is not increasing the rate of therseparationt we observe would not increase; therefore galaxies near
ttre 12000 million distance could recede to greater distances and
still be observed from Earth. Our galaxy would not be left in
'isolationr as has often been suggested.

Our concept of an observable universe is unsound and will have
to be revised.
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BIOGRAPIIICAL NOTES

A!!!gI=gs=EgEg- Director of i'{ount Tamborine Cbservatory, fj-E Qld.
A self-endowed nrivate observatory established ln I9?t following the
closure of Page Observatory, i'lorth 0hermside follovring the death of
I'trs Berenice Page, L97O.

Initially, the Page 3Z cn/ZO ctr fJ Schnidt uas installed at liount
Tamborine Observatory. 7n L973 a grant from the [rcience and Industry
Fund enabled a start to be Llade for a nev,'fork mount, rvhich lt'as even-
tua1ly coinpleted in i.{ar 1978. A further grant was obtained from the same
fund to obtain a single channel- UBV photoneter to extend the considerabl-e
observational research into flare stars already establi-shed v,rith the
Radiophysics Dlvision over soine 15 years.

The results of the extensive involvement of l,'lt Tamborine Observatory
can be read in the i,lay issue of i"lI'I?AS, L979 aird the IAU Colloquiurn 46r
I-lamilton, il.Z.L97B. A further paper ivith co-authorship is being prepared
for publicatlon in the Astrophysical Journal follorving a successful
photo-electric observation of Proxima Cenlauri j-n association trilh rrcveral
professional optical observatorj-es and the Farlrs dish, i'iarch L979.

Philip IIisee n l:_!!e_t!le I _e::t 9!31! _3lg _89 lglyg!9ry,:rnsi ne e r.
Harqld D. Ilq4qggy- Director of iiidrryay Observatory, ll.alJ-angur, l1d, (north
6T=Bri;E;n;t;==== Aluo Science Dept, lielvin qrovl 0o11ege of Advanced
Education, KeLvi-n Grove, Brlsbane.

Chief research interest: Photo-electric observations of ecliasing
binary stars. Publj-catj-on of rvork in IAU Colloquiuin 46, Ilamilton, N.Z.I97E.

Frevious lnvolveinent in photoSraphic observations of fl-are stars, and
i-nterest in the photoi"netricity of the nlght sky.

The acconoanying paper i-s original v.,orl<. "{.A.P. wil-l be vrsitin,3 the
Astrofysi-sche Instituut, Vri j e Universj-tei-t, Brussel '*ritjr Dr'. C . Siterken,
the EX llya proj ect co-ordinator, v,rhere the whol-e scope of the r';or1-, of a1l
the observatories involved will be C"iscussed.

Any amendments to this paper vrill the:r be notified.
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PHOTOELECTRIC OBSERVATIONS OF EX HYDRAE

HanoLd O, Kennedq
Midwaq 0b,sen-vatonq

KeLvin Gzovz CoLI-ege od Advo"nezd Edueation
Bni.tbo"nz, AUSTRALIA

6

Anthun A. Page
Mo unt T amb o,,Line 0 b's env ato tttl

Bnidbane, AUSTRALIA

ST]MMARY

An internati-onal program of monitoring EX Hydrae, co-ordinated by the
Astrofysisch Instituut, Vrjle Universiteit., Brussel, was conducted
{uning the period of March 27 - April 9, L979.
Vgtt.*4a ,
A total of 449 observations in white and blue light were obtained by
H.D.K. and A.A.P. Eight primary minima were observed. The observations
indicate an (0-C) vaLue of * 0.0055 d. Consj.derable excess light was
observed at J.D. Hel. Min. | 2,443,965.0310, possible resulting from
mass transfer.

INTRODUCTION

EX Hydrae is an ultra-short-periodic cataclysmic binary of eclipsing
nature, known to be an emit,ter of hard X-rays. Commonly classified
as an U Geninorum star, i.t has a very short period of 98 minutes.

EX Hydrae undergoes periodlc maxima, superimposed over the ecllpsing
nature of the system which presently, is under observation by several
observers of the R.A.S.N.Z.

Krzeminski observed the system as early as L962 at Lowell.

Prlngle (1975) conducted a peri-od study, concluding that the period
was fairly constant.

I,latson (1978) identifled the system as an X-ray source.

Krzeminski, Vogt, Sterken and Comte (L979) detected the alternating
structure of the light curve. This behaviour is unprecedented for
cataclysmic binaries and prompted the recent monitoring program.
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rNS TRIn'IENTATTON AI{D OBSERVATIONS (l.{rDWAy OBSERVATORY )

The instrunent used at Midway Observat.ory was the 36-crn Cassegrain reflector,
equipped with photometer. The photometer, which incorporates an end:on
nuf ilOZn tube, is refrigerated with dry iee to a temperature of -70oc.

The current from the photomultiplier tube is fed into an integrati.ng,
direct current amplifier, the output of which is displayed simultaneously
by a digital annneter, a ehart recorder and a digitiser/print-out system.
The pen deflection on the chart recorder and the digitised print-out data
are checked and calibrated against a high preeision Hewlett-Packard amneter.
The printer provides two significant figures accuracy (Volts) while the
recorder monitors real time behaviour of the system under observation.

The mean value of three deflections on the chart recorder, each integrated
over 10 seconds through a 30 aresec diaphragm, is taken as a single
observation. Fig. i2 is a typical chart record.

Time is obtained from a high precision, qlrarEz controlled, digitai clock
set against I,trWVH time signals, providing l second precision in time.

The same arnplifier sensitivity gains were used on all nights for variable
and comparison star.

The deflections on the variable EX IIYA were made differentially with
respect to the comparison starttDttltrhose light was assumed constant,
hence l^ras not checked against any other sLar. Deflections of star "D"
were obtained at regular intervals during each observing run.

Sky deflections were obtained in con.junction with comparison star "D".

Only the B-filter was used; this filter approximates the standard Johnson
& Morgan UBV system.

A negative potential of 950 Volt was applied to the tube; the integrator
capacitor had a value of 0.001 Farad. No corrections for differential
extinction were applied.

The like1y error fory a single observation is estimated to be 1 0.01 nag.

The EX I{YA system riras observed on }4arch 27th and 28th, and on April lst
and 3rd.

The run on March 27th was rather short due to incoming c1oud. The results
of March 28th have been rejecEed due to non-photometricity of the sky.

A total
plotted

of
1n

135 observations were accepted as reliable and have been
Figures 1, 4 and 6 and 6b respectively.
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INSTRT]MENTATION AND OBSERVATIONS (MT. TA},IBORINE OBSERVATORY)

The instrument used at Mt. Tamborine Observatory was the 32-crn Cassegrain
reflector, equlpped with a Pacific Precision single ehannel UBV photometer.
The en{-on EMI 62568 tube is thermoeleetrically cooled to a temperature
ot -40oc.

A negative voltage of 915 V was applied to the PMT, with an output curent
of the order of I X 10-y Anp. feeding into a digital armneter/amplifier,
coupled to an analog chart recorder. Data output is continuous, i.e.
no integrations are applied. This system is more time consuming with
regard to data reduction but has the great advantage of continuous real
time data output. A typical exaruple of data output i-s shown in Fig. 10.

For the period of 30 March to 1 April inclusive, observations were made
in white light due to the fact that these \rere the first photoelectric
observations ever made at Tamborine. However, with increasing confidence
in the systemrs capabilities, the blue filter r/as used for a1l observa-
tions made on 2 and 3 April-.

Observations were recorded against a digital clock whose accuracy was
well within 1 second. The chart drive was set for 25 nun per minute.
As the system was new, this rate was checked and proved to be accurate.
The graph in Fig. 10 represents a time interval of just over 7 minutes,
illustrating the degree of detail obtainable with this system.

Observations of the comparison star and dark sky were made at the
beginning and end of observing for the night. However, in the light of
a waxing moon it is felt that more readings should have been taken
between eclipses. Initiall-y, another conparison star (Star A, see Fig. 7)
was used (inadvertently), but our final two night observations (April 2

and 3) were conducted on comparison star "D" (see Fig. 7). However, as
the photometric parameters of the other comparison star are known, it
is considered that the results should not lack credence.

A 40 arc see diaphragm was used throughout the observat,ions, owing to an
inbuilt traeking error at the time. This necessitated periodic checking
of the variable for centricity with respect to the diaphragm.

The program was cormenced on 26 March 1979, but two days were lost on
account of incorrect identifieation of the star, which is regretted.
This was due to lack of experience, as well as poor skies prior to the
conmencement of the program. An average of two eclipses per night were
obtained between 30 l"larch and 3 April, the weather closing prior to
30 March and a brightening moon following 3 April.

A total of 3L4 observati-ons is presented and plotted in Figures 2, 3, 4,5 and 6 respectively.

P. Higson was night assistant during the observation period.
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PRECESSION A]'ID LIGHT TIME

The vaLues for R.A. and Dec. were checked for precessi-on before helio-
centric corrections were applied. Ttre following data were used:-

R.A. (1900) = l2h 47rn 0l S

Dec. (1900) = 28o 42t 54tt

R.A. (1979> = 12h 51m 14 S

Dec' (Ig7g) = 29o 08' 34"

From the above, the hellocentric correction \ras conputed to be
+ 0.00524 d.

LIGHT CIJRVES

Ttre digital data obtained were plotted in Figures 1 to 6A inclusive.

The somewhat noisy appearErnce of the graphs can be atEributed to'a
number of facts:-

(i) paucity of comparison star and sky deflections at Tamborine,

(ii) occasional loss of centricity both at Midway and Tamborine,

(iii) the inherent noisiness of the EX IIYA system.

Ttre individual dat.a were not reduced to the standard Johnson and
Morgan (1953) UBV systern. In order to facilitate comparison and combin-
ation of the two sets of data, those obtained at Tamborine were aligned
verticall-y to obtai-n the best (visual) fit with those obtained at
Midway. No alignnent in phase was applied since the two sets of data
were in good agreement, as could be expected.

Table 9 lists the correcti-ons applied to the Tamborine data as expl-ained
above.

For el-arification, a number of shadowgraphs (see Fig. 4^, 5^ and 6a)
were produced for the observatj-ons obtained on April 1, 2 and 3. These
graphs do not depict point-to-point lightcurves, rather give an overall
impression of an otherruise confusing mul-titude of data points.

Based on the light curve suggested by Vogt (1978), two types of cycles
were i.dentified:- Type I which displays the farniliar combination of
Primary and Secondary eclipses, followed by Type II which shows a light
deficit where normall-y maximum light occurs (Fig. 8).

The above t\ilo types of cycles were identified and are indicated on the
- graphs along the abscissae.
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EPOCH OF MINIMA

Eight individual Primary minima, as listed in Table 10, were observed.

For all minimaringress and egress were well covered with the exception
of the one at Epoch 91833 where only two points on the ascending
branch were obtained.

The accuracy of the observations was insufficient to warrant determin-
ation of exact times of minimum light usi-ng the Hertzsprung (1928)
method as modified by Kwee and van Woerden (1956).

Times of mi-nimum tight listed are actual individual observations
indicating minimum light occurrence.

One of the reasons for refraining from the above analysis was the fact
that, on a number of occasions,at Tamborine (where most of the mlnima
were recorded), the deflection of the variable became "buried" in the
sky deflection, i.e. the variable became instrumentally invisible. As
a result, times of minimum light remain debatable. The abcive clearly
shows in Fig. 9, to which further reference will be made later.

The graphs clearly i-ndicated that considerable (O - C) had occurred,
hence it was considered desirable to, at least, give an estimate of
its value.

The (O - C)'s are listed in Table 10. Ttre unwei.ghted average of the
values stated is 0.0055d with an estimated accuracy of 1 0.0007 d.

From the above i-t can be concluded that minima occurred approximately
8 minutes later than predicted, indicati-ng an increase of the period.
This appears to contradict Vogtrs statement regarding period behaviour.
However, his (O - C) /E diagram does indicate considerable scatter.

TABLE 10

EPOCH

(E)

J.D. He1. Min. I
2 ,443,96GF (o-c)

(c) (0)

917 45

91789

9 1816

9 1818

91832

9 1833

9L846

9T847

0.0492

3. 05 15

4. 8938

5.0303

5. 9856

6.0538

6. 9408

7. 009 I

0. 055 3

3.0542

4. 9004

s.0360

5.9909

6.0592

6.9476

7 .OL4s

+0. 006 I
+0. 0027

+0.0066

+0.0057

+0.0053

+0.0054

+0.0068

+0.0054
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Lrcltr EXCESS AT J.p. HEL. 2,443,965.0310

Fig. 4 clearly indicates considerable extra light at J.D. Hel.
2,443,965.0310. This hump was observed simultaneously at Midway
and Tamborine. At Tamborine, the previous minimum (E = 91816) was
observed earlier the same night. Ttris minimum was well defined,
(rig. 4) .

It would appear that, at the next minimum, excess light caused a hump
at J.D. Hel. stated above, spilling over into the prinary minimtrm
which is only rnarginally visible.

A possible explanation for this phenomenon would be a rapid bright-
ening of the hot spot on the accretion disk preceding the cooler
corponent just prior to primary eclipse.

LOSS OF LIGHT PRECEDING AND FOLLOI{ING PRIMARY MINIMI]M

On a number of occasions A.A.P. observed loss of light 1.58 min (0.0011d)
before and after primary minimum. The un-integrated real-time light curve
shows two distinct depressions, labelled rrDrr in Fig. 9. As the skies
were clear at the time n this loss of light rnust be attributed to the
eclipsing system itself. Fig. 9 clearly indicates the stunted minimum
(between P and Q), rnentioned earlier. The loss of light can probably be
attributed to cooler material obstructing the light of the hot central
star.

Catalana (1973) reported a simil-ar behaviour for AR Lac and RT Lac where
depressions in the light curves provided photometric evidence of an
envelope of material surrounding one of the two components.

TABLE 9

Date Correction

Mar. 30

Mar.31
Apr. I
Apr. 2

Apr. 3

- 0.54

- 0.54

- 0.s4

- 0.17

- o.r7
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SUPERIMPOSITION OF DATA

In an attempt to get an overall impression of the results obtained, all
data were superimposed.

The rather noisy result is shown in Fig. 11.

In spite of the scatter of results, however, a few facts may be worth
mentioning:

(i) In type I cycles, the secondary minimum appears to be displaced
towards phase 0.60.

Ttre second maximum is shifted towards phase 0.85.
Catalana and Rodono (L967, 1969) mention variable depth of
prinary minimum and a variable displacerent of secondary
minimum as a result of wave-like distortions in the light
curve of RS CVn stars.

(ii; In type II cycles, the overall result of which appears rather
confusing, a persistent hump near phase 0.65 is apparent.
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TTIE ASPECTS OF PHOTOELECTRIC WORK FOR ADVANCED A},IATEURS

The value of photoelectric observatlons of variable stars hardly requires
emphasis. The following facts may confirm the above.

(1) A11 professional work on stars displaying variable intensity of
radiation in the visible part of the electromagnetic spectrum,
is carried out photoelectrically.

(2) The accuracy of visible observations on variable stars is of the
order of i 0.1 mag.

For photographic observations, this value is generally in the
vicinity of t 0.02 nag. while photoelectric work has an accuracy
ranging between I 0.005 and + 0.002 urag.

(3) Off all professional work done on variable stars, 2% ls visual,
2O7" Ls photographic, 34% is photoelectric, 381l is spectrographic,
leaving 6% for pol-arimetry.

Photoelectric work certainly is within the realm of the well advanced
amateur. Some of the equipment required may have to be purchased
commercially in order to guarantee the rellability and repeatability
which this type of work demands.

It should be emphasized, however, that obtaining the necessary equipment
is merely a means to an end.

Data acquisition is where the task begins; it involves many nights of
concentrated work at the telescope.

The most important aspectrhowever, is data interpretation and analysis:
the real work. Only if one is prepared to go it "all the way", there
is little point in even considering this type of work on a non-professional
basis.
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BYron SoulsbY

Canberra Astrononrical SocietY
AB.STRACT

-m-"eterrnination 
of the obl:rteness of the umbra at several TotaL

Lunar Eclipse events is discussed.Results from the observations rnade
in the Crater Timing Prograu are presented and a discussion of these
observations related to standardized results and statistical analysis
is included. An appreciation of the accuracy of oblateness estirnates
made for each eclipse studied in the Lunar Bclipse Program is made.

BIOGRAPIilCAL NOTE
ffianactivenoei:rberoftheCanberraAstronoiitica1Society
and 1s coordinator of the Total Lunar Eclipse Progran: which includes
vrorld vride particination. He first presented a paner on erater Tlmlng
i.lethods at the Bth i'i.A.C.A.A. and initiated the Tl,E Program tn 1978,
and since that tine has received over IO0O crater ti-nings from inore tha.n
7O arnateur and professi-on:;.1 astronomers in Australj-a and overseas.
TI.ITRODUCTTON

In 1974 several rnembers of the Canberra Astronoraj-cal Society be6an,
rather tentatively, a progran of observations to deterrrrine the enlarge-
nent of the Earthrs shadow by the timing of uinbra contacts with knovrn
lunar features durin8 the Tota1 Lunar Bclipse (fi,e;

Results of this observation (I) were reduced by David Tierald using
an approxiirrate analysis only. Further studies lead lo the development
of an advanced coinputer method for the deternination of umbra enlarge-
nent and provided output data to enable urqbra oblateaess e:tii"nates to
be rnade.

/rt the 1978 Convention I presented a paper on crater Tining i,iethod.s(2) and several of the anateur aslronorners present contrlbuted to lyhat
nov'r has beco,'rre a beginning to a successful TLE program.

Later iu the sanie year observati-ons of ihe TLE on 15 September pro-
vided over 5OO crater timings frorr JO observers and these results have-croven invaluabLe to the progran (3) ,

Lit'nited observations follot'red for the partial eclinse in i.iarch t9?9
and results lrere provided by a group of South -A.frican amateurs (4 ) r,vho
nade 25 crater tiinings, unfortunately thi-s event lvas aot observed in
South Australia or in ','iestern Australia due to cloud and vras not visible
in the Eastern States.

l'lore recently, in september 1979 the TLE pro6ram vas extended to
observers in i.rew Zealand., canada and the l:lest coast of the u,".'.A. aswell as to nrany Australian astronomera. As a resul-t, even thoueh condl-
tions in most areas were appalling due to cloud, rai-n and r';ind, aclct.itio-nal data rvere obtalned so adding to what is novl a very successful prograur
of observations.

This Daper presente the results from al1 observed events and includesa sunmary of each in terms of umbra enlargenents, accuracy of these
observations and statistical eval-uation of data sets for oblateness ofthe umbra as well- as a discussion of the findiirgs.

The results of the liarch 1978 observations and analysis have beenpublished j-n Sky and Telescope (r) and comeepondence received from
Jan i"{eeus concernlng the oblateness estimate made has also been published(6) in the saine magazine. It was as a resuLt of the latter publi-catlon
that a further study was made of the significance of the oblateness d.ataavailable frorn all events vrhich has lead to a meaningful statisticalanalyticar method and a greater apprecj-ation of these results.
.RESULTS

-ffifrethod 
of observing crater ti:nings has been described elsewhere (?) ,and wlll not be included here. i,Iy naj-n interest is to obtain crater

timing data for anarysis as well as contributing to the program by my
ovrn observatlons.
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The reeults obtained fron all observed events are sumnarlzed in

TABLE I which lists values of umbra enlargenent and total mean emors
for each event. Some individual observerrs results, particularly those
wlth low mean error for enlargernent, have been included j-n the statisti--cal analysis for umbra oblateness estlmates as discussed below,
oBLATENESS ESTIMATEjS

A lirdting factor concernlng the estimation of umbra oblateness, or
the flattenlng of the observed urabra, is the range of values available
frorn any single event.

As can be seen from fig. I, where the circumstances for the last
observed TLE for 6 September L979 is shown, the urnbra iq intersgcted by
the moon through a lirnlted arc^from posi_tion angles 119" to l?ja al
immersion and from 22o" to z?r" on emersio4. Thi-s data is accumulatedin the analysis used to one quadrant of 9o'and hence, assurning syrnmetryof the umbra in both hemispher_es and in opposite quadrants, these positionangles provide an effective full range of values.

By applyilrg normal statj-stical- analysis for a linear regression for
values of umbra radius and position angle as found frorn the crater tinings
as is further explained in APPEI'{DIX A, it is sonevlhat surorising to find
that rnost indlvidual observerrs results selected give Umbra oblateness
estirnates vrell within a probabllity lindt of 99:L (E).

The full set of statistical results for selected observers for all
events to date are given ln TABLE 2.
DISCUSSIO}I
--5r; .[Abrook has published nunerous reports on umbra enlargement in
Sky & Telescope, some of vihich are given in reference (9), holever for
cou'parison purposes those results for E.I. Both for the TLli of Dece:nber
L963, published in the i'{arch 1964 edition, have been used as a basis for
conparing the results of oblateness found from crater timing reduction
data.

Dr. Ashbrook adopts a least square analysis for best fit to the
equation of an e1Iipse, but ln noy method the least square analysis is
applied to a linear regression for umbra radil and observed positi-on ang1e.

Comparison of the results froil each of the trvo methods shovr sone
denarture j-n the oblateness e-stinrated from the crater tirnings nade by
B.ll. Both. The Ashbrook value for difference betlveen polar and equatorial
radii of the umbra is given (9) as o.oo7z + o.oo19 in units of Earth
radius, while my rnethod yields a differenc6 of O.OOBZ + O.OOZ? wi-th aprobability limlt of 98% for the linear regression relEtion-"hi-p aird for
spread of da.ta acceptance.

The nean oblateness values for these radil differences are 1A39 and
LAlS respectively.

Jan Fteeus descri-bes (6) the expected value of oblateness for anypartlcular TLE in'terms of geometri-c considerations and" for the event
observed by Both a value of I/L3l 1s calculated,

In considering all values of estilnated oblateness for past events (9)
it j-s obvious that only increased values have been found vrhen compared.
to this i{eeus va1ue. Hence, it is considered valld to d,isregard resultsfron an analysis that produces a decrease in oblateness to that expected.
Hovlever, as Ashbrookrs mean value of l/I39 represents a 5% decrease for
the event considered as compared to a value of L4?,,( increase fron my
method of analysis, the latter is favoured for the reason given.
As this value and others obtained for the events observed in the TLB
Program using ny nethod of analysis all represent oblateness increases
within good statistical tolerances and probability limits, the method
developed vrill be applied to all crater tinnings rnde to obtain sensible
umbra oblateness estinates.
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OBLATE}MSS ESTII,lATES

Hour then can tve interpret these estimates of oblateness calculated
from the crater ti-ming results for individual observers, or for that
matter the values found for separate Ti'E events?

The method of observation t7l described briefly the d"ifficulty vdth
the ldentification of the 'rtruert u:lbra edge, which theoretically is at
the maximum rate of change in the density of the shadovr, or more
copectly at the second integral of the rate of change j.n d.ensity. This
is the edge position v,'hich should be used for all crater timings.
FIGUI]E 2 illustrates the ideal situation for the position of this true
edge vlhere the second integral point is shoi';:l on an urnbra density curve.

Tn an atteilpt to define this true ed3e aei io rrovide a basis for
cornparison of observurts eetinates so as -uo 3ive a nore accurate and
colsi.tent estirnate of urnbra oblate:ressr.^cu:lt Stronlo Observatory staff
was.requested to provi-de thotonetric observa.ti-ons for'-uhe Ttlrrl sn 6 Sept.
L9?9. Unfortunately equipnent breakdov;:r o:l the ieynolds telescope pre-
vented the observatj-on.s as rvas the case for ire a-rtenpl t:iade for the
TT,E of 16 Sept. f978.

J{ovever, a noninal conparison of individual observerts results for
identlcal lunar features for the sane event does il-lustrate ihis ascect
as shown i-n FIGUI?E J. It is hoped that the photonetric work l'riIl be
undertaken at the next favourable TLB either lvith arnateur built eo_uip-
rnent or at l{ount Strornlo. These data vrill then rnal.;e it possible to
establish a true edge for any event and tvill enable corrections to
individual results as is further discussed in APPIiDII{ B.

DISCUSSIOJ{
---ffie-basis of norclnal umbra edge correctj-ons, hopefully to be later
substantiated by photometrlc observatlons, indivldual observer differences
can be reduced, it has been possible by simple comDarison betlveen obser-
vers with lol,t mean emor for uilbra enlargenent to illustrate the possi-
bilities of this nethod as is discussed further in APPBiIDf)i B.

CAUSES
iVhat then are the causes of these variations other then that ctiscussed

for the umbra enlargement values found for each eclipse and hence the
oblateness estirnates made?

As can be seen from the Unbra enlargenent data presented i-n TABLE 1
considerable departure fron the overall nean exists for inost observers.
This ls due in part to the first analysis which includes only a noninal
value for the oblateness of the figure of the Earth ot I/298.J and ignores
any difference vrith that found for Umbra oblateness from the second
analysls based on observational results.

APPEI{DIX C explores the comection to the unbra oblateness value and
the effect on conputed values of urnbra enlargenent and also the changes
when correcti-on for true unbra edge delerrn-lnatj-on is considered. A general
improvement can be seen in the overall departure of results vrhere this
enhancement i-s nade.

COI\TLUSIOIS
Although at first coneideration the accuracy of deterrninati-on of umbra

oblateness fron crater tirning observations vrould appear to be quite lolv,
statistical analysis har shot:.'n that these oblateness estinates nade vrith
data where umbra enlar5;eiiient val-ues have low raean emor, fall rvithin a
probability liilit of ))16 for a linear regressi-on analysls of uinbra radi_us
and posltion angle data for the lunar feature timed.

By applying corrections to the umbra edge estii:rates nade by individual
observers and standardizing this, iiiiproved values of unbra oblateness arepossible and uinbra departures are reduced.

It is planned to continue this prograiit of observatlons and. analysisat future Total Lutpr Bcli.pse events ancl in particular establlsh true
gmpga edge information for-photonetri-c obserirations,--eii[;r-bt-ir1ituur
bullt equipment or at l4ount Stroulo Observatory using the i?eynolds
telescope as was arranged for past events.
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APPE].{DT]{ A

The equatorial radius of the llarth and its attrtosphere can be expressed
as follows:
p= o.99B3Zao5 + 0.0016854! cos Zg - o.aaaooJ?2J cos Iyfl

+ O.OOOOOOOI cos 60
where the above expression iucl-udes the accepted value of the figure
of the Earth of f = I/297. l'Jith the ner,v value of t = l/298.3, the
approximate expression used for the equatorial becomes:
F = O.9983A7 + 0.001676 cos Zfr,
where Q ts the geographic or geodetic latitude of the observer.

In using this expression to fori:n a straight line relati-onshj-p for
the radi-us of t,he umbra as observed for deternined position angles for
the lunar features timed for urnbra contacts, the expression becomes:
r^=a+bcos2fl

ovrhere in this case / is the estiinated posltion angle of the timed
f eature frcn the East - l'/est equator of the urnbra/rnoon on contact.

An algorithn has been'u;ritten for the \P 67 calcul-ator to find the
regression coefflcients for both the calcuiated. or theoretj-ca1 uubra
radi-us and the observed uinbra radlus as found frorn the crater tirai:rg
reduction data fron the algori-thrn developed as CTR (2).

Stat'istical analyst-s has been included in this nevr algorithm so that
the regression characteristics can be tested for null hypothesis by
applying the t and Z statistics for n-2 data pairs (B),

The sainple comelation coefficient r has been found from the least
square analyeis estimators S_.---* -xxt

e
xv

L-

S_--- and S__-_ as follols:yy xy

been determined for comparison wlth tabulated
by the following:

and the Z statistic has
confidence limit, tu/z



rZ=V
1+r

LN

2 1-r
the test for 1j-near relationship within the confidence limits (loo-a)%
as chosen to suit the data, is vrhere lhe Z stati-stic exceeds the
tabulated confidence llmit value ot tu/r.

The null hypothesis Lest i- also nade using the second t statistic
by the followlng:

s2=
e

n(n-2).S**
The value of the unbra radius at the

be found for the ))j/" confi-dence limits
regression nov/ that values for a and b
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equator and at the poles can then
established for the linear
are known, as follovrs:

b-B
t=

e
where B =- o.Ene Ieast

O and"
square

xx' tw

S is the standard
eBtimators by the

,2(s)'xy

emor of estinate calculated froin
following:

c

y=(a+b*o) + L^Ir t^o Da/z e

and hqnce, the oblateness caa be calculated from the radius value at
6 = oo and. Q = 9oo, or at x^ = cos 2Q = +I and -1, as equa,torial and
polar values respectively, " giving the oblateness as:
f =r /( r -r )eep
rvhere the 99% confidence limits for each radius can be establ-ished from
the values found from the expression for y above usin6 the correct valuetor t^rr.

Hencer a range of oblateitess values for each observerrs da.ta set can
be found which can be compared v'rj-th the er;lected oblateness value fron
the i4eeus expression for geornetric consi-derations for a narticul-ar
ecllnse as follows:

298.3 IT +rT -stoco
t'rhere IT^ and Sl are the parallax and corrected se:ni-diairieter for the
sun at uia-eclifise time and FI" is the horlzontal parallax of the lroon,

Fj-nally, the new algorithm can be used to compare computerJ unbra
oblateness values with that expected as a f6 change.

The Program Descripti-on and User Instructions for thls nel'i al6orj_thm
are avallable fron the author if required.
APPE].TDIX B

The Reynolds telescope at i"lount Stronrlo Observator.y was to be made
avai-lable for photometric observatj-ons of the TLE on 6 r^eptenber 1979.

Brian Jarvis planned to set the General Purpose ftcalar to troviCe one
second j-ntegratlon of photon returns from sel-ected lunar craters during
the unbra transition phase of the eclipse so that a reconstruction of
the changes i-n denslty at the umbra edge could be nade for a knoivn tir.rebase.

rTII
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The slngle ai-m of thie experiment lvas to provide sufficlent data in

terns of denslty, or light leve1 readi-ngs at the edge of the umbra to
characterize the advancing and departing edge duri-ng the period vrhen
crater tlmings are made. This characterization could be then achleved.
by plotting the photon count variation vrith tlme for any particular
feature so that this result could be compared vrith observational data
provided for the same feature from any number of observers. The possi-
bility would then exist to coruect or stand,ardize individual tinings
against this photornetric stand.ard, so leading to imnroved accuracy for
enlargement of the umbra and resultant oblateness estimates from thls data.

Unfortunately, the Reynolds photometric experi-ment was not posslble
due to encoder problems and the telescope was made unoperational only
two days prior to the TLE. At the TLE on 16 September I9?B sirnllar
circumstances also prevalled, however a photographic densitometer scan
vras nade by I'lick Loveday, then with the C.A.S. and these results are shovrn
with the diagramrnatic representation of the expected umbra edge denslty
variation i-n FIGTAE 2.

Figure J also illustrates a si-rnj-lar umbra edge density curve construc-
ted by considering the observerts departures fror:i the lovr rcean error
results provided by Stephen Hardy for the TLE on 16 Septenber 1978.

ilhese departures have been plotted against the umbra mean enlargement
for each ohserver as thi-s vaLue is effectively proportJ-onal to 1unar,
or umbra distance and tj-me. Application of these corrections from thj-e
reconstructlonr as vras originally intended for the more relj-ab1.e photo-
metric data, is discussed belorv,
DrscussroN

Although the reconstructed umbra edge density curve is fairly notninal-
onlyr the pri-ncipal of urubra edge standardization and data correction has
been applled here to explore the concept and to prepare for l-ater photo-
metric observatlonal data fron future TLE events.

By applying a comection to all observerrs unbra enlargement averages
so that each mean value is corrected to the second integral point andthe corresponding value of ?'6I. ( Figure J shows a value of f./y," I eachcrater tim:ing can then be adjusted to a nroportional vaLue.

The results of thls adjustrnent and the use of these coruected contacttimes for umbra oblateness analy-sls is incl-uded ln Appendi>t C.

APPE]''IDTX C

fn the algorithm developed for the reduction of crater tining resultsa general value for the oblat,eness of the figure of the llarth has been
included as follovrs:

"" = (0.998325 + 0.001676 cos Zd). f.:Ic + ( Eo- SJ * l,t )
and is also included in the expression for Lt rvhich is the shadovr enlarg-
ement due to the crater being closer to the Earth then the fundamentalplane passi-ng through the centre of the moon, to vrhlch all values arerefemed as follows:
Lt =O.2?2. f l-t" 

r/t - ri . sir ( s; - Iao ).
By replacing either the nomlnal value ot r/29? or t/2g8.3 for the

umbra oblateness as was useC in these expressions, with the value obtaln-
ed by statlstical analysis of observer results, it ls possible to arriveat enhanced unbra enlargement values i-n this initial reduction.
By applying the output data available from these improved cornputations,it is also possible to obtain improved umbra oblateness valuel.

Hence, using the algorithra produced for crater tir:ring reductions (CTR),
observerts results are used to compute a first estimate for unbra enlarge-
ment and to provide data for reduction of the linear regresslon used for
umbra obratenees estimates; also as a first approximation.
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Follorving this, a second a'oproximation can be made by replaci-ng the
nontnal oblateness factors in the algorithrn CTR as discussed above and so
provide inproved values for umbra enlargement by further analysis. These
data can then be used for inproved second approximation umbra oblateness.
This process can be applied for successi-ve reiterations until a no-change
situation is developed.

This approach has been applied to the data set for Stephen l'lardy for
the TLE of 16 Septeinber I9?B wlth the following results:

Fj-rst apnroximation: E = 2.2I%r for Jl crater tirnings
m.€. = o.06

f ^ = L/3Lr al 99i"' Probabilityo
mean

Second approximation:
IIl r

f
o

mean
Third a-pproximation:

Dlo

f
o

E = 2.42i'!t for 57 craler til:lngs
e. - 0.05

= L/38 at 99i[ nrobability

E = 2,4O%, for 57 crater ti:rings
e. - O.O5

= L/38 ar 99% plobability
mean

Other resul-ts have been m.odifled based on the above a:pproach but
al-so include a correction forrttruett umbra edge as described in
Appendix B. The results of Hardy have been further modj-fied j-n this vray
to provide tho following enhanced values:

4orrectecl first approximatlon: E = 1.'13 + O.06%
fo = I/25 aL 98% probability

mean
Corrected second approxlmation: E -

fo=
mean

The numerical li-nitati-on of this approach is l-ir:rited rlue to the
slgnificance of input data anc the overal-l nunerical- accuracy, thecorrection to the Ei'6 value for trtruerr umbra edge would be more meaningful
vlhen substantiated by photoraetric data; the above deinonstrates the
enhancement possible.

L.73 + O.O6i,'"
r/44 at 9B:,4 nrobability

DATE TYPE ?/"8 I'Io. S. S. D. I 1Il.€o

l-974 l,iov 29

L97B I'lar 24

L97B sep 16

1979 t4ar LJ

1979 sep 6

f rnmersion

Ernersion

Immersion
Emersion
Inmersion
Emersion

Immersion
Inmersion
Emersion

r.75
T.B3
1 OlJ-oOb

1 .86
1.82
l.78
a -OI. (()

1.72
r.66

39
t7

200

3B

468

3L

2'
Lo7

r33

o.41
o,42
o.28
o.ll9
o.69
o. q-B

o.55
o.52
o.57

o.o7
o.10
o.02
c. oB

o.o3
o.09
o.11
o. 05

o.o4

TABLE 1 RESULTS FROI,I EVEI'ITS OBSERVXD

CAS : TLE PROGRA}4 ( CTR)
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6 sEP 7916 SIP 7B?4 w]AR 781 16 SEp 7830 Dtc 63

mlnf
o max

L L I^a/t
f

c^ m].n
t

c max
D SI

o
r1

o
n

C

fl
m

f
o

m ean
4rtt
7'oun

r -r'ep
TOL. +

PROB. LiIVIIT
f

o
m ean

f
C

m ean

s&T s/64
E. f. BoLh

68

2.326
0.300
2. 550

2.590
160

90

2.576
294

224

0.16159
0.00085
1 .003425
131

115

14

0. 0087

o.ao24

e8%

q)q

nncUo l.lo Jo

lYl. Clarke
26

1.315
o .271

I .394
1 .436
183

62

2.779
346'
161

0.155195
0.000873
1.012381
134

92

46

0.010?
0.0053

BO'fi

997.

TABLE STATISTICAL ANALYSIS DATA

cAS: TLt pR0GRArvr (Cr0).

C.A.S.
fl. AshIey
22

1,717
0.408
1.987
2.098
107

29

2.819
422

103

0. 1 554o7

0.00087fr
0. 5938 53

218

46

370

o.o217
o,8127

9O/"

9q/"

c.A.5.
5. H ardy
55

2.576
0.352
2,706
2.?93

22

2.576
206

112

0. 1 5 5467

0. 000875

0.593853
218

34

541

o,o294
0.0150

ee%

99i"

c. A. s.
J+

14

1.345
o.440
1 .730
1 .834
201

119

?,145
s74
339

o .1 60245

0.000882
0.571861
215

150

43

0.0067
0.0017

N0IE' )e In this observation sBVeral observer rs

results urere combined to conform to
those published in S&T Jan 1979.



t57

a
a
LrJ

z
l,J
F

J
CD

O.
o\

E. D-
OO\
t!-

U)E
LJ l4J
J cL)(5=
Z. LLI

o-
Z LrJ
C:] U)

Fro
A Lri
OJ
0-F

;lrl
-lr-l
;l

o
tr)
tr-

CI

cf
N
$l

o_

o
Or

-

a

r

tiJ
E
F
=LJ
(J

cu

=-

I

ol\ol
RI
0_



158

UJ
(J

t
F
E
Ld

ELJm=
tcf)
trJ A
IZ
F trJ

O
tLclr]

z.
l4J
IJ
Z(J
TF
LJ

z.
F

v.o) c-3

z.
LJoo
NI

I
L!l
EI
=lC-]I
HI
LI

tJ
L]

t!
E
-(n
E

:l
J
U)
(n
I-]
E
(J

=LrJ
(.J
z
Fa
O

E
cl
LJ

=
F

cn

=
J

E

=

E
LrJ
F
UJ

=cl
F
(n

=lrj
clN
(J E.

trJ
rcoo_=

CJ
OUJ
F(Jorr
o-F

t4J
('J
z
T
ct
t!
O

=O(-3.o=aEO
U'' E

bJ
:tr trj 

=FEZ. (J=
l! z. Cl
clHc)

L!
F
E

==
=H
><

t_

aa
L^Jz
Fr
('-3
F!
E,
co

lrJ
(J

L
E
=a

LaJ

CJ

I
LJ

tL
O

LrJ
F

t

==E
X



t59

o(J
o0)
tta
co Ln

+l +l

C\
+

)
)

t-J
(J

tr
o_

.i_

Or

=
I

\oo
N (\J
lt

LrJ (n
JJ
:trf('cf

o
o
o
\o

+l
ro
tr)

I

a)
)
CT
L,J
:r

0)
I
a

cla
J
LJ

LrJ

-
ll

C

(J
oOou)

0)
Ol-

+l F
C\i

-l
Ll-)

IE
tl

cJz
L:=

t(n
LJ

:l
CJ U)

z
cl
(n

E
o-

=O
(J

E
LJ

E.
LTJ
(n
-ncl

ci

LrJ
CJ
O
LJ

t:
(:.)

E-
f

t!
=E.

:
tJ
J
CD

ol
C)
G
o-

l.l

trJ
E.-J
(J

L.

a

o

E

L1

=
cl
=J
(J

F
=CJ UJ.=

N LrJ
O
x.

J
;zr!

E
m

cq 5:
f-=

u-,

(\

LN

O

rt)
N
+

IJ
O(-]rQr.n z z.
llJt(')oclo

EE'NEV
trJ trJ
t-
LrE

LTJAIE
OU)=Fmo(n
+JOCJ]

LL
L.J
CT



t6t
A PICTORIAI, PRESEMATION - SOME AUSTRA],IAN OBSERVATORIXS

by MARK TAYLOR

I suppose I started thls presentation in L963 or 1961r v,rhen I acquired
my second camera. The first was a Brownie box v,rhich I had pestered my
parents into buying for ne while I was still at school. The second, a
Pentax SV, came out of uty ouJn pocket, which ryas none too deep at the
time. Indeed, if a friend of my father had not picked it up in Japan for
me I could not have afforded it. The Pentax li.ved a hard and busy l-ife
for about ten years photographing the great passion of iny yor-rth, notor
racing.

'uVhen I forsook motor sport for a more conlemplalive pasti:re it i"/as
only natural that the cainera shoul-d be involved, and more or leso by
chance f started to accui:rulate slides of observatories. This eventually
turned into an organised project iorhich has since absorbed a good deal of
tiile, energy and money.

I have learned fron the pursuit of this project that there is an amazing
number of observatories in Australia. You hear about the imporlant ones,
and find then inarlied on mape, but 1ocating the snaller ones, and particu-
larly the anateur ones, is a different rnatter. You vrj-ll not find them on
maps, you will not stunrble across them accidentally. f vrontt bore you
with the details of how I found them, but three useful contacts were
Gregg Thompson of Brisbane, l{artj-n George of Hobart, and Re.g Lav,rrence of
l"le1bourne.

Although I have actually visited all- of the observatories described, I
did not take all of the transparencies used in this presentation. Sources
of photographs are acknovrledged vthere applicable. Other assistance has
been rendered by Dave llerald of Canberra, Robert Haminarstrand of Perth,
and John Luck of Canbera, vrhile the ovrners of private observa.tories
were generous with their time and assistance. I extend thariks to all these
people. Some of the rnaterial used here has been previously publlshed in
Itsouthern Crosstt, and is reprod-uced by pernJ-ssj-on of the Canberra Astro-

fy the transparencies vrhj-ch v,rill be presented

TASi'l,AiTA

The first telescope erected at i'{ount Canopus, a seconc',ar} suil:'.lit of -1t.
Ru:irney near Canbridge, yras a 40 c,:r Cassegtarn/Coud6 insta'lled in L967.
Construction of a 1i;ietre telescope ifras commerrced in L97I ancl at the ti::re
I sarv it (I'trovernber I97B) it r,''ras about -bo be coumissioned, Bo'bir tclescorles
l''rere designed and buil-t by the Universi-ty of Tasmani-a. There i-s a range of
hills betr,veen the observatory and Hobart, but clty 1i6hts are starting to
j-ntrude and no further telescopes are 1i1."e1y to be installed on the site.
oLI I'{ELBOUR}m OBSERVATORY, VTCTORIA

This observatory i-s the property of the Vlctorian Government, but is
actually operated by the Astronomical Society of Victoria. ft is best known,
of course, for the 1.22 rtef,re trGreat Melbourne Telescoperr. Installed in
1870, it was largely in disuse by the end of the century. In 1!{) it r,vas

transferued to l,lount Stronlo, extensively modernlsed, enlarged lo I.27
metres, (say 1.3) andrecomnrissioned" By the end of L977, holvever, its drive
had vrorn out, and at the ripe o1d age of 11O i-t was once mors tt3sli3scltt.
The AI{U is considering overhauling j-t yet again and transferuing it to
Siding Spring, so this vronderful old telescope niay yet serve Australian
astronorny well into i-ts second century.

Although lhe rnost spectacular, the Great ilelbourne Telescope tvas not the
only instrui:teut at the Old itelbourne Observatory. A 20 cn refractor is still
operational (ln j.ts original done as far as I can malce out), but a
photoheliograph alnd a transit instrument have apparently disappoared.

noilical Society,
The follolving notes ampli

at t,he Convention.
l'.{OUlm CAl\iOPUS OBsIltVAT0RY
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An interesting telescope no\r at the obeervatory is a 7.5 ciir Zeiss
refractor said to heve been the property of Sir John l,lonash.
l"{ouuT sTRo}4LO OBSIRVATOnY, A,, C,T.

l dontt suppose that f need say nuch about Llount Stromlo. The L.J rt
telescope has already been dealt r,",ith in this presentati-on, and the 1.! n
j-s too vre1l knolvn to recluire description. Although I will shor,r a few
transparencies I r,^rish to descrlbe in detail of only one telescope - the
Photographic Zeni-th Tube, or PZT.

The PZT is owned by the Departn:,nt of i'.lalio;ral Developl:rent, Division
of llalional liapping, As the name of the instrutiient suggests, it is fi>:ed
i-n a vertice.l- position. Incouin6 light fro::n a star croseing the ze:irith is
focussed by a 2, cn fL3r5 achroi"rat, reflectec'l by a pool of rrrercury at the
bottou hack up 'bo a photographic plate beneath the lens.Four photographs on
single pla.te are tal:en as the star crosses the field, the plate bei-ng
rotited. througn t8oo betr,veen each exposure. iieaErureme nt of the ir:rages
gi-ves Lhe precj-se ti:le and position of meriCian passage which j-n turn
provides clata on the rotatlon of the earth, Chandler l:rutation ( ttpolar
wobblert) r continental drift etc. The astr:onomy of the PZT is therefore
the astronomy of the Earth - we photograph the stars to find what the
Earth i-s doing be nea'bh our feet.
LUiiAR LASER RAI'NJER. ORRORAL VALLEY A. C. T.

This observatory, like the PZT a{qllount Strorelo, is owned by irtational
ilapping. It fires shots of about 10" photons of ruby laser light at
retro-refl-ectors left on the i{oon by Apollo and Lunakhod llissions, One or
two photons of refl-ected light are received bacir at the telescope 2* sec.
l-ater, giwing a very precise (to approx. JO cr,r) neasurement of the distance
from the telescope to the retro-refleclor. Altough simple in theory, in
practice the separation of true returning photons from stray tri'16isstt is
difficult. OnIy a few returns can be posj-tively J-dentified.

The telescope is a 1.5 metre Cassegrain vrith an f2.) primary and a
total cassegrain focal ratio of fB. It origJ-nally belonged to the US AJ-r
Force Cambrldge Research Laboratoriesn but r,'ras transferred to i.'ational
l4apping Ln L973, fts operation under US Air Force control vias described
in Slry and Telescope of February 1972. Apart fron the obvious raeasurement
of the lunar orbit, this observation is very sen-.itive to the position
of the ranging telescope and can thus be used for measurernents of
continental drift.
HER.ALD / C.&S. OBSXqVATORY. IiAI\€AII, A.C.T.

Australia has a ncottage industrytr in cometary astronomy - Bil Bradfield
finds them, Bruce Tre6askis confirms them, Dave Herald or l'4ike Candy
(Perth) measures thelr posltions and conpates their orbits. The si-gni-fi-
cance of Dave Heraldrs activity in the field is that his is one of the
very few observatories in the Southern Hemi-sphere producing conet position
measurernents of the requlred accuracyr

'rVhen Dave arrived in Canbeffa he had tlvo 20 cn l'Ter,vtonians, of f7.5 and
f4.5, but his main inetruuent for many years novr has been a 30 cn f5.6
j;'evrtonian residing under a done ov;ned by t.he Canberra Astronomical Society.
Ovring to a periodi-c error in the drive however, photographic exposures
vrere limited to about 90 seconds. Acquisition by C.A.S. of the 20 cm MSA
Calibration Camera provided a solution to this problem, and the JO cm tube
now rides piggyback on the Calj-bration Camera peri:rittlng exposures of more
than an hour. I'luch fainter conets are nor,v observable, using the JO cm for
high magnification v,rork and the Calibration Camera for vride field lvork.
The Calibration Camera has been renamed ttSimmonds Cameratt in recognition
of former CAS President Ed Simmonds, who negotiated the donatj-on of the
instrument to the Society by NA,SA rvhen it became redundant at the Orroral
Va11ey Deep Space Tracking Station.

The 30 cmlSimnonds Canera combj-nation did not fit under the Societyts
dome. s5 a rbIl-off shed has been constructed and the dome renoved.

D6.ve has recently acquired tr,vo {O cn di-scs of D"rran 50. Things never
stand still for long around the HeraLd/CAS observatory!
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UNIVERSITY OF NEW EI'ELAND. ARIIIDALE' ltr,S.'/'/,

f have very little inforrnation on this observatory, other than that
the inain instrumetrt, - a 2O tnetre paraboli-c C,ish aerial -
vtas used for observations of planets and testing some relativity concepts.
I do not have details of any results from these experiments, and lhe obser-
vatory is included here inai-nly to i-llustrate what you can fi-nd if you snoop
around enough. The 20 metre dish is obviously in a bad state of repair,
consistent vrith the retj-rei'nent sorne ten years ago of i-ts principaJi (and
perhaps only) userl Associate Professor Landecker.
GILG$I{DRA OBSBRVATORY AiCI DISPLAY CE]\IIRE. U.S.Y'/.

l,'lhat does an arnateur astronomer do when he retires? One thing he might
do is build an observatory and charge tourists a dollar each to get in.
And that is exactly rvhat retired fariler John Estens has done in Gilgandra.
John has built his orvn telescopes for amateur use, but to justify adrnission
charges a more professional type of instrument riiag required. A Cave 30 cn
f5 I'{ewtonian r?as selected for night vieiring, a Unitron ?., cm fl-5 refractor
with Sun projection screen for daylight use. For the non-astronomer there
are displays of Australiana, naturally focussing primarJ-1y on the Gilgandra
di stric t.

The observatory is open frou:12OO to 22OO daj-ly except aIl ir,Jednesdays,
chrj-stmas day and Anzac day, Admission is {$ 1,oo adults, )o c children,
with concessions for family, school and coach groups.
SPRINGWOOD OBSERVATORY, QLD:

One of the countryrs nore interesting amateur astronomers i-s Gregg
Thompson of Springwood, between Brisbane and Southport. I{is main instrument
is a 20 cm fB I'ielvtonian bullt by Brisbane ATM Cliff Duncaa, fo the easual
vi-sitor, hov,rever, the instrumentation i-s probably a second.ary feature of
Springwood Observatory.

Gregg ovin,s a large flat-roofed house on a high bl-ock in Springwood. The
observatory is at the back, its floor being level with the roof of the
house. It is a very spacious and comfortable observatory llrth a split sli-
ding roof, boohshelves and desk. But the thing that lvi1l catch your eye is
the decor. The walls and floor are painted b1ack, spangled uith rtsf,s3sn.
The ceiling is randoa-grooved boarding. A large l4oon map, an AAT photo of
NGC 5744, and a representation of a hydrogen nebula adorn the vra1ls. ff the
vievr through the telescope doesntt freak you out, the vievr around it vrill!

ttFri-ghtfu1ly House and Gardenrtthough it rnay be, this i-s still a v,rorking
observatory. Gregg Thompson is an active amateur astronoiner as well as an
ainateur interior decorator.
BRETT KITCHENERTg OBSERV$TORY' CAI?Ii'v'A,, QLD.

I suppose Carina i.s an appropriate place for an observatory, and Brett
Kitchener has built j-t. Although not far frora Springvrood, holvever, Brettf s
approach at Carina is diametrically opposed to Greg6 Thoiupsonrs. This j-s
just a siuple, unpretentious little backyard observatory (but itrs better
than mine!), The telescope nust be unj-que - a L5 cin fl1 .5 aLLazimuth i.ievr-tonian, built by another Queensland amateur, Peter Anderson, in L95?.

ILIUSTNATIO}TS
l4OU].trI CANOPUS OBSERVATORY

40 cm telescope & yoke bearing.
/aO cm done v;ith Coud6 hut.
1 rnetre telescope - note mj-rror support by astatj-c levers.
1 metre telescope and counterweight,
l- metre dorne.
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or.1D MELBOURI\E OBSERVATORY

. Great Melbourne Telescope, as originally installed in llelbourne.

. Great l'lelbourne Telescope house. The cenlral secti-on i-s the origi-nal
building, and the roof rollecl on four vrheels each side located in the
dorners.

, 7.5 cn Zeiss refractor.
. 20 cm refractor.
. lVeight drj-ve for the 20 crl refractor.
. 20 cm doi::e at left, photoheliograph at right.
MOU}ilI STROI,f,O OBSERVATORY

. OdCle telescope, first telescope pe rnanently installecl at l,lount ,9,tro:'rlo,
(1911). A 13 ci:r Zeies canera is atlached".

. Oddie doi'ne, on the sunmit of Mrou:rt Stro:.rlo.

. Phoiographic Zeirith Tube.
T)7 nr Lr'.1-

a t u I llq Va

. Great lielbourne Telescope, as installe d at llount Stroi,rJ-o

. I . ! iletre telescope ancl Coi:re at Cusl-". AIILi 9-l1e'gograltir.

. Panora:la of l.fount Stro,:rlo, AllU phologralth. l-otc itroxinlty
The buildiugs fron right to left are:
a. Farnha:r dorle (I5 cn refractor).
b. PZT hut.
c. .i{ational- Mapping Offlce. '

d, Storage shed, possibly formerly housing a transit j-n-"trurneflt.
e. Reynolds Come (76 cn reflector).

after uodificalion.

to Canberra.

f . Solar tower telescope doroe ( d.isue;ed) . The
Farnlran and SoIar do:les contains of fices

build.ing betrveen the
and the librar,y.

g.
h.
j.
t_t!.

1.
1:1.

11.

The

She ds.
1 .J nietre (Great l{elbourne Telescope) c1o,:re.
Director I s resiclence.
uppsala doiae. Tire telescope, a 66 cra fj.l Sch,;rrcit or:;:red by uppsalauniversit'y in srveden, is being reloca-ted e-t sj-cliirg spring.Optical and nechanical'uvorhshop.
1.9 netre dorne.
Yale-Colurnbia (66 cn refractor) dorne.
Oddie dorne is out of lhe picture to the le ft,

ORRORAL VALLEY

, The Lunar Laser Ranger Telescope.
. Lunar Laser Ranger clome.

IIERALD/C. A. S. OBSERVATORY

. .Sln:ironds Camera as received frou NASA, before adrjition of the JO cm
Fewtonian.

. Simnonds Camera, with JO cm lTevrtoulan.
, Detail of Simiironds Camera.

UI'ITVERSTTY OF Ii-EW EI,GLAITD

. 20 metre parabolic dish.

. Smaller parabollc dish.

. Helical aerial, one of several ionospherlc research.
GILGANDRA OBSERVATORY A}ID DISPLAY

a

a

As seen from the ltrewell Highway.
30 cm Cave ltewtonian.

used for
CE].{TRE
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OBSF,RVI,TIOHS OF TIIE AUROR.I, AUSTR tLrs

By ?.8. Tregaskls, Dlrector, Auroral Section,
Astrononlcal Society of Victoria.
II,I?RODUCTIOS

A tsrl.ght di-strrlay of the Aurora Australi.s is a spectacular, awe-i-nspi-
riag elght whlch, if I.t has never been seen before, can leave the ob-
sorver wide-eyed, and wondering wbat is going to happen next. It is
perhaps couparabLe to onots first view of a total solar eclipse.

Tf the observer is able ej-ther to record or photograph detalls of
the dlplay, the information can be used l-ater by physicists investi-
gatlng thi-s type of phenomenon. A11 reports by anateur astronomers
are useful, even if the aurora has been reported on television, radlo
or in the papers. In most cases raedia reports are not available be-
cause the aurora inay be faint, or not widely observed due to clouds,
and the observer may be the only person in the rvhole country, or atleast i-n a certain area, to report the dlsplay.

This paper stes out to give some background information regarding
auroral dlsplays in South East Australia, and appeals to arrrateurs to
report their observations.
FAVOURABLE LOCATIOT{ OF SOUTI{ERII AUqFRALTA

Of all the mai.n inhabited land masses j-n the Southern Henlsphere,
those most favourably placed geographically for observations of tire
Aurora Australis, or southern lights, are the South lsland of iiew
Zealand, and southern Australia (especi-aI1y Tasmania and southern
Victorlal but also the southern parts of Western Australia, South
Australla and $ew South Wales). This is because the frequency of oc-
curence of displays of the aurora i-s related to the rnagnetic lati-
tude, and t e geomignetic aris is tilted favourably "or" 15o tovrards .1

Australla from the south Pore.(1). As a resul-t, the southern areas
of South Afri.ca and South America are poorly placed for auroral ob-
servations. Thus, se ia Australia should nake the nost of every op-
portunity to photograph or othersrlse record details of auroral dis-
p1ays.

FI?ESUENCY OF OCCUNREN,CE

Unlihe many other astroaoaical events, aqrorae do not oecur oa re-
gular, pradlctable n:ights. Being relatecl in a complex nanner to solar
actlvlty, the fregueney of displays at our latitudes tends to folIor
the sunspot cycle, although not necessarily exactly. Observations,
naturally, are nodified by weather conditions, so that many dlsplays
undoubtedl-y go unrecorded. As an indication of the level of activity
whJ.ch has occurred previously in thls area, Fig. 1 shows the total
nunber of reports of definite and doubtful aurorae, and total nights
on vrhich aurorae w€re reported (mainly from Vj-ctoria) to the Astro-
nonical Society of Vlctoria, each year over the last 11 years. On the
average, aurorae v{ere seen on / rrights, and 11 reports v,iere received
each year.
HEIGHTS OF AURORAE

The lower borders of aurorae are usuaIl;r vrel1 defined and occur at
heights of about 1OO ktu, while the upper borders often tend to be more
diffuse, and gradually fade out at h.eights of some huadreds of kilo-
netres, evea ertending up to about 1OOO ka 1a sone cases.(Z).
fhus, becauee of thelr great heightr atrd in nany casea also wide er-
tent, particular displaye can be observed over a large land area, eon-
parable to the size of Victoria and greater.
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BRrEF HTSTORY 0r VICTORIAN AMATEUF OBSERVIS9 pRgcRAMs

About 2) years ago, Victori-an observations of the aurorae v,iere re-
ponted by amatear observers to the Carter observatory, \{ellington, N.Z.
A detalled observing manual vras available fron this observatory (3).

For the conmencenent of the International Geophysical Year (ICY) in
1957, an Auroral Data Centre vras set up in l4elbourne, and an obser-
ving manual (4) and theodolite (for neasuring di-spIay features) were
lssued to many arnateur observers around the countiy. t/ith the very highlevel of sunspot actirrity over that cycle maxlmum, numerous excel-lent
auroral displays occurred 1n Victoria, and these trvere ohserved, neasu-
red and reported to the Centre, ulhJ-ch continued. to operate for an ex-
tended period. Fig. 2 is a simplified versj-on of an actual report of a
magntfi-cant aurora, lvhich covered most of the sky in yallourn, on rJ
September L957.

Around 1967/68, the Australian rnstitute of physics, Geophysicsgroup, through Professor K.D. cole, -qchool of physlcal sciences,
La Trobe University, Victorla, organi-sed photographic (of both vislble
and sub-vieual displays) and visual observations of auroral activitvby ar::ateur observers. (516). Dre partly to the lovrer level of sunspot
actlvity at that maximum, and also (probably inai-nly) due to cloudy
vleather at critical periods, the photographic t'rork, in particular, v/as
virtually fruitless.

-Since that time, many reports, and some photographs have been recei-
ved by the AuroraL Sectj-on of the A,S.V. As well a-q being published in
the ASV Journal, reports have been forvrarde to I'lajor F.R, Bond, Ant-
arctj-c Divisi-on, l{elbourne, and to Professor I'i.D. Co}e, La Trobe Uni-
versity,
CUnRlil{T OBSERVIliG PROGRAI'IS

Over the present sunspot cycle rnaxinun, no special- auroral programs
have been organised for anateur observers. Ilowever, Professor Cole i-s
usiag amateurts auroral observations in current research trork, which is
investlgatiag magneti-c pulsations accouapanylng aurora, In conjunction
with Russian sci-entists, auroral displays are being compared at the con-
jugate points in the northern and southern hemispheres. All reports and
any photographs of aurora which may be obtained will be of value, and
Professor Cole is willing to refund a replacenent film to any success-
fu1 auroral photographer.

OBSERVING SITE

Before settling down to observe or photograph an aurora, the best
available site should be selected in preferably as clear and dark an
area as possible, giving a view of the sky in aLl directioas, especial-
ly to the southern horizon, Clear southern country sites are ideal, but
not essential.
VISUI,L OBSERV.E.TION OF AURORAI FORFiS

Aurorae can appear in a variety of forms, one or utore of which nay be
visible in different parts of the sky at the one tine, and not neces-
sari-Iy in the south. When recording observations, details of the form
should be noted. The forns described bel-ow, which are colamonly seen,
are alnost as givean about 2O years ago, i-n a clrcular fron the S.uroral
Data Centre:
ARC fhe arc takeo the forn of an areb of usuall.y pale greea or shitish
IQfrt. The sky below the arc Eay appear dark 1n conparlson. The loser
border of an are usually has its hlgbest point either roughly due South
or roughly due lVorth of the observer, but the actual beariag of this
poj-nt should be recorded. The structure of the arc nay be untforn, i.e.
honogeneous, or it nay consist of short vertical rays over the whole arc
or just part of the arcr i.€. rayed.
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I orsr.vrn, T.B.TREGAtiKIg

Part of record of, obeervation of apectacular aurora 6een
fron Iallourn, Victoriar oD' 1, Septenbet 1957 r and copied
onto a Later type of forn. llhe circle lniticatoa the whole
sky, and tbe neasur€nenta of €I€YatioVbearing are Siven
Ln degreee.
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It ehould be noted that sonetimes the l-ower border of the arc may be
belor the southern horizon, aad only a dtffuse glow nay be 6een in the
south. Record the bearlng of the centre of the glow, and indi.cate its
extent. (See Ftg. 3)
BAI{D The band is seen as a rlbbon of light and oftea shows curves or
bends shich nay lnove along the band. The direction of this noveruent
should be noted. rn structure a band nay be homogeneous or BIed, the
rays belng frequently longer than for a rayed arc.
XRAPERY thls form ls a particular type of rayed band characterised
Ey:lTilEs ln the pattern ol tfght rrangiig like I ndraperyr, or curtain,
in the sky.
COROAA This form occura when a rayed band i-s seen alnost overhead.
Ff,ffiys appear to converge towards a poi-at call-ed the uagneti-c zenlth,to the Nortb of the true zonitb. The elevati-ou and bearlng to the ap-
Farent point of converEonce should be recorded.
RfYq Rays aay be isolated or i-n a group. They appear as colums of
light, f-ike eearchllght beaas, shich tend to converge tovards t.:c EEIB-
netLc zeni-th. The elevatlon aad bearing of the Losest polnt and the
highest polnt sbouLd be recorded.
FORHLESS Patches of surfaeee of eolour, usually red or gtresn, whicb
BayTi:?ay not have a regular shape, nay be seen. Aurorae at low ele-
vatlon for whlch no lower border can be seen should be classed under
thls heading. (See farct above)

TITRORTI, tsesides the structures homogeneo-us and rayed already
foSlowing structures may Oilseen: --

PpLS4IIIEq This tern applies to the rhythiric changes in intensi-ty of
Efr-ffir form. lthe peiiod rnay va y frorn seconds to ininutes. The
period of puLsation should be recorded.
ElAlqIfG During flanJ-ng, the sky over a considerable area is lit by
@of lurninoslty sweeping up towards the zenith momentarily higL-
lighting the auroraL forms present in the area.

I}{TENSITY ?he intenslty
t. falnt- like the

of auroral forns is described as:
M:ilky Way;

2. medium- l-lke moonlit cirrus cloud;

3. bright- like mooalit cunulus cloudl
4. XggJ brieht- nruch brighter than J.

RECORDING OBSERVgTIOI.TS

If possible, make sketches of the display. It is not necessary to
drarv all the details, but of indieate the nai-n features of each form.
Indicate lov,ier borders with a solid 1ine, and upper borders with a dotted
line. Positious of the ncain features in the sky should be indicated by
means of an altitude measurement or estlnate and the azimuth o1 compass
direction of each feature. €.g.1 the^bottom of a ray may be 20" up from
the horizon and at an azimuth of 2OO". It would be shorvn as 2Q/2OO,
If bearlngs and altitudes are uncertaln, known stars rnay be dravsn and
labeIl-ed oa the sketch, whLch can be either the r''rhole sky, (circular
drawing), or only the required portion, s&Jr above the southern horlzon.
I'{ark the rnaln direction, N, S, etc, on the sketch.

ff the dlsplay ls changing, make separate sketches on the hour and
quarter hours and note the tlne on the sketches. .A,t other tines additio-
na1 notes nay also be required to describe the changes in form, bright-
nes6 and colou?. The usual colours are Sreenish-white and/or redt
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although blue and violet caa occur. '.','l:en different colours occur ln
separate parts of the dlspl-ay at the one tine, it is important to re-
cord these. tllhen the display is nowinS, note the direction of the mo-
Venent. l{entlOn whether trees, bouses, cloud, haze, mOOn, etc. Obscure
the vievr.

Displays soneti'res are vert b:ief, las'-ing for no &ore than a minute
Of t'*o. Ie cases l{ke t.bi s, rbere la:ic e:an6es Of forn can OccUr, it
is necessarJ: tc rcte as =.:ch detai-1 as l:ossibie ir a short space of
timer- lt is lro'u possi-ble to sait fc:'the nexi cuarter of an hour. fn
other cases, displays 3ay last for nany hours, ard although they may
change and shos nany forns, the changes are alnost i:perceptible in a
few mlnutes. There is then not the same pressure to record inforination
hurriedly, and more detailed and accurate records can be nade.

Sumrni.ng up, essential details are the observerf s nane and the exact
location, date, tine, positi-on of the aurora in the sl..y, col-our, r1love-
nent, forms visible, and position of the northern-nost auroral foril.

An example of a brief aurora observed by D. '.{.lard, Gorae l'lest, Vic.:
ttAt 21h OOm I vrent out for the eveni-ng check and after debating tvith
myself vrhether the hazy ehy r,vas due to the setting lunar crescent T

eventually noticed a faint narroti curtain directly belor:r l,tag"1lanic
I'tinor, at 21h lOrn East. Thi-s lasted for a nlnute or so and as it faded
another faint shaft of rays appeared beneath Triangulura Australis for
a short tine before also fadingtt.
PHOTOGRAPI{ING AURORAE

Any camera with a fast lens set on full aperture (preferabLy t/2.8
or faster) may be used. If a fast vride-angl-e lens is available it could
be an advantage. Set the camera on infinity and place 1l on a tripod
or another rlgid mounting.

The fastest available film, either in black and vrhite or colour,
should be used. Tri-X or ektachrone llOO are ideal, but satisfactory
results have also been obtained with slower films on bright aurorae. So,j-f fast film is not readily aval1ab1e, dontt give up, but compensate
with longer exposures.

Exposures with fast lenses and films for an average display should
be, seyr 1O to JO seconds, but this could be from I second for extrenely
bright aurorae to 5 minutes vri-th poorer equipnent or films and faint
aurorae. llovrever, if the display is noving long exposures lvi.ll gi-ve
blumed results.

Record your nane, precise locatlon, time, date, camera details, aper-
ture, exposure, fi-lm type, direction of pointing of camera, bright stars
vrhich should be visible in the photograph, and any other significant in-
fornatj-on such as cloud, haze, lvind, moon, lights, trees or houses in
viev'r, etc. If the horlzon is not vlsible on the photograph, rnarl< top
and bottom on the print.

Try to take photographs on the hour and cluarter hours, but vary this
if condltions (cloud, fading, rnovement, etc. ) dictate otherwlse. Iieep
taki-ng photographs regularly, elther until the display seases, or the
film runs out, if possible. A1so, record notes as vrell, in case the
photographs are unsatlsfactory. A tape recorder could be used to advan-
tage ln the dark, and this would also apply to visual observations.
Otherwise, use a toreh or other light vrith red paper or a red filter t';he:n

taking notes.

"jhen 
displays cover a large sky area, it r;ray be necessary to reposi-

tion the camera betvreen exposures to caver the vrhole of the activity.
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R@ORTS

RePo'rts andr/or PhotograPhs
Professor K.D. CoIe, DlvLsion

La Trobe

l1r. T.B. Tregaskls, 21 McGown

may be sent to elther of the following:
of Theoretlcal and Space Physics,
Unlversity, Bundoora, Vi.c, 3083.
Rd., Mt Eliza, Vic. 3930.

2.
z
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