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A RAqE AGAINST TllS Mootit.

JAi\MS B IRAINOR

ASIRONOM]CAI, SOCIETY OF VICTORIA.

Jim joined the A.S.V. in 1960 - In 1962 he was elected to
the councj-l of his societyr e position he stil1 holds, Ile
is a Demonstrator to the public at the 01d Melbourne Observatory
and is Director of the Current Phenomena Section of the A.S.V.

Vice Pres:'.dent from 1964-68 and President in 1969

Jim is socie-by spokesman to the media and has been inter-
viewed on nuinerous occassions for newspaper articles. He has
made several appearancese and lectures to the society and
has articl-es published in the ttJournalrr. Also he addresses
Rotary, Scouts, Church groups etc. He is a member of the
Computing and }Iova Search Sections. Jim assists with calcul-
ation of data aird. preparation of material- for the rrYearbooktr
and also the productlon of the ?iJournaltr and feYearbookr?. He
is a member of nume:rou; society sub-committess including the
ASV!s 1976 Eelipse committee. f'or the 1976 Total Eclipse he
has been appointed. Scientrfic L,eader for an American Expedition.
He vlas Australlan Li.aison Member for the first commercial
ecllpse-viewing fligh'l in June 197+,

At the soci.e tyt s nonthly meetlng he delivve'res the featurettSky for the Month and Current Phenomena Reportfi.
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A RACE AGAII{ST TFN i{OO}i.

IIIX STORY OF A TT,IGHT TO VIEW TIiE 1974 TOTA], ]]CT,]PSE OF THE SUN.

The bleak Antarctic wind blovrs cold over the watery weste
cf the far southern ocean. Across these restive waves on this
19th day of Septernber ir5 the year 1541 , the newly-returned
spring Sun shines wanly from low 1n the northern sky. Its
shafting light weaves a rainbor,v in the sea spray wrested by
the wind 1n myria.d. droplets from the ragged crests. Driven
relentlessly, the salty spray wreathes sinuously about- a
najestic j-ce floe, now and then dimr:iing the sparkle of a
thousand. diamonds glinting amoung the icicles hanSlng from
a frozen outcrop.

Above, a solitary petrel glides haltingly in ever-dimin-
ishing ci-rcles, blind to rfhe stark beauty of its lonely world't
intenl only on'the movement of the shoal of molten silver
below, sooit to sate its hunger. - Neither does i-t perceive the
tiny 'notch in the edge of the sun, silently heralding the
arrival of the lnloon at the exact place in its orbit at the
preci-se time appointed by ldature eons before, to commence
tne first partiAl eclipse of a new Saros series.

The Moon advances, the notch waxes imperceptibly, thepetrel dives. l^/j-th powerful strokes of its stubby wings, it
fl-ies through the water in search of the frenzled silver.
liow the notch is at maximum. The satisfied petrel soars aloftagain, Extending its wings, it flies off to the east, unknow-
ingly fol-lowing the course of the penumbral shad,ow of-the
i'ioon. Below, its own little body casts a tiny shadow of much
greater substance on the waters of the tj-meless sea.

Obtivious too of the future, the petrel can never know
that another giant member of its species wil-l fly eastwards
on motionless wings across anotir.er ocean thousands of kilo-
metres to the north - 51352 l4oons, 24 Saros periods and, 433
years into the future. This other bird will not need to be
concerned wi-th movements 1n the water below. In any case,
it wil] be flying too high and too fast for that. I{otivated
by a strange, unnatural instinctr its undeviating purpose
will be to mLrrge its own tiny sirad.orv wiih another bigger
shadow of much greater substance, rushlng across the waters
far below. lhe union achi-eved, other al-ien creatures carried
al-oft by this bird vri1l gaze in wonderment upon a celestiaL
diamond, glisteni-ng in a ring of ephemeral silver, wrought
of the Sun by the unseen I'[oon. '
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Regretfulfy, the big shad.ow will not llnger mcre than
eight minutes before hurrying off to engulf the south-rvestern
lip of a great island land mass which one day wilr have cometo be known as Australi-a.

rn the Melbourne Headcluarters of Ansett /rirlines ofAustralia one d"ay in August, 1973, a memoranclum from the
Companyt s ios Angeles representative arrivecl at the desk of
Mr. Ian Downes, Internati-onal fours Development 0fficer. An
American travel firm wishecl to charter a Bce:.ng 727 airl-inerto carry a party of astronomers on a flight over the Inoian
Ocean to obserse the 1974 total eclipse or tire sun. rn his
quest for information, Mr. Downes eventuarlly tracked. d.ovin
the Astronomical society of victoria and" in turn the vrriterof this story. And so it was that I came to be involved in
a project that was to culrninate in the experience of a l_ife-
time

Shortly after this initial contact, I received. the first
of many letters from lvlr, Horst Engel, Presld"ent of V.LP.
Travel, Sierra Madre, Calfornia, who had organised a tour to
Africa for the 1973 total eclipse. Finding the vrork satis-
fying, he bega.n toying with the idea of arranging a tour
?rdown under$ for the 197+ ecli-pse. It was after reading 'of
the llkelihood of bad weather interfering with ground-based
observations, that the first thoughts of an eclipse flight
occured to him. Frorn the outset, I sensed. the fertilit]' of
this nanr's imaglnation, Eefore long, I we,s to becone infected
with his unbounded - a.lmost bo;rish - enthusj-asm for the under-
taki.ng. lie wanted this to be rnuch more than a purely-commer-
cial venture. It had to be a unique and hlstoric contrj-bution
to the observation of solar eclipses. Therc are over 40
persons in the lvorld who are stil1 aitesting the pre-emi-nent
success of i4r, Engelts end.eavour.

In those early clays, much preliminary work had to be
carried" out. The circumstancers of the eclipse wcr€ such that
the maximum duration of totality on the ground, would be 4m 13s
at Point d.f Entrecasteaux in tire far south-west of l/estern
Australla. Clearlyr'the cholce of the section of the path of
totality to be traversed. by the aircraft would be influenced
bv three main factors:- (") Gaining the longest possible
dirration; ( b) accessibility to Perth Airr;ort; ( c) bearing
of the Sun i-n relation to the direction of travel. These
considerations were sinultaneously investigated. by the Amer-
ican scientific coordinator of the exledition, Dr. I{arry Nef-
son, and myself. Dr. I'jelson is Professor of Mathematies ancL
Di-rector of the John Deere Flanetarium at Augustana Colleget
Rock Island, I1linois.
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Our findings were 1n substantial agreement. Assumingthat the aircraft vror-rl,l be flying a.t 9r15o rnetres, maxinum
duration of totality - just over 5m 9s would occur at a
B"?in! on the central line in L,ongltude 1O1o igt east, Latitude
3-2'r 00? southt et 4h 47rn UT, some 1r15O kilometres due westof Perth. fhis distance wai acceptable and, j-n as much as the
tlme would be just before local noon for that part of,the
earth, the Sun would be virtuall-y abeam of the left side of
the aircraftr',vhose course wonld. need to be around 98o, The
Sunts'altltud.e would be 34o- a1lo',ving comfortable viewing
from the windows. At this point, the it{oonrs shadow would be
moving at a speerl of 2r75Okmlh. Travelling at 955 kn/n, the
aircraft could- be expected, to renain in the shaclow for up to
nine minutes. Accordlnglyr plans were put in train to take
adyantage of these very favourable cj-rcumstances.

Here I must record sincerr; thanks to Dr. R.L, Duncombe,
Dj-rector of the Nautical Almanac 0ffice, U.S, itlaval Observatoryr
llashlngton, D.C., for the generous provision of data, without
whlch it would have been impossible to plan the fligirt. In
addition to forwarcling the invaluable USliO Circular 1{o- 144
of 1973 June 15, mairy computer programmes were run specially
to furnish vital supplementary information. It was a pity
that ihe nature of the exercise would preclude the observation
of precise timings of the various contacts, leaving us unable
to irep4yt Dr. luncombets kind. cooperati-on i-n a tanglble way.
IIowever, he was given the assurance of all on board that his
assistance was very rnuch appreciated.

iIr. Engel came to i4elbourne in lTovember, personally to
supervise the ?.rrangements with Ansett" All of the seating
would be removed from the left sid,e of the ai-rcraft. Because
of the need for naxj-mum clarity of thu windows, it was
arranged that the aircraft scheduled ror the flight would be
the one whose wj-ndows had most recently been replaced. For
charter costing purpos€sr erstinates had to be mad.e of the
total flight time. llatters as mundane as the provision of
food. and lodging required attention" All this was in addition
to the detailed planning of a '10-day pre-eclipse tour of
Australian astrcnomical installations to br; undertaken by the
Ameriean part;r.

L,ater on, it was with considcrai:le pr!.de that I was able
to advise ivlr. Engel that one of our Society members? Captain
Ken Morris, ruould be piloting the aircrdft on the ecllpse
flight

June eventually arriveo, last-minute arrangenents being
concl-uded b1r cable. The American party, under the leaclership
of Dr. Nelson, arrived in Sydney on June 10.
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vists were made to Sydney_0bservatorxr the sydney Heado.uarters
of_ the csrR0o -cglgoora solar 0bservatory, culgoora Radio-heliograph an{ rntensj-ty rnterfe rometer instar-l-ations, the
Parkes Radio Telescope, Mount stromlo observatory and'Tidbin-bil-la, before a.rriving in Mel-bourne on Tuesclayo June 18"
Mr. Engel had" flown in the prevlous day, direct from the USA.

0n the Tuesd.ay evening, Mr. Engel gave a joint reception
at the Southern Cross Hotel f::r the American and Australian
Ecllpse Flight passengers and the Councillors of the Astro-
nomical Soclety of Victorj-a" Apart from being a very enjoy-
able evening, lvhich allowed those present to exchange id.eas
and learn of one anotherts astronomical interests, this was
the beginning of many new frlendshlps with a fine group of
astronomers from all walks of life i-n America. These assoc-
i-atlons have proved of great benefit to our Society and I
know that we ,;have gained. numerous ambassadors who have done
good work j-n informi-ng our Pacific neighbours of the activ-
lties - even the existence - of the ASV. I

It was a delight to meet Harry ltTelscn. Rarely d-oes one
encounter a person who is so ea.sy to get to know and' so
sincerely friendly. His intense-inteiest in people, pleasant
unassuming manner, extensive knowledge and organisational
talent, combined with his bright personalitXr made hime a
man of inestimable value in an operation of this kind.

The evenJ-ng concludeC with a visit to the 01d Melbourne
Observatolyr wh6re the Americans were treated- to views of
such southern-sky favourj-tes as Omega and Alpha Centauri and
the Jewel 3ox.

0n lrred.nesd.ay evening at 21h 15m, we departed-. f"9t
Tullamarine Airpbrt, direct for Perthu in Ansett Airlines
or l"rt"alj-a B;;ilg 727 uH-RMR, the very same aircraft that

"u"t a"V, woul-d.- tee! a history making. ?ppointment with the
-S-"" 

""4" 
the Moon oirer the waters of the Ind'ian Ocean'

There is an insistent knocki-ng on the door and a voiee
is calling ttBreakfast!rr. In an 8th-f1oor bedroom of Perthrs
nsw Gateway Inn, I stir from fitful sleep. In a, wave of
incredulity, I bring myself to realise that this really is
the long-awaited day. Quickly I jump from the bed and d-raw
the drapes for my firss-ever vi-ew of this beautiful city.
I look between tal-l buildings reaching skywa"rds, across. to
where the Swan River winds widely among the network of free-
ways at the foot of Ki-ngs Park - tire s-cuthern entrance to
Perth.
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I ha.ve tirne to go outsid.e for a brief respi-te. f see
YH-RMR gleami-ng on the 'barmac, resplendcni; rn silver and red.
The thought surfaces 1n rny mind as r look up at the cast ofthin cirrus through lvhich the Sun shines unpreturbed. Canit real1y be that barely one solar diameter to the west, the
unseen Moon is inexorablv ad"vanci-ng? Is it conceivable that
there has been some gross miscail-cul-ation? I convince myself
not and go inside to rejoin the others" Soon we are being
callecl to r.heck in and obtain our boardi-ng passes.

Now we are walking out tc: the a.ircrafto A glance at
the ground eretJ surveying the strange sce:ne with curious eyes,
a photograph of the people behind, and" hcre is -bhe gangway.
Climbing the steps, f em greetecl with a friendly smile from
one of the four hostesses before stepping inside to see an
j-ncredj-bLe transformation" The left half of the plane is
like a carpeted cricket pitch" Only the two llfe-rafts half-
way d.own its length would interfere with the pl-ayersl but
even these necessar$ safetl' adjuncts seem somchow irrefevant
to what lies ahead..

Before I realise what is happening, there i-s a rush to
choose windows and install equipment. The hostesses, bewild-
ered by this bt-zarre behavj-our, are ha-ro-pressed to persuade
us that safety reguJ-a-bions must prevai-l for the imminent
take-off and that a.11. the gear must be gathered up again
and stored. This done, r,ve take our places on the right. It
Seems a pity t-rat malr.-'l seats are unoccupied, but this is in
accordance 

"111 
PIr. Ingelrs decisj-on that there be only as

nany eclipse v.lewers as there aTe wj-nd"ows on the left of the
ai-rcraft.

It is 1Oh 4Om Western Stanclard Time as we commence to
taxi to the runway at the start of this great adventure.
We take to the air" The city ancl t'he river pass by below
aS we are given emergency j-nstructions. Soon we are crossing
the eoast wher: bhe Swan emptj-es its vraters into the Indian
Ocean. We heat1 west over Rottnest Islancl"

Now the asnouncernent is mad-e that we are free to commence
the preliminaries and- an urgent ac-t1v1!V commences as the
cricftet pitch is again j-nv.aded.. lilithin minutes, a forest
of tripohs has sprung uP. Oameras, telephoto lenses, movie
camerai, telescopesr-Questars appear and are mounted. Here
somebody tapes a-list of proced-ures to the wall above the
window.- Th6re, a flash of light announces that someone is
recording the scene for the benefit of envious friends now
so far away.

I l_ook at the hostess in the galley behind my window
just forwalrd of the wi-ng" she is sta,ring at the,scene in
lmazement, disbelief written all acrosc her pretty face.
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she tells me she nevcr coulcl have ina.gined such a. ritual-. rsay that soon she wil-l see for hersel'f what it is all about.

Besid,e Ii€r Arthur inAkr.s tr, final- check of the two cameras.I walk back to whcre Davj-d, Jin and Alastair are separately
busy wi.th their prepeirations, pausing here ilncl there for a-
word with this one and that. fhe news and" television men are
moving about quitely, unobstrusivcl;r filming, writing, holding
microphones to cd.tch snatches of strange conversations.
Forward in the cockpit, i(en and his crew go efflciently
about their duti es " I{arry a.nr1 Brj-:ln are in ea.rnest ccnference
regarding details of the vital navigation,

l'iow I am in the ga11ey, plotting the positj-ons of the
naked-eye planets on my star chart, the co-opcrative hostess
having ylelded her dorn;rin in the ca.use of a different science.I am thlnking that the ej-rcraft desJ-gner could never ha.ve
foreseen that i,Ln astronomer, albeit an arnateur, would one
day be using his stainl-ess steel tabletop to plan vrhat stars
and planets he should l-ook for lvhen the sky went dark shortly
after mid-day. Suddenly, urgentllr, a voj-ce 1s cal1ing,?ttr'lrst contact, First conta.ct!ri. I rush to the windows on
the right, falling into a seat as f grasp the d.ense double
nega.tive handed to me by rirthur fron the seat behind. The
smallest notch is visibl-e on the'uvestern l-imb of the Su:l.
Minute by minute it encroaches further. I give myself over
to thought.

The explanation is sirnple enough. ?he l{oon moves around
the earth in an orbit incl-ined soae five degrees to that of
its nrimarv. l{ore often than not at the tirne we call New
Mooni out bate]lite passes above or below the line joining
the Sun and t4u earth. At least twice every year, the Moon
passes more or less directly between the trvo, and a solar
eclj-pse occurs. The tncnent when this happens can be ca1cu1-
ated to the.secono. What then is the mystery of an event,
even one of'cosmlc significance, that abicles-by the fixed-
laws ef Nature, recurring every 227 lunations?

Andyet the woncler presists, simplify it as we may. Our
calculations tel1 us when, and. our explanaticns tel] us hol;
but beyonrl, forever beyono., 1s the mlrstery itself sti1l
unresolved. For this eclipse is but n. tiny part of that
impenetrable rhythm that bea.ts through the universe, governing
every atom, every star and planet, throbi;itrg in the human
heart and braj-n - the rhythn of life itself.

So I see another cclipse, ancther beat in the eternal
rhythm of time. Al-1 I really knor,v is the when and the how
but not the wh)-; all I know is that soon there will be the
c1imax of totality and then the Sun wil-1 gror^/ again. Time
and change are the only constants.
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I am brought b,r"ck frorn my reverie b;,' the hostess passing
me a glass of refrcsjrnent. She eagerly .'rccepts t"oy offer tosee that the eclipse has started.. r rlturn io th; open areaand l-ook dow: frcm the wind.ow" rhrough ilre thin cirius r see
glgmpg_ of cloud dctted a]} around, thJir shador.vs black on theinky blg-" water far below. our she.dohr is there too, skimmingacross the cl-ouds in a. circlet of narstel rainbcv,r.

Time^passes. r look up_-at !h" sky with my fil-tcr. lTearlyhalf tire sun has gone now- Iiang,ing in the artificial black-nessr it ]ooks like the wa.ning crescent i{oon. The il_lusiomis soon dispelled as r ]ook d.own a-nci remove the filter, rtis not long before r become arvare of a dimness. Ts this theflrst indication of failing light a.s thc i'{oon bites further
into the Sun? A glance outside rcvea-l-s the worryin,q truth.
At 9 e15O metresr w€ ha,ve flown lnto ctense clouc1!

I humy forward to the cockpit" I,rian McEwen sa.ys the
ra.dar shows we will fly ep1 of it before the crucial tirne.
Harry says that we dare not take the risk. I add that it
would be devastatingly ironic to be defeated by the very
thing we have schemed to avoid. fhe clecision is taken to
fly higher. Six hundered netres up we brea.k free of the
cl-oud-. The plane levels off at 101000 metres. Above the sky
is indigo; below there has appeared an roceant of purest
snow.

Soon again I notice a gradual change in the light.
Trooking out I see that the sky is now deep purple" t'he Sun
is sti1l glaringly bright but there is the faintest tlnge
of orange around the horizon. I nove to the other side andd
observe that the glow extends the ful-l 15O degrees, Minute
by minute the col-our d.eepens nov,, pink, ncw rose red, It
is as if sunrise and sunset are happening all at once, right
around the skyline. Xven the cotton-wool clouds are tinged
rvith palest pink. ifhe Sun is a thin crescent. I use the
camera.

The turn-around point is not far ahead now- We reach
it in gathering gloom, as if of early dusk. As the aircraft
cominences a. wide bank to the right, I rnove to my window.
Sinultaneously, Arthur a,ncl I gasp at the sight of vrhat we
have been approachlng" Br'cqght deceptively near by the far
reach of our height-extended hori-zon, the d,ark unbral shadow
of the l{oon loor.rs cl-ose at hancl on our left" iviore menaci-ng
than the darkest storm, it sweeps nearer. Its base 1s supp-
orted by clouds of sullen lead bl-uer but I know there is
neither thund.er nor rain in them. To the scuth, the border
of the shaclcr,v gives way to the eerie twilight"

1A ." il



Now we are speecling doln the line of a.dvance of theshadow. r ca.tch sight of venus 3j oegrees west of what rema1nsof the sun, so bright tiiat it must have been visible quite
pome time agor_if only r had. been vratching. r go down on my
knees to get closer to the window. Around to tiie left, the"
menace is racing towarcls us, The Sun 1s the thinnest sliverof light in the ever-dcepening twilight. As I pick up the
movie carnerar mV vra.tch shows 12,4j.

lhe cli-macti-c moment ig at hand" and wlth a rush the
shad,ow overtakes usn I watch entranced as the short sl-iverquickly contracts to a" brilliant point of light n.t ttwo-
orclockr on the disc" In the sane insta.nt the corona flashes
into view - a delicate circle a.rouncl the rim of the Moon.

This 1s tire beautj-ful diamond ring. T ha.d rea.d about it,
seen pictures of it, tried to visualise it in i"ny minds €y€r
but never could I have dreamed of the reality. "On 

my knbes,
a not-inappropriate attitud.ee errotion wells up within me. I
am almost overwhelmed with the beauty of the sight. With the
movie camera, T try to record" r.vhat I see, goi-ng manually
through the full range of apertures, just to be sure. fhere
is time to hehold this jevrel yet - the last of the Sunts
light, shining through sone lonely valley at the edge of the
Moon.

Selfish1y I recall that no other planet j-n. our system
is privileged to v,'itness such a spectacle. How kind of Nature
to e"rrange her dirnensions ernd" geornetry so that our Moon, 400
times smaller than the Sun, is 400 times closer to rsr making
the two appear of the same size.

l\Tow the gleam is dj-mniing. Within a couple of seconds,
the diamond dissolves into a region of rcsy pink in the pale
corona. lfe are seeing the Sunts chronosphere, i-ts innermost
layer of atrnosphere, only aL few thousand. kilome tres thick.
As the Moon moves furthcr a"crosse the pir:k col-ouration fades
into the whrite of the corona.

lotality has begun. Tht: level- of il-lumination is much
like bright moonlight, The planet Ser.ilurn.shines"yellow at
magpritude +0"3e ten degrees ea.st of the Sun" Straining against
the window I see Siriusr a bright point of i.ight 40 degrees
higher than the Sun. f sea.rch'for l'{ars and l{ercury, both of
vrhich are in the Sunts vicinity-, but at magnitucle +2.0 nelther
can be seen. irleither ca.n I find Aldebara.n, Procyon or any
of the brlght stars of Orion or Gemini" I do not think to
go to the other windows to try for Oanopus and Alpha Centa.uri.

I hear Harryr s announcernent that we ar-i two niinutes into
totality, hardlv able to believe that so nuch time hers pas seci,
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Around me, I am vague]-y,.iware of the clicking of shutters andquietly spoken excha.nge s, i-ty' rttentic::r ls cIa.i,-re c by the Sun"
see the pearly-rnist of the corona,t ztL irregular hal-o"of' fikny
white surrounding the intense blirck sil]rcuette of the I4oon.
r remenber that this outer extensi.re i:-yer of the sunts atmos-
phere is composed. of extrenely ienu.ous 6ases at a temperatule
of the order of a raillion degrees.

Arthu.r is askin€i fte to shinc the torch to let hi-n set-. to
cha,nge cameras on the tripocl" I{arry announces the enC of the
fourth ninute" Arthur. calls my attenticn to the way in vrhich
the image is wavering ah,out the intcrsectirtn of the eross-
wires i-n the viel.vfi-trder, later vre will learn from Ken that
the stability of the aircraft is beitrg affected. b1; the ccntin-
ual trafficking of people baci"vrards and fororarcls along its
length, The resultant movement will be readily apparent in
exposures of a half-seconcl and longer'

I look to the corona. again. It extends to at least one
solar d"iameter right :rround the lir'ib. At eight and nine
orclock, a pair of long streamers extend out to two dianeters.
There is wide elongation :rt two of clock. At the north and
south points of the Sun, radial spikes are evid.ent - sorne
nearly as long as the two streaners" Arthur and I invite
the hostesses to share the vision splendid

The sixth rninute h;;Ls crrne antl gcne. I suspect a hint
of colour at ten orclock" Tile binoculars confirm that the
chrornosphere is comJ-ng intc 'rrievr lgain and I knoiv this sign-
ifies thira contact'is not far off. The rose colouration
becomes more mar:frea, l{y eye is estimating its circuniErentiaf
extent as about 60 clegrees vrhen all at once, the second. diamond
ring appears. It is lccated at ten orclcckr t!9 mirror-inage
position of its earlier twino Ari the gen rapid.ly brighienst
frarry calls the end of the seventh minute. The dia.mond gro\i/S

bigger and brighter; the ring is fading" Sud,denly, vrith a
hurst of blincling brilliance a splinter of the photosphere
appears e ma'iing it necessaLry to look awAJr. Totality has
ended.!

As tire darkness is ra.pidly dispelled, the aircraft banks
to the right. The wj-ng-tip rises steeply above the red glow
on the northern horizon" I'ielowp backlit now in the weak
sunshine, the clouds lie still a.nd. thick. To the right, the
sha.dow of the Moon j-s reced"ing, seeningly unhurried", almost
with processi-onal digni-t-v. I can easily discern its curvature.

And so I have witnessed ny.first total eclipse. tr'or
seven minutes and nine seconds (\'1,.,.s it rea.1"ly that long?!)
I have seen our Sun as few are perrnittecl to s€je it. Apart
from a handful of scientists who have flown clown the path of
totality in specia.lly-eeuipped" aircra,ftr w€ have experienced
the longest totality since the eclipse of 1080 June 20. An
earth-based bbserver will not see an eclipse of comparable
d.uration until 215A June ,5. r,O -, 1{_,



Going f-orward to the cockpit once more, r offer congrat-ulations to Ken and Bri.an. Reiease from the extreme tenslonof their efforts is evid.ent_.in the per=piration le"ai"s theirfaces. r shake hands with Harry ana uri n"g"r too. --ract inthe cabin nowe r join my frlendi, nilling aiouncl in animateddiscussion, a-sea of happy facesi- alread! reliving every mom-ent of the eclipse, Ji'or some lucky ones" it 1s tir6ir sixthtotal eclipse. ITow I can understand the beauty and. the fascin-ation that brings people half-way arouncl tire el.rth in questof the few fleeting minutes when they may steal a glim$se ofour Star, d.isplayed in rarest majesty.

Having witnessed the woncler of tota.11ty, I pay but scant
attention to the anti-clirnax of the concluding partial phase.
The girls 1n orange urge us to set about d.ismantling the
equipment, deserted. in the need of sharing our experience.
Grad.uall-y the gear is stowed o I carefully pack my commemorative
eertificate, signed by Ken l4omis and l4r. Engel. Dj-nner is
being finished just as rn/e cross the coastline. VH-RMR cornes
down to earth at six ninutes past two"

As I step down the gangway, I beam a smile of thanks
to the four young ladies-who have looked rifter ug so well on
our journey. l''iearbye a worker in white overalls is waiting
beslde trolleys laden with seots, rea.dy to commence the task
of replacement. f am ctelighted" to learn frorn him that this
same aircra-ft will be carrylng us home to Melbourne later
this evening. It seems the most natural thing in the worl-d
to hand hj-m a filter" He fooks at the Sun, the notch three-
quarters gone, As I watch his enthusi;r.stic reaction, I ponder;
If he finds this view pleasing, what we he hi.ve thought of
totality? With a back'orard glance at the aircraft, I walk
towa.rds the terminal building.

Later this yearr during the afternoon of October 23, -a
d.iamond w111 apear in the sky over the fa.r south coast of
ltrew South i,iales. !... c o.. o o o.

nn
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VISUAI 0BqERVAT{ON .

Intgodqc:Elofrn '

The Total Solar Eclipse which will occur in South Eastenx
Australia on 1976 October 23, will give the amateur astronomer
the rather rare opportunity of observing a magnificent celest-
ia1 spectacle Literally from his own backyard ( for those
livin! on the path of totality.)

This paper gives the amateur some impressions of features
observed during a simj.lar eclipse in Western AustraLia on
197.1 June 2O, and suggests a number of simple observatj-ons
which could be earried out d.uring the forthcoming solar eelipse.

@lgte
Iour eclipses occur in 1976, two of the Sun and two of

the Moon!

The annular eclipse of the Sun on April 29 will not be
visible from Austral-ia.

The partial eclipse of the Moon on May 15 will be visible
from Austialia although only the beginning of the umbrae
phase will be visible from the eastern part of the contlnent.

The total eclipse of the Sun on 0ctober 23 will be visible
either as a total oi partial eclipse from the whole of Aust-
ralia.

0n1y the beginning of the of the penumbrae eclipse of
the Moon- on Novemler ? will be vislble- from Western Australia.

Totbl Solar Eclipse 19?6 -:-9gle&:e- .

Clearly, the most exciting of the above events will- be
the total s6iar eclipse on Saturday Octobev 21, This eclipse
will be visible, &t least partiallyr over the eastern part
of Africa, parts of Arabiar Indiar Indonesia, New Guj-nea and
Antarcticar Malagasy, Australlar lTew Zealand, most of the
Indian Ocean and-thb south-western Pacifie Oeean"
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. The path of totality begins south of l,ake vlctori-a 1nAfrica, at sunrise, and brosses over Tanzania into the rndianOcean.early 1n the morning" The major part or tne p.ti, iuover the ocea.n" l,ate in tiie afternoon it crosses tire southAustralian coast in the ]vit. Gambier Area (rig 1.) rt thenpasses over the ful-l length of victoria., the-most denselypopulate{ state (estimated population. 3,retol? Dec 1g7z)".Most of vlctor+?ts ryaJ9r populatio! centres, including Me1-
b9r1r3e 

. 
( population Z rlg4 ,i li 1971) are covered bt ih; nathowhich then moves into south-eastern New south walbs and''out'into the Pacific Ocean, to flni-sh at sunset north of New

Zealand

The times given on the dashed Line in Fig 1 for nnid- eclipse
are in Universal- Tlme. The l-ines are clrawn for every minute
but only marked every second minute, An observer l-ocated.
anywhere between the three almost horizontal l-ines will see
a total eclipse, but will qbtain maximum duration of totality
on the centre line. Totality varies from about 3m 1Os in
South Australia to about 2m 5Os in N.S.W. Thus an observer
close to the centre line in Victoria would see about 3 minutes
of totality. Movement north or south of the centre line has
ltttle effect on the time until the northern or southern
limits are approached, so it is pointless to worry unnecess-
arily about. achieving a precise location, unless this affects
the particular observations planned. To gain naxj-mun altit-
ude of the Sun it is better to piQk a weptern locationr &s
the latiturle varies from about 2go to 19o from west to'east
across the map.

But weather is the decid"ing factor, and it is better to
gee only 10 seconds of totality than no eclipse at all. This
iactor was kept very much j-n mind when the authort s party
d.rove d.own from Perth to Cape L,eeuwin on 1974 June 20"
Constant attention was paj-d to local radio weather reportst
and the decision to head for Cape L,eeuwin, with a duration of
about 1m 51s j-n preference to other locati-on with longep
aurations, was mlAe almost at the eleventh hour on eclipse
dav. The decision turned, out to be a wise one aS almost
pelfect conditions prevailed therer compared with mediocre
6r hopeless conclitibns in many olhgr areas. The altitude
of the sun on that occaslon wbs 31uo similar to the forth-
coming situation in South Australia or tr'/estern Victoria, . _

e"cepi that the sun was then in the northern sky ra.ther than
near'the west as it wifl be in 1976.

ro ral .Fu,4B-EQ!IEq9 -- -l-?la *.lu{n2Q
lhe partl, 

".* 
,"pu leeuwin, Western Australia., consisted"

of A. fre Marquand, Immedia.te Past President of the A.S.V. t
his da.ughter and friends from Pinjarrae l/il.A. and the author.
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we were joined by o fher people who had driven down from perthto'view the spectacle, ana many other partieJr-i"":."ai"s^i""i
American amateurs, set up equipment in'the area near thelighthouse.

The i-mmediate problem was to choose a site protectedfrom'the cold iv;nd,*and the 1oomm reflecto"l-ui"5""i""u andcameras were set.up in low.serubby tea-trees, about one hourbefore first contac'bu predictect tb occur at ibout 11.47ai. -A bar-b-que fire was lit both for cooking and. to keep trre-party
warm,

th" sky was cloudy initially, but cleared. from the westshortly before first contact occurred. ?he whole of the eclipse
was seen weLl and only light broken clrrus cloud was in thegeneral. ?Tea o.f the sky near the sun th:roughout the entiretime. After the eclipse finished, the sky-clouded. over again.

During the first partial phase, nuch activity was in
evid"ence amongst the various groups around us. lhe Americans
produced q. good collection of nice instruments, including
Questars fitted wi-bh sun filters and double cariieras. Ond
American had a multiple camera rnounti-ng" A west Australian
amateur-nearby had a small- refractor whj.ch gave a projected
imag,e of thg srrn and he was also preparing to photograph
totality with a telephoto lens" ltre-group grom perdfr wno
joined. us l-aid" out a white sheet on the ground. to observe
shadow bands.

As totality approached, the solar crescent becarne thinner
and shorter. Birds were noticed. flying around ready to settle
in their nests. The light was fading, and an eerie bluishrfsunsettrseemecl to be occurring in the middle of the day
(about 1.10pm). Clouds low j-n the south*west were coloured
plnk and orange simj-rar to sunset, bu-c not as pronounced or
widespread. The sk3' 'liecame darl< in the west, but the impres-
sion of a sharlovr movang acro,ss wa,s not noti-ced.

The sun was observed. during the partial pha.ses through
a 1o0mm f/6 reflector viith a 25mm eyepj-ece (gl,ving x 24) 5nd
a Solar-Skreen filter" I,ailyt s bead.s wer€ looked for without
success at either' second o:: thlrd contacts. ITo dlamond ring
effect vJas seen at scconC coniaci,

Irnmedia.tely to-uali-ty commenced, the Sola.r-skreen filter
was removed, and the eclipse.d sun wa.s observed d"irectly through
the fu1l aperture of the telescope. A most impressive vj-ew
resufted. Much fine cietai-l could be seen in the inner corona.
Faint, thin, curving coronal streamers ran out to approxinoately
one solar radius from the limb, They were very delicate and
beautiful and" the view was breathtaking"
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The corona appeared to be fairly eve-.y distributed. around the
sun,..and the telescopic view was similar to the naked eye
impression. The colour of the corona was slightly greenish-
white.

Yenus was observed in thin cloud 1n the north-west some
minutes prj-or to second contact, and other observers reported
seeing Saturn and. either Mercury or Canopus d.uring totality,
when the sky seemed to be al-most as Cark as on a night of ful1
moonlight. ft r^ras impossibl-e to find objects dropped in the
grass during totailty wit.hout the use of a red toreh, which
was a necessity for note taki-ng.

The atmospher'e amongst the members of the observing party
was one of intense excitement as i-t was realized that we were
indeed" observing the rare event we had been walting so patiently
for, and we fu1ly appreciated how lucky we were to have cl-ear
skies in our area.

While looking through the telescope just prior to third
contact, the west l.imb of the sun began appearing as a mauve-
red crescent of much reduced- lntenslty. Thls was the chromo-
sphere which was observed for some second.s" ldo Bailyts Beads
or prominences were noticed, but at third contact a brillant
ff dj-amond ringri occurred. fhis was an awe-inspiring beautiful
sight which was seen far a few second,s both through the tele-
scope and. with the naked- eye. It seemed harshly brilliant
after the d.a.rkness of iotaliiy, but initially did not completely
blot out the corona whi-ch was still seen for some seconds.
The full apcrture Soiar-Skreen fllter was immediately replaced
over the front of the reflector so enable further observa.tions
of the second. partia.l phase to be carrled out. However, it was
found that most observers l-ost interest in this phase of the
event as it was very much an anti-clj-max after the main display.

l{evertheless members of the ad.jacent party were watchi-ng
their white sheet on the ground, e.nc1 irnmed.iately after third
contact all present clearly saw the shad"ow. bands (whlch had
not been observed prior to second. contact" ) The movement of
the bands on the sheet seemed. simllar to vratching the small
ripples on the othe::wj-se glass-like surface of a pond when
a iight breeze blows ac:ross" (Fig2) The_above description
whicfi was noted" at the ti-me closely para11els a sj.milar descript-
ion found. recently in rtsol-a"r Eclipse 1973 Bulletin - Final
Report 5.rt Natlonal Science tr'ound.ation, Viashington. In the
report an ttAtmospheric Phenomena During Total Solar Eclipsefr
by- Richard C. Henry, it is stated.. rf Al-so r t}u . band s ?ppeared
rlgged and observeist reports varied somewhat regarding the
diiSction of motion of the bands. Observers agreed that th:ir
appearance was more like that of. the dappled light_ at the
li,ftom of a swimming pool than that of systematlc bands march-
ing across the landscaPe.rr

18 \



To conti-nue the description of the bands seen in y.A. 1n
1974, the distance between individual bands was about iD to
l5ommr_br! var:ied due to the rather broken nature of the band.s,
whieh lasted for about 2 mi-nutes after totality ended.. Theyyele 1.11t, with l-ow contrast, but were seen by all present-(about 10 persons) especailly-when using avertbd vlsion.
Their motion was approxinrately eastward.s"

' Amongst the odd happenj-ngs at Cape leeuwj.n were the
following: -

(a) One camera out of action due to an apparently
broken fihn i-nside,

(f) Two photographs of totality taken with the lens
cap sti1l in p1ace,

(c) A rather distressed young lady wandering around.' after totallty looking for her male friend whom
she had- lost in the dark!

' (0) The flashing of the nearby lighthouse during
totali"ty.

( c) Cars driving around. nearby with lights on durlng
the eclipse

As a result of the experienee in 1974, a list of items
(not exhaustive) was noted for future use i

T.p" recorder, torches with spa.re batteries, folding
chair and tabl-ee cameras and. spare camerasr filns, prepared
program of propsed. observationsr table ruled up_for camera
exposurese note book and pencil, countdown proced.ure, C1cck,
wlth sweei' second. hand, white sheet and" rocks or other weights,
food. and -d-rink, bar-b-oue, telescopes and binoculars and" other
optica,l gear, , t?Solar-Skreenrr or simj-lar filters, and a warning
to pick a sheltered spot away from street lightsr ca.rs;
houses and other buiiC.:-ngs and light houses.

A thernonneter j-s al-so useful- for checking alr temperature
variations" The ad"jacent Amerj-can party at Cape lreeuwin
reported a drop in tempertture to |oC about 20 minutes after
the end of totality, and" l-t was still falling then. Theoriginal temperature is not known but was probably not greater
than 15oC. The cold was very noticeable during the eclipsel
as was the warmth laie:: when the sun emerged again.
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SUGGESTED OBSER\IATIQNS. 1q?6^

There are numerous observations whlch could be attemptedby the amateur astrononrer, but 
^some 

require elaborate equip-ment. However there are nany features*whi.ch can be olsdrt6awith littLe or no equlpment, and some of these are ,mentioned.brief}y as follows:-

f. Timing of the four contacts using suitabl-e equipment
such as teles.rope, stgp watch, radio or post orf:-c-e time,with tape recorder. lhe position of the-site needs to
be known accu-rately"

2, Detalled observat-r-ons of shadow bands noting as much
Tnformation as possibte" Observati-ons can be 6arriedout :i' rr a few minutes ( *ay 5 or more) either side oftotal-lty. A white screen, preferably mounted. with its
surface perpendicular to the suni s rays is used. Note
size of screenn -l-ocation, weather eonditions, beginning
and end" of total-j.ty, number of bands seen on screen,
width and seperati-on of band.s, appearance of band.s,
velocity across screen, total time visibLe, changes in
appearance with time and directlon of motion of bands.
Photographs could be taken.

2. Description and timing of Pallyrs Beadsr {rotingposition angles rncl changes in beads (if any) before
and after totallLy, Photogra.ph if possible.

4. Mea.surement of a.i;mospher-i,c changes Such as temperaturet
lressure, wind. speed and directj-on, cloud.sr sFY colour-
ation etc. V:srbrl-j-ty of sun is not essential.

5. Sea.rch for co'retse novAe" asteroids" As littl-e
Time is avallable for visual observa.tions, photography
is probably preferable.

6. Search for ernd-ence of au::oral activity, especially
Tf sunsglot activity is obvlous"

!. Note and./or ?hotograph detalls of fornn of corona,
lromlnenees? and any other related phenomena.

g. Effect of bc1--.p,te on huma.ns, a.ni-mals, birds insects
etb.

:

9. Sky briehtness estinates or mea.surements. Vlsibility
6f pfanets-a.nd" stars can be no_t_ed, T".,ight meter readi?gs
ca,n^ be record.ed - th:-s may still be of some use even if
the cond"itions are cJ-oudy, Brightness varies over sky
being high near sun,
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10. Detection,of proper motion of material in the corona
$ tatcing photogripni at,-wiaerv-"qa.ua rocations alongthe eclipse_ path. -A number of- diifJreni ;il;;;i"gparties could co-operate.

11. Details of diamond ring effectr rroting length of
TTme visible"

E. Effect of eclipse on rad"io reception.

This is not an exhaustive list and other items could be
ad.ded.. However, it will be realized that one person wouldnot be able to camy out more than a limited number of observ-ations. It is suggested. that as wel-l as ha.ving priority
observations in mj-nd., a contingency list should, also be-
available to enabl-e at least some useful observations to be
mad.e 1n the event of bad weather.

CONCIUSION

The ecllpse of 1976 October 23 ig a rare major astron-
omical eveni 1n Australia, and as many amateurs as possibl-e
shou1-d attempt to view and record their observations of this
magnificent spectaele'

In wishing all observers the best of luck with their
attempts, it iJ realized that the weather is rather chancy
at that time of the year in south-eastern Australla. It is
to be hoped that mother nature smiles kindly on us that dayr
and. that cond.itions at l-east as good as those in W.A. in
1974 eventuate.

00.
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The locati.on of 'Active ?article
Em:ittine Centres on the Solar Surface.

^A.bstrac_!

Charged" particle showers ( tons) are caught at sba' 1evel
as static charges'in paraffin wax, their magnitudes are
related to the heLiographic longitude of the Suns centre
1.,. The nearly diurnal variatlon of charged. flux is used
to establish the existence of permanent or long lasting
partlcle Fources on the Sunr s surface"

The prellminary stud.y, 1966-1 6'/-158 uses the electro-
stati.c field from a surface charge on wax due to collected
particles af rufr MeV energy; the rnain study uses. the charge
collected from partieles of {W lt4eV energy over a period" of
slx years, over 1968*?73 inclusive,

The eharge col*lected, is measured. with electrometers;
it is expressed. as the number N of particl-es of unit charge
col]ected as a space cha::ge N Cm-r, in lieu of statct,ulombs
Cm'). Plotting N agalnst 1-.,sr brings out close coincld.ences
of the Irs value fur many various values of N, evident as
bunehingb of points o.;eri;he 1970-171 pepiod, contracting
from larger iralues in the 1968-t 69 period, and expanding
again in the 1972*175 period; 'The persistence of these
discrete groupings in lo valuel with their disappearance
and reappearance loeates permanent or semi permanent activity
centreso A possible maxj-mum in N collected at June and
Decemberl when the earth crosses the place of the Sunts equat-
orlgreater than tne N maxi-mum coll-ected in Mareh and September,
may'ind.ico.te some form of containment of the ejected. particles,
magnetic or non magneti-c. ft is also noticeable that over
the entire period.e peak N values of positive charge vary over
a greater range than d.o the negative values. This may
indicate some constancy in the energy rel-ation in the nega-
tive shower producing reactions in the atmosphere,
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The two forms of electrometer are deseribed and.
calibrated^, results using item are tabulated, from whi'eh
plots are presented ind.icating long persisting active zones
nntheSun'ssurfaceasd.istributed.in1ongitud.e'

Pr e I i mi n a qy €,Lu d v 
=g 

gL pg--! re-c he.r s e W ]-Le-q-!!p€--gE--!4g
Sgrfa,ge of a Wax Slabo

The electrometer was buil-t round a 12em. diameter
wax d.ise, 2.5em. thick carrying at its centre an electrode
similar to a gold leaf electrocoper with metal disc downt
floating in a smail dish on the wax. This assembly is'suitably supported on a polystyrene standr oh an iron basee
and encLosed. by an aluminium cover, the enclosed a ai-r
malntained" dry" The electrode is charged by contact with
a magnet operated arm to +35O volts from a power pack, and
a magnlfied'image of the d.eflected leaf is projected. on to
a seale, 0n quiet days the leak curve is exponential,
mostly due to ion drift in the enclosed air, but on most
days the curve is first depressed due to a negative charge

,arrj.val, followed by a sud"den positi-ve arrival which lifts
the curve" The negative depression lasts over an hour, the
positive lift is maintained. as a bump over the rest of the
day. This effect is consid.ered. to be due to a charged
particle flux llltNleV energy; a charged particle flux-of
heterogeneous energy is incid.ent; about 150 KeV is lost 1n
penetrating the covero and a weak flux is able to overcome
the static field from the wax surfaee and lodge on or close
to the surface., The remaj:rd"er lod"ges deeper or passes thro-
ugh the wax entire-Ly" This provldes quite narrow energy .l
discrimination at low energy"

The sud.den arrival of positive flux col-lected as charge,
in,mid. morning can be timed quite accuratelyl if this is
expressed as a value of Lo and plotted against an ord.inate
N, representing charge collected per square centrimetre
of surface, a pattern of points is obtained over the year.

On comparlng the plots of three successive years, a
disposition of gaps between condensations of points, persists
in all p1ots, -bhls is'baken to mean that persistent aetive
centres existr &s disposed in longitude, and possibly near
the Sunf s equator"

The plots obtained. are not gi-ven, the method. being
superceded by a modified. Kelvin type of quad.rant electrometer.
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The fleld intensity at A, due to the charge in the
larnina id dJ(,

dX=

a - charge per unlt volume
= permlttivity. of wax.

then the total fieLd intensity
1s:- a

x =g

= -=6g

to',the sr-m.'face of A

9dx€x2

A =o--Eq

close
t1Idx
J;2
r{

a+1

a
Taki.ng a = 1cm. X= a

ZE,
The normal electric displacement flux is continuous

across the air wax interfacer then
X= O-T

= su.rface i.nduced charge per sqo centimetre
2 - permittivity of air = 1

Calibration. A proof plane 1Ocm. dlameter was charged
to 32E-6Tffin foriring one surface of a para1le1 p1at6
cond.enser of mechanical separation f.Ocm.

Capacity of Cond.enser {_Lltrz
41T d

= air permittivity
6 = plate separation
e = '6.25- e,;:;:

from whlch the charge carried
= 6.82 statcouLombs.

?lacing the proof plane on the electrode without spacer,
the mearr of nlne consi-stent measures gave 7.78em deflectlon.

The d.ensity of surface charge J per sq cm, per em.
deflection' rnust be st'ateff] 

+ * 2.oj stat coulombs
= 1.005 stat coulombs

then from e q
T

. Q= * * 9.02 x^1o-2 stat coulombs -1, cm-1" = 0.955 x 1o9 particles of unit charge ccm-1, 
"m-1,where Q = sBace charge (assume& uniform) per unit vo1um6 in

2t'-5



Check estimate of Q.
@f plane carryi-ng the same charge

placed on a O.25cm. thick wax lamina, which rests on tfie
polythene spacer, located on the brass electrode, the meas-
ured conslstent mean defl-ection was 2.Q5cn. This arrangement
gave an approxlmation to a uniform space charge j-n the lamina"
Assuming that the charge on the proof plane distributes
1tself equally o4nboth surfacesr'the effective space charge
in the larnina cc- ' , cm- | is:' a = 1.69 x 1O-2 stat coulombs.

It will be seen in the previous integration, taken
between the l-imits 1 and 1*, that the l-owest 2.5mn of space
charge, in a 1cm, thick slab, contributes 2/S of the total
deflection. The space charge in a 1cm. thick slab^then
equals 5/2 of this.quantity, giving Q = 4.24 x 1a-2 stat
coulombs cc-1, cm-'o This galue is sufficiently close to the
d.erived val-ue of 4.5. x 10-' stat coulombs cc-1r to accept
this value as correct"

Actual Distribution of Col-lected Charse in denth in

A pile of 10 was laminae each 5mm thick was exposed in
the open, resti-ng on a'lead, sheet to shield.it from recoj-l
flux of particles from earth, and surrounded by a leadcylindrical shield 11mm-thick, the angular overhead apertureis 1 steradian.

The excess charge collectecl in each lamina were meas-
ured wlth the electrometer, provid"ing the following fairly
consistent d.istribution

Iramina No" I : Top usually positive
upper surface always.
Always definitely negati-ve"

Usually positive, someti-mes strongly.

I-Isually strongly negative.

Usually neutral,
sonetimes strongly negative.

A linear stopping power is assumed_ for the vertical fl-ux
of both protons and electrons of 1.2 gm/sq. srlr e from thi-s,
the energy of the particles produclng the charge can be
estirnated; taken as 44MeV/cn" wax.
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B. Diurnal Flux Vari-ations"_-
In order to examine the flux charges as the earth turnsinto the primary flux from the sun, a second more sensltj-ve

electrometer was set upe responding to surges at about 1

MeV energy.

An eleven millimetre thick col]ectj-ng slab was used,
permanently in positi on in the electrometer; this responded
to the charge changes as coll-ected. ln l-aminae IV and V. '

The electrometer is larger than the one descrl-bed.r but
similar; the collecting wax disc is 22em. diameter, it rests
on a 22cm. d.iameter circie of aluminium foil 0.025mm thick
which replaces the brass electrode in A. This is supported
by a bakel:.te disc, which material is used since it does
n6t appear t'o coll-ect charge from the in,cldent particle flux.
The foil serves as an electrode, it is electrically connected,to the suspension and needle by a gravity operated lever.
The use of a foif electrode corrected a zeTo drjjft which is
very eviden'c if an electrode of the usual gauge sheet
al-uminium i-s used,

The length of the swinging light beam, is four metres,
the half period of swing is 24 seconds and 27 volts is used
across the quadrants. :

.p

[he permanently set up electrometer was calibrated"
similarly to the one d"escri-bed, but the spacing ring is
dispensed with, the was is lowered on to the aluminiurn foil
disc. lhis in6reased the deflection observed at the ratio 3/2.

The instrument calibratj-on for a uniform space charge
collected 1s 3"16 x 10o particles of unit charge, from all
d.irections of ineidence per cubic centimetre fo; a 1 centi-
metre defl-ection. This is the multiplying factor for the
ordinates N in the pJ.ots"

It can be shown-uhat j-n a horlzontal wax sl-ab, the
effeetiveness of a four equally thick laminae piLe making
up the slab are in the rat^io 275, 4/15, 4/21 , 4/28, numbEring
from the lowest, thus in the present caseo particles of
1 .2 MeV predomi-nantly affect the needle deflectj-on.
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#+Ftr#tr'b*
The shower arrival noted in the preliminary case, of

first a negatlve shower, followed by a strong positive
showere appears in the reeords as a sharp negatj-ve dip
followed by an equally sharp positive po,ak, the times of
these peaks can be estimated. to an accuracy of TtO minutes,
whlch corresponds to an accuracy in lo of +9.1o. This
permlts an accurate location of points when plotted. Con-
versely, the obserred clarity of delineation substatiates
that tLe obserYed. surge is Largely a function of L6, and
is not strongly correl-ated. with atmospheric conditions.

In the trace obtained, extend.ing over si.x years to the
"end. of 1973e a nearly d.aily phenomenon was observed.

t-,

Iis_cus_qiQ4.

The primary positive flux from the Sun consists of
p:cotonsr parti-cIes, some smashed atoms and uncharged particles.
Th* charged particles require energy beyond about-5O I 1O9e.v.to reach the earth, due to the deflecting forpe of the 

"a"iir; smagnetic field. rn addition, about lotJ to 1oZ eov. is req-
*lred to penetrate the atmosphere of d,epth 10, gm per sq. cft.Prlmary protons an$, smashed atoms but n6t partiEtei orenergies beyond 1o"e.v. are_rikely to travel nearly straight
d.own to earth, and are also likely- to travel througir spacefrom the sun in straight 1ines. in addltion to ioiising ttre
Tpper atmosphere, t4gv produce secondary protons and muons,the negative muons finally decay to rrob,u6e electron showeis.

The resnlt given are the consequence of the impact ofthese higf.energy, primaries wlth the atmosphere, giiring riseto a negaiive pgak _charge collected, fo[oived by 5 posftive
pea$- ehargee which last only is used in the Sollr plots.
ft,ir-the1 particle -flux ig collected later in the da! and at
tisilt ^byt peak values do not occur consistently, aiso theflux fad.es out at nlght

As the eath turns into the high energy incldent flux inthe mornil8r_the showers produced are analysed by the earthfs
magnetic flel-d-. fhe negatively clarged" paiticleb, probably
muons, re?ch the obseryer first, decaying to eleci;rons and-
being collected as a negative charge.-

ct! a1U,



This commences in winter just b-efore or at sunrise; or extend.-
in_g to 0"6 hours after sunri-se; in summer, the onset is
delayed until 0.9 hours after sunrise" The negative showerpersists for 1,67 hours to its peak value, when it is ov€r-
whelemed by the arrival of a positi-ve flux, taken to be
secondary protons, the second issue of the magnetic analysis,
whlch lasts 2.58 hours before it is suddenly neutralised bya subsequent negative shower" Both these peaks are acuter-
being measurable in time to an accuracy of J1O minutesl this
time interval corresponds to a change in Lo e1't0.10, permit-
ting quite accurate spotting

The vafues of lo for positive surge maxima were plotted
against N, the charge collected in terms of particles of unit
charge per cubic centrmetre in yearly groupings as in Pl-ot I.
The use of the negatlve maxima shculd give somewhat greater
aceuracy in I-,o, but a t:Le with proton spurts on the sun was
desired, thus the tj-mes and magnitud-e of positive peaks were
used.o in ad,dition, the variation of N in the posltive space
charge collected r.vas the grea-ber.

If now Plo1; I be examined., groups of poi-nts occur in
197O-t71e which appeal to have contracted from more extensive
burstsin195B'an*d|69cexpand.ingagainin1972and-|7u.
The groupings are clearly discrete in many .i-nstances, the
changes of N as inaicar;ed. by the spotting within the groups
appear nearly rad 'al , also many groups with apparent coherence
when N is large, collapse to zero or to a small- condensed
groupe reappearing rater at the same value of T-,6 as N lncreasei.
It is taken that these groupings indicate the presence of
active centres" in ali, 51 centres are defined, the disposit-
ion in longitude, is not entirely regular, their location
are given in degrees in 16.

21 6e gt 14, 18r 21 ,25,51 ,59,45,5Or 5Br 661 6g,
18, g5t 90, g3r 1CS" ;'15e 12Ae 13Oe 140? 151 e 155t 16A, 166,
170r 17:t-e iSCr 18rr 1, '1a0, 198, 2O5e 21Oe 22O, 256? 2+6r 260,
26gg 271e 282t 289:3COe 51Or 72Oe 3251 33Oe 14Or 54gc 154.

It i.s not 1rl-el-;.- -;hat pa:rticle emlssion, charged. or
uncharged" rs ent-i-rely radj-al, but }eaves the active centre
at an angle tc ihe normal to the Sunrs surface, perhaps
restricted. in sol-id angle to some forn of containment.

Due to'che incl--ination of the Sunts axis to thg pole of
the eartht s ecliptic o 70 15' , the earth crosses the plane of
the Sunrs equator on June 5 and.r December 5 and on exarnination
of record"s for evidence of restriction, a smal1 excess of
positive particle fl ux received. in June and December, over
that receir"ed in March and. Septenber j.s perhaps evid"ent in
1958 and 1969, but it is not discernable durlng the partlcle
ninimum during 1970-171. ZA - ?



rt is concl-uded- ttrat l-a*itude discrimination of activity
centres may be presen-b; bhis also implies some form of
contaj-nment l-imiting the e jected" particles to a jet of
narrow solid angle.

It may be assumed th:-rt massive particles carrying
charged. or uncharged pa:rtj-cles are not Likely to be deflected
much by embient plasma clouds hence they would probably
follow a stra:ght lrne mo'cion 'uh::ough space" It should be
noted that prgtons car:yir'g unit positive charge requi-re
about 50 x lO/e,v, e.rle:rg;r to reach the earth, due to the
deflec$ing action of the earthr s nagnetic field, added to
7 x 10" eov. to pene'bra-be the a,-bmosphere, it is conclud.ed
that the showerproducing particleg coul-d aLso be uncharged
atoms of speed. oi about {OOCKmsec"r" C"lti. Allen has obs6rved
a corpusculal emj-ssion travelling towards earth with a velocity
of 7 5OKrnSec- ' , measurcd b1. the rJ.rsplacement of spectral lines
towards the uitra vio-l-et"- for the f:-ght from dart markings
on the Sun,

In spection of both Plot I and Plot II, ind"icates a
particle minj-mum -i-n 197A-171. ?iot II represents the same
points in frames of one Solar revcluti-on each. This p1ot,
in whii:ch values" of lo are read" backwarcls, bri6,gs oRt the^
existenge of four ma..n zones 1v-"i.th centres at 2 , 85", 2O2"
And 2730. The bursts seeir in these four zones appear coherentbut not interr'elated. rvi'r,h. each other, due to the-ieduced
scale of presentat"ioi:. Dls'u:.:rbances often appear to persist
for two or three soi-ar:: r:evolutions,

Fluctuations in -bhe value of N, both positive and neg-
ative in the original records are ill-ustrated in Plot III.

A genera"l rise and fa11 ovell about seven days is evi-d,ent,
gorfesponding to a qua::ter synod,ic Solar revolr:tion. [here
appear to exis'c conirrrlen-i;iy, four main beams of primary f1ux,
radlating from the S'r.r.:: j-n the eclip-ic plane: these are some-
tirnes subd.ivicied j,,r"r-, c-girt beams. I-c r,ray be significant
that the centres o-i ;hc :icr;r main zones given above, correspond
with the l-ocat:,on o:l-i;ire lvi zones oi1 the Sunn from E.W. Maunders
records at Greenwicn, 1,.82'.-1903 " of Ln values at times of
magnetic storm incidence. This co:rel a'bion supports the
suggestion that the observed acilivity centres nay be of long
d.uration, and that the So-l.ar body is not structureless near
its surface.

ar\ 4  1n - lU



If the mean dai1y positive fl_ux arrival_s be taken inintervals of one month, over yearly periods; a ri-se and fallin N value over a six month interval from January to June,
1968 is,apparent. Over the remalning time, a group of curves,
somewhat resembling standing wave diagrams, is-sometimespresent with nod.es in December, June and" at the equJ_noxes.linking this with the motion of the earth relative to the
Sunts equatorial plane, suggests a two or three l-obe dispo-
sition of active centres in Solar latitude of limited extent,
symmetrical with the equatorr.-combined with some containment
of the cone of ejected particles.

Table of Mean Daily Positlve Flux

-__ -4rriFlg-11s"
J

')58,3.15
| 69 6.20
'70 3.95
,11 3.gg
t72 2.16
'11 2.67

FM
4.O7 5.22
7"50 4.+8
2,97 2.56
2.88 2"78
2.56 2.56
5.24 5.O7

AM
6 "5+ 6.47
4"55 5"50
2.39 2"27

3"57 4.+O
5 "95 + "73
t fia a   +" It o.vt

Ju Jy
5.30 6.36
6,97 7 "15
+.85 4.68
3.78 3.55
4.O1 4.95
4.76 6.36

AS
6"32 4.6
8.22 6.O5
2.88 7.52
3.62 3.12
+.50 5.O5
4.62 5.55

OND
4.95 4.26 7.97
5.90 4.10 4.81
2.90 7.78 2.54
2,92 2.67 2.75
7.53 7.73 7.18
5 .78 7 ,79 4. BB

llgt 4 _ill-ustrates_positive flux arrivals Nt.ln mon_th1y
intervals, to coruelate with the earthrs pt.,sition relative
tothe Sunts equatorial plane.
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William Ashley Bradfield was born in levin (near
Palmerston North) New Zealand in 1927, the eldest son of a
dairy farmer. He was educated in New Zealand. and obtained
a degree, Bachelor of Engineering from the University- of
New Zea1ind.. Since 1953 he has lived in South Australia,
working at the Weapons Research Establishment on research
and deielopment of-rocket propulsion" He is_usually called
8i11, is rnarried with a family of 7 teenage- daughters and
livei in Dernancourt, a north easterrr suburb of Adelaide.

Although interested in astronomy sinee being 3.boyr Bill
developed a-stronger interest with the first launchings ot
artifibial satellites and. manned spaceeraft. He joined the
Astronomical Society of South Australla in 1970 and is 1n
his seeond year as Secretary. Bill commenced comet hulting
on 1st Janulry 1971 and has dlscovered f'rrur comets, all
nambd. Comet Brad.field... ......

Comet 1972f d.iscovered in March 1972
Comet 197+b discovered- in February 1974
Comet 1975d discovered in March 1975
Comet 1975p dj-scovered, in November 1975



0n July 10 1973, the Central Bureau of Astronomical
Telegrams sent out a telegram reporting that a- bright object
had been detected. on 20 plates taken with two cameras in Kenya
d.uring the June 70 1971 total solar eclipse. The object,
detected by F" Dossin and A. Heck (ref" 1) near Betelgeuse,
was estimated to be photographic magnitude -2.A. Dr. V,
llatchett of Brisbane subsequently reported (ref"2) that no
object b::ighter than Garnma-Geminorum (magnitude 2) was observed
on July 11.34 UT near the posi-'uion quoted by Dossin. A further
report (refJ) by Japanese observers who took photographs
from Eliya Spr:l-ng, I(enya, d,uring the June 30 ecllpse, stated
that no object brigh-ie:: than Epsilon Geninorum was d.etected
on a ? sec6nd exposure. Nothing more was heard from other
sources and an expl ana;ion fcr the images reported by Dossin
remains (." ia:: as ',i'e author is concerned) a mystery.

Prior to hear,Lng tire Japanese report, the author thought
that the objeci may liarre been a member of the Kreutz sungrazj.ng
comet group, an extrapclation of the search ephemeris for
Kreutz suigrazl-ng combbs given by Dr. 3.G" Maisd.en (ref,4.-)
gave a posidj"on fo: June 30 which came vrithin the limits of
variabiiit;r fcr p,';1t-Lons cf tire Kreutz comets. The orbits
of the Kreutz comets a,r'e prs:;tLoned. in a way which permits
the comets to approa.:h ';he Sun from behind and leave again
wi-thout being sben in a dark skYr between mid-May and- mid-
August. Thus, unless they become bright enough to be seen
in broad d,aylight, th:.Kreutz copc-bs in the rnonth of June
could- quite" co[ceir'*b*y be onl{ vis j.ble from the eartht s s1lr-
face driring a total eclipse. However, 1n a photograph of
such a com6t, one would expect some suggestion of cometary

"ppearance, 
even in a time exposure which fails to show a

taif structure. Since Dossin d.id not mention a cometary
appearance in his report t4u possibility that the object was
a-boinet must dj-scounted." The report, however, does glve
support to a growing i-nterest in the topic of objects whlch
:i-glit be seen near the sun during a tote.l eclipse'

TI{E SEARCH FOR OBJNCTS IN THE VICINITYry

OF THE SU}I }URING A TOTAL SOIJAR XC]'IPSE.

INTRODUCTTON.

a1



THE SEARCIi FOR "\ruLCAT\T 
"

During the nineteenth century there was consj-d.erable
specu-!a.tion-about the existence of a planet vul-can revolvin6;
around the su.n inside the orbit of Meicury. The presence of
such a planet r,vould. give rise to transi-t phejnomena similar to
those wltnessec in the case of Mercury. No confirmed transit
obser$ation has ever been mad.e" although an amateur astronomer
Dr Lescarbault, clairned (ref. i) to haie seen a sFrr=,.ll round
object transit the Sun on 26th M:rrch 1e59" It may be argued.
that Vulcan , if it exists, is a very small_ globe, too small
to show as a dark spot in transi-t across the Sun. An alter-
natj-ve method for searching for Vulcan is d"uring a total solar
eclipse, r,vhen its reflected 1ight, if bright encugh, would
shlne out against the darkened eclipse sky.

There were many searches for Vulcan during total eclipsesprior to 1990, Perhaps tire classj-c story (ref"6rT) concerns
the efforts of an Amer'j-can astronomere Professor Watsone who
made special preparations 1n read"iness for the total eclipse
which crossed the United. States of American on July 29 1878"fotality was expected" to last for a]-most three minutes.
Professor lilatson had previously studied the stars in the
n:'eighbourhood of the Sun" When the light of the Sun vanished
and the stars shone for"th, the practj-ced eye of Professor
Watson with a. 4 inch tel-escope i dentified the stars of which
he ha-d forrned, a na-pe not merely d.rawn on paper, but also
engraved on his memory; ancl j-non€l them he saw an object,
which certainly seemcd to be the long-sought intra-Mercurial
planet. I{owever, this zealous observer seems to have also
d.etected.'a second planet on the same occasj-on. To a certain
extent, Professor idaisonts observation was confiremd by anoth-
er astronomer, Lewis Swift, the celebrated. c:met hunter. But
their sepa"rate obs.erva.tj-ons on closer examina.tion coul-d ncrt
subseouentfy (ref.8) be brought into harmony, and if valid
r:eferred to two o.istinct ob jects, if not four, each astronomer
claiming a, pai::: of planets" The most feasj-ble explanation of
the puzzTe seems to be that V/a tson and Swift merely saw the
same two stars in Cance::; haste a.no. exci-tement doing the
rest. According to c"H.F. Peters, Professor trvatson Sbserved
Theta and Zeta Canc::i, nothing else.

Since the objects reported by Watson were southwest of
the Sun position, it occurred to the author that perhaps one
of them was the nucleus of a faint sungrazer comet. In consid-
ering an extrapolation of lr Marsclenr s search ephemeris for
Kreu\z sungrazbr comets ( ref. 4) j-t appears that the Theta
Cancri area, but no the Zeta Cancri area, could satisfy the
orblt position recluirement.

m^2



Howeverr_on July 29the the sun is very near the Theta cansri-,
?Iga, 9n1y a degree or so- ?way, thereiore a sungrazer cometthis close ,to -;he sun woilld be expected to show*a distanct
99ma, even if only shining at aboit magnitud.e ]2E.- Although
there have been earlier suggestions (rer.G) that what wasfon
saw was a comet, this could. not have been the case, because
Watson did not"iientron seeing any coma.

RECENT SEARC}-I-NS FOR MINOR ?IANETS " 
: :

Toda,y ast::onomers bel-ieve that there is no planet Vulcan,
at least none 'dnat would be bright enough for Professor Watson
!p observe. in a { .inch telescope" However, in recent years,there has been some effort made with photographic. sea.rchesfor i-ntra-Mercurial planets. one attempto -(ruf.9) unsuccessful
because of cloudy webther, was amanged-bj, iames-baker of
llarvard Unlversity during the July 10 1972 total solar eelipse.
Baker planned. to use a battery of four large .erlal cameras
on a heavy mount r.t a sitiat Cap-Chate near Quebec.

The search for minor members of the solar system near .
the Sun has received the attention of Henry Courten of Dowling
College, Oakvale, Nei,^r York since 1967" Durj-ng the July 10
1972'total eclipseo leo Henzi-, Junior, of Celestron Pacific
and L,eif J" Robinson using.a K-4O aerlal camera on the shi.p
Itolympiarr j-n the Atlanti-c Ocean south of Newfoundland took
photolraphs on fast t,rcle fields plates. f t was an attempt._to
iecora the presence of pianetary or cometary objects near the
Sun a.s a cont:.rnu;,tion of researches ma.de at four previous ; -

eclipses by Courten" Any suspect images were to be checked.
against- photoglaphs taken (ref. 1o) with identical eouipmentby Donald and Made-] ine Albert of Dowl-ing college stationed.at^Sagwon on the north coa.st of Alaskar"where f,otality occurred
1 .8 hours eA.rl i er.

DISCOlERT
@-

OF COlviflTS - GENERAI

fn considerilB the: chances of detecti+g a new comet duringa total- eclipse, it must be admitted tha.t ttie chances aresr"nall. Comets have been found, (ref" +) at four of the 65
-elipses which oecurred during the century prior to 1967.
lhe comet Itrewflkre seen only during the total solar ecli.pse:f 17th May 188,2, from Egypte was probably a member of therreutz sungrazing conet group. The ,other three cometse includ-ing the eclipse comet of 1e93, could. not have belonged-to ,lhe Kreutz group.

should a-bright comet be seen d.uring a future eclipse,:.t would be widely record.ed " r{owever, there is a chance:nat a fainter one would" escape notice because almost everybody-*ruld be concentrating on the sun and its corona rather than:ne surrounding areas of sky.

X,3



Patrick Moore (ref. 11) made elaborate plans for taklng sky
photographs in the faint hope of catching an unknown comet at
two total eclipsese one in Siberia in 1968 and the other on
J0 June 1977 from the ship rrMonte Umbert off the coast of
Mauritania, Africa" Moore reports that both attempts were
thwarted. by the sky never becoming .dark enough" In the latter
case, a high aititude dust haze originating from the African
d.esert prevented first magnitude stars from bei-ng seerr. only
Venus and Satult were visible, consequently it was pointless
attempting a search for faint comets.

gru--Hgr$$rI-ag jga Bs,g3$g-A--T qqaL Egl't3gE..

During a total eclipse, it is possible in the qsu&l circum-
stances to see the planets Mercyry and Venus. The other brit'nt
planets and first mingitude stars should (in clear sky condlt-
ions) also be visible to the nakeil eye, Generally, objects
fainter than 2nd magnitucle are not vlsible to the unaided €I€c
though with bi-nocDtars, ob jects perhaps as faint as magnitud.e
5,5 would be visiblc dependi-ng on thelr locations relative to
the sun and on the darkness of the sky.

The sky da.rkness prevailing durlng a total- solar eclipse
will be greatly j-nfluenced by light sca.ttering in a dust laden
or polluted e*bmosphere" Comments about the degree of darkness
made by various observers vary but mostly cover a range of
conditions from brighter than at ful1 moon to a.bout half as
hright. One reference (ref" 12) sta.tes that the sky brightness
reduces with increa.se of the duration of the eclipse. This
is a l-ogical deduction since the wider the screening given
by the Moon of the Eartht s atmosphere the l-ess scattered light
emanating from the atmosphere and land mass still- illuminaied
!V sunlight. Thus it is not surpri-sing that Patrick Moore(ref. 11) real.ised from the ou.tset that his comet search attempt
1n Siberia in 1968 was d.oomed" to failure, because totality
anly lasted J? seconcls and. the sky never becarne really dark.
Cond.itions for the October 23 1975 eclipse are reasonably
favourable with the d,uration of totality approaching foui
minutes in certaj-n geographical locatj-ons. But imagine.the
improvement if one could make observations with a totality of
7 mlnutesr &s v/as the case d"uring the 1955 eclipse.

The sky brightness at totality also d"ecreases (ref. 12)
with decreasing zenith d'istance of the Sun at the time of the
eclipse" Thus the situation for October 23 1976 from Victoria
is not very'promising, and a si-te in the Mount Ganbier region
gi-ving a Sun elevation of 28 degrees is obvlously preferred
to sites east if the darkest possible sky is sought.
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.t- -The visibility of objects near the Sun will d"epend on the
extent and brightness of the corona" At times of sunspot
maxi.mum, the corona is alrnost symnetrlcal around the disc of
the Sun, but alt sunspot ilinimum, the corona 1s elongated in
the direction of the Sunrs ecluator and" corona.l streamers can
extend. many sun diameters.

The presence of ihe corona will serlously red-uce the contrast
between star images and their background on a photographic
plate. ldithin one sun radii of. the sune the l-imiting stelLar
magnitude photographeC (ref. 13) has been estlmated, at about
ma[nitude 5, bud at 5 sun ra.d.ii, the limiting brightness d.rops
to magnitude 10. Thi-e iS oirly an approxima,Ltion since the
contrast between the corona and a star image d"epends on the
colour temperature of the sta.r and the intensi-ty of the corona
at the poslti-on occupi-ed by the star.

. According to results of a. Harvard Observa.tory experiment
(ref" 14) condueted at the June 30 1973 eclipse, the outer
corona can extend beyond" 15 solar radii from the sunrs centre.
Its presence even a,t these distances rnust reduce, though perhaps
only s1ight1y, the chance of photographing a. fa.int object.

vr sgAr ffrAgc r1*r F:_cjlgES .

In comet hunting operati-ons, many observers choose to
avoid sky areas which are full of galaxies and comet-like
objects since the chekcing out of any sighted unfamiliar object
takes time" Typical'areas are in Virgo and. Coma Berenices.
?he Lrarge Magellanic Cloud is one particuaar area which the
author avoids, because it contains clozens of comet-like objects.

tr'or a visual search of the Sun area durlrrg totality, it
1s probably fortunate that for the October 27 1976 eclipser the
Sun will be in the eastern part of Virgo, east of Spica, and
far enough away from the Virgo cl-uster of galaxi,**. In fgctt
the Virgo cluster wil-l be effectively below the hori.zon at the
time of-the eclipser &s seen from Victoria. llowever, there is
z sprinkllng of galaxies in thc area between-Spica and Corvust
othbrwlse the area within 20 clegrees of the Sun is relatively
free of objects which night be mistaken for^comets. Both
iliars ancl M6rcury shoullcl 5c visibl-e near -bhe Sglr_Mercury below
and Mars above ttre Sun" Venus at the time will be more than
30 degrees east of the Sun Position

The chances of detecting a comet with conventi onal 7 X 50
binoculars are very smafl unl-ess there just happens to be a
bright comet in the Sun area.

.D ::
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With a 150ram aperture conet seeking telescope the detectioncapabllities are greater but 'because the field of view j_s
srial-lr typically 2 degrees, the main difficulty with using
such an instrunent vrould be the very limited search time. rt
would not be possible in I minutes to cover al-l the area within
25 degr_e-es of the sun position" One would be yely 1r1p3-y" indeedto stumble upon a comet and conclusively ascertain its
eometary nature within such llmited time. [o be readily
detected a coroet would probably need, to be brighter than
magnitude 7. fo save vaLuable tirne one would need to stud.y-
and memorise the field a.round the Sun and" the locat_i ons of
existing diffuse cornet-l-ike ob jects. If possible, reference
to charts during totality shor-rl-d be a minimum, and shoul-d only
be undertaken as a. confirmation of the ncn-existence of a
chartecl object in the position in ouestion, A copy of the
appropriate sheet of the Ska-lnate Pleso Atlas of the Heavens
glued to a plywood panel would" aj-d indentificatj-on and" reference
work, if reouired.

One serious d.isad.vantage of the visual method is the
probable l-ack of a good record of position sinee there would
be insufficient tlnre to make a sketch of the comet's position
in relation to the stars. Furthermore, unless the comet was
bright enough for other people to s9e it, a_visual conflrmation
wouLd. be unlike1y. In rnany ways, the visual search method is
not recommcnd.ed 

"

A word of warning should be issued to persons contemplating
a vj-sual search with telescopes without filter systems.
Naturalfy one is not 1ikely to see a comet whilst using a
filter but one should remember that one is not using oner so
that the instrument is not clirected. visually at the Sun after
totallty has ended.

P{OTOGRAPHIC SEARCI{ FOR COI{ETS AND MINOR PTJANETS.

The only worthwhlle
the vicinity of the Sun
primarily because of the
is an object, hopeful 1y
examined at leisure at a
position, bri-ghtness and
Given the use of several
d"egrees of the Sun coulcl

method. for searching for objects in
durlng totality is photographlcally,
permanent recording aspect" If there

there will be an image which can be
future date, tq give information on
shape of coma ( in the case of a comet).
cameras, all the sky within ?O or 25
be covered..

It would be an ad.vantage to obta.in two exposures of any
particular sky area by using two cameras sc that interpretation
of photographic bl-emishcs is possible.
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rf two cameras are not aval]able, and two sir,rirar exposures
are mad.e with the same system, it would be wise to displace
the field r-rf the second shot sIi-ghtly so that any spurlous
image fault created by the camera appears in a. different plaeerelative to the str:r field".

A consj-derable amount of professional experience in photo-
gra.phing star fields in the vlcinity of the Sun d"uring atotal solar eclipse has been a.ccumulated in work covering
experinenta,l investiga.tions of Einsteinrs light defl-ection 1n
the gravitational field of the Sun,. Cameras used in 6 total
eclilses from 1919 -bo 1952 (ref.. 13) were usually of long foca,l
lengttr ratio, of the order of f/15, For example, the lick II
camera used 1n Australia. in 1922 was 150cm focal length, 10cm
a"perture a.nd" covered a pla.te field of 15 degrees by 15 degrees.
With exposures of 50 seconds, sta.rs to a limiting ma"gnitude of
1O.4 were record-ed.

In a recent account of a relativity eclipse experiment
(ref. 15) conducted by the University ol Texas during the June
30 1977 eclipse, scientists re-assessed. the various aspects
of obtaining accurate measures of star field defl-ections and
made appropriate choices of equipment and methods. During the
eclipse, despite atmospheric dust d"immlng stars by 2* nagnitud"es
or more, the plates obtained- showed stars down to magnitude
8.5t for 50 second. exposures of fine grain Kod.ak III-O emulsion
with a t/ 1+ aperture 

"

It seems that a photographic system which rloes not need
the exact requirements of astromety could" be sel-ected to record
objects fainter than magnitud.e 10.

3g{3ryil[l,u-g..Hg!.
One should use an astrocamera and film size which gives

the largest image scale consistent with onets resources. The
ninirnum acceptable focal length of the objective is probably
about 20omm. There are a varlety of sultable camsras available
such as government war surplus aerial survey cameras. In
larger sJ-zes, a t/l 48 inch focus K-+0 camera was used by
Lec-Henzl and I.,.J" Robinson (ref. 10),

The camera shou-l-d be mounied on a sturdy ecluatori-aL mount
'*'ith a sidereal rate d.ri-ve. For the ecllpse work, 1t is
suggested, that the sky about the Sun be divi-ded into four
areas, each area bordering on the Sun. With an exposure tirne
:f possibly up to 2O second.sr with a fast film of the Tri-X
type, it should be possible to make I shots d.uring the eclipse,
ihat is 4 prime shots and 4- repeat shots. With the first
sxposure air:aed" above and south of the Sun, one coul-d. follow
a plan of clockwlse ord.er of shots, making two circuits of
the Sun.
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Daytime observatlon of planets near the Sun has in the
past be6n facil-itated (ref" i6) by the use of devices which
prevent direct sunlight fron falling inside the telescope tube
or onto the surface of the objectj-ve. V{ithout these devices,
the ima.ge contrast is often ruined", due to the sca.ttereC light.
One common sunshad"e is simply an extenslon of the telescope
tube such as a long dew cap. Alterna-tlvely, the sha"de can be
an externally mounted occulting disc which hides the Sun with
out obstructing the view of the planet.

For use during a total eclipsee sorne form of occulting
d.isc should be very useful to screen off the light from the
corona so that the sky area being photographed can be more
effectively recorded. It is suggested that a disc wlth a
d.iameter perhaps 10% more than the aperture of the camera be
rigidly he1d. by a stiff light rod. or frame assembly at a d.istance
of about 5 to 10 apertures ahead of the objective. The actual
geometry must be chosen to sult the requirements. Undoubted"ly,
there wil-l be difficulties in devising er suitabl-e construction
and it would be wise to obtain plenty of experience with the
amangement prior to the eclipse event. !o achj-eve thisr it is
suggested" that photographs be taken of the night sky near the
Moon using the occulting disc to hide the Moon. Such a test
coul-d be tried under a variety of Moon brightness cond.itij-ns.

a

As is well known, ecli-pse observers must be very well-
prepared and experienced in the operatl-on of any special ecluip-
ment to be used during the ec11pse. The use of cameras to
record s:tar fiel-ds rnust be a smooth and much pra.cticed proced-
qr€c In the months prlor to the event, it would be helpful
to ga,an experience by photographing the area to be occupied 

_ly dfre Sun-d.uring the eclipse. To bc realisticr thls should
be done on a bright moonllght night, to reproduce sky ba.ck-
ground brightness conditions of the seme order as those plgv-
ait:-ng during totality. For use during the Oct'rber 23 1976
eclipse, a further check-out of equipment should be made with
the oamera syster:n pointing towards the west at the same attitude
as that planned for use durfr.ng the eclipse. lhis cou]-d be
best carrled. out in the l-ate evening twilight in August and
early September, when the constellations of interest are in
the approximate eclipse posi-tion.
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Although the prcced"ing d.iscussion is on the toplc of
observtng or discovering new objects during a total sol_ar
eclipse, the observation of known objects (particularly prev-
iously observed comets) woulci be verf valuaLle. Cometb iinicn
have a. pcrihelion dlstance within the orbit of Mercury are
usually lost in the twilight rvhen appro.aching perihel-ion. In
recent years, with the opera.tion of spa.ce vehj-cles, it has
been possibl.c to concluct some observations of comets (and other
objects) from above thc Earth's atmosphere j-n broi:.d daylight.
For example, Comet Kohoutek was observed by the third Skylab
crew. Howeverr &oy additiona] observation d"uring an ecllpse
would be helpful"'

Eclipse b'bser*rers on October 23 1976 may be interested
to devote some time to a search for objects in the vic'inity
of the Sun. However, eclipse conditions at Mount Gambier
( though potentially 6etter- than at other sites further east)
are far lrom optimun for such an experiment. Since the eclipse
is the last one crossing the Australian continent thls century,
it may be better to d.evote only half of the avallabl-e tj-me
to subh a search operation and" to utilise the remain der for
just simply watching the splendour of the event"

trloTNOTE.

In the course of read"ing material reltlted to the theme
of this paper, the title of a.parti^cular.re port wa.s discovc;'red
but was irot a{railablg, at the time of writing. However, from
the abstract appeari-ng in the N.A.S.A" publicati-on, the report
would appear to- be a very valuable Source of information.

The title ancl abstract are :-
?rCometary Investigation durlng the Total Solar Eclipse
of 7 March 1970. Final RePort.tt
by Henry C" Courten..
ltr. A. s , A, - CR- 139++2,

Photog::aphic observatrons mad"e during the so,lar eclipses
of 1963r1966, 1968,- 197A inclicate the presence of previougly
unidentifie d 

. 
celest-i-al ob jccts in the. Lnear anp;ular vicinity

of the Sun. Observational data and ecruipnient are descri-bed.
Possible ori;:ine of the objects are enumerated as well as
suggested future experinents to con-firni results.
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E33ECT OT{ THE EARTHI S ATMOS?I{ARE & ],OCA],IZED WEATHER.

The state of the weather ::ecently is a constant source
of conversatlon; to most astronorners, partia,ularly amateurs,
variable weather conditions are a continual problem to be
shared with sympathetic fellow astronomers at the traditional
conplaints session of any meeting. i{owever, the weather
conditions we observe are merely a niinor manifestation of
the atmosphere above us which sustains our life proeesses.
The atmosphere, like any nachine, requires a power source;
the Sun 1s the driving force for our atmosphereo

0n the ?7rd. of October as the total eclipse of the Sun
becomes visible over Australla, far more than a mere astro-
nornical phenomenon will begin; within the short period of
eclipsets duratlon many geo/meteorological events will
take place. The exact nature and duration of these events
will vary according to'your geographlcal location and the
equipment you have available to you"

For the few rninutes of the eclipse, the atmosphere w111
react much as it d.oes from sunset to sunrise; but on a far
snaller scale of course.

Figures 1 and 2 compare average cliurnal and anticipated
temperature variations during the eclipse passage. The
relative humidity of a station may also be expected to rrary
d.uring the eclipse passage. fhe exact extent of the vari-
ati-ons will d"epend on the stage of the atmosphere up to 70
nlnutes prior to the beglnni-ng of the eclipse.

At stations within the zone of maximum duration, strong
0-oea1 winds may be noted in more arid. regions as much as
1-2 minutes after 4th contaet. Variations 1n the refractive
properties of the atmosphere may also appear to be more
rapid than usual. Horizon and air-glow, - the green flash
effe,ct plus the bright, almost auroral like displays are
all effects of this type. Locally ind.uced refractlve effects
are frequently noted where dust smoge fog or cloud obscura-
tions are i-n attendance. Sky brightness and land"scape
iLlumination are al-so often ind.icative of atmospheric
phenomena.
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- Many of_ these effects descrlbed above may not be notedby the casual observer during the awe inspiring event of thetotal solar eclipse. Hov/ever unlike the rnajor-astronomical
centre of concern, the atmospheric phenomena will be apparent
regardless of the visibility of the occluded sol-ar disc.

Several basic forms of observa$ion may be carried out
wj-!h simple equipment and very little expenditure of tlme,
effort or money. r Ternperature checks in both open and shad"ed
Locations may be made using two slmple thermometers, and
all readings should be noted in metric form. Relative
humidity may be deterrnined by using a home nad.e hygrometer,
see figure 5 and table 1, This hygrometer consists of
two thermometers, mounted together with one bulb having a
soaked. wick wrapped around. it. Working on the two basic
principles that evaporation causes cooling and that the
drier the air the greater the evaporation this instrument
should be employed in both shad.y and open areas during the
eclipse passage.

sky brightness and l-andscape illumination estimates
may be obtained from light neter readings. A general for-
mat for recording these observations is incl-uded.

Belor,v are some predictions of the basic climatic and
weather elements which may be expected along the eclipse
path at the vital t1me. They are based. on average figures
where record.s.hqve been kep_t for no less th?n fifty_years.
Maps A and B indicate the -climate types, and generb.1" weitirerregions of this area. rt must be appreciated-that duringthe month of 0ctober weather conditions in south easternAustralia are highly varlable; however the crossections
A and B are presented to indicate the general weather
cond.itions to be expected along the path of totaIlty.
Tables 2 and J. indicate reLated meteorologlcal elements
which may prove useful if you are planning a journey into
darkness.

It must be stressed here that these are merely predic-
tions based" on the most extensive data pools availableyet these are grossly inadequate, for like any mathemati-cal
treatment of such a complex natural problem, these sources
indicate generalized average trends, not the extenslve and
harsh extremes indicated by table 4. The art of long range
weather forecasting is far from an exact sej.ence, therefore
r shall draw no conclusions from the data presente$ here and
permit the statistj-cs to speak for themselves.
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However yoqygs-s.istancq j.-n tal<ing a few moments over record-
ing some accurate meteorological data during the eclipse
coul-d greatly improve tne possibility of better long range
forecastlng next tlme

Remember, ve:ry little is known about the forces opera-
tive in our atmosphere or even the exact mechanisn through
which they are nanifested. Yet it is this shroud.which
protects us from the haqshng-ss of the Unj-verse of which we
lre but a smalf and. enti::e1y ,insignificant particle. Every
total solar eclipse offers man the uni-que opportunity to
examine our atmosphere 1n a state of fLux and under unusual
stress. lhj-s is particularly true of any Australian ec11pses.
Australiar s unique situation as an rrisland continentrt und.er
the inff-uence of the constantly opposing air masses of the
po1e, the equator and the malitlme tropics results in it
being subjected to the manifold forms and expressions that
are the atmosphere of a rotating planet.

How may. we understand the atmospheres of other planets
or even those of the stars if we.dq not understand the
atmosphere of our own world"? The coming solar eellpse is
our opportunity to place another link in the continuing
chain-of knowledge" It is Australiats last opportunity
for this century', please, donrt waste it.,

0 0.

WORKS CONSUITND"

Ashton

Barry

Crowe

Gentill-i

Leeper

H.T. and Maher J,A.
AuEttali.g*_Sggeqeegns ?n9_t1_ir0qj,g - 1956

R. G.. and Chorley R, J.
Atmosphere" h/eather and Climate - 1971ffi
P. R"
gsssspfr ;-qJ*SLiss&,]gry
J.
Australian Climate Patterns - Nelson

G.W. (Ed)
The Australi-an Enviroment 4th Edition
-*Tffi-oTK

3A-3



Mather J"R.

Sale C and. M.
World Water and. Enviroment

S.

Sears R. (Ed)
lhe l{qrlQr s lVeather. and Climates,

Sellers W.P.
Physical Cfima_lologI

Strahler A.N.
: Introduetion to Physical Geoeraohv.

ancl Phvsical GeoEraohv
ffisons.

The assistance rendered by the staff of the School
of Geographlr Universj.ty of New South Wales, Syd.ney is
gratefirlly acknowledged.

3A-\



TABIE 1.:

For use yith hlgrometer - showing simplifiedrelative hurnidity percentages.

diffe-
renee
wet to
drv bul-t

Temperature of dry bulb
thermoneter - in uF.

50-54: 55-5f 60*64d 65-6E 70-74r. 75-7f 80-B4C B5-sq 90-9,

1

2

)
+

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

2A

95

86

79

77

66

50

54

+7

+1

75

29

27

18

12

94
B8

B2

76

70
64

58

52

47

41

56

30

25

20

15

10

9+
88

e5

77

lz
67

61

\6
51

+6

41

37

32

27

2,7

18

1+

10

95

90

B4

79

75

70
65

60

55

51

46
42
37

33
ca

25

21

17

14

10

95
QO

6)

BO

76

71

67

63

5e

54

50

46
42
3e

34

31

27

23

20

16

95

91

B6

82

78

7+

70
66

6'l

58'

54

50

46

43

39

35

12
29

25

22

96

91

87

I5
79

75

71

o/
64

50

,6
53

49

+6

43

40

36

13

30

27

95

92
88

B4

80

77

77

69

66

67

59

56

53

50

47

43

4Q

77

14
12

96

9z
88

e5

81

78

74

71

67

64

61

58

55

52

49

46
41

40

3e

35
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TABtrrES 2 & 7.

The above figures are means only.

3A-6

Station Mean
max.
!emperature
"c

Mean
October
Rainfall
mm

Mean
No of
Rainy
d.ays

Cloudiness
as%of
sky
covered..

Mt.- Gambier
a,-

Hamilton
Warrnambod
Ballarat
Ararat
Bend.igo

Me]-bourne
Geelong
Euroa
Alexand.ra
Mt. Buffalo
Mt. Seauty
0meo

Bairnsdale
Bombala
Bega

Cooma

Moruya Head.

" 18.4

17.7
17 "3
16.7
18. 1

20.5
20.4
11.0
18.7
18. 6

19.7
19.6
19,1
I l.l
19.4
20.1

19.7
19 "6

64

66

62

69

61

52

67

52

67
q)

oz

77

193

95
103

79

+9

17

16

17

16

17

15

12

14

14

10

12

1B

19

13

14

12

11

7

10

67

75.
62

75.8
55

o/
67.9
65

70.1
70

62.1
61 .3
60

66.7
79 "8
55

60

57.5



IABI,E 4

Station Min No.
rainy
d.ays

Max No.
rainy
d-ays

Min %
cloud.iness

Max %
cloud.iness

Mt. Gambier
Hamilton
Warrnambod

Ballarat
Ararat
Bend,igo

Melbourne
Geelong
Euroa
Alexandra
Pit. Buffalo
Mt. Beauty
Omeo

Bairnsd"ale
Bombala
Ro crq

Cooma

Moruya Head

5

6
tr

7
A+

5

4

4

1

10

10

10

3

4

7

4
n

5

27

10

27

29

20

?5

23

?'3

12

71

31

31

20

20

27

16

11

15

10

12

10

11

I
12

7

7

0.5
16

16
lt.)

5

7.1
12.3
B

o

10

e7

96.7
87

93.5
64.5
74.1
74,1
74 .1
38.7

100

100

100

64,5
64.5
8?

51,6
59.1
+9.3
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qRot€EcTIONS A & B.

West
South

North

p
*rd

e

= 54mm

= 16

= 75%

= TOmm

=17
= 77%

larat

P = 197mn

rd, = 20

c=75%

= 100mm

=11
= 60%

Bowen

t == zoo}
P = 79mm

rd=11
c=55%

Eden

p

rd
e

Mt.

East

t Temperature
. .p l Rq1nfal]
fd - number of Rainy Days
c - % cloud.cover

3^-8

Hamilton

= 51mm

=1,
= 6f/,





KEY TO UAS-IT & A2.

Alr Sasses

mP Polar Maritime humid and cold.

mT Tropical marltime humid and wam.

eT Tropical continental dry and hot.

Koopen System

BS Dry steppe

Cs Warm temperate a sulnmer_dry, winter
temperati.res 18oc to -Toc

Cfa Warm temperate - rainfall all year,
summer tbmperatures over 22aC
winter temieratures lBoC to -1oC.

Cfb tilarm temperate - rainfall a1! year,
summer temperatures below 22uC
4 months above 10'C.
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BAII,Y' S BEADS

A JOINT PAPER BY

MARK TAU,OR - DAVID HERAI}.

CANBERRA ASTRONOMICAI SOCIETY..-

MARK IAYI,OR

Markts interest in Astronomy began i-n the late 1950rs
when he viewed through a friendts 75mm Herschellian telescope.
Regular reading enabled him to become wel-l acouainted with
hiJ nonny, and.-in 1971 he obta,ined his own telescoPe. Mark
iu-" ,r""ir active observer of gtaz:ng occultations (more than
17) and any other not-so-eommon astronomical phenomena -
€.g. eclipses, transj-ts, mutual occultations of Jupiterts
modns. At other times ire places great importance on the
edueational aspect of AstronoilXr and when on holidays he
makes a point oe visiting felIow astronomers wherever he
goesr ro matter how remotely situated- they may be.
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In the '18th century, the French astronomer Francis !ai1y

first notecl and explainbd the phenomena seen in Solar Eclipses
now known as frBailys Beadsf?" Since that time Bailyrs beads
have been observed at almost every eclipse (a,lthough often a
telescope is necessary) with little effort
made to'observe the bbads in their own right" This l-a.ck of
observation is largely due to the fact thtt it wag not thought
th;i any useful inforira,tion could be-gained. from observing-.
tfrJnn. frather more ernphasis is placed-on the observa.tion of
ttre-Sunts atmosphere.* However Astronomy is a rapiclly-c4anging
i6iu"""r-ana it'is now possible with our present knowledge
to obta.ln valuable information from the observation of Faily
Beads in their own rlght, particularly j-n relation to the
positlons of the Sun and l'{oon.

Eefore persuing; a discussj-on on the type of observa.tionfurther, a short nqte on the accuracy of the Astronomical
Ephemerides is apploprlate" [he Astronomica.l Ephenerid.es that
a.re published. are ba.sed on theoretj-cal a.nalysis-of the r-gotionsof the vlrious bodies. rn so far as the theory is correct,
the_ ephemerldes are correct, and for most objebts ihey a.republished to any,accuracy of 0t?.01. Iiowever as the ota sa;ring
goes - theory a.nd" practice are two clifferent thingse a.nd tak--ing the Moon as an example, the actual posltion oi the Moon /;,nay differ frorn the epheneris position by well over Orir€6" C.fr'
Although generally of a smaller sj-zee errors of this natureexist in all epherrerides of objects, and the only way in
whlch to improve them is by continual comparison of observ-
ation and theory"

0f all the objects in the solar system, the two mostdifficult to measure thc posltion of are the Sun and lVoon"
The Moonrs position is measured, by a variety of ways, occult-
ations of stars being one of the most imloritant of these
( including grazl.ng odcultartions) The Sui is much more diffi-
cult because when the Sun is uFr there is generally no other
object visible with which to relate its position. It has in
the past been suggested that €i Solar eclipse may overcome this
probJ-em to a g::eat degree, but at that stage the motion of
ttie moon was p.oorly..kncwn. However, in the light of know-
ledge nov,r availabl-e, this is nct now so. Recently I)r.D.ir/.
Dunham has suggested that the observation of Baily Seads
will enable one to obtaln the relatj-ve position of the Sun
and I[oon.
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Ey requirlng the observation to be nade from near thellmits of the path of thc ecli,irseu high accuraci,. shoulcl be
obtainable in both li.lt" and Dec", whereas by observin"{ frorn
the central 11ne of the eclipse, a measurement in R.A. -only
is obta.ined " In the June 20, 197+ eclipse we undertook subh
an observa.tion from 6 km, inside the northern limit of totality
and the results of that observation are being published in
the quarterly periodical lJg.Jgg.

Baily }eacls are formeci when, near to totality, mountain
peaks on the liirb of the l'{oon break the Solar lirnbr leaving
sepa.ra,ted. partions of the Solar linb shining through lunar
val1eys. Very close to totalit-r', the number of beads becomes
quite numerous and ihe effect hras been likened to a string of
pea.rls. Generally speaking, ncst beads are observed visually
only in the fevr se cond"s nea,r se cono :nd third contacts. If
there is sn s.,ppropriately placed Lunar va.liey of l;t"rge sLze e .

causing a very-laige and- bright b'ea.C, then the trd.iarmond fing*
effect-is seen. l{hen a. telescope is used.r manJi m.rre bead-s
are Seen, since one j-s not tr:oubled b)' gl:rre frorn the Sun.
Al-so beatts ca.n be seen at ti,ircs well away from total eclipse
as an example in 197+ we observed the first bead some 10 mln-
utes prior-to totality, though nost were observed. in the 2 m1n.
on either sid.e of totalitY"

!o obtalin the required. informaiion, the observation is
ouite sinlle" All dne has to do is to observe from rlitar the
i*tlri4t" sno 

"tTni6' a!'? @Tp?nEfIbT
efl trt_ee!sq.{ei.-"":(9t:'ry#9fl 3 reTe" fl uEnT" frEs iuTbTTn*T9T a
we ontainerl ?2 tinings relati-n6 to almost 100 events. There
are two main reasons for observing from near the pa.th limits.
Flrstly there was the point rnentioned earlier that olle cAn
obtain infonnatj-on in both R"A" and Dec, Secondly, and very
importantly, greater accuracy can _be obtained" because the
events l-e.st for a longer period" of time when Seen from near
the limits. Fy way of expla.nation, the relative motion of
the Sun and llicon is of the orcler of 0?i.4 per sec. of tirne.
As seen fron the central linee this tllotion 1s almost wholly
radia,l, and. a timing accurecy of + 0.1 sec (hard. to achieve)
will result in a positiona.l a-ccuracy of j 01;.04. liowever, as
seen frcm nea.r the lirniis, and at times Iear: to totality, the
rel-ative RADIAI-, rnction is typically leiss than Oi:.01 or better.
Thus as seen frore the central line, a beiad" caused by a va11ey
wtich 1s Oi;.8 deep (which if anything is larger than average.)
will- l-ast for no nore than 2 seconds. As seen from near th.e
path limits, the same'size bead will last for naybe 10 sec-
ond.s or more
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. lipring made a successful observationr, it is necessaryto analyse the tirncs obtr:.ined in ,rrd,er to obtain a meaningfulresult. r dont t wish to enter here lnto a full discussiofrof the rnethod in which the result.s arc reduced,, It 1s presented
elsewhere (fhre lvioon 1975, in print") Holever a resume of the
whole seouence of the observa.tion i_s ?,s follows.
' 1. The bea.ds are observed. To obta.in the time of eacheventl a tape record.j-ng is maiic. of both a verbal commentary

of the events and a time signal such r:s \T'TG" Subsecruent replay
then enables the tine of each eve:nt to be rnea.sured. In cles-
cribing the Baily bearl eventsr tro great emphasis neecl be placed
on the sbsolute i-ndentification of each be ad " Rathe.r aLl
that is needed is an iclentification o'f the encl of the Solar
cusp at vrhic.h it occured, and notes of dupli-city of beads.
€.9. Itbead., top end, gone: beacl tcp end.. o o. o..divided into
two......o.farthest one gone,.o.o..both gone,it 0f course when
estimating the time cf each event, one takes the time at which
each statement is initi-ated.. In 1974 v/e found the above form
of comentary adequate"

2. One obtains a map of the Lunar profile for the time
of th6 eclipse. The souice of this information is the cha.rts
prepared" by !/atts which are currently undergoing continual
improvement by way of grazing occul-tations"

2. By using the ephemeris positions of the Sun and Moon,
and by using the Ilunar profile it is possibl-e to prcclict the
approximate tlnre and sequence of the Baily beads. 0onscquently
one is able to identify an appropriatc I-,unar va11ey or mount-
ain for most of the observed times by intercoinparing theripredlcted" ancl observed times of the Faily bearl events.

L. Having made tne appropriate iCentifi-cationsr Pndnoting that at, the actual reccrded time the actual- Solar limb
was coincident lvith the part of the L,una.r Llinb that has been
identifled-, one cal-culates the exn.ct a.rnmount that the ephemeris
position of the Sol-ar limb r,vas above or befcw the ind.entified
portion of the L,unar limb. This represents the difference in
position of the ephemeris a.ncl actual positions of the Su.n and
fooon, assuming the position of thc l4oon to be correct'

2. These dlfferences are then analy-<rd to find suitable
unknown quantities. As an exainple of the infornati-on that
can be obtained from the analysis, the data. from the 1974
eclipse was analysed to give the foll-owing informatj-on,

a, ) Correction in longitude ( n.n" )

b. ) Corre ction in latitudie ( lec " )

3



c.) correctlon to the solar semidiameter (negligible)
d.) Corrections to the Lunar profil_e (ttrc profile isby no means perfectly known yet. )

rf we had have been a.ble to obtain observations frorn rnorethal-one geographlcal loca.tj-on, the accura,cy of the analysis
would have been improved. ( statistic-s plays in lmportant part) .r ^shouLd point out one important d.esiderate, vj zl ilre nating'of this observatlon frotn both the northern ancl southern limits
of the eclipse path. Believe it or not, if the observatic':ns
are sufficlcntly accurate and consistent, it may just be
possible by this type of observation to make a meaningful
measurement of the Solar 0blateness ! !

As should be evldent froin the abo\.e discussion, tire observ-
ation is fairly simple just observe and record. the details
of every Baily bead that is seen. To aid anyone i-nterested
in doing this observation, we offer the fclllowi-ng guide whieh,
particularly in the observational deta.il-s, is based on our
experl-ence in i'/.A.

'l . To obtain the best accuracy, the observation should
be maEe from near the linits of the eclipse, However, one
should not go to'o cl-ose as the €rrors in-the positions of the
Sun and I'ioon can shift the path of the eclipse by well over
a mile. Additionally, whlIst the northern edge of the Moon
is fairly smooth, the ro r.thern edge J-s very inountainous, lvlth
deep valleys. The results of this is that Baily beads wi]l-
prevent Totality jf one is less than 1 mile south of the north-
ern limit, or 3 miles north of the southern limit. Combining
these effccts, w€ do not recommend" going rnore than 90% of the
d.istance to the path linits, particularly in the case of the
southern linlt.

2. l:lear the eclipse lj.r"rits, tire d,urationof the eclipse
is highly sensitive to a.ny cnanl4e in the rel-atlve decllnation
of the l4oon. A change in duration of 1 second, typlcally corr-
esponds to a chanSqe in relative d,eclination of lcss tha.n
0t'.05. In contrast to thisr .any cha"nge in rela,tive declina.tion
witl exhibit no sensible effect on the central line dura.tion
of the ecli-pse.

3" This observatj-on is niade \.'VHOLLY P,EFORE AND AITER
TOTALTTY. During totality the cbserver j-s quite free to vier,v
the bea.uty of the eclipse, to take photographs a,s appropriatet
and to do any other observaticns thert he d,esires. Ilowevert
one must not forget to tine the third ccntact.

4. ilhe duration of totality is not prohibita-bly snort.
We w6ul-d recomnend observing frorn the '?optinun l-oca.tionrl di-s-
cussecl in the paperriOn the optinum location from which to
o bse rve a To tal Sol-ar EcliPse . r?

?l:i -" )-'



i.e. some 6 to 12 mil-es in froni the path lirnits, wherein tot-ality will last between ::.bout EO anri 1C0 sccs.

.5. -Tl" observation is simpl_e to nake, and the equipmentrequired is straightforwarcl. Al-1 one needs j_s a smail lele-
scope (preferally t good quality refractor) witlL a projeetion
screen on rvhich to view the sola.r image: a. short v,rave rad"io
to pick time slgnals wGr tr{]i/ve !f\,/\iH, Depend,ing upon recept-
ion - preferably with a long piece of wire to ilct as an aeiiar:
a portable tape record.er w]:ich is used to record both the
ti-me signal ancl the verbal conrne nbary of what is seen to happen
on the pro jection screen" The telpe v,rill need to be able to
run.for a"t lee.st 20 inins. v/ithout interuption.

6. 0n the subject cf tirne signals: During an ecllpse, the
Ionosf,here breaks down, and recepdion of tine*signals bec6mes
quite d,ifficult. In 1976 the problem will be greater through
fNG being in the path of totality itself. The-problem is
likely to be greatest after totality. It 1s essential that
some record oi time is placed on the ta;pe" For this reason
it is recornmended that each observer have an assistant who
can rea.d the tirne off a watch for recordi-ng on the tapee every
10 secs or soo the difference between watch time and. true
time I4UST also be included. Note that the assistant does
not have to be experienced" in observlng and can be one I s wife
etc.

1, Up unt11 about .l min prior to totalityr w€ found it
possiEle to estimate what was going to happen in the next
5 secsn or so, from the projected inage, With carer one can
take quick looks at the surrounds, and l-ook for shadow bands.

g. In W.a. thc enuipment we used, wPS as follows:

A 5Omm" eUnitronr refractor, eouiped with a. projection
screen - the i,ro iected solar irnage wa.s a.pprox 10 crn.
in dia.neter.

A portable trT,e recorder.

A transistor radio with 3oft. of wire a*ttached as a.n
a.erj-al, for tuning j-n on VttG a"t 12 Wz,

The follolving comnenis relate to the actual observation"

9. As seen frorn nelr the path limits, nos!_ ?f the bea.d.s

will 6ccur ilt one end of tlre sblar: crescent. This is in
contrast to the centra.l line where the beads will be seen to
form eoually a.t botir ends of the crescent" ObservilB frorn
near the tirnits thus does not reouire that one rvatches two
locations at the one time'



jq1 An ecrlpse is a very emotional experience, and emot-
ion oTTourse is the grc,at enemy of accura6y in observation.
Something which seems perfectly clear to the observer at the
tlme r:ight not be at all clear later when trying to analyse
the observation" To some extent problei"ns can be solved from
memory, but as we al-1 know, reminiscence is no substitute
for an accura.te ::ecorrl of the observati-on,

11. fo sone ex-uent, thereforer w€ cffer contradletory
recomffindations: -

a.) To make the record clear, R.ECOR| E\roRYTHIlilGr (fn-
cluding nothi-ng when nothing i-s tc be seen)

b.) [o overco]Tle the emotional problemse I(EEP IT SIMPLE.

12. A couple of illustrations from the tape recording
of tbf t74 eclipse irill ill-ustra-te these recrrmmbndatlcns"

a.) Just before second contact, there was an irnportant
piece of i-rrforn:riion lefi out, which hampered the analysis
of the observation. The description on the tape wastitherets a break about 2/l of the way along (the crescent)tt
but there was no record" of rrfrorn which e;nd.;;. It was

only after extensi ve anallrsis that thii: prob-l-en was resolved.

b.) On tne tape recording, the b.:ads were ,fescrj-becl as
occurring at ri -bclprl , t'bottornrr , '1efti? , rrrJ-ghttr . Before
totality commenced, the crescent v/a"s a.t an angle of
about {loac:ross the screen, and after totality i-t was
pretty much hori zonta:." Knovij-ng the geometry of the
telesbope/scr:een ccrnbination, it w:rs cluite easy to work
out where on the limbs of the Sun a.nd l'{oon the events
described occul'red. lhis is tvhat we mea.n by si-n,plicity

it l^ies se i.f evi-'1cn'b to the observer and placed no
reliance olr ljtemorJ,r ol: other 6ids such Rs inarkings or
d,iagrams un the sc:reeii" Duri.rrg 1975 ecliPS€r it will
only be rr€cessa,lt./ to u.se riton:; ancl iibottortii.

13. We cannot emr:ha.sis simplicity -Loo rnuch. We expect
a lotTf beads at 'Ni'e 19'16 eclilrse u in mcre repid. successj-on
than in 197+. Do no-u try to estin:-cc' ,n51es and C.istancese
a.nd d.ontt bother tt pur na::kings e-nd" diagrans on the screen
(tfri-s only increascs the plessure on the observer, since he
,in"t: keep the ima.ge in onl exact, position cn the screen.) It
is nuite sufficient to observe the time of the event and the
end of the crescent at which it occurs. Subseouent analysis
ca,n then identify the cause of the bea.cl o '



14. rhe last point we wish to cover isthe period., lastingonly E*few seeondsl just before second. contact and after thirdcontact. At these times beads occur in such mumbers and insuch qapid suecession that it is practically impossible toreeord them. we can.only ask._that you try.- rn"the 1974 eclipsean.attenpt_was made to count the initiat_ -rcropr of beadsafter third contact, but after countlng threel the situation
changed and the attempt_was abandoned. - lhe pioblem is 1ikelyto be raore severe in 1976.

The above d.iscussion and comnents are, we hope, suffieientto enable anyone who has the simple equipment required to
suecessfully make this type of observation required. In case
people a,re put off becAuse they have never heard of it before,
we would point out that the main reason 1s that a relaible
L,unar profile has, in the past, not been available, and that
this type of observation will continue to become more accurate
as the lunar profile is improved by way of Grazing Occultations.

0 0.
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0N THE _OPTIMUM TTOCATION IROrVI_UEICH T0 OBSERVE
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BY

DAVI} HERAID.

cj{N sE3Ii A_A S TRO N-O_IE. CAr_,* S 0 C I E s,I:

Davets career as an active amateur astronomer commenced
at the age of twelve (neS) when hls father gave him a 4Omm
F25 Refractor and. a Star Chart. He made his first telescope
(zOomm Newtonian) in 1969 and has since made three others,
the latest being a J00mm F5,6 Newtonj-an completed Mid- 1973.

Hls obervations have included regular occultations
(about lro) grazing occultations (about 20), Photographic
Comet positi.ons (over 100) and. the 1914 total Solar Eclipse.
Hls paper on the Solar Eclipse Observati-on has been published
in an international iournal trThe Moonrr.

He holds an honours degree in Sclence from Monash
University (t972) and the Berenice Page Med-al (n7f).
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1976 sees the occurence of a. Total soLar Eclipse, tha i,wea,ther p-ermitj-ng, will be seen by a. la.r-ge number or ieopre.LIndoubtably, many Amateur listronomers will be going out oitl"+I.way__to.make sure that they get the best"pos5inte viewof this aL1 too _rare phenomena. Unfortunatelyl because eclipsesare so rarer and because nobody wants to miss out on the
spectacle, manyr if not most, amateurs plan to. observe total
ecli-pses from the central- Llne either because thatr s where
eversrone else observes total eclipses fromr or because thatr s
yheTg the professionals usually observe from. What I proposeto discuss here is the best location within an eclipse* pait:
to observe an eclipse, given that no particular observational
program is required. to be perforrned,.

An Eclipse: What does the word, mean? The Oxford Diction-
ary defines an.eclipse as rrlnterception of the light of a
l-uminous body (sun, rTroon, etc.) by intervention of another
body .between it and the e y€ r or between the lurninous body
and what illumj-nates it.rt Thus we have, for example, Solar
and lunar eclipses. l4ost people know what a lunar eclipse
is like the Iiloon becoming dark, and often taking on a red-
dish hile. It is an interesting sight, but not one that you
would go out of your vray to observe especially, tr\:rther more,
they are not I astronomically interestingr . Similarly, most
people know what a partial solar eclipse looks like - the
outline of a part of the Moon showing agalnst the Solar disc.
Here agaln, it is not a spectacular sight; astronomers donr t
travel the world to see a partial eclipse. What then is the
feature about TOTAL Solar Eclipses that makes them so inter-
esting, that sends astronomers helf way around the world to
see them? The ?,nswer to this question shoul-d be obvious.
The Sun has a very faint but extensive atmosphere, and j-t is
only during the time of a Tota.l }lclipse that this atmosphere
can be seen a.nC stuCied in d.etail. In this regard, I would
venture to say that if the Sun d,id. not have its atmospheret
a Total SoLar Eclipse would be iust as rrnundaneI and IBoringr
as partia.l solar eclipses and lunar eclipses. In addition,
near the tlme of totality, several other interesting phenomena
cen be seen.

It follows frorn vrhat I have said above that the prime
reason for going to see a Total eclipse is to see the-Sunrs
atnospherer-wit[ the several other phenornena being visible as
an added bonus.
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rt is therefore logical to place_ oneself on the ech-pse path
so that gne gets the best possible view of the atmosfiierb anda good vievr of the other phenomena. Gj-ven these reasons for
observing a total eclipse, ttre point I wish to nake most
strongly in this paper is that the BESI location is not nec-
essarj-ly on the central line of the eclipse. Rather the best
location is likely to be near to the path limits!

To ascertain the best location, it is first necessary to
eonsider in a little detail the various phenomena visible in
total eclipse. The main ones are:-

THE CORONA. The pearly white atmosphere extendj-ng of the
6-ffiTffi8 solar dia.meter froin the iun, Photographically
it can be seen to much farthr:r extents.

THE CI{ROryqSFHERE. The inner atrnosphere. It is pinkish
i:n--ffiTffiilTilti3ftends approx 5" above the photosphere.

PROMINENQES. These are flares ri-sing fron the Sunfs
ffi"faC6;E;d extend soirewhat above the Chromosphere,
though in general not by a lerrge amount.

BAIITYTS BEADS. Ihese are caused by the breaking up of
T6-Edtr-.Cfficent by T-,unar mountains near the tines of
tota.lity.
SHADOf/ BAI{KS" A peculiar phenonena. visible near the con-
Ta3t-tffiEsl .:i ; :

$ISE'q_SJAEF_ ,{Np_.€!4{4.3$". Can be observed. during totality.
I will now consider the best location in an ecllpse pa.th

from which to observe each of these phenomena. indivldual1y.

TliE QQRQNA. Beca.use the corona is so extensive, it can
G-ffi-Afrring the whole of tota.lity. Thus th9 longer
the dura.tion of totality, the longer one can observe the
corona. In this respect, the central line is the optimunt
place from which to observe the corona, since the
bentral line has the longest d'uration.

Ihe same reasoning applies to the observation of stals
and Pfanets which means that 1f one we.nts to d.o trEIlISTEfffB
E'XEEIffi-fTl, one would go to the central line.

THX CHROI'{OSP}IERX. Because the chromosphere 1s so thin
FT:i'fEEoTEsi-ly visible, The relative motion of the
Sun and Moon is of the order of 0.,4?r per second, which
means that, if the chromosphere was of ccnstant lumi-n-
osity, it could be seen for approx. 12 sec.

1n a)\/



However the brightness of the chromosphere drops rapidlyat greater distances from the sun, 
""d--ir." actual timeof visibility at e a.ch eontact o" ir." -central 

line i;:usually rlch less. rt is !trg_!!ro*o"ptr"=u tirat -gives
rise to the so-called FIASH SPECTRUM.'--Horerr." tfie iimeduring which the chrornosphere is vi-sitrl can be extended.eonsiderabJ-y if the obse?ver is so placed that the isun,
15 never more than 5,0 be10w the edge of the moon. Thisis aehleved by going toward the liilits of the paih. ---

IBQIII{ENCES. In genera,l, prominences can occur at any
Fo=ffiT'6m-Tll? circurnference of the sun. 

-*F";-;hi"'"""I"b",
ll.. proba.bili- bi1 o{ seeing a proninence is dependant uponthe location of the pronincnce cn the sun" iTor exampie,if a prominence is near the poles of the Sun, it wili
protra.bly noi be seen from the central l-1ne of the eclipse,similarlyr a prominence near the ecuator will not be seento great advantage from near the limits. Thus, unless
one knows before- the eclipse the loce,tion of a. prominence,
it is not possible to guarantee seeing a prominence,
from any loca.tion in the eclipse path. Bearing thi-s in
mind, it can bc shovin that if a promi-nence is visible
from some l-ocation, the time C.uring which the prominence
1s vlsible is considerably greater if that loca.tion is
near the path limits. fhis is because a.t the central
11ne of the eclipse the relative radial rnotion of the sun
and moon is its maximun" Iiowevcre nea-r the path limitst
the relative radial motlon of the sun and moon at the
points of contact is relatively small, thus leading to
a.n extended tine of visibility. If the prominence is
suitably located, it can q.uite reascnably be expected
to be visible dur.'ing the whole ecl-iFSer but OI{LY if it
is observed from ltear.the path limits"
BAIIYIS BEADS, Ii has.bcen shown bv Dr" Van l1e',ndern of
6;ffiTa""r observator.v that the Baily bead phenomena
are magnified by a.n orrler-of magnitud,e (factor of 10)
when thel' s3s observed from near the path linits of an
eclipser fts opposecl to observati-ons it:ad"e at the central
lj-ne. Observations bear this out,

SHADOW BAIT-IS" Tire results of many observations show that
Th6*Effi;T?t3T chance of obse::ving tire bands is to be
locatecl well av,roy from the central line, At thc 1974
eclipsee one perscn set up to observe the shadol+ band.s
well into the path of botality - Ile saw nothingr and
was "somewhat bernused to find that a Sarage attendant a
few milcs oqts;!-cie the path of totality casually remarked
on rrA11 th666-ffiny shaclows moving past".
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From what I have said here, it i-s apparent that the cor_ona and observations of stars ?pd planei"- 
""" the only phen_omena that are best seen from the bentral ii;".---r[.t mostother phenomena are _best seen towards iire pail.-eda;;; wherethe sun 1s never farffiow the ed.ge of tire l4oon. But sincemost of _tfre phenomena can be seen-ln some deta.il from thecentral Line, is it worth sacri-ficing time of totality inorder to g.e-t_-a better view of afl t]:it is to be ""E"-in aneclipse? !/e11, thats something that each ind,ividuil observer

shoul-d decide for hircself. lowever, before deciding, one
shoul-d not assurne_ that,by going to the path edge thd'dura.tionof totaLity_wil1 be red.uced to an una.ccepta.bly-short tlme,fn wha,t follows, r sha.1l- discuss the dependanbe of the dura-tion of the corona and chromosphere on position j_n the pathof totality.

r,et us assume that the duratlon of tota.lity on the cen-tral l-ine is T. (for the 1976 eclipse, ! is aplrox 17o sec.)
41ug, let the distance from the central l-ine to the path ed.ge
be D. From standard, formula.e, which I dontt wish to-present
here, the dura.tion of totality at e,ny point dista"nt X-from
the central line 1s given by:-

Durn.tlon = T.

The properties of this reration are quite lnteres,ting,
tr'or examplg, if one substitutes the value=of O.g for $, "-
corresponding to bclng 8a% of the distance from the ce-niraLline to the limit, then the duration of totality is 0,6 x Tie. the duration of totality is 60% of the central l1ne value
when one 1s Bo% of the path wiatn from the central rine!

The formula for the duration of risibility of the chrom-
osphere is not as simple as the above. It depends to a great
extent on the relative sizes of the Sun and lloon. Here I
will assume that the chromosphere is 5,i arc thick.

Denoting the apparent difference in semidiameters of the
Sun and Mcon at the time of the eclipse (remembering to allow
for the augmentation of the Moon) by M, then the time during
which the chromosphere is TOTALLTY ECLIPSED j-s given by:-

Duration - aT .i t - (. E5'- ,,:r,_\t-\€o)
where h- Y--t-

M
For the 1976 eclipsee l{ = 41t', giving A = 0.88372.

The difference in the above Durations represents the tota]
tirne in which the 0hrornosphere is visiblec

(b)'

3c i'



At tlLs point it is appr_opriate to mention one interestingieature of these formula e . Namely, th.at if A = 0r the
:hromosphere is never eclipsed. This condltion is-reached',ihen the Moon 1s less than jn larger in rad.ius than the Sunat the time of eclipse. In effect, as seen from the central.ine of the eclipse, there would" be a total eclipse of the
sr"insts photosphere, and an annular eclipse of the chrornosphere.
lhese cond.itions would al1ow for a stud"y of the whole of the
:hrornosphere, rather than a smal1 segment, even though the
ruration of totallty is only 20-34 secs.

The polnt of imrnedlate concern here is the 1976 eclipse.
.--ow long does Tota.lity last, and for how long is the chromos-
;here visible c at any given point on the path. The accompany-
i-ng gra,ph is a plot of the dependance of these two ouantitles
ln di-sta.nce from the centra.l line.

The hatched portlon represents the time for which the
:hromosphere wil-l be visible. As ca.n be clearly seenr the
:aximum- time for which a,t least some of the chromosphere will
ce visible is almost 80 secs, compa.red to a central line
ra.lue of 2A secs., this maximum val-ue being obta.ined. by
:bservj-ng 0.88 of.the dista.nce from the central line to the
:ath limrts. At this polnt, the total duration has dropped
lrom 17O sec to 80 seca just under'50%. In considering thq
form of ttris graph, one extra point ryuFt also be considered.
fue to the exf,reileiy rapid chan5es of light leve].at the.cont-
"-.i times, the eye i,as lreat diirlculty in adjusting.rapidll'
."o"S[]- 

-ifti.s 
ao6s not iffect matters too much at third cont-

act, where the eye is by then used to low light levelsr but
at second. contact, the eye has great difficulty. As an
indication of the rapdidity of change of light level, the
reasured vaLue for the rat6 of chan[e in the Suns brlghtness
at ifre boundary between the chromosphere ii.nd. photosphere is
approx. 7 mag. per secr of arc. As a result, it is a common
lccurence" perhaps even the norrn, for observers on the central
line not to see the chromosphere at all at second contact,
:n1y seeing it at third contact. For this reason the base
line of the accompa.nying graph can effectively be raj-sed to
about 10 s€cr ine. If observing fyom the central line, one
should see the chrornclsphere for about 10 secs. But if one
goes further out, one can see it for up to 70 secs. - i.e,
7 ti-mes longer.

This same argument can be used to estimate the greatest
lime of observation possible for sultably plaeed prominenc€s.
ihe Alteration to the second. formul-a is effected by letting
i = .{j;;f where M is the assumecl height of the prohinence,
3y letting P be grea.ter tha.n 5" , the optimum d"lstance is less
ihan that for the chronosphere. In fact the optj-murn distanee
is given by the value of A'

1fi C'lv )



cONClUSr0lr. From the forgoi-nge it should be apparent that the6'fiyTTGrvatj.ons usually"madJ'by ama.t"rrr" tha.t can be best
mad.e from the central line ar those concerning the Coronae andobservations of bright s,ta,rs and planets, the-visibility of
these phenomena being related d"irectly to the duration 6r tot-ali-ty. In the ease of every other phenomena that I have dis-
cussed here, the best loca.ti-on from which to observe them is
well away from the centra.l line of eclipse. fn the cases of
the chromosphere, prominences, and Eaily bead.s, the best observ-
atj-ons ere mede by ensuring jud,icious pla.cement of the Sun and
Moon. In so doing, the time in which the corona can be seen,
and also stars and planets is reduced. fron the central l1ne
vaIue. In the authors opinion, the optimum location for observ-
ing the 1976 is any location that is between approx. 0.8 and
0.88 of the d.istance from the central l1ne. (this corresponds
to belng from between 6 and 1 2 rniles inside either limit. )
However, I leave it up to every intending observer of thls
eclipse to make up his gr^rn nnind"; to decide whether he wants
to hive a long ecl-ipse ( as per the d.ictlonary meaning) and
have a good view of the corona. and starsr with a scanty view
of most other phenomena of impg'rtance, or whether he will
settle for a shorter duration of the eclipse in order to see
as many of the eclipse phenomena as possible to the best
overall advantage, the main consequence being a shorter time
in whlch to observe the corona.

Personallv. I know where I I 11 be !

G0.
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1. Earlv Euclidean Cosmolopies

. Although some of the ea1ly Greek philosphers suggested.that the universe was probably infinite in eitent, Aiistotlets
simple geocentrj-c model- was widely accepted for almost twomillenia. Aristotle?s unlverse was bound by a finite aetherial
celesti-al sphere and., although for him time was eternal,
space was only infinite with respect to dj-vj-sion and notyith respect to addition. Part of the problem in contemp-lating infinite space'had to do with the theory of parraLlels
which up to the tlme of Aristotle had not been put on ascientiiic basis. (R'oss, 19682 83-A5).

Eucl-id was the first to apply the bold remedy of laying
down the indispensable principle of the theory of paral1e1s
in the form of the rndemonstrabl-e fifth postulate; r?If a
straight line crosses two other straight*lines so that the
surn of the two interior angles on the one side is less than
two right angles, '6hen the two other straight lines, if
extended. far enough, cross on the same side of the first line
where those angles arer'" (Baker. 1964: 18).

Many mathematicians were not Satlsfied with this solut-
ion and they tried.e unsuccessfully, to prove this postulate
as a theorem dependent on Eucl-idrs otirer four postulates.
One of these disseriters vras Ptol-emy who revised. Aristotlerts
cosmology in a significant way. However, although he incorp-
orated Euclidean geome-iry in hls 'cosmology, he sti,ll denied
the possibility o:' infinbte space.

The atomlst frucretius was the only distinguished.
philospher of earl.y C.hristendom to belleve thaf the universe
was both infinite and" everlasting" The first statement of
cosmological signif-Lcance afier lucretius !,/as maiie in the
fifteenth centur:y by ITj-cholas'of Cusa who spoke philosophic-
aIly of a universe of j.ndeterm-inate dimensions. Giord.ano
Bruno was burned at the stake in the year 1600, in part
because of his extens:,on of Nichol-asr id,ea to consider the
universe as containing an infihite number of world.s.
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It v,ras l-eft to I'lewton in the sevcntccnth et--ntury to
champion the concept of infinite absolute Euclid.ean space
and eternal absolute tir,rc. In tnis ire wes sunporteC by
cl-arke, Euler and Kant" For i{ewton, the univeise orgiially
consisted o{'a uniforn dlstribution of matter through
infinite space which collapsed gravitationalty to forn the
fixed stars which were then rnaintained in :1, stable array
by God. There developed wha.t is now called the Prlnciple
o f Galilean Relati-vity r,vhich says that all equaticns of
motion are invariant under Galilean transformations within
inertial frames vrhicl'r are at rest or in uniform moticn with
respect to nrbsclute spa"ce which just happens to be i-rt rest
with respcct to the fixed stars. ( li,,lnberg-. r 1912: 1 5 ) "

'Iterkeley, T-leibniz and. Huygens howcver felt tha.t there
wa$ no philosophlcal need. for i.iny conception of space apart
from the rel-ations of materj-al objects" This objection to
absolute space and serious cloubts ilbout the stability of
ITewtones classj-cal rnodel of the universe were added to by
Chesea.uxt realization in 1744 that the d,arkness of the night
sky ',va.s incompatible with the classical rnodel unless it was
assumed that sp.lce also contained some material rvhich slightly
reduced. tlie j-ntensity of starlight as it tr;Lvelled to the
earth. (Dict<son.. 1958: Appendix). In spite of these
problens, l(ev*tonts Euclj-dean inodel was r,videfy accepted during
the eighteenth century because there seemed to be no
possible alternative,

e " S e r:Lqus rnaqqggaeee s: JIL t&e_9].as.s-aE: Euclidean Cospgo_gJ.

Idithin the objections outlined in the last pa,ragraph
lay'the seeds of tloubt i,r'hich grew during the nineteenth and
twentieth centuries. At first cloubts concerning the uniqueness
of Euclidean geometry develop.ed under the guidance of
Sacchierl. Later Gauss introduced tlie tenn flnon-Eucli.deanf?
geornetry to describe a type of qeometry in which the sum of
the angles of ,:r triangle is always lcss than two right angles.
Ihis two dirnensional infinite space of constant negative
curvature was also indepenclently discoverecl by I-.,obachewsky
and Bolyai, F.iemann, by usj-ng the curvature tensor, devel-
oped another non-Euclj-rlean geometry which has constant
pbsitive curvature compared, with Euclidean space which has
zero curvature"

Mathematicians of the ]ate nineteenth century were able
to show that both lobachewskian and Riem,-'"nnine geonetries are
consistent if Euch-dean geometr:y is consistent. (nagel and
l{ewman " 1 9 56. ) Li}<ewise , they showed that Euclid"ean geometry
is consistent if the mathematical- theory of real numbers is
consistent "
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In this way mathematicians caae to reaLtze that Euclid t s
fifth postula.te is inde"pendent of his others which .teajs
that there can be^ 19sic^glIy consistent systems of geometry
thatr_il place of -ihe; fifth pcstul:ateo contaln somd contrlrypostulate instead.

Other pi.liiosophers d.uring the nineteenth century real-
iaed the signiricance of sev,:ral enpirical inadequacies o.fthe classical cosrnol.ogy^ Ol-bcrs in- 1825 and stnive in rc57
consldered- the parad.ox o-f'thc derrkness of'the night sky and
came to tbe sane conclusion as chesaux, (sciamnr 1 g5gz" 74-7g) "A more plausible explanation of this paraaox arose frorn the
work of llerschel anci Eessel. Thei-r find"ings suggested that
we live in an riislandi' unive::se, the Milky-'i/ayr*iloating
alone in infinite space.' Flowever" this solution v/as short
lived as other galaxies wer:e discovered so that the problem
rema.ined. 

.

lieumann an 1e7+ and Seel-i5;er in 1gg5 then reali-zed. that
there is a gravitational pare'dox alnalogous to the radiation
parad"ox in tirat a c-l-assic::l rrnlforni universe would" produce
infinite gravitatjonif j-r-tr:nsit.y at all points, (,Ioncs et
dI, 19162 211) " Seeliger ther:efore proposed a new term in
Ne-ytonrs gravitartj.cnal lavr effectj-ve only at cosmlcal
d.i.$tances 

"

. In 1e64 ir.axwell hacl shov,,rl thi.rt his theory of electro-
dynarnics d,id" not s:-'.trsfy the p"1ng i ple of Galil-ean Relativity
and 1n 1eg7 Mj-chelson and l4ori-ey cast further doubts on the
concept of abso.l-ute spllce by their di-scover-y that the velocity
of light in a vacuurii is always constant. These results and
others 1ed J,oyentz and Poincare to develop a Special Theory
of Relativity vri"rich was first set out in detail by Einstein
in 1905. ( Hotl'rnann, 19132 67) . 'Jhis theory restoied the
principle of 'r:e1ai;ivi-ty to all physical- phenornena by showi-ng
ttrat ait physico"l cqua';ions (mechanical ano clectrod.ynamlcs)
are invariant under: Lorenrz transformations within a llmited
class of inertial re-ference f:rames"

i4e anwhilr; , 1t" the 1 88Ot s , l"lach had d.enied Newton I s
concept of abt;olute space b-rr postulating that the condltions
of every phy-s-.c:r.l phenomenon a.re thenselves physi-cal phenomena.
In peirticluar', the jner:-Lial mass of a bod;r is due to an
inter-action of the boCy wi'uh all the natter in tirp universe.
lhls id-ea" harl first been proposed. by Bishop Eerkely in
oppositi-on to liewton?s clairn that inertia wa.s a:r lntrinsic
property of mi-Ltter manj-fested relative io absol.ute- space,
Einstein was greatiy influenced b.rr wha-i; he call-ed llacht s
principle and so have most oiher twentieth century
cosmologists 

"





Meanwhile Einsteih in 1931 banished his cosrnical repulsion
force and thu*e reduced the number of possible types of
Fried.man universe to 'lhr:ee,, Cf these he insisted that the
osci.llating noc-ei l'/as tirt, unirlue model to be consid.ered.

Gamow in n,952 :'ar'or:.red the h-.rperbolic model suggestlng
that the universe began as a super*clense body called" rrYlems'
rvhich explocled lvitjr a big hang" In 1952 llinstein summed up
the si-tuation by saying that i?The thcory of expanding space,
to64ether ',vith -i;he eirpi-i-icnl i.atil of astronomy, perrni-t no
d.ecision to be reach.ei.. rbout the finite cr infinite character
of three clinensr-iona.l- si'race.tf ( Eirr*otein , 19522 314) ,

4* ]te-p€p!1,+-€:3s-ap l-gro€gg:€s
As }loyle t lgTZz 59) has recently siLicl, tiFor tv,,o genera-

tions nowe wor.kers in cosmology have been fascinated and be-
mused, by the dclights cf non-Eucliclean geometryrro o o . . but
there have beetr se';era"l notable exceptir,,ns. i'iilne was a
lead"ing questioner of tire basr:s of r:elativity during the
191Ots" liis o.,r-bstandi-ng contribution was his insistence that
the cosmol'lgical p''inciple of the uniformit;'r in. space of the
unj.verse must a1p1y in deiail tc any cos;-lological theory.
He developed C'eductively a theory of Kinematic Relativity
which hacl a d"u,'ri asllec'b - either finiti-, and expanding or^
infinite and ltar,ic. Thj-s v/as explained in terms of two inter-
related tj-rne scales: a,tomic t-time and dynamic t-time. The
space of ihe expandrng abpect in t-time was flat Euclidean
space whereas ,bhc sjlarje of the static aspect j-n related"
t-tirne v/as hyperbolic. ?his dual aspect explaj-ned 01b'err s
paradox.

Robe r-bso:r. and liial-]rer in 1936 developed l,iilnets work by
their d.iscovc::/ of a ::.e'Lric for the Kinernatic mode1. fhis
enabled the r.,--r.-'-id.uct:-on of the chief results derivecl from
Einsteinf s eq,,a tic, ,;. (.l,cndi , 19()Az^ f29). These results
were also rcf:'cc"luced r-r;r: tile revisecl Nevrtonian cosmology
based on Eucli,.iean iieornc,trlr and. "outlineC by Milne and McCrae
in 1934. Iiolvc',/er, both the Ki:rematic theory of Relativity'
and" thc reviseci liet,"hoii-.aa Cosmolos1r are incomplete because
they lack the rathe,ni' t-ical machine::1; capable of r:raking a
prediction about the g,r:avita.tional red sirift of light.(wirr,1gl/l: 26)" :

Tn 1948 -r'ondi and Gol-d developed their steady state
mod"el, not frorn the G:neral theor:y of Eelativitye but from
their Perfect Cosmolostic:11 Principle rvhich says rtf-,e t the
unj-verse present the sane aspect -f'rorn all places at afl
tirnes.tr ttris nocle-i- v/as an attempt to return to Einsteintts
pre-Fried-man point of v-i-evi of a constant envj-ronment. They
accounted fc:: tne non-static nature of the universe b:r
postulating exiransj-on and" sirnultaneous creation of new matter,
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Their the ory starte,.i with tire Roburtson-ln'/aLlker metric ofthe Kinematic model and showed- that three diniensional space
is flat and Euclidean" At the same tir.ne Hoyle obtained - the
same result by modifylng th<: non-Euclidean equations of
General Relativity to incorporatt. his creation (C) fie1d"

Just how valid is the steady state mcdel- as a deseription
of the universe? F,urbirlge 11911) felt that on considering
all the avaj-lable observational eviclence it !,/as impossibfe.
to d,ecide between the Fi6; Bang anc, the Steady State theories.
In 1972 however, Hoyle was critical of thc Steady State
theory especially for its inability to ,..,ccount for the micro-
wave background rad"iation. Recent measurements of this
radiation have confirned iioyle ls jud,grnent. (lovell, 1973 add
Webster, 1974.)

Iioyle therefore d"ecided to takc a new look at cosmology
and saib'. (l97zt 56) rilf one looks at the universe as a cohdlent
whole, then the universe is the abstract logi-c of its physical
laws.tr Accordingly he envisaged the scheme:

Universe -...-.s Massfield -*7 Particle masses.

?his scheme can be formulated to have conformal invari-
ance iarhich permits the theory to be written in many equivalent
vrays. For example, either the_particle.masses and the racliatea
ph6ton frequencies vary directly viith tine anC the geometrical
structure of the uni-verse is simple Euclid,ean or the particle
masses are constant ancl l\ewtonts gravitational constant (g)
varj-es j-nversel1' 1u11n tinie and tlie geometrical structure is
as for the oscillating non-Euclidean closecl Fried.man model.
Both of theso cases s::tisfy the tests of General Relativity
(viz. the bend-ing of light riys bl,- the sun and. the rotation
of the perihelion of iriercury) a.s well as all the available
astronomical and geological data. Itorn Hoylets work it
therefore appears that both Euclid-ean and non-Euclidean
cosrnologies P.rc viat'l-e

5_,_Utg_Present S!a!e g_f 3]-Ay,

In 1937 Dj-rac outlinerl a new cosrnology based. otr Machrs
principle" rle argued that if the universe is changing with
time then the laws of physlcs nust also change with time.
Diracrs id.eas were taken up by Jordan, Srans and Dicke and
they have successfully accounted for many astronomical and
geoiogical phenomena (Jordan: 1971). Tttg theory postulates
Itrat Newtoni s gravitational constant ( G) varies inversely
with atonnic ti-me and that tlie number of nucleons in the
universe increases in proportion to the square of atomic
ti-me.
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Recent work by lirac (lgl+) nas resultr.;d j-n a detalledgravitational theory which bears some simll-arity to the workof lvlllne and wcyl-, rn onc version of Diracrs new theory, the
nucleons in existing matter slowly multlply in number ana tne
universe is described. as closed and cylinclrical. rn the other
version, the nucleons are aclded to the universe nainly inintergalactic space. llhe space in tnis open, infinite universe
has negative curvature. This neiv theor]' is being subjectedto a nurnber of tests to clecicle r,vhich of the two versionsbetter describes rea11ty.

It is of interest to note th:,'t a recent study of, gravit-
ational theories (tUiff , 197+) nas cone to the ccncl-usib'n that
essentially only metric theories of gravity are viable. A
metric theory is one in which any physical- system 1n a grav-
itational field behaves as though the events being nnonitored.
are taking place in non-Euclidean four dinensional- space -
time rather than in the Euclidea.n space and time of our
everyday experience. The onl;r metric theorj-es which are
complete, self consistent and in agreement with all experi-
ments to d.ate are the General theory of Rel-ativity and the
Brans-Dicke scal-ar-tensor theor;y of gravi'by.

The nost receni findings concerning the structure of the
universe are those of Sanda[e (lgl+) and Gott et al (lql+),
Sandilgers estimates of thc Hubble constant indicate that the
universe is approxlnately sixteen tirousand rnillion years ol-d.
This results agrees with the flnciings of Gott et al which
show that there is no ind"ication of-any sigilificant gravlt-
ational slow down in the outward rush of the galaxies. In
fact, all evidence points tp an open universe of hyperbolic
space extending infinitely in all dlrectlons. There is,
apparently, no more than a tenth of the density required. for
space to be f1at.

In conclusion, howeverrr it must be said that the last
word in cosnology has still to be written" In fact we would
do vrell to remennber liorthr s concluslon ( t965) that: rr?he
indi'ridual theory of cosmology is nelther true nor false;
l-ike any other scientific theory, it is merely an instrument
of what passes for unclerstandj-ntj.tt

0 0.

t1



WORKS CO}ISUI.,TED.

Barker

Bond.i

Hoyle

Jones

Jordan

q
V.

Philosorhv of Mathematics
ergey.

H"
Cosmology.'l!'60 frP. , carabridge.

Burbid.ge r G.- 
Was there reallY a Big Bang?

Dlckson, F.
The Bowl- of Nieht.
ffiherlands.

Dirae P
ilCosrnologi-cal- nodels and the LarAe NumbersHT'fr-t t'Soc -?re
439-446.

Einstein A.
1952 &",!?,i$:y. Methuen, T.,ondon.

Gamow G

"!lr+E rt in GlleericS ( ed) 1956
Jrqffre-Treeman, san Francisco "

Gott, J., Gunn J", Schramm D., Tinsley 8.,
An Unbound Ltniverse.
WJournal 194, 543-ij3 1974

Hoffman B
Albert Einstein
ffis, London,

F
Fr orL_s Lq qc h q nge-! o-@ .
FreemAn';ffiTri;nffi
G., Rotblat J., l'{hitrow G.

@_J;1igg;1se. Penguin, Harmondsworth 1956

P.
The Expandine Earth.
1g7l- Pergamon, london . 1971



Love11

Nagel

North

Ro ss

Sandage

Sci-arna

Webster

Weinberg

i'ilil-1

Introduction in John (ed.)
ondon"

E. Newman J.,
G_odelts Proof in Kline (ed.) 1g6eo Mathematics
rc i956 r'reeman,-san Tifrn'fiffib:-
J
The Yieasure of the Universe
ffi5:ffi
D.
Aristotle
TgFl{ETfiuen e london.

6

Steps toward the i{ub.ble Constant"
Tgffi-e tg+,559-568,

D

-ec--Llp!t&-LtJr*u-gryggs-q1959 Faber, London"

A.
fhe Cosmic Backsround- F.ad.iation
Tgffii-af?Ti-ffi . 2 26-37 .

Gravitation and CosmologY
To7z-uifrdff Frffi ToTtT**
C.
Grsy:1tali_qn &qggysc'Iffii?TilE n 231 \Jo. 5 24-33.

L1lr, * )





_L+3 sE.YpN.gLggTSE

- $ury of_ tire greal; d.iscoveries in astronomy have been
mad.e by people_ vrorking outside the mainstream 6r ttreir d.y,Even without the best available equlpnent, and without 

"ny-evld.ence from the mains'c:ream of ilieoiy an[ evidence, ttres6individuals have been able !g gg beyond the presentldayi; -

ideas and into new ereas. Tjie development oi our presbnt-
day instruraents we ov/e to thg courage of Ga1i1eo, 6ur conceptof ga.laxies 1n sDace to Giordano Bruno..o. o.What is the
psychological process which has allowed these individuals toshift the entire structure of astronomv to their wav ofthinking? Perhaps we mlght call it a SIXTtiffifrSE3 "

was it a sixth sense which helped Milton Humason workhis way up f.rom hairdyman at Mt" Pal-omar to night
assistant -bo noted astronomer?

was 1t rr sixtli sense that P::ofessor l'.ritz Zuticky of
CaL. Te,:h wa.s referring to when he wrote that a pin-
hole canere, properly used, rnight be abl-e to outper-
form the 200.-inch ca.rnera for collection of data on
the outl3r reirclles of the vlsible Universe?

was it a sixth oer$ie which took Herschel from a
successful- nus: cal career into a.rduous night-long
sky-seerches i--iich have established his name among
the g:r:e.ts of astronorny'?

Psychologrsts have become i-nterested. in phenomena of the
trextra -sensesti. Ln ';ite 50ts and 60ts, attention began to
centre on uncoverJ-ng tne areas of the brain which seem to be
involved in creat:rrd th.ought. For instance, the two d'ivisions
of the brain inio cere;ral. hernispheres seems to be important
-.the non-domj.nant s:de (tne light side.^for right-halders)
seens to be iivolveci in 'ttre ability to rtview the wholerr of
."Vi[i"g. -The 

dominant side, by c6ntrasto _te1$s to.analyse
anb Ureito things dolvn into ecluations and relationsbips' A

;;"i-4".f of JtuAy rs-currently being devoted to developing
E""i"i"g niethods tb release crehtive potential in individuals.

While soite of the techniques are technieally-involved.
such as monitlring brain and vascular system activity, many
of the technirlues have been in existence for thousands ofyears. Yoga ned.itation, for example, produces many of the
benefits without all the artificial gadgetry.
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Another area in lvhich cLevelopments lyere nadc, in the daysbefore the conputere were aids_to memory and'problem-soivingthrough systernatic thinking. psychologists hive Jiuaiea tirejllryfg,, Processes of mnemonists- ( inOiiiAuals with ilpirotographicl
memories) and have been able to pin clown some of the tec[-nloues they ernploy.

The best known of these aids to thinking are mentioned.in Yatesr book [he Art of lvlemogg. 'rhroughout"history, peorle
!?t" sought to FxJ'inE-TiGiT?ai6cities Eeyono the ule of thefive senses end_owed by na.ture. rnstruments and systems aredeveloped.!o help sense things whieh are too compiex - sr;chas the motions of the steLrs. 'l'hose who possess ttre instruments
such a.s the l"fa.yan calend.ar, e.,Te held in higtr esteem, Their
vested interest becomes all-powerful. Iiowever, no system yet
dgveloped_has been complete and perfect. yet, ha.ving trecome
accustomed to our use, these instruments become rf second. nA.tureri.
As the term implies, these instruments become just as tled to
our thinking a.s a.re our original- 5 senses, rt is very threat-
enlng to us psychologica.lly to have scmeone ca.use us to doubt
our senses either first or second na.ture individua.l-s such
es Fruno, who did thise were burned a.t the stake.

As fewer people a.re being burned at the stp.ke these d"ays
for practising rrhereticalr? amateur astronomy, it may be usefulfor we amateurs to l-earn these techniques and apply then to
our programmes. The use of our own brains to rationally app-
roach the use of our instruments is what I am here referrlng
to as rrthe seventh sensert. A ?isixth sensere implies developing
our inental capacities themselve s, to rnake us more creativee
more. intuitive, more insightful, able to see the whole pieture
of what we d.o..oo..o""etc. lhe rrseventh sengerr inplies, in
addition to the above, that we develop the ability to use
our i-nstruments like a ?rsecond nature.r?

Exarnpl-e. A hang glider pilot relies on his 5 senses
To-ffide the crafd, the lush of the wind, the view of
the ground,. A great pilot night have, in additionr arrsixth senseiqabout the wind changes, air currents....
etc. A jet pilot needs much more than this a second
set of external senses is recluired.. o....altimeters,
wind-speed indicators, gyroscopes. A great iet pilot
needs tc be able to use this set of senses like a

r? second skin. il

The pilot of a rocket cannot rely on the same sort of
external senses. An internal gyroscope, such as used.
in inertial grid"ance might be required. An interstellar
craft would find. even these clevices inadequate as the
properties of tine and mass P.ire relative to the great-
speeas. The foreground sirlfts to blue, while the back-
ground_ shifts to recl. 
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- This papel clerroilstrates some of the approaches which
have been devel-opeo .by psychologists and the astronorner
Z-wicky (who, like Her3chei the frusician, is making a na.mefor hlmself in other fields, such as business adrninistration. )rt 1s hoped that these exeriises me.y contribute toward thefamiliarity with our lnstruments, the aims and objects of
our researchr. a.ncl the dlsci-plines we draw upon for ideas,
whlch I deem rethe seventh sense??"

EXXRCISES FOR CRTATI1JIIY AND THE SNVENTH SENSE.

Comlng dorm to speciflcs Wha-t does all this mean in
practica.l terms to the a.mateur astronomer?

1. The ma.in benefit is in provlding r convenientr proven
frey of pla.nnlng e research programme, of getting the
most benefit from e. pro ject, and of ma.king sure tha.t
everybodyt s interests are represented..

2. Anothe:r important benefit is to exercise our thinking
To get us used to looking at nore alternatlves than any
of is as indivj-duals rvoul-d have thought posslble.

3, An increasingty inportant benefit is to 4e1p formulate
Theories to keep u,., ivith the rapid"ly accumulating
evidence which is -available each year.

HWPS.
The riGrelb Artt; of l-,u11 consisted. of a table or matrix,

with nine rowci and ni-ne colurnns, The nine elements would
tod.ay be referred. to es di4egr_grq4p,. The resulting table
consisted, of 81 boi:es, eECETo1.'Gpresenting the intersection,
or comblnations vr':ulc} be sufficient to cover all of the
probleins of n .tural- pnr"l-osphy" The Chinese were more ambitious-
they used a mat:ix {)i on-Ly I X 8 = 64 combinationsr &s
representing all possrbl-e: types of change in the Universe.

A less a;nbiti-ous exanple comes from T.J. Gord.on and.
Iq.J. Raffenspc.rgerts ':th: Relevance Tree Method- for Planning
Baslc Researcntto ,Iri a stuciy f:,-rI'{ASA, the authors set about
comparing the types of astronomical bodies which would be
observed from elthe,; au Earth-bound or orbiting platform,
and. the portions cf -the electromagneti'c spectrum whlch night
be measured fcr each" ,Dividing the spectrum lnto sj-x categ-
ories fron rrery 1..:w frequenclr. rad-i-o through the visible up
to the gamma r&yr these viere in -i;urn arrayecl against nine
columns of astronomical bodies to_produce a ta.ble as follows:
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loudness high V low amountaggressiveness high V low amount
degree of und,erstanding

high V Low amount.

The list of items are then aranged. as e'ither the columnsor rows of a matrix, with the ad.jectives arran'ged in the
opposing set.

The next step is to assign numerical val-ues to represent
ratings for each of the rows against each of the colurnns. The
ratings are usually of the form:

I.

D--
L.

7.ra

A_'ta

tr_).
a
Va

.7
lr

Thus
following
columns:-

L,oud.-
ness

Fred

Mod.erate relationship.

3i11 Fred i,{ary John Glen Jean June Jim

5 7 1 5 
"1 

4 4 5

Judging from thisc w€ might expect a very loud.-mouthed
and a quiet-as-a.-mouse Mary"

Once the nunrbers ha:e been assigned to such a matrix,
it is possible to perform a variety of sta.tistical analysis,
The simplest of these is, of'course, to add the rows and.
columns-for averaged totals. As an example of thisr I will
mention a study wh-'cn I conducted. in 1974 at the N.S.W. Inst-
itute of Tcchnology. Students in my classr who are studying
for a Diplonna in Conputing Sciencese w€r€ asked. to list all
the possible benefits to whi'ch the d.lpolma might lead.. The
list consisted, of:

1;getting tha.t all-important first jobrr
;rhelping 1n ny later cs.reerrr
rieduca.ticn AS part of socia.l statusri

LrA-i

Very low degree of relation.
Slight ilegree of rela.tion.

High d.egree of relation.
Very high degree of relation,

1n row 1 of the above tabler w€ might assign the
rati-ngs of ';loudnessri to the people listed in the



tti-rnproving the ouality and creativity of my work;;rrpersonal satisfa.ctlon through knowlbdget;rideveloping ny personallty. r?

These were aranged" as the columns of the matrix. The
rows were the types of courses currently offered in the
Diplor,ra" and those they thought might be useful. The result-
ant matrix v/as;

first la.te r sta.tusjob career
creativity satisfa.ction

coniputer scienc,e i- _-.,
ma.nagementl-*rll
mathematics l- ]- - | j -r-
economlcs l-- -- l- I - - 

.'_- Lpsychology I -r , i l-I I i..soclology i

il
I; -- r- I.ttopera.tions I 1- -.tiresearch l

,t'l
I

rl

I
i

-:
-i

1

-l
I

I

fhe grand tota,fs for
interesting result:

Hanagement
Psychology
Computer science
So ciolo gy
Logic
Operations research
Economics
Mathematics

each of the courses provid.ed an

I oq'r.))
Aaa't. uv

4.86
4.64
4.59
4.28
3.73
)"ll

The Diplona heavily ernphasises mathematics. Yet these
students seened to See it only as a means to an end - not
important in their overal-l life. I woncler if a similar
stuAy among astronomers and astrglomy students would produce
slmiiarly interesting results. It certainl-y might reveal
areas in- which atna.teurs arc likely to be strong.

A stud.y that bears resemblance to that of Gordon and
Raffenspergbrt s was one which involved' the Junior Section of
the As.t-ronomical- Society of N.S.1,'/. The natrix consisted of
fifteen types of telescopes within the range of the annateurts
p"r... fhise consisted ;f refractors, newtonians, and Schmidt
'o" lq"ku"tov designs, I chose both t/4 ?nd t/10 versions of
four aperature r-nges: 1n r6i1 ,9tt t and 10ii.
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Actually, there would be z+ possible combinations of the aboved.i-mensions, so r eliminated bome of the less common-ones fromconsld.erati-on, such as a 10': !/4 refraitor, and J Scrriaiat-Vli.These instrum6nts were rated ty trre-]"iio"u agains.t-J-set ofastrononoical bod.ies. The tota.ied results for*the-instruments
were as follows3 ".

1.

2.
2

:

4.
5.
6.'l
n:.-1.:r.' j.j

ri,
i .' '

g.

10r 
,

1)e.

12.

17,

14" ',

15.

SCHMIDT
TfrO-*To"
t/ lo 8r'

f,/ 1,o ,qi,

t/10 3n

NEWTONIAN N3I'RACTOR

t/ lo 10''

t/ to
t/1c-'8rr
t/ + ert

t/ + 6i7

t/ lo 61t

t/+ 6"
't/+ 3n

f/10 3il

t/+ 7"
f/10 3fi

' '4.8
4.4

r +.4
4.2' 3,6
3.A
2.4

"RArrNg

6.4 :

5.0
5.7
tr7)') Exeellent
5.5
5.2

tuJ-
4.8
4.7
4.6
4.0 ."

7,O)ta

7.6
Inadeouate.

DO

2.8

Adequate

The next step was to exami-ne the ratings assigned. by
the Junlors to the columns, representing Astronomical bod.ies.
As the nost common instrument for Juniors is usually consid.-
ered. to be the 7)tt t/rc 'refra.ctor, I examined columr 'totalsfor that instrument:

Planetary
Globular Clusters':'* ' 0pen'olueters. '..It{tultip}e Stars
Diffuse nebulae
Gala.xies
Planetary Nebulae

.. :,. :.i .., . ... .: Judglng from" thls I would expect mo-re enrollment by the
Juniors in our Irunar and Planetarjr and"S6lar Sections than
in more sweeping cosrnological projectS!
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CONCI,USION AND APPIICATIONS "

The studles I have rnentioned a.re only examples of the
endless variety of uses for such techniques. I-throughly
recommend Zwickyr s boolfs, MoqpbglA.g:-cal Agtronomy, ?n_dDiscov_ery. InvenlioL_ Research, for any-astrontmfcal library.

rnonstrated. thart cxceLlent
results can be obtained with very abstract ideas, using only
1O or so ind.ividuals for the rating scales. Gordon and
Raffenspergerrs study is al-so excel-lent read.ing and offers
food for thought in guiding a basic research progranime, choos-
ing the optimum instrumentation, establishing clear-cut res-
earch goals, and exarnining theories,

The small stud-y whii-ch was d.one by the Juniors, for example
can contribute to serj-ous thoughtr 3s they are our futurerrmainstreamtr. Certainly they have rated planetary observation
far ahead of many other possible objects of study, Thej.r
ratings of instruments are of interest as we1l. The Schmidt
seems to be popular for a wid.e variety of uses. As our
A.S.l;.S.!/. is in the process of building an observatorXr it
may be worth, our whj-le to perform more detailed studj-es into
the cost-benefits of alternative i-nstrument investments.
Such stud"ies would use the same type of matrix ratlng procedure.
as it has proven itself over the years as a conveni.ent, flex-
ible way of putting thoughts together.

Any aniateur (r professional who woul-d like a more
comprehensive bibliography, should feei free to contact me in
care of the A.S.N.S.W.
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Kevin has been interested in Astronomy since his early
teens. He jorned the Astronomical Soclety of N.S.W. in
1969 and has served on -bhe committee as T..,ibrariant Vice
President and has, since 1973, been the President of the
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He won the McNiven Medal in 1974 for his contribution
to Astrophotography" He participated- in the first commercial
flight chartered to chase the 1974 ,eclipse in Perth and
lecdured on thi-s subject to se veral societles.

Kevln worked for some time at the Womera Rocket Range
and is currently an instructor in the computer industry.



guilllIq+s AlroMATIc lErESq .

In the ttGleanings from AIMrr section of Sky and. Telescope,
March and Aprll issues 1974, Frank Covitz of Irebanon N.J. USA
descrlbed an automatic tel.escope guider that he and David. Gernes
had designed and built. The following notes are an account
of my experi.ences in building a guider based on Mr. Covitzfs
design, but with modif,icatlons to the circuitry and components
used. Sone of the moilifications were because of difflculty
in obtalning the 6ame or slmil-ar components as used originallyt
some were made asr what f beldEve to be, improvements on the.
original clesign.

The guider, as f have built it, is designed. to be used with
a teLescope fitted with a 110V 50HZ sJmcronous right-asceneion
d.rive mot6r and a reversible 6 to g vott D.C. motor on the'
decLination drl.ve.

Flrst, I shall describe the guiders baslg operating prlp-
clples for those who have not read Mr' Covitzts articLes. fhe
unit-itrit actually detects the positi.on of the telescope relative
tO the gUide star- is the detector head.. Ilt s operation is based
on the Foucault knife edge mj.rror test. If one vLews a star
ilodiieir-"-i"rry corrected telescope just outside'focus without
an-evdpiece, oire sees the objectile of tfr-e scope to be evenly
fft iritfr light from the star. If one now passes a'kn1f6-edge
preeioely through the focal plane-of the Scoper while observlng
the objective it will darken evenly-as the knlfe edge pacses
across-the star i.mage. If a photoelectric devi.ce such as a
photonultiplier fitted with a suitable amplifier cireuit ls
blacea in'the position our eye oeeupledr-the ampli{ier_output
wfff vary as tha light falling on the l:{: (photomultiplier)
tube varles. Further norer if the _amplifier i^9_gdiusted so
that with exactly 5a1f the']ight gf tltg star falli-ng on the'?.M.
tube, tfr" ouiput"iJ'' ziro vo1t5, yhg_n !h9 star lPage moves off
the f<nife edge the light on the P;M.':tube wou-ld'
lncrease and.-the aroplifier output would vary away frorn zeTo
voLts. in a certai-n h.irectlon. If the image moved onto the
fi"ifJ"aee the light would decrease and the amp. output would
;;;li"=ih* oppo5it* direetion. Thus we can not 9n1{ detcct
iovE*"iit lri tir6 stars image, we will know in which dlrectlon.
ft fras moved. Also, because the radius of the stars image ls
eitiemefy sma1lr w€'are able to detect a very srnall rnovement.
The gUid6r ou""'two zuch movement d.etectorsr'one for R.A. and
one for DEC
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The output of these two d,etectors after suitable electronic
processing, control the motors driving the t;lescope.

The block diagram shown in fig 8 shows the guider sections.I will briefl.y descri-be each section, in particular noting
deviation from the origlnal circuit and. give deta,ils of compo-
nents used.

. The two photomultiplier amplifiers are i'derrtical and fig 1

shows the cireuit f:lr them. It is the same as that used by
Covitz except that I have useci an AD523R operational ?Splifier _

as I could.irot obtaln the type originally used. For the controLs
marked AMB ( for ambient) and- TGT ( for target), ten - turn
helical potentiometers fitted with digital dials were used.
Thls'is because the adjustments ma.d"e with these contrr:ls is
very sensiti-ve and critical" Thq circuj-t calls for resistors
of 5OO megohns (IOOTOOOTOOO ohms) one percent.tolerance. f
had some difficulty obtaining these. They were finally obtalned
frorn Amerri-ca by a Syd.ney electronic wholesale d,istributor for
rne. They were also rather expensiverlittle resistors costing
$7 each. Six are requlred.

fhe resistors making up the voltage divid"er for the P.M.
tube are wired dlrectly to the P.M. tube socket in the detector.
head: The ca.bles used to feed the high voltage to the P,lvl.
tubes and output from them to the amplifiers were rnad"e from
coaxi-al eable-'type RGSSRLr and" I. used.-BNC line plugs type 11-202
and panel sockets type 71-221 at both ends of All-cables. .The
plugs and sockets aie eolour cod.ed to avoid" incorrect plugging
but-no damage would resul-t if the high voltage cable and signal
ca.bl-e were reversed" [he unit wou]-d. iust not work.

The next sta.ge in the R..A. side.of the guider is the
Voltage Controlled Oscil-la"tor. See fig 2. lhis i-s a. completely
d.ifferent circuit to the original. Here I have used three
type 741 intergratec circuit-operational ampliflers 1n place
of the two transistor circuit originally usec1. I tried'the
original circuit but was not happy with its freoui:ncy sta"t'ility.
The freeuency, lvhich is noninally 5AOhze varied consj-d"erab1y
temperature variations. IqV circuit varies Yery little, Th9
purpose of the staqe is to generat.,.a freouency which is reducec
to SOT|Z to drive rhe R'A. notor but.the,frecuency must be
capable of being increa.sed or clebreasetl by the voltage obtained
from the il.A. P.M. tube anC anplifier. The two 741 I.C.rs
(intergrateO circuits) ott the rigirt actually make up the V.C.0,
(voltaee controlled oscillator)" The 741 cn the left is used'
!o set"the range of frequency variation obtainabl-e und"er the
control of the"P.Ni" lmp. outfut (range control on circuit) ?ng
the frequency when the'ampliiier output is zeTo (rate control)'
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.The conlrol marked range centre 1s used to set the nominal
frequency ( 500H2) when-the rate control in centred, - [he ratecontrol is the_ only front" pan91 contro], the others beingpre-set controls on the circuit board.

.The input to the V,C.O. stage is vla a Auto,/Manual Switch.rnput comes from the amplifier in auto and from the R"A. handcontrol relays in manual. The output of the v.c.o. goes to a
dlvicle by 10 stage. see fig 3. 'rhis is a slrngle digital r.c.
type 7490. This red,uces the V.C.0. output frequency-from the
nominal SOOHZ to 5AHZ. The input to the d.ivide stage has a
zener diode connected between it and ground to red,uce the
amplitude of the V.C.O. output to a sa.fe input leve1 for the
7 49OI.C.

The output of the divide stage feeds the R.A. d.river stage,
See right side of fig 5. Again I differ from the original
circuj-t mal-n1y due to difficul-ties 1n obtaining suitable
components but also to remove the need for two power supply
voltages. The orj-ginal used a plus and- minus 120V supply and
need.ed. a pair of compllmentary high voltage power transistors.
My circuit d.oes not requi-re the additional voltages and uses
common types of power transistors. l{owever, ny circuit does
reouire an atLditional transformer but it is not expensive and
reaAily obtainable, I used a Ferguson type PT2565 which is
a 24OV primary and two 12,5. secondaries. The transformer
is connected with the two seconriaries conneeted in paraI1e1
and used as the primary. The output coming from what is
norma,lly, the primary. For my telescope, I reouired 110V
output, should 24AV be required, it would only be a. matter of
choosi-ng a transformer with the correct turns ratlo. The
tra.nsistors used" in the output deliver 6 watts at the tra.nsformer
output. However, they reouire a reasona.ble sized heat sink.

The first secti-on of the dri-ver uses " "148lr-C, amplifler.
These are available but are not usually st"cked by the el'ect-
ronie component storese a.nd. may have_to be orderecl j-n from
the manuficturers. The nore common 741 could possibly be uqeq
in its place. In this case the capaeitor between plns 1 and' 8
should. be deleted. [he potentiometer in the input sets the
output voltage and is a pre-set control on the circuit board.

That completes the cliscrlption of the R.A, sections.
Summing up, the overal-l operation of the R.A. side of the
guid.er is to provide an alternating current at 110 volts.to
drive the R.A. motcr to rctate the telescope polar axis at
siderial ra.te and track the guide star" Shoul-d the'telescope
deviate from the guicie star, the detector and amplif,ier will
provide a voltage which is proporti-onal to the error and of
such polarity that it alters the f'requency of the supply to
the R.A. motor, thus varying its speed in such a way as to
correet the error.
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The other contact of each switch are wired together and are
connected to plus 15 vofts in the guider via a fifth wlre in
th9 hand contlol cabl-e and the hand control socket.

. The final sectj-on described is the power supply. This
is not shown on fig 8, the block diagram" The power supply
has to provid,e both positlve and negative voltages of 5, 15
and 25 volts, and- a negative !00 volts for the P.M. tubes.
A11 the voltages are crerived from one power transformer. This
I had made to the required specificlations r &s there was no
single suitable transformer available. The primary is rated
at 240 volts 100V.A. The secondary is a compound winding
giving either side of the centre, B and. 17 .5 volts and on one
slde only, 100 volts. This winding is rated, at about 1 amp
for the 17.5 windings. It cost approx $i1? to be made.

A11 the D.C. voltages except the plus and minus 25 vol-ts
are regulated. The plus and minus 15 volts is derived from
the plus and minus 25 volt supplies, A Brid.ge rectifler is
conneeted between the two 17.5. volt transformer taps, the'
centre-tap is grouncled" See fig 5. The filtered output of
the rectifier is plus and minus 25 volts, referenced to ground.
These voltage supply the plus and" minus 1 5 volt regulators.
These regulators are of the tracking type. That means that
shoulcl either of the 1 5 volt supplies vary the other will vary
the same amount but in the opposite direction, This ensuros
that balanced voltages are supplied to all the operational
amplifiers. The regulators use a 7815I.C. voltage regulatee
in the positive side. and. a 741 operational amp and a NPN
power transistor in ihe negative side.

The plus and minus 5 volts supplies use an identical
rectlfier filter eircuit to the plus and minus 25 voLt supply
but it is connected across the B volt transformer taps. See
fig 6. The regulators are not tracking regulators and consist
of a NPN and a PNP power transistor connected as emitter
fol-lowers and 'cheir bases hold to 5,6" volts by ztlyrer diodes.
There- is a 0.5 vol-t dz.p across each transistor so that the
outprrt on thelr emmitters is plus and minus 5 voits.

",
The 'high voltage supply is similar to Mr. Covitzts

circuit but has higher output voltage and ases zener diodes
as regulators. See frg 7" I add.ed" 2 extra stages to i-ncrease
the voltage to aprrox" 980 volts and I used a shunt regulator
eonsisting of 12 7 5 volt z,ener d.iodes and a 47K resistor in
series across the output of the voltage multlplier. The
original Covitz regulator consisterl of a chain of neon tubes,
however, I tried it and found the neons needed 9OV for each
one in the chaln, to strikeo but once they struck, the
voltage d.rop across each of then - d.ropped to about'.,. 60 to 80
volts.
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This resulted'1n a loss of approx 20 volts across each neonin the chaih and thr,r.s ::educcb.-the maxinum-";i;;;; ;+"ir"ni".
Neon, tubes are eleciricaliy noisy concluctors as*well and thatis anotheh good reascn for: not .using them. The maximum regul-
ated output of my high voltage supply is gOC volts.

'Almost'al-l the ca'pacitors in thc l;"V. supply,hacl to be
compouhcled-. To get 50mf a.nd 32mf at a high enough working
voltage I had to cohn;ct 2 25nf and 2 16nf capacitors in
paral-le1, The 25nf lOOr.'wes a single unit, but all- the rest
has to be compound,ed i-,y se lies connectj-on cfl' 2. ca.pacitors each
of double the reouireo capaci'ty and,. ha,lf the reauired. voltagg"
Capacitors in series renulrc resisto:rs of a high valuelconndcted
in para.l1e1 with each one to hr:ld tlie rnidpointrvoltage at half
the tota.l voltage. I user] 1+7OK resisbors. Connections were
taken fron above the thiro. zener up from grouncl through to
the top of the tvrelth, tc the li"V. ..witch, giving a range of
10P.11. tube voltages fram 225 to 9OO 'rrolts" The wiper or
common contact of thc H"7. swi-bch"goes to the H.Vr. balance
control which is a. 25OK 1 watt carIon linear potentimoeter.
Input is to the slide; Thc ends of the elument go to P"l{" tubc
cathod.es" The Ii"V" balance balanccs the P.ivl. tubc currents.
': That completes the i:ircuil; and conponent description.
Next: I ',vi11 give"deta-ils of the physica-L bonstruction"

1 First the detail-s of 'che de.tector head" A major conponent
of the head is the bearnspitter, Mr" Covttz obtaineA his from'
Edmund, Scientific Co in.bile U"S.A" I ordcred one from a local
optlcal equipment malufactu.rer as I could not find" a supply
ii. ttris c'ountry" Thcy h.rcl to nakc jt ancl it proved rather
expensive. I latter founcl that I could have purchased a.
Unitron" Brand. d.ouble eyepi-e ce holdern f^or ! people t9 Y**,,3
sc'oper. which ccniains a beamspl-it-Uer, for less than ha1f. the
p.{ice laicl to ha,'re the sp-l-itier rnad"e " l

'Fig 9 shows the gene:ra1 clesign of the d-etector head.
Mr. Covit4 usecl ris gi:Oer on a Qiestar tt"-l-escope and thus'
did not,nee.d. a viewing eyep.iece in hls head, however', as I
wished to use mine on a Cclecl;ron:belescoPer tr had to include
oneo The bocly of "b[e head is nacle frorn ii inch outside : I

square alurnirriurn tublng" A:11 rictal uses was alunlnium unless
;fi.e"*i"e .spe cifiecl. ihe centre pa::titron''Was made f::om tit "plate, Bo'iir enal p-ecel;, rhe si-(1c 't,u}-'c f'or mounting, the DEC

i.M. tube housingrassenbly, and the e-rrepi'ece tu!e. we_re turned
from solid bar, -Thc end,. pieces we]r_e cut 'Sclua::e:-to fit the
encls o f the bod-.rr. Tlic clamping collars wero also turned from
bar, split .,rn ohe side and then d:r:-l--led, tapped and screwed"
across-the'split to make a. clarnp.
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The two tubes onio v;hich tire clamp col.Lars fit were longitud-
ina11y split at the end.s fcr about 1/4'in. at 3 places 7ZO
degrees- ap?r-t- so thai; tlr.e clamp_collars 'uvculd. pui:- them into
clamp. the 

. 
P_"1{" tube lrousi-ngs, The eyepj-ece and lEc housing

mounting tube v,.ere screvrccl lnto the bod.y. The end pieces andpartitlon. were fixed wiih ccu.ntersunk screws o

The flip-up mj"r:rolr tra.s macle from a piece of sel-ected micro-
scope slide anci a.1uminj.sed". It was glued" with Arald.ite to a
meta.l plate which j"n turn v,ias screwed" to a piece of brass rocl
that passed through the sid,es of the body, The rod was clrilled,
tapped. and fitted with a.f,ll-at wp.sher and screw on the left
side to hold it in p-l.ace. The other end was fitted with an
aluminium knob to urhich w:ls screwed- a pj-ece of springy flat
metal" This had a hole in the other end i,vhich ciertented on
the round heads of 2 screws p).aceC in the side of the body,
to lock the mirror in one of tlvo positions, oiiher up or d.own.
Accu.rate adjuslrnent of the nirror position was mad_e b-y bending
the' rnountine lla-tr: and. adjustirr.g the position of the knob to
cIe;tent the nirror ll"t 

"h,l 
correct .angic when in the d"own or

viewing position" The eyepiece lvas lockecl wit4 er grubscrew to
give cdrrect focus af i,ei' tne scope wa,s focused on the knife
edges 'with. the mjrroli u.P"

The P"l'4" ;ube_hor;sjngs were made from tubing and the endpieces frorn ba.::. 11t.,' -1--j-gh.t en.trance and mountinf tubes were
fitted and glued vn'ii: Ar:aldr i;e into holes turned in the larger
tubes, After i;he gl.u: had cure d, the internal-ly pro jectin[
portion of the smal-"i-e:c tubes wer.e bored out in a." f itn" The
PoM. tube sOckets we: e mounted- in. rings with grubscrews and
the rings loc;cec1 .'i-n ;lie housing with :r screw {hrough from the
outsicle" The hous.iirg. top ends were press fitted and the bottom
pieces with ';h<; ccirn,Jcto.rs f-i-ttecl weie, fi:red with screws. The
voltage di.ri,:l-i.ng :':csisto'; shown i: fig 1, were fitted directly
to the P.1,1. sc cllci-t 

"

lTot shown -n" !'{,:; rt j-s 'bhe knj-fe eclges on the beamsplitter
cube. I used pieces o:fl -rhin sta-i-niess ste,l razar blades
hel-d on with adh,esji;e 'i-.e.i:a. As rricrved" from through the exit
holes of the hei;d (r,';irere r,ho P"14. irousings fit) the R,A.
knife edge was on. bhe -lef-b half of the cube and the DEC knife
ed.ge on the top ha--f, ilhe cube we.s then fitted into a close
fitting box made out ,--:l tilack ca.rd " lhis was sealed vrith
ad.hesive ta.pe , Tliere r"ierc J -loles in tho box. One in the
centre of the entranee sid,e" tcw,.r.rds the telescope of about
J/gtn, and on.e on each cx.i-t face irr the cent::e anA of 1/e in.
dia.neter" fhese ;crve as fielct limiting stops for the P.M.
tubes fielci of '.:eiw
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Even with its box, the cube !{as a l-oose fit in the body so it
was packed with pieees of card to make iti:nnovable and- tocentrallse it.

The electronics section of the a.uto guid.er was built tofit into a moul-,]ed comprs-ti:n laclies cosmetics case. I fitted
metal flanges j-n the case to support the lnstrument und.er the
back and front eclges of the front panel. fhe panel was madeof 1/g in. thiclc dnoclised al-uminiuir. fhe main power transformer
was mounted in the ci,.ntre of the panel, to ba.la.nce the weight,
on stand off legs to give clearance between it and_ the pane1.
The guide indlcators v/ere mounted over the transformer in a
diamond- pattern. The R.A. output transformer and the manual
contro] relays were mor:nted on brackets fixed either slde of
the bottom of the power transformer in place of the transformer
l-amination clamps"

There are two circult bo: r,ds, one for the power supplies
and. one for the_actual- guider circuits. They are mounted. 1n
frames, mad.e of + in. angle 1/e i-n thick and. screwed to the
front and back edge of the front panel, The power board is
at the rear. The guider circuit board d.oes not extend ful1y
up ;o the botiom sicle of the panel but stand.s c1ear, being
sunported at each end only. This is so that front panel
controls can be mounted above the board o

For the power suppJ-y board, f used Vero circuit board..
This is a commercially made versatile circuit board that can
quickly be nade into any circuit desigl." However, it is not
suited to the r'l:c:sign I herd in mlnd for the main circuits so
I decided to rnake my own printed. circuit. Two types of board
material-s are availabie. for making printed circuits, one being
resln i:rpregnar;ed f:-bre nd the c,ther of flbre glass. lotn
have copper bonded to one side of them. I chose the fibre glass
board. as it j.s superior

The first thing in maklng a printed circuit is to d.esi-gn
your layout of components and interconnections. Thls must be
d.one in reverse. 'Ihat is a.s sccn from the side opposlte to
the cbmponent sj-de. Once &esii;-neclr the layout has to be trans-
ferred. to the copper sid,e of the board. The layout was d.rawn
on drawing pap,lr. The copper sj-de of the board is thouroughly
cleaned and polished and then I fastened the drawing to the
board- with pencil carbon paper fa"ce down in between. fhen
using .a sharp point I mad,e a prick at every hole positi-on.
Then I traced the pa.ttern i,vith a pencil. 0n removing the
pattern and- carbon, I went over the marks with a. special mark-
ing pen for making prinied circuits. It ha.s an etch resistant
ink.
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Every piece of copper that weLs to remain had to be covered.
Once this was- compl-eted, the circuit was ready fcr etching.This is d.one by suspeldilg the-board, copper liae down, ii asolution of ferric chloriic. lhe etching-iakes about zo minsbut it [s wise to inspect progress aftei about 5 minutes to
make sure that there are no- dirty s'pots, that are not etching.
The eopper must be completely fr6e 'irom'g""i=e io eicrr. , -

- After etching, the board is ready for drirling. I useda 1/64 in. drill do drill holes at ali places markdd with aprick. After drilliirg, the board 1s again cleaned 'and. given
a coating of resin di-ssolveC in metho. Thj-s keeps it clean
and acts as a sol-der flux. When soldering to tha board, a
smaL1, preferably temperature controlled, -iron is essential,
otherwise there is a danger of the copper peeling frorn theglass. '

For all the intergrated circuits except the two 1n the
P.M. amps, I used sockets which makes replacement easy and
there is no possibility of damaging them while sold.ering.
The AD 523K has a very high input impedance and is amplifying
very small voltagesr so I decided. that a socket could provlde
more possibilities for leerkage paths so I soldered them directly
to t'he board. The |D527K ts very expensive (t$fg approx) and
eas.ily d"amaged by stray currents and static electricity so
whiLe soldering them in, I wound fese wire around the leads
to short them together. This is common practice for d.evices
that can be damaged by static electricity.

All connections to both circuj-t and power board.s is by
neans of small metal plugs pushed onto silver plated pins
fitted to the boards.- Lftei att the hol-es were olrilled in the
front panel, I had it rnachine engraved with the names of the
controls and sockets. fhese were then filled with.:.r" black
wax made for that purpose" There j-s some l:.eat generated by
the guider but I dicintt provi-c1e a-ny ventilation hofes in the
case I wanted to exclude the moist night air as much as
possible. I have found that ther6 is no overheating problems,
ind some heat insid,e w111 serve to dry any moisture-that does
enter the case

The controls on the front panel are as foll-ows:-
A power on switch and fuse fitted in the mains input circuit.
A three position switch rnarkecl AMB/TGT/TRK. These stand for
Ar-abient, Target, a"nd" Track and. the swlt0h, which serves both
RA and DEC, is used duri.n;g setting up. An Auto,/Manual Switch
and associa.ted with i'c, ll hand, control socke t. A H.V. control
which gives a range of 10 voltages up to 900V for the P.M.
tubes. Ihere is a H.V.'BAL, control which is used to balanee
the P.M. tube curyents.
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A sensitivity control vrhj-ch set bhe guiclerrs sensj-tivity to
errors. All the controls mentioned so fa-r are e are common to
both R'A, anci DEC scctions, The remainder cf the controls
effect only their respectlve section for both R.A, & DEC there
is an AMB and fGT ccntrol. All four are ten turn precisi-on
lj-near potenti-ometers fitted with digital dials, calibrated to'10e000 ths" ilhey ar-ie used- in conjunction with the AMB/TGT/TRK
switch in setting r-:.p. On the DEC side there is a Dead. zone
control which ad.just the tolerable error in DEC. On the R.A.
side there'j-s ar rate control whdch sets the nominal frequency
of the R.A" motor drive current, thus the R"A. rate" ?here.
are output sockets for bcth telescope rlrlve motors and to supply
high voltage to the P,1v1" tubes. There are tvlo sockets for the
input of -che P.M. output currr:nt. Lastly, there are four
lights arranged. in a 'di:rmond. pattern" These are rarked NrSrW
and E and are the guiding -ind icators.

Setting up the guid"er is relatively sJ-nple. tr'irst select
a suitable guiCe star" The mj-nimum magnitude useable being
d.epend-ant on the guide telescope aperture and" the amount of "

nlght sky brightness" I have founcr the guider work reliably
on a 6th magnitude star in a dark sky using an 8in Schmidt
cassegrain" I have had it guiding on a fainter star but have
not yet checked the accuracy" The H"V. Control is adjusted
to a suitable voltage. This depends on the magnitud"e of the
star, the fainter the star the higher the voltage required.
If too high a voltage is selected it will not be possi-ble to
complete the setting up. If too low a voltage is used, reliable
guicling will- not be'possible" I will d.iscuss hotv to tell as
I pro ceed.6

Set the Auto/Manrra.l sr,vitch tc manual and the AIIB/TGT/TRK
switch to AMB" Set all AMB and IGT controls to %ero" The
sensitivity control to maxirnum and Dead. zone control to
niinj-mum. fne rate control is set to its centre (prcvirualy
set to guidc normal sideriel ra"te with internal range cen'tre
control)" T*rn on the; power swtich. ?he tel-escope will now
be driving on it; R"A. a-xis. Put the detector hea,d" nj-rror
down and set scope so tha,t th's guid"e star j-s just off centre
in. the south west cua.C,rant of the eyepierce" This should place
the stars images behind the knife eoges when the mirror is
raised. !/ith the mirror raiscd, s.djust both AMB controls sr
that their respective guidc ind.icato'rs are evenly litr or are
flickering evenly". If therc is a great clifference in dj.al
readings of R"A & )EC" this ca.n be coruecteC with the FI'V:"
BAl" control. riritis will recluire reset"bing the AMF controls.
Nexto turn switch to TGT and using hand control, d"r:i-ve scope
north. and" east til-1 the north and east guid"e l:rnps are lit
and the south and west lamps are d.ark" Continue movement
for a short period" to nnlcc sure the stars imi:Lges are clear of
the knife-edges,
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J!o"r using the TGT contro-!-s1:again balance the guid.e j-ndicato-rso
Note the 'j'GT dial reacli-ngs. They should be appiox. lthe same,
The reading is an i-ndica.tion of the stars brightness and i'f
very }ow, it indicates ,. hat either the P"M, tube voltage is too
low or the star is too faint. If it is found impossible to
reach a balance.'with the j-ndicators, it means that the P.M.
tube voltage.is too high for the guide star.

Now set switch,to TRI;" Ihis shou}d result in the north
and east 1ight, only being on, indicating the scope is north
and east of guid.e staro 0n turni-ns the Au-to/Man switch to Auto,
the seope drj-ves should start correcting the error, and after
a short period of tiniu, the guidg indlcators will- start bl-ink-
ing alternately in their respective pai-rs, indlcating that the
s.tar images are on their respective knife edges. At this time
the sensitivity can be r:ec1ucecl so that the guider is not j: .

trying to correct on star scintillation. However, the DEU
lamps may continue to alte-rnately fl,ash. Turn the Dead zane
control- up til1 this ceases. The guid"er is now set up and
guid.ing. The guide indicators wiLl sholv minor fluctuations
as errors arise and- are corrected..

It must be polnted out that accurate guiding is conclitional
on the night sky and star brightness remaining constant. A
change infelther due to a-mbient light or cloud will cause a
repositioning of the scope" If the star is completely covered,
the telescope will act as 1f the star is behind the knife
edges and d.rive north and ea.st a.t full speed. So that on long
exposure photography, one should monitor the sky and switch
to manu,-.l and close the camera ti1l the cloud passes. If the
scopee w&s accurately set up and the ra.te controL was set
c-oruectly, the star im;rges should not be outside the gui-ders
fi-eld . after a sho:rrt pe::i-od. without automatic grid.ing, sothat with the guid,er switched back to Autoe the scope-should
come back onto targe-b and the exposure resumed.

I would ad.vise that a.nyone undertaking to construct a
guider, should have some experience in building electronic
equipment or have the asslstance of scme one who hds.

00.
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PHOTOGRAPHING THE EC],IPSE.

I was rather fortunate i-n being able to see the last
total eclipse i-n Western Australia, Firstly, I aranged
transport with only a few days to spare, and second,ly; I was
Iucky with visibllity" The weather on the day of the eclipse
was not the best. Various places were und.er totaL cloud
cover. My partner and I Ae6iO.eO to go to Hanelin Bay on the
Indian Ocean - about. 12km from Augusta.

As it happenedo the last small cloud, rather fast moving,
disappe.ared. with only two minutes to^spare" During the eclipse
there were no cl ouds within about 20" from the sun, The
totality lasted only about 4 minutes.

I had. an BOOmn" lens coupled to a 75mm" camera ( rul Canon)
loaded" with Ektachrome fi-lrn" This lens was mounted. on a
photographic tripod,. My second camera ( lnf Canon) was loaded
with bl-ack and white film - Il-ford Pan I. The lens used. was
D 2.\r, 155mm. I had also intended to read the temperature
va-riatj-ons and the changes of brightness during the ecli-pse. 

'

Most people would. agree-that my j-ntentions were quite reason-
able. The resul-ts I obtained, rvhat I did or did not do as
expected, f: will descrj-be in the next section.

I hope that by d.escribing my experiences I will help
others in pre.paring -bhemselves better for the next total ec11pss.
Firstly, let me warn youp do not be too optinistic that you
will be able to do half a dozen jobs or operate a number of
caroeras" f am an e:lperi-enced photographerr I process all my
black and white films, colour fil-ms, ancL I also do my.enlarging.
My photographs are usuallytublownrr to 16 X 20 inches (40 X

50 cm. ) I am using photography as both an art and a sci-en-
tific tool- as well" -Now you mighi; be expecting that I took
hundreds of photographs d"uring the eclipse the answer is
15 shots in colour and six in Black:urd Whj-ter and I never
worked" as fast 'u in those four minutes.

Since I ancl my partner were travelling in a small car
from Ad.elaide tcl Perth, 1"/e !,/ere linited with the amount of
luggage we could take, So sorne large heavy duty t'elescope
mount was out of the question" Hence the choosing of an
achromatic lenss 70 mrn. dia and 8O0mm" focal lengthr mounted
in SRBF tube ( single bonded r:esin fibre).
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r selected BOomn" focal l.ength as being the best conpromlse
when using 1,5t:n:." catne uas bec:ruse the sunr s i-nage is large
enrugh for fu::ther enlarging (about 7mm.) and the corona
extends about
should the corcrra e;;-l;enc in the form of a.streamer, ihen the
gunts image cor,-r-c be pl-:ce1 in the corner of the frame, thus
leaving enoug,h roorit ii-elgonally to record 7mm diameters-of
corona"

Even with the 8OOnim lens central-l-y ba.lanced on a. photo-
graphic tripoC, r;he vi-brations l-asted, abcut 1O seconds. Focusing
the lens on infinity should be done beforehand" and the camera
locked" 1n positl on. ?he idea of focusing a 8O0mm. l' 11 lens
d.uring totali.ty take: too nuch time and should be disca,rd.ed.
It is bad enoug'h to keep bhe sun in the field" of view" Cameras
with waist leve 1 vi-ewing :lnd. magnifier a.re well suited. Camera
with penta prlsms ( d:-rect viewing) should be eouipped with a
right hand viei,.'er for easy viei,ving"

lqlhile ta.]i:'iiig l,:,boui rriew-ing, I woulcl like to stress the
extreme dangcr c:l -i'.rrni-ng your own retj-na or the camera shutter.
Metallic filr;e-r s m'.rb-b be used - pr'eferab\y J -D7 t D2 and D1 .
D7 fi]ter r1elin,. ri:n:r-r-i-.rr.J filter" Such filter transmi-ts .00'1
of ligh'c appro:,i mc:'.-e.; )/ ( a.ssuning fiat spectral transmj-ssion" )
D1 transmi-ts cr,..;..r i)c1ii l_igllLt good fcr using during the totalrtv.
Gelatine fil-ter: such as llodak Wratten filters must not be
used., neither l-'-, --ro -cgraphy nor visua"11y because they all
transmit i-n in:lr;i :rr:cl, Also, always use the netallic filters
in tlie frcnt of ..3s-- oanera or telescope lens, never between
the eye.-iriece.,.id;tcr..-'e.'e" This is to avcj-d, damage to your
eyes shcuiiL p'r lrole nc ;-oseni in the metalJ-ic filter. When
used lvith una.ilec or'? :, :cep the filter a ce-rtain di-stance
awayr s&y 2OC' 'j-Omr,

A11 the ':--nL: th- 11'...;.r.,is only partially eclipsed you must
use at least I: :"et,..:-.'.c ililte::, which cculd. be safely held
in position rvh,l-e requi,':ed, and then easily replaced wilh D2
or D1 at -latel s-ba;:es d,u:ing i;otality" The other ad-vqntage
in using filte-.,: e..'en cLuring total-j.ty is to maintai-n a certain
amount of darl; ad3":r-a"t crL,

Cameras tnusi; be l.oad,ed iv-ith new fil-ms before totality.
The quantity of piciure taki-ng v;ill-.depend- on the equipment
used '- like- in my case I had to cstima-ce the rnovement of the
sun or the position where it woulcl be in 10 or 12 seconds
after takin! my hauds of,f the camera and ihe telescope, tl_ren
wait until- 5ll--rr:;-bl'a-bions ceased. and then expose using a long
cable release" Sometj.mes" while vraiting for the rribrations
to cease, I u-sed" the o ther canera - hancl held - for black
and white fj-lm., Ciranging of lenses on hancl heldl camerils is
0.K., but if chang-.ng cameras on the telescope you might lose
quite a lot of precious tinie .



The total eclipse of the sun i.s such a fascinatingspectacle that vou ca.n easily forget Gktng ph;;il;ins anajust look at what 1s going oir.. T[ere'-i" ,rot much time foranything else, That is tiig reason why-i T""t""""rv-ir col_ourslides and 6 bl-ack and white picturesl -l had no time to takeany temperature,or brightness measurements. A;a "[ut i. more,when the totality started it got so dark iuddeniy iir"t-voi;.--'would have to use a torch f'or"readlng and ;;iiilA, -- f 16r{gsing a torch woulcl ypset my ability"to jud.ge ih;-**po"u""u.The exposures are- not-very i:ritical"- if"yofi-on"""ipi"" then
Iou get more of the corona, i! you underexpose then-yclu getless of the corona and more:of the sun. E;t ii.i"--ao"[ noi meanthat-you can take everything on the same exposure speed - my
speeds varied from overexposure at l/looo sec. to just sligLt
underexposure at 1 . sec. exposure on Ektachrorne 64 AsA film,
but since most of the shots were taken when dark, r was not
able to see the speed.dial and I only went by feel.

Photographing a total- eclipse i-s a challenge and I must
say Itone ounce of luck is worth a ton of judgementt?unless you
start to use sophistieated equipment, I would like to suggest
how to red,uce varlous errors to a minimum, but I feel not alL
amateur astronomers are so wel-l off as to be able to affordit. However, some people can perhaps do dome experiments as
a group and that could reduce the cost, duplication and at
the same tine: give every member the opportunity to view the
spectacle as wel-l.

EgggpggEp_r'EgHops 
:

!l, Temperature, humidity, pressure, etc. should be record-
ed, automatically ei-ther on pen or tape recorders.

2. One or two tape recorders to run all the time to
recorfr the various times and comments from d"ifferent people.

2. Brightness measurements - either 6ns :person reads a -;

specia11ydesigned1ow]-eve1photometerortheoutputfrom
the photometer is coupled to a pen recorder. This could be
a separatO experiment or it could be used as exposure guid.ance
for other cameras just be calling certain light value to
d ifferent.equipment o perat ors.

4, f-.,et each operate one pi-ece of eoulpment or experiment
only.

5., Make a large equatorial mc-runt to follow the sun,
attacE movj-e and s.til-l cameras usi-ng different l-enses and
dlfferent films. Shutters to be operated by solenoids at
constant intervals" Exposure control can be done manually by
changing the iris on lenses or by.placing- lids.wllh various
N,D. -fifters on the lenses according to the brightness measure-
ments as described in 3.
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5. FIIMS:
EqffiUh}Ig - 35-nm, speed 50 lcoASA and fine grain

pro c effilTF.T666mmende d .

colour - rf you process your own, use Ektachrome x andaevetffi*o4 solutiois, if y6u do troi p"o""** your own
eolour films, then use Kodachrome II or Kodachrome x. There
is no need for colour neg" film because you can obtain excell-
ent prints direciiv from the colour sl-j-d,es (Cibachrome) or
you can make ycursel-f larger colour negs from you slides
later. By using larger intermediate negs better oualityprints can be obtained,.

4. FIITERS"
me onTy T'ilters used for photographing the total sol-ar

eclipse in B&W or colour are metallic neutral d.ensity fi-lters.
Warning! Kodak Wratten or any other gelatine filters are not
suitable because they transmit infra red. radi-ation"

Density is defined as 1og rn X 1l\_/ --rransmr-ssr-oE

2.4 3.A
1% O.1%

"7 .5 1.0
50% 25% 10%

Density
Transmi-ssi.cn

5. EXPOSUPG:
ffiffiilie whor,rld not be a problem if the camera i-s

fitted with- a -;hrough the lens metering system ( f fl) and
2 oy 1 me-Lal]ic neutral- density fil-ters"
Normal_ mid-day sun
I'at 35o n has t l":.ghtness of

land"scape at nooriq sunny

Total solar eci.ipse

14OOOOlux = l.V. 19= F2.Br 1/1OOsec.
Ektachrome X
with N.D.l
filter.

40O0lux L.V. 14 tr'16.1 /lOO see.
Ektachrome X

1OT-,ux l.V. 5 F8, 1sec,
Ektachrome X

Strictly speaking Irux is not a unit of brightness, but
since we are photographing a large extended. object we can
use illumination unit of lUX, which can be easily converted
into light values l.V" or exposures.

0 0.
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'IINTRODUCTION TO INFRA-NNI PHOTOGRAPHY. II

Infra-red photographyr or thermal photography, is a most
useful and informative method of viewing the universe and the
objeets j-n our home galaxy. By careful-application of the
tedfrniques underlined bel-6w, rrany unusual- facets of celestlal
objects come to light, provi.d,ing better insights into the
real nature of thqse objects.

Infra-red photography is, by nature, restrlcted' in its
ability to recoid" infra-red. radiati.on, as the film is manufac-
tur:ed, exposed. and processed at room temperature. Thusr the
region of infra-red-available for study by-photoElaphy is
liilitea to that which is quite near the red end. of the
up""t"o*. Evgn so, objec'6s in the range of surface temperature
*i00oc-{; foooc "*it ii.fra-red radiation at wavelengths _easiLy
r6corded by infra-red film. To record. objects with surface
iemperatur6s *".it below this, ye have to employ ttl9t ?hoto-
#;;hi;ti iecfrnioues, sueh.as eleetronic sensorsl liouid
E"y|["f" sensitive to hea.t, and fina11y, rad-io astronomy
technieues.

In this paper I will deal malnly with the record.ing ofinfra-red data by photographyr &l'r.d trre technioues necessaryfor success in this fieldn 
.

F]IM
ffiintra-red work, speeially sensitised film is need.edin order to record the infra-red radiation. Kod.ak supply

two easily availabl-e films, both of which are useful in
astr:ononnical studies

The two types o'f filn avail-able are Kod.ak rrHigh speed
lnfra-redrt, a black and white fi1m, and Kodak ttlnfs6-1,e6
Ektachromert, the colour infra-red- film.

0n close examinati-on, Kodakt s B&W infra-red f1lms appear
to be a blue sensitiVe'fiim coated. with a dye which fluol'esces
when,in infra-red radiation. Thus, even th6ugh it is clasified
as arfhi-gh speedrrfilmo it poss'esses a daylight ASA rating
of only 80. Being infra-red sensi-ti-ve, and since ASA ls
d.erlved from white light responses, its true rating ls only
approximate. The film itself has a high contrast rating
(when developed in Kodak D-19 developer) and a rrmoderate
coarserf grain.
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rts resolution is 1ow, ancl limited, mai-nIy by grain, but byother factors involvi-ng thg longer infra-red" wivelength, rirdfilter rrimage degradation.r' I recommend this film fdr use
where an object is being me*a_gUlAd for its infra-red output,
and where a-particular iafg?ffi-The rrphotographic infralredrr
region 1q to be studied.

trlnfra-red Ektachromert is often described as gtColour
infra-red Filmtr. It is however, a.rrmodified colour filmrr,
which records both white light and" j-nfr&-r€d rad,iation on
the same fihn. It is a high contrastr good resolution film
used, where a g$ErqLive view of the object in white light
and infra-redlTffieeAe; Being a colour film, it also record"s
ffiTinations of various white light and infra-red additives
'aS dlfferent hues, aljowing a greater storage of information
per frame. It has an ASA val-ue of 100"

TECHNIQUES.
Tf-ar?ffiffiy take infra-red photographs requires a few

individual technioues.

FOCUSING
ffi-e-iETra-red j-s of a longer wavelength than normal

light, it will form an image at a different focal plane in
refractor type image fornij-ng systems, than for white light in

-

The same system. Ord.inary c?.nera. lenses have an auxilary
focusing mark to compensate for this Iterrorrr, but j-n systems
where the focusing is not "cafibrated.?r, such as a refractor
telescope, the new foca.l plane for infra-red has to be det-
ermlned by tria.l and error. lhis shifting of the focal plane
is NOT encountered in niruor systems, such as a reflector
at lFime focus"

FIITERS
ffintra-red photography, filtration of the light before

it reaches the fil; se::ies-a-dual purpose" Firstly, it-
elrolnates the blue-violet cornponent of the rad"iation, which
woutO give a f llse rrinfra-redit rendition on the film (notir
colour and black & whi,te films), and secondly, it can be
used to record selectlve wavelengths of j-nfra-red (in the

'.search for, SOyr emj-ssion lines in various spectra) in much
the same way as.a blue filter ano. a grce.n filter would select
their own corresponding portions .of the white light spectra.
Typical fil-ters used in infra-rr:d- recqrdj-ng are listed in
table one.
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gl.f,r,E ONE

FIITERS ruR INT'RA-RED PHOTOGRAPHY.

Filter No.
Kodak )r

Visual-
Appearance

Transmission
llmits (a)

Remarks.

25

70
89B

e7

878

Red.

Dark Red

0paque

0paque

0paque

5800 upwards

6400 upwards
6e00 upwards

74OO upwards
8200 upwards.

Useful where all
infra-red possibl
to be recorded..

used. in infra-red
aerial photograPhl

( x only, a sample. of suitable filters.
from'Kodak" or. oth6r filter suppliers. )

Others availabl-e

Buy sultable selection of filters, varyj-ng sections of
the infra-red spectrum can be studied r thereby isolating the
wavelength of the infrd-red source, and thus, its temperator€.

PRECAUTIONS.
ffiT5-ffie-natu'e of infra-red fitrm , freezer storage is

necessary if the film j-sntt used for longer than 60 days.
This is due to the instabil-ity of the film coatings, rather
than any heat effeets on the film ltself. The film has to
be 1oad.i;d in total darkness, as the felt strip sealing the
35nn cassette -ts not '?light tighttr to infra-red. radiation"
ffBe.llowsfr cameras are not suitable as they "1eak inrf j-nfra-
red. Similarlyo cameras with pla.stic bodies or dark plastic
shutters are not suitable. The 35nm cassette contaj-ning the
infra:.red fiLm is of a different type e har - the end caps to
the eassette sealed on (f have broken many a fingernall trying
to prise these caps off, so I now rewind the film until the
leab.er has still to go in. ) The film itself is verr prone to
seratching and" rrCinchil marks, so care is needed ffi-camera
and developer tank loadingo
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DE]IXIOPIIEI{'I:
sffie-o'r-Kodak!s clevelropers are recommended for the

Bl-ack and it/hite film, dependJ-ng on the desj-recj. contrast, grain
structure and film speed required. For planetary workr or
any- work lequiri4gr fiiie detail, ttMicrod.ol -Xrf produces good.
images. For stel-lar rvork, where speed and" high-contrast-are
essential, force procesF-ng in Kodakts 'rD-19rt developer will
reveal all that this film is capable of recording. The fil_m
i s . an. Kodakr s 'f Estar*basert , a thin, strong base , which resists
stretching, an'J supports the fi-Lm more evenly, thereby adding
to the keeping. properties of the developed negatives,

'Ektachrone Infra*red, (which is also on the same stable
use) is usually commerciaily processecl, but can be home
processed, by tne appropr:iate chemicals. Being a sl1de f1lm,
prints (if required) would ha.ve to be taken off at a later
date. By home processing this film, it can be forced. processed
to a higher ASA ratingo increasing both its sensitivity and"
its colour contrast" Colour slturation, however fal1s d,uring
this operation, but this detracts only irom the visual
appearenee .of the f:-lm"

PROJECTS:
Taking to aclvan-i;age. the films infra-red sensitivity,

various side-effeci;s contribute to the films utility, Cityrrbackground-1ightfi j-s rrery snall when consid"ered. in infra-red
wavelengths, thus pr;ducing pictures comparable to those
taken 1n the da,ihe.; ;-ril)i of the country" Atrnospheyic haze
dosenr t scatter infra-::ed radiation as much as whlte light
(a fa,ct which ma.kes . nfra.-red film useful in tthaze penetrationt')
and photos taken on ::nfra-red film are noticably cleaner
than. those in whi-te 1i.ght, Hydrogen emmissi-r:n in Nebulsotiy
is l-ow j-n the infra--::ct. spectrum, such that lnfra-red photo-
graphy 1s use..,L. j..t; renti:atj-ng or suppressing emission nebulae,
often revealing f'aj.r; s'uars below. Such a chara.cteristic
of infra-recl coul-d be rised to distingulsh unresolved. star
clusters (globular clusters, gal-axies etc) from emission
nebulositv. It couicL a"-Lso be used to d.istinguish reflection
nebulosity ( i. ",, p-l.c:.ac-Lcs nebulos.i-ty) from oidinary emissin
nebulosity, Such beita.,',iour j-s il-lustra.ted. by two comparative
photographs taken gf opposrte partit, r'; of the milky way (Orion
a.nd of Saggitarius) " Thc area. suruounding the region of
Orion recoided as sca.ttcred stars, with nc rrmi-lky wayrr
visibl-e in infra-red wa.verfengths" Yct a picture of the
Saggltarius reg-on procluced :r photo showing the milky way
c1ear1y. Frorr this i.t colL1d be conclud.ed that the portion
of the galaxy around OrTiffi*Ts composed mainly of emmission
Nebulositye vrhereas the regj-on near Saggitarius is devoid"
of nebulosity and predominatly composed- of starse unresolvabl-e
by the apparatus used,,



. rn any_photographic atternpt in infra-red. of star flelds,it is quickly realised that th; stars show dlfferentialbrightnesses in infra-red., when compared. to thelr vj-sualappearance. Thl. 1s +ru, predictaltyr to their d.ifferingemissions in infra-red wavelengths. " ry simple choice off1]ter_ation, it can be found eiactly wirere ( i"r".-""a o"yhile light) the star has its peak ernissi_on. From stud.j-esin rrBoltzmovs distributionlr? the stars surface temperature
-can be estimated to a consj-derable de-gree of accurb"y. lyuse of infra-red., stars which are cooier than some n6A stirs
can be seen to shine plightly, indicatlng surface temperatures
between 30ooc and 5oouc.- By-longer expoJures, it wouid bepossible to record rrstarsft which emit weak infra-red, and
comparatively no white light. Such !?infra-red starsti have
been found in longer wavelengths ( eooler than ,OOOC), andthe search for these by the amateur v;ould be, in itself , an
absorbing project.

. 0n work close to home, the planets coul-d also be studiedin infra-red, not for theii emlsbions (ttrey fa}I into radj-o
astronomv boundaries) but for infra-red reflectance. 0n
earthr hlalthy trees (any foliage, for that matter) reflLect
in!-rq.-red stronglyg &s do certain minerals. The planets
corild be studied ior sucir possible emi-ssi-ons, if they exi-st,
and they could be compared to the visual appearance of the
same arear so a.s to speculate on the nature of these emissi-ons.

Planetary atmospheres (Mars in particular) appear
d.ifferent in infra-red wavelengths, and on large telescopes,
are used to d.etermj-ne the extent of the planets atmosphere.

By its different veiwpoi-nt, Infra-red studles hold the
;o the nature of astronomical objects, both in our solar
lnr and beyond. By its ca.reful applicatj-on, the ama.teur
nomer can reap the benefits of the weal-th of knowledge
.n show.

0 0.

REFERE}ICES.
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Kodak Colour Films - Kodak Publication E-77
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atory built in back-yard, a15cm. Dall-Kirkham only partially
ooerbtive. hopesto compl6te 20cm Maksutov before solar
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. Most forms of scientific activity involve measurements
of one klnd or another. In the phy.sical sciences this is so
obvious.that one tends tq take it for granted. Our ability
to know about . the whole Universe and its sma'1lest components
depends largely on the versatility and efficiency of, the
various lnstruments rvith which we observe and neasure them.

In the manufacture of tel-escope mirrors and lenses, the
quality of our work is determined by the sensitivity with +'
which'we c.an observe and measure the b:-'rors of the surface
we have.groupd, and polished. The majority of Amateur Telescope
Makers lltMs), who make from one to three Newtqnian telescopes,
need not make any very accurate quantitive tests apart from
measuring the radius of curvdture of their mir.rors to an
accuracy of some 5 mror and" perhaps using a device such as the
lrumley grating" But those who venture into compound" telescopes
such as the Cassegrain, Maksutov and Schmidt-Cassegrai-n, find
themselves becom.lng involved 1n measurements to a higher and
higher d.egree of accuracy. The problem of accuracy th linear
measurements i s e, faseinating subject, and one not devoid of
pitfalls,
' While these rema.rks and what fotrlows may seem basic and

routine to'those members of this Convention who possess higher
qualifications ln Physics or Engineeringe there will be many.
lit<e nyself whose basic knowledgg_of thes-e subjects- is primitivet
and whlr stumb-re -]-ong w:th the aid of reference books and
advlce from experts. :lt is.to these that I mainly ad.dress
myself in relating my ovrn experiences in the realm of fine
linear rneasuremen:bs, in the hope that they will find some
interest and e'/en value -i;herein.

No..doubt the subject is dealt with exhaustively and effic-
lently in various tex,r,books, but I believe that y9 r &s
devot6d ATMS, shoulcl foll.ow the trad.itions so well established.
bv Rev, Wm, El-.Lison, R"W; Porter and others, a,nd. recount for
the benefit. of others our own problems and the sometimes
labori-ous r,\ray in which we overcame then; 

:

I propose to discuss my own experience in making various
measurements and di-fferent lnstrunents to cerry out those
mea.surements.
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_rn making a_ 2ocm. f /7.7 Newtonian, r attempted to mep.surethe d.ifferences between the radil of curvature bf narrow
zones on the mirror and that of the centree comparing theresulls with the correct figures obtalned from the formula
S = yz/R, (S = difference in radj-us of curvature (R. of C.),
Jr = radi-us of zone from centre of the mirror and R =R. of C.
This was d.one with a knife-edge fixcd to a block of wood,
moved in a frane against sprlng tensi-on by a simple micrometer,
whleh measured the distance moved along the optic_ axis, fhe
nlcrometer was known 1n the pre-metric days as a *rr Whitworth
bolt, whi-ch has 20 threads to the inch, so that one turn is
equal to 0.05rr. A round dj-sc on the end of the bol-t was marked
off in 10 equal divi-sions, this giving a movement of 0.005tr
(0.127mm) per division, well- within the accuracy required and
oners ability to determj-ne the null point. With a 2ocm. f/g
mirror, for the outer zone where V = 96.5mftr s = 2"87mm" A
tolerance of 0.7mm more or less than this is equlvalent to
an error of + wavelength of light. For this zoner &o addit-
ional error in measurement of O.127mmr the minimum marking
on the tester, would ad,d an error of only 1/22 wave to the
readj-ng. At tfre zone where $ = 50mm, this instrumental error
;;;ia -E; 

1/6 "rvu, and at th6 37mm zone 1/3.5 waveo

gl{g JAg.qEGRAIN.

My next venture was a 15cm. Dal-l-Kirkham Caseegrai-n, with
a primary of f/3. To figure this, 1 used. the caustic test,
foi which I made a precision caustic tester (described in the
Proceeilings of the 5th N"A.C,A.A. in 1972). This test j-s
considered 1n detail by Schroader in A.T.M. Book Three, pages
429 to 456"

It wa.s deslred to know the R. of C. of the mirror to an
accuracy of 1.Omm. The mirror and tester were fixed on a
wooden optical bench, the knife-edge moved to the best posltion
with a micrometer movlng the knife-edge support in the line
of the optic axis, the distance to the mirror marked on a rod
and measured with a ste.el tape to the deslred accura.cy. There
may be some difficulty in locating the plane of the light
source, so that haf f the d"istance between this and the knife-
ed.ge rnay be added to or subtracted from the previogs mea,sure-
ment to- obtain the true R. of C. Figure 1 shows the light
source and testing set-up (not to scal-e.)

The slit is made on the end of the cap of a small al-umini'd
tabl-et can contalning a small light bul-b. A piece of micro-
scope slide ha.s its front surface fine ground, and is glued
behind the slit 1n the cap.
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This surface js the plane of.the light source (f). The distance
KD from knife-edge to the front of the cap i-s measured. The
cap,is.removed, the distance AD frorn the back of the glassstrip.to !lr-" front of the cap measured with a micromefer, and'also the thickness of a piece of the same glass slid.e. Fromthis we obtain BDr the_ clistance of the plane of the light sourceto the knife-edge, lial-f the sum of BD and KD is ad.d.ed*to KM,giving us the radius of culvature CM.

In the caustic testo the test device is moved alone the
optic axis (Y axis) and at right angles to it (X axis) nV
two micrometer heads, that on the Y axis reading to 0.025mm,
and the one on the X a.xj-s to 0"0025mm by means of a vemj-er.
A movement of O"OO5mm on the X axis was sufficient to prod.uce
a positive and unmistakeable and point in the test. By careful
attention, to control of the mo.rement of the X and Y stages,
it was found, that the measurement coul-d, be repeated to this
accuracy of O"OO5mn" An error of O.005mm in this measurernent
on the X axis represents an actual deformity on the surface
of the mirror of 0.000025mm. As light has a wavelength of
about O.0O06mm, this 1s an error of 1/24 wavelength, With
more sophisticated equipment, it is claimed that this test
can be.done to an accuracy of 1/1OO v/ave.

rHE MggggoJ.

This discusslon was prompted by my present involvement in
making a ZOcrn" Maksutov. The design cal-ls for a primary
radius of curvature of 922mm '+ 12.5mm" The corrector lens
has a concave radiL:,: of 2O2.6mm and a convex radi-us of 212.1mm,
each j 1.8mm. But errors in the corrector ra,dii must be in
the same directiono ancl the difference between the errors
should not exceed 0.''llirn. These are much stricter tolerances
than those regulred o:l -lhe average ATi4" The radii may be
measured with cr tempirL''ue or A spheroneter, of which there are
various types, such a.s the two-leggecl, the three-legged and
the ring type" The eentre is occupj-ed by a good ouality micro-
meter head or a d.j-al gauge " either of which shoul-d read to
better tha.n 0.025mm. The spindle has e ba.l-l foot. Until I
was able to make a.n accurate ring spherometer, I worked with
a somewhat roughly made two-legged one" This was a thick bar
of steel about 140mr.r 1cng, with a centraf hole for the micro-
meterr, &rrd two coua.Lly space d holes for the legs, which were
mad.e from two sil"'rer steel rods, turned to accurate cylind-rical
ends with flat faces" The ring spherometer was a cylinder of
mild steel, hollowed out on the lathe to give sides of about
5mm thick and the base about 6"4mm thlck. The central hole for
the micrometer head. and the rin of the cylind.er were machj-ned
in the one lathe settj-ng ';o ensurc concentrlcity.
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The lnstrument was ch::ome plated, with hard. plating on the rim.
The'face of the rlni was gentty smoothed on vlry fiie emery:
paper, on a flat steel-, base"

Figure' 2 ( a) "ishows the operation of the ring spherometer.
The zeto or daturn _readJ-ng is obtained by setting-th;i spherometer
calg{u11y onto a flat slab of glass and- moving drre spi-nateuntil it makes contact. The i-nstrument is then set on the icurve to be measured., using the inner edge of the rim r-r to
measure the convex curve CX, and the outer edge 0-0 to measure
the eonceve CV, The ltall-foot B on the micrometer head M
ensures a point contact. In figure 2 (U) we see the familiar
geometry of the curved. mirror, the abbreviations being the same
as those used" in discussing the Newtonian, Having accurately
measured the diameters of the spherometer between outer and
i-nner edges of the rim, we use half of these as ttytt, the radius
of the part of the spherometer being used. The sagitta s is
found by subtractlng ihe reading of the micrometer from the
datum, and we obtain the R. of C. from the formula -

n^2)fl = &*.-E:-
2s

The glass slab which I use as a datum is a TOcm.'mirror
blank 77nn thick. It has been tested with an optical flat
and found to be not more than 2 or 3 fringes out over a diameter
of 15omm. This is too srnall an error to affect the test results,
Naturally I wo.t1d us'.1 a good. fl-at if I owned one. The rnicro-
meter has metr-ic oivisions to 0'01mm plus a vernler which
enables read-ing to O,OO1mm' This may appear too accurate to
use in practice. but thrs i3 not so. All readings of the
datum and sagittae are repeated several times, and the same
result obtained" in most cases, with occasional variations of
0.001mm or 0.0O2mm i-n both d.irecti6.ns.

ERRORS Iii USII{G THE SPI{EROIVDTER.,

An emor of O"OO1mrn in me-a,suring the datum or sagitta.,
gives an eruor of 0.0'l5mn in'che radius of the curves of this
Eorrector. An error of O "O25nn in tneasuring the diameter of
snheiometer (an error of O.015mm in y) glves an error of 0.O73ne
in the radiud, Thus the error in radius is about 5.6 times
{frat of ;y, but is just within the,tol-erance for the difference
"tetween ihe,errors in the rad:i ,of the convex and the concave
of the iorrector" It -,s obr,'ious that the critleal factor in
using :the spherometer j-s the accuracy of measurement of the'diameter of the rirn" ;
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Ihe two-.:e gged spherometer whs'measured first with a 6rt
steer rul-er using a strong hand. ]ens. later a microscope was
used with the same'ruler" A single crosswire was placed in
the eyepiece and. aligned. with the zero mark of the ruler and
the edge of one of the round feet of the spherometer. Figure
1 shows thb v:Lew in the microscope, (a) showing the crosswire
C aligred with the zero nark of the ruLer 0 and the outer edge
of one of the feet A, ancl (l) the positlon of the other foot-
B in'reLation to two markings of the ruler M a.nd N. The fraction
of the division was first estlmated, but later a technique
from student d.ays was re vived. One eye looks into the mj-cro-
scope while the other is kept open. A white card is placed
as close as possible to the barrel of the microscope, and with
practice, the image of the first eye is projected by the other
eye onto. the card, where it can be traced. The rul-er was
ehecked on a m:-l-l-ing table wrth the mi-croscope. barrel held in
the chuck of -bire machin " Using the crosswire, and movj-ng the
tabJ-e wi'bh i"bs microme:-L:-'r drive r it was found" that the ruler
was about 0"0?5mm short'in 14Omrn, sc this amount was added to
the measurements of the spherometer'

T"he ring spheror,e-ber was al-so neasured with the steel
ruler.and micrr;scope" later tire spherometer itsel-f was measured
on a mlllrng ta-L.'-l.e ,:-n.fact, on three different milling
machi-nes o

.Ai check oi the::arC-ii of the corrector was made (ny itina
co-operation from the i^/eapons Research Establishment) on a
high-precision ring bype !p\erometer" This geve- results some-
wfrit hirrerent from tlvo-.J-es;ged spherometer, at which time work
on the corrector wal: stopped until. ihe ring spherorneter was
completed," trii-:n t1l:.c wac in useo rt was found, that the concave
ra.dius measurcc.r" by :. i, v,i:f,s fairly c-l-ose to the figure from
W.R.E. but the conliili :"ii:.s further out, so more Ineasurements
were rgade. It v,ras fou.t.,.o. after sone use that there was a
slight brvel on the ed,ges of Nhe r1m, elther ground. tlrgT" by
uslie tfi- spherome-ter on the gr.iuncl surf?ceq r oI resulting
iiom"a slightly heapetl 1r-p ed'ge f:'on the hald chrome platilt*
beine worn-off'. It-r,'ras iealised that tile dianOters should
U"-*!"S"red betvteer 'lhe inner edges of the bevelsr 3S shown
in Figure 4, which :.s li-ot. to sci.Le" The concave curve will
not be measured betweer, the edges A-A, but between B-8, and
the convex not be bweer C-C but between D-D. This means that
the outside dianeter (;1) will be redtrced, and the inside
diameter (D2) increased. The d.ifferent rralued of y1 and y2
wil-l prod.uce signifi,;ant alterations in the calcutrated radii.
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A futher vj-sit to W.R.E, produced readings of the radii
almost identical with my neasurements of Rl (concave), but
rather different in the case of R2 (convex). Following this,
the inner diameter D2 was measured on an optical comparator at
the University of Adelaide, and the figure found to be larger
than the bne I was using as suggested from Figure 4. Measure-
ments of the diarneters with precision calipers anu micrometers
&re difficult, partlcularly in view of the small bevels shown
in Figure 4 " The table below shows the diameters of the ring
spherometer as neasured at different times and by d.ifferent
methocls. In some cases, the dlameters were derived from meas-
urements of the radlus on the precisi-on spherometer at W.R.E.
and an accurate rleasure of the sagitta s. I have given these
values in both metric and the old unlts for greater clarity:

Method: R1 ( concave) R2 conve

Precision Caliper
6n rul-e microsco
Milling Tab1e, tl

Pantograph re

Precisj-on sphero
Micrometersi{R..E "Micro " compara"tor
Uni of Adel-.

From this bewilderj-ng variety of measurements I had to
choose one for each diameter which I thought represented. the
best figure at the time" Radlus 1 gave little trouble. I
worked f a tirne on 137.72mm, but changed to 137.67. It
may be that the true figure is nearer to 137.64. There were
greater problems with Radius 2e for whlch my measurnents at
all times shoi,ved a greater difference from those obtai-ned at
W.R.E. I worked lnltail-1y on 13O.2ommr until it appeared from
more preeise measurments that I should be us1lg a longer dia-
meterl and when I resume work on the convex R2r I intend to,
use 170.35 as the diameter" I should mention that the first
figures above, from 1o/l/75t v/ere obtained before the spher ,-
meter was chrome plateC"

MINOR PROBIEMS

While I was
problems arose,
meter head, snd

two-1e gged" spherome ter,
of faulty centering of

of temperature.
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using the
the effects
the effect

two
the

other
micro-

10/ 1/75
11/ 2/75
12/ 2/75
14 /e/75
10/9/15
to/g/tr

7 / 1o/75

5.424 I tTO.Zel 5.129
5"42O I l=O.181 5,125
5"422 | llO.20l 5.126
5"419 | 1'so.2ol 5.126
5"419 | l3O.4el 5.137
5,425 I 130.281 5.129

170.35 I 5.132

37.77
77 "677.7 77 C/l.lc
77.64
37 .64
37.80



An accurate measure of the distance between the ball
foot to the micrometer and the two feet at the ends showed that
there was an error of 0.05mm in centering. This should
produce a very small reductlon in the sagitta measured, but
caleulation shows that for this error of centering the sagitta
error is only 0.00005mm.

Mild steel expand,s by 0,OO00O656mm per 1.Omm per 1.8og,
or by 0.0o44mm per 14Omm per 1O0C rise 1n temperature. This
error can also be ignored, particularly when we consider that
the expanslon coefficients-for Pyrex and crown g1a.ss are
1.93 x- 10-6 and 4.?0 x jO-6 per 1.gog.

gqugsreN"

To those critj-cs who ask why I 4id not make the spherometer
from hard tool steel I reply that (a) it was not easily
available, and (t) the difficultles in maching and tempering
were rather beyond my unskilled powers-. However, using a
spherometer which tends to wear a littIe makes one more consc-
i6us of the need. to p€3llur'e it as accurately as possible.
Those who know my deligrr'u in making gadgets will not be sur-
prised to hear that I have embarked on a. measuring microscope
details of which I will spare the present audience.

0 0.
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TT{E INVERTI]} ALT-AZIMUTI{ CONFIGURATION FOR

- OPT] CA]., TE].,ESCOPES .

Introd"uctlon.

There is no d.oubt that most astronomers, both professiinal
and, amate,ur,e prefer the equatorial or ,polar type of mounting
for telescopes. 0n the other hand the alt-,azimuth configurat,ionoffers d"ecid,ed engi-neering aclvantages even though it intioduces
o.ther.probJ.ems' namely plate oI fie1c1 rotation .for photographic
work, the dead spot at the zenlth ancl varying d.rive rates
which are high near the zen:-tln, ;

When any instrument is in the conceptual stage a m4jor I

aspect is the capti,tal cost. In med,ium and large telescopes
the cost of the d.oqe is high and rj.seq iat a qate close. to the
square of the d.iameter o,f the prlmary mi.rr:otr.

i,

It is 'consj-dered- that advance,s in :technology, particula"rly
1n the fielcis of computers .and hydraul-ic'englneering.justify
a new approach to the design and constluction of telescopes.
Ihe concept presented. in this paper has beqn aimed at produc.ing
a telescope with better englneering characteristics, higher
optical efflciency at a lower capital- cost. .

','':: IItrVSR.TED AIT-AZIMUTII CONFIGURATI,ONo
- 

The term tinverted' is used to differentiate between the
conventional .mounting and this concept. ^ Figure 1 shows 'the .

d"ifferencer'which is basically to. pivot the tefescope at the
Newtonian fo'cus and a}so . support .it at the: iprlmary mirror
cell w.here in fact :the azimuth drive is applie'd. 

,

The first effect is that the telescope sweeps through a
plane rather than a hemisphere as o.ccurs in the, -conventionalteleScope., Thj,s'eliminates the need for a dome by replaci-ng
it with-a sliding roof. ,{ comparison of costs for the.d.ome
of the 3,9m,Ang16-tustralian Telescope and the offset inverted-
alt-azimutn "oilfign"atjion 

,shown in fig 1(.c) ;is: :

6a-1





Accord.ing to Ho_y19 (lgez_) the Newtonian focus fell into'&isfavour be:cause of its inaccessibility. The Newto"iu'focus i-s the main one ln this 
"g"gept-"iia accessibiriiv isassured as it.is Lat a constant heigtt. This is a decidedadvantage, particularly for amaterri"- : 

"o 
-*or""uJ"tiJ"aiJe 

o=stretching on tiptoe to get to the Newtonian-i";;;;--
}Vith . p"op""1y, designed sccondary mj-rror four Newtonianfoci are available. Two of .these, nameiy at the trunnion aii;,ean be regarded as me,jor si-nce instrumentation can be fixed

and not subject to varylng gravitationaf, forces. fhis 1sparticularly beneficial- in the case of delicate j-nstruments.
-t'\rrthermore the ligh path fronr the telescope to the instruments
can be maintained, j-n a hori zontar plane and not as is the casein the coucle focus where it--passes through layers of air which
may be at dj-fferent tedipelatrlres..

Referrlng back to Flggrg 2, a large space in the form ofa ouadrant is availabe for ins-tcunents. 'rhrs-means, that
spectrographs of reasonable scale can be attached to even
20Omm telescopes. Because the tube is unbalancecl, weight
of instruments is relatively unimportant and no rebala.icing
is necessary.

In the case of large telescop.es, inst-ruments weighlng up
to 7 tonnes can be attached at the two major ltTev;tonian rocl
ancl the Cassegrain focus. In many installations five sets
of instrumentation can be left attached'and' quick changeover
effected with a suitably designed. seeondary mirror system.

Optical efficienc}' is governed. by the number of mirrors
in the optical path. Some large telescopes have five mirrors
when using the Coude foous wherea$ this would h?vp a maximum
of three. The Newtonain focus is also 'inore efficient than
the l{asmyth foucs, the number of the mirrors being two and
three respectively. 

i

It 1s considered" that amateurs will be able to become
involved in spectrographlc work and 'bhe light at the slit
can be at the f ratio of the teloscope with adequate space
for a spectrograph of reasonabLe scale within the frame of
the structure,

OPTICAI ASPECTS.

DR]\E RATES.

The var;'ing rates in both al-titude
have probably d.eterred many people from
on an al-t-azimuth mounting.

and azlnuth drives
seriously embarking
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A further d"eterrent is the need to conver.t ._ffo4.=p-o-]-a_l .to alt-
azimuth co-ordinates

The-afgorithms are relatively slmple and with the intro-
duction of progranmabfe poclret calculators at.reasonabfe prices,
these .calculations rare no. longer time consuming. ''The l{ewlett
Paekard HP25 which costs less than $200 and can be programmed
for 49 steps will solve the algorithms with two programmes,
one, for co-ord,i-nates and" the other for the drive rates. The
larger'HP65 costing less than $aOO can be prograrnmed. to give
alf four answers in one program.

f
ocosH

The algorithms are:-

=sinlsinfi+
= sinH

cos/tan[-si',tfcostH
sinH i

tan y cos t- sin$cos H

= 8os 11 sin p

tr
cos L cos 'o

sl_n z .

:.; cos d cos A
.sinz

where = zenith angle
- azimuth angle
= latitude
= declination angle
= hour angle

Ihe following table, calculated." for a' latitude of 32.50
shows ,the large range of drivj-ng speeds for azimuth drive
required near the zenith.

cos z
':tan A

tan p

cos f cos

d.z
AH

dA
AH

dp
dH

z
A
6,C
o
H
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H=O 4n 8m 2Am"

200
25
30
71
52
71
34
35
40
45

4.3
6.9

19.g
32.7
97.2
96.1
31^.7
18. Bqo

)o)

+.3
6.6

13.6
11.5
9.1
7.6

14.O
12.9qA

3.9
5.2
5.3
7"9
1.6
1 .1'
2A
) c*

4.8
4.5
3.O

4.3'. 6.9
17.8
2+,8
25.4
24.9
2+ .1
16.9
5'.8
77/a/

Fgom this it can be seen that the turndown ratio (maximum
to minlmum speed) is about 1oO to 1. Using electiic mdtors.
this would" present something of a problem, However this is
well within the operating range of hydraul-ic motors.

j erks
able
which
drive
more

DRIVE SYSTEMS.

Hyd.raulic rqotors which'can produce high torque without
over a radge of speeds from lorpm to 3600 rprn are avail--

commerdiqlly. This give's a turndown ratio'of 36Ci to ,1

is mor'e' ttran adequate fbr the rates for the azimuth
listed in the table. The -azimuth drive is seen to :be

or less conventi-onal. .

' '''As mentioned previously, lhe telescope is unbalanced and.
this implies that high torque is required'in the altitude
drive. Again using hydraulic motors with gear red"uc.tion no
problem i-s envisagecl,
" Figure J shows two possible altitude drives for large and
small telescopes. The fiist is possibly an uncoventiondl
approach as it proposeS the gse of recirculating ball type : ,.

l6ldscrews.' lead.sirews can be manufactured more economleal'ly
and.more accuratels than either worm or spur gears.- The
mechanlcal efficiency is al-so much higher than the limj-t,of r

15% for a single start worm. trlrthermore periodic or Cycli-c ,

errors which occur in spur gears are:avoid"ed. 
,

There are two points-to be noted, vizi'' ,. '.;.'

.(ilj trr" drive is,applied 9t a larger,".dirrur so '

improving the Pointing accuracy,

(ii) there j-s no backlash in the altj-tude drivei ', ,
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E}TCODERS.

In convention*] teleseope's.,"''encoders are"tied to the
mounti-ng to measure two angles and so period,ic errors are
introduced- by fl-exure o'f the mounting. As flexure will also
occur in the s'tructure'of this cohcept, it is consid"ered. that
the reference f-;rr the al-titud.e encoCer shoul'd be a long pendulum
with the bottom weight 'being immersed. in r:if' to dampen any
oscillati-ons. The main' reason fo'r adopting this principle
is that any minor imegularlties in the level of the ci-rcular
track or bbarlng dc not' reflect in the encoders for the
altitude angle'as perio'dic errors. The verticallty of the
main axis could also be'monitored by the pendulum. A servr
eontrolled screw type iack at the' outrigger 'coul-d be the
control to maintaln vertJ-ca1ity. Alternatively if a computer
controlled" clrive pystem is adopled then the recent work of
Dr. G Hovey (lgl+) could b.e utilised to producc the software
correctj.o,ns to be iqcluded in the clrive program. :

BUI]-,DING DESI GN '
A sliding rocf will result in simplificatton'of both the

design and constructj-on of the builcling houslng the telescope.
*The envelope has no constraj-nts and" the building may be any
shape with eaeh room being designed accordj-qg to -its space
neel1s.Unitconstructioncostswi11be].ower.withthe
elimination of circular walls. 

:

By virtue of the large opening'at tire top, the build.ing
will have betterthermal characteristics as ambient, cond.j-tions
will resuft more quickly than in the conventional d-ome. , l

AMATEUR USE.

The alt-azirnuth conf,iguration j-s not suj-table f,or photo-
graphic use by.:amateurs beeauso,of the need" for a. computer
cr,ntrol for the al-llitude and azimuth drives and also to
correct tn'e fielc1 or plate.:rotation, However it iq not beyond
the bounds .of possibility {hat with the decreaslng costs 9f
electronie cafculators thrat a sna1l Cedicated ,computer wj"l-l
beiavailable in the near future at a reAsonable cost. ,

The inverted alt- az:-'mutr_ configuration 1s suitable for
visual astronomyr' Fhotometry, infra-rec1 ,ancl spec.trographs of. 

-reasonable sca16. -On the other hand, it is not readily plrtable
and is best.suited, in my l,pinlon, for a.'fixed installat_lon.
Because of its i-nherent ::ig:iOity and. sirnplicily it'is felt
that an amateur or amateur soclety could undertake a project
with a mirror size of 61onr:i or more'
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Constructj-on is simpler because there are no ccimpound or
cornpLex - surfaces 'in' either; the telesc-?pe ' structure or the
buildingo

'"

ADVANTAGES AND DISADVANTAGES

The advantages and d.isadvan'lages whidh apply,te the
conventional- al-t-azimuth also apply;to thls concept with the
following clifferences .

The additional disadvantages are seen to be:-
(i) it doe.e not look like a telescope

'

.(ii) sky coverdge is limited to ?0o from the zenlth
in large telescopes and abouth B0o in small_er
sizes. ':

(iii) ttre spaee occupied is largel. than is required for
a convention:a1 telescope.

0n the other hancl the advantages, not necessarily in order ofpriority, are:-
(i) elimination of dcjme Srid-'d.ome drive

( ii) reduction in costs for medi-um and large sizes

(iii) flexual problems are reduced to an acceptable level
and the structure is more rigid

(iv) weight to lnstrumentation is of lesser significance
at the two major Newtonian and Cassegrain foci

(v) instrumentation can be left attached at several
foci so enabli-ng a quick changeover

(vi) more than one fast focus is availabl-e and these are
easily accessible

(vii) no backlash in the altitude drive
I . -. \ .(viii) polnting accuracy is improved

(ix) there are no courpound. surfaces or complex shapes
to forrn.
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CONCIUSION.

Prior to examining the a}t-azimuth: configuration, consid-
eratlon was given to the alt-al-t. f t is interesting*to'note
that the former is polar at both north and south poles whifst
the l-atter is polar at the equq.-t,gq-.-_

The inverted aLt-a1t can offer further ad.vantages than
the alt-azimuth including:-

(l) no dead, spot at the zenith
(ii) more uniform drive rates 

,

(iii) a fixed observation point can be arranged using'', only two mirrors if the f'ratio is f8 or more.

It is hoped. that a 'l5Omm refLector using the inverted
alt-azimuth configuration will be constructed in the near
future and. details will be mad"e av€Lilable to i.nterested" ;

persons or societies. .

0-0.,
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A IEVTEW _0F SYPTCAI ECL,I-PqE
'"

gBSERVTITG STTE.LIN €WIH-.ITSTERN VrCTOnrA.

Because the total solar eclipse of the sun on the 27rd of
October 1976 will- be visibl-e over approximately 1 14000 se. km
within Victoria alone (weather permitting) and-about 9OO'ang
17000 se. km in S.A. and N.S'W. respectively, it would. appear
initially that there is not much point 1n consi-dering any
particular area or site, but one should simply work on the
basis of placing oneself at any convenient point inside the
path of tctality and hoplng for the best with the weather.

A few moments reflecti-on however w1ll indicate that the
optimum observj-ng site should offer at least the majority of
the following advantF:ges:-

1. A long
altltude.
2. A high
atmospheric

period of tota.lity with the sun at a high

probabllity of minimum cloud cover and good
ccnd itions .

3. Unobstructed, views particularly to the east and west
if the advance and recession of the moonrs shadow across
the l-andscape :-s to be observed.

4. Ease of access by transport.
5. Not subjeet to strong winds or air-borne dust.

6. For an el-evated slte, a flat or gently sloping area
of reasonable size"

7. Area to be dry and. reasonably free of rocks.

B. Good road access to alternative sites to the ea.st
or west.

L,et us conslder the foregoing in more details:-
1. Limiting the consideration of sites to Victo ria, the

maximum' d.uration and el-eva.ti-on, of the sun in the extreme west
of the State is approximately Jmin ? sec and. 28o compared
with 2rnins 47 secs and 18u at the eastern boundary.
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this is, applicable to poi-nts along the centre line. 0n thisbasis-a1one, si-tes close to the Glenelg highway between
Dunkeld and the south Australlan bordei woilta lepresent themost favourable area.

An inspegti_o,n of the graph d.epicted in tr'igure 1 forlatitude 14208 (Hamilton aiea) wheie distance irom centre lineversus duratlon has been plotted, i-nd.j-cates that for a 10%red.ucti-on in maximum duration ioeo B6 secs reduced to 16?secsrthe observer could be l-ocated up to 79kn either side of thecentre linee and going close to the other extremer &n observer
only 5km inside the northern or southern 1imit, woulci sti1l
enjoy 75 seconds of totality.

It is the opinion of the wrlter however, that favourable
eclipses for those not able to travel all over the world, eome
only once or twice in a lifetime, and the smal1 amount oi extratravelling involved in getting as close as possible to the
centreline, will ensure that the eclipse, if seen at all, will
provi-de those few extra precious seconds, which may be the
ones in which an additlonal photograph or observation can be
squeezed into an obseriing programe whlch in the case of eclipses.
represents a very tight and llmited time schedule even under
the best of eonditions.

2. Meteorological d.ata on average cloud coverage provided
by the Bureau of Meteorology Melbourne, indicates that as a
general statement, the anticipated cloud coverage for 7.Oopm
durlng the monih of October is slightly more favourable at
the eastern end of the state. Comparative fi-gures would. be
68% cloud coverage ln the west and 50% in the east. The east-
ern part of the State is al-so more mountalneous, and woul-d
provide a greater nurnbe/ of elevated sites with marginally
better atrnospheric conditions.

3. If the moonts shadow across the land.scape is to be
observedr a.tr elevated" site free of tall trees and other obstruc-
tions in the l-ine of sight would need to be selected, and
several such sites are includ.ed in the attached tabulation.
For the other types of observationsr &n unobstructed view of
the sun alone wbula be sufficicnt'

4'' Thls a.spect is particularly important when large and
heavy eouipment is to be set up, but such a site should pref-
ere.bly be on a side road. or track, rather than on the slde
of a ma,in highway because of the annoyance factor of passing
vehicles, It is also ouite likeJ-y that vehj-c1es could put
on their hea.dlights during tota.lity, and if they are 1n the
line of si-te this eould. cause unwanted. reflections whlch could
be detri'mcntal to visual and photographic observations.
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5. Durrng -che mon-uh of October, the seasonal rain and
spring growth shoul-d ensure good ground cover in the majority
of areas and air"-bo:::ne dusb should not present any pi.oblems.
As long as high exposed sites with no ground cover are avoided,
strong winds a"c ihlstlme of the time are not likely to be
encouiterecl. ( refer i-i;em 6).

6. An elevated site should ideally have a small- flat
plateau, &t the surnn:-t able to accommodate a number of observers
and equiprnent, but provid.ed the slde slopes are gentler little
loss of vlew wi-]l occur on the do',vn slope should it be neccess-
ary to set up equipncn-i; out of the wind, In this respect 1ow
scrub up to 1 m high al-so forms an ideal wind break.

7. The monthly average rainfall- for October is fairly
high and surface water is a.nticipated" in n?ny flat al'e^aPr part-
icularly off the edges of main highways and roads. If heavy
equipment requiring some ground anchoring or e^xcavation is
planned., excessiveiy rocky si"es such as are found in many

iarts oi tire Gramprbns ayea should be more closely lnvestigates
before seLecting a site'

8. An inspectj-on of any up-to-d,ate road map of Victoria,
will show that the road system in the path of totality in the
eastern part of the state i-s liniitede and the majority of
roads nrn north ancl south through very rugged country. And
observer who recej.ves a late weather report of better condi-tions
to the east or west, wcluld in most cases need to make very
long detours along l.rind.ing mountain roads 1n order'to move a
short d,istance east or ivest" In the western part of the state
however, the Gienel-g h:ghway runs roughly paralle1 to the
centreline, and a f-r.:r'--l-y clirect run can be made along a good
highway in ei r,her di-::ectj oit o 

,

After a.ssessing i-actcrs 1, 2, 5, & 8, it was decided that
the western pa:ri oi the state woulC offer better opportunlties
for viewing, despi-i: a s-l.ight.l-y higher anticipated cloud cover.
In order to gain sorfle apprecj"ati-on oll the suitabj-1ity of sites
around the Hamilton area" a visit was made to the district in
October 1975, and a numbcr of s.i--fes were inspecte'd on the
22nd or 23rd. of the mon';h" Be-fore cleparting, Latitude and
longitude poinis forbhe centreline and northern and southern
boundary l-imits, pro.r-ided by th.e U,S.A. NavaL Observatory
Washington U.S.A" were plotted on large scale mapsc

Excellent maps marked vr th a latitude and longitucie grid
were purchased frorn the State Government Depa.rtment r,1' lands
and Survey Melbourne, and a.t a scale of 1r5OOeO0 (tt<m - 2mm),
the centreline coulo. be l-ocaterL vrithin an accuracy of 2-7OOm.
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Although the location of the centreline 1s rather an aeademic
9xe1cig9, gfter-experienclng a successful eclipse in westernAustralid. in 1914, there is a definite fee11ng. of excitementinlstanding at b typical slte, knowing th"t iil uxactlt-ie-;;nthstime, the centre of the moonrs shadow would sweep in from westat several thousand kiLometers per hourc -

'-plgurg 2 indicates the locality of area.s and si.tes inspected
and Tab1e No. 1 surnmari-zes the detail-s a"nd the reLative suit-ability of these sitese some of which could not be recommended
after cl-oser inspection.

With'the shadow band covering a wide area including the
complete City of Melbo.urne, it is-anticipated that the ilajority
of Victorian observers, both casual and serious, wilL be ouite
happy to sta,y at home and witness the eclipse from their own
backyarde but many interstate and overseas vlsitors will alread.y
be travelliiig long distances, a.nd provided. that good roads
and.accommodation are avallabler there is no reason why they
shou1d.nottrave1tocountrysitesthatcou1d.we11offer
slightly better observing conditions"
I Ir,. the event of the eclipse being completely clouded out,

there is some compenlation in a visit to the beauties of the
Grampi-ans j-n the Dunkeld area, and a return to Melbourne via
the Great Ocean Roacl throqgh Warrnambool, Port Campbell, Apo11o
Bay, f,orne and" other vrell- known beauty spots along- the Victorlan
coastline 

"

It should be neni-i oned in passing that October 1975 w&s:
a particularly wet mon-i;h, with a much higher rainfaltr than
usual, ancl many of tire l-ow 1-ying and f,lat sltes which were
found Unsuitable because cf surface water, could well be quite
dry at ,the sar-re tiqe in October 1976:

This surveJi of sites was rather superffe LaI, but it is
pro.bably re.presentatir;e of the__typical ral_gg- of sites that
woufa Ub avdilable :.n \{estern Vrctoria. .Although t_his omen
mav not bc anv signif'jcanc-eu &t the precise time of totality
( bilt twclvc mbnthd lcrnoved ) , the wri-ter was in the town of
flamilton. fhe sun was shining brightly with the weather
clearing from the west, and a rapidly ctrimishing cloud. cover
as the afternoon advanced e and a return to the same area is
planned f,cr 1976.

0 0.
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S]TE I I,OCAIITY

(nrlnn lrGURn z)

DISTANCE TO
CENTRE IINE
AND DIRECT.
ION

Central

Central

5km south

10km from
lake Bolac

8km from
Wlckcliffe

4km from Glen
Thompson

tr'airly fl'at 3 chain road
easement fenced both sides.
Rock free slight rises.
Good. road. tr'ew trees.
Similar to site 1.

0pen space at road junction
slight elevation. Trees
form wind. break to south-
east. Good view to west
good road.

Goocl road. 3 chain easement
undulating. Many places
low-lying and swampy and
trees intermittent. No
outstand.ing site, but
several acceptable.

Excellent elevated vlew
to east and to west between
mountains. ItPienic roekre
through drive-in track and
gate on Left. Sloping site
with 1ow scrub for wind.
protection. Good aceess.

Area heavily timbered.. BLlt
open area at tfGramplansrt
golf course. Practlce
fairway adjacent to roSilr.

Mt Rouse 380n Good. road to
within 6Om of summit. Good
view but summit sma11,
uneven and rocky. Very
little protection from wind

7

4.

6

7

Glenelg High
-way GLen
fhompson to
Hamilton 50km

6km from
Dunkeld

,:

6.zkm from
l.nlnKerc

Mt Rouse
tourist look
-out. At pen-
hurst 71kn^
-om Hami.lton

each side
of centre
1i-ne

5km south

6km south

24kn north
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SITE
NO

( rur'nn

i

;DISTANCE TO
iCENTRX I,I}TE
iarm !rn"s:r-
iION

north

1Okm south

i
I

!Eactr sld e
,of centre
,iline
I

LOCAI,TTY

FIGURE 2

UIt Napier
2okm from
Iiamilton

ColeraineilThe Pointsfl
lookout 2km
south of town

Coleraine-
Merino area

:2Vkm
:

l

REIVIARKS

Mt Napier 440m. Narrow
rough formed vehicl-e track
3km and steep walking track
frorn base. Very exposed
good view but unsuitable
with equipment to carry.
Not recornrnend"ed.

Col-eralne in valley but
l-ookout approx 150m elev.
Good road. to summit. Ffat
turntable 2Om dia" and
gentle sid,e slo pes with
some low scrub cover agalnst
wind. Exc-el}ent views .tonorth, east west.. Recom-
mend ed

Undulating counrty with
many smooth rises clear of
trees. Road. easement narrow
and" not particularly good.
sites observed.

Flat exposed area.o T-.,arge
developed grassed area
west oi teiminal buil-din gs
near car park. fall trees
but do not obstruct vi-ew
or offer wind protection.
OK on a calm day.

0 0,

Hami-1ton
Airport
north of

i4km
lOkm:
tovrn

I
I

south

i\TOTES "

1.

2.

Cloud iover

Wind speeds
south east"

wa.s generally 7/ 1Oths.

up to ,1Okm/hr. and" from south to
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SESSION 7A

?HrN tuJj+R 
" 
gR4spElE rq

BY

HruS_e._lgvrw
c3_qrB34!A LSJBp}'gt-qJ cAl_s)j,s gI .

Byron has practieed" ama.teur astronomy at varying levelssince 1949 and has been actively engaged in amateur-telescope
I*+ngr lular observations and general aspects of astronomy.
last presld"ent of canberya Astronomical society and present
Vice-Presid.ent, current interests are to obtain usefil productive
data from popular and less popular (fut interesting) luiar
observations.

Byro! has manufactured. his orrrm hea.vy duty eouatorial
mounting (now fitted with the CAS 25cm N-.wtonj-an telescope) a
tJcm f/7 Newtonian used on a commercial equatorj.al mcunting

and. a rich field" 1 5cm f/3,Z Newtonian instrument.

He attended" the Sixth Nati.onal Convention of Amateur
Astronomers 1n A].rr'1 1974 at Brid.gewater South Australia as
the delegate of the Canberra Astrononnical Society and is a
comesponding rnember of the B.A.A. for the last 3 years.

This paper i-s ths first program where observetion, photo-
graphic assessment and machine computa.tion has been satisfact-
orily combined.

Byron is a consulting Materials Engineer with the Department
of Defence (ttavy Office) Canberra anC hold.s a Mechanical
Engineering Dipi"''.ma fr.orn the South Australian School of Mines
and. Industri-es.



gHrN tugAR rrucE{lg.

Jrgrulgru.
A genelal interest observati-onal program is the photographic

recording of mi-nimum illumination of the near new moon at
SUNSET - a reward.ing task for the amateur astronomer.

Most amateur observers rely on ready assembly of small
and. pirrtable telescopes which generally lack accurate setting
circl-es, siderial drive and indeed such instruments are general
set up for fieLd observptions without the fuss of accurate
alignhent on the (South) celestial pole.

With this in mind, the concept of rf lookrr data has been
persued. This paper describes the determination of this d.atat
and presents, in graphical form rrfooktt data for easy acqulsition
of the minimum illuminated near-new-moon at SUNSET, corunonly
referred. to as Thin lunar Crescents (T"l'C")'

The current minimum agelfor a T.fr.C. recorded" photograph-
ically is 2O* hours; the observing program aims at reducing
this value as fa.r as posslble.

APPROACiT

1. tr'avourable T.l"C. dates and probable age limits, from
the CAS Ephemeris' have been obtained.

2. For these dates and times of SUNSET geoqentric co-ord-
inates have been found from the appropriate A.E./ including
horizontal parallax for the moon and other data required.

5. The ttlook" data has been computed to enabLe observers
to find the TIC without adopting fixed. observatory techniques
viz. (a) accurately set polar axes or si-milar, (assuming eouat-

orial mouir.ts in- use )

(b) setting clrcles and

(c) drive available.

7A-1



4. The rrlooktr data chosen -(") the apparent elevation of the moonof SUIiISET
( l) fhe apparent difference in azimuth

from the sun at SUNSIT

These values are presented graphically for

at the

of the

time

moon

the observerr s

,.....(3)

.r....(4)

1. The A.E.' data has been evalugted by adopting approx-
imate corrections for T[" considered adequate for ttre rrlookrr
d"ata required.

2. The change from geocentric co-ordinates to topocentri-c
co-ordinates and of reference planes and dlrections has been 

^obtained. by evaluating the following as d.escribed in A.E. E.S.+

(i) Parallax Corrections (ref. 4pp 63) for the moon, by

/,m= TC.p( cos d' sin ho sec $o ) . . . . ( 1)

ASnr= rfy( sin 9.' "os fu.cos h. sin $ocos p) . . . . ( 2)

where ho - S.T. *A- dorn

(ij-) Geographic (or goedetic) latituOe and" geocentri-c
longitude corections and" aLlowance for height above sea level
(rei. 4 pp 57 et seq) by

station chosfl at CANBERM, AUSTFAIIA.

PROBIEM DEtrTNITION.

fsin f' = sin P (s + 0.0478 H X 1o-5)

Use of tabulated d.ata to oatatn ft
(iii) Change of reference planep and directions using

geoeentrib co-orfinates (ref. 4 bp 6f) bV applying t-he coriect-
lons to obtaln the topocentrlc co-ordinates of the Moon by

om = 2o lA*rr,
6 ^= 

b. : A6rn
(iv) Determine the true altitude of the

(ref. 4 irp 26) these topocentric co-ordinates

sin afrn= sin 6 sin Qt + 
"ou 

6 "o* h "o, $'
where h = ho + tW for t*the tlme of

( i)
moon by using
by

. . . . . . ( 5)

6bservation.
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(v) Azimuth of the mo.on and sun by
' sln Arn= - cos 5^si n h / cos d,m

sin A" = - "o= 
5, sin h

and Determlnati-on of azimuth difference of the Moon and
Sun at SUNSET by

AA=A5-4, . c o c o o..9

(vf) Determination of the illumination (%) of the T.f,.C.
at sunset - to assist camera exposure settin$s (ref. 4 pp
712-315) by

cos D = sin Q sir,.$rn+ "ou6r"o"4"go" 
(as - "ll

k = E (t cos D) x 1oo% ..o..no11

k = also, the ratlo of the illuminated length of the
diameter perpenclicular to the line of cusps to the complete
d iameter. 

- ( iee l-ater ) .

goggJg"
The above formulae have been evaluated by using a Hewlett

Packard I{P 65 ealculator with programs developed and record.ed
to produce ?tlookrr d.ata for 1974, 1975 and 1976"

The rrlookrr data is presented in figures 112 and 3 for each
year stated

These figures lndicate the position of the T'I.C. with
the graph orlgin as SUITSET for observations which can be under-
tateil by refeience to the flgures' Allowance has been- made
for Eastern Standarcl Summer Time where relevant and tabular
d.ata is ineluded in the fj-gures for ease of reference'

OSSER.VATIONS 
"

t. *tffii , .Ar.," equatorial telescope has been set on

the Sunts-ffiil.e posltlon Sust after SUNSET-9s- a reference origin
and sweeps made'in the direction of the TIrC 'based" on the
Itlook?i d.ata.

2, &.e€gIg: Earl-ier work prcsented 1n the cAS Journal
b'ased.-on h6in-AeEuction from tables (in which many errors were
present) has-produced two useful observations by the author.

a a a o , a a7

.. " .. . .B
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pIq_qlisgrgi!"

1, t'kgk" Date: The use of the IlP 65 has greatly facil-
1tated"the*?6ffioftherequired'rr169pild'ata-and'ha,senab1ed.
rapid .asse4b1y of the inforrnatj-on presented" in figures 1 to 7.

The .programs used are included for general interest in
appendix '1 of this paper, further reflnenent could, enable other
machj-nes to be used especially the IiP 25 (Shortly to be read-
ily avail-able to the author). The HP 65 programs were produced
1n rather a rush as the machine was on loan for only one week,
and as a result i-mprovements are in hand at the time of writing.

2. Observatj-oqs. The observations obtained by ther author
are shown*ffiffies (Nos, 1 & 2.)

91i-de-1, Found by using t?lookre data (from ref. 1)
CFGEETetion date/1oca1 dine z 1975 July 10 at 17h 22m.
the age of the moon 27]n 12n,
SU{e.?. Found by using rtlookrl ciata ( from ref" 1)
fffi"ffi'Etion dat/iocal dimez 197! August'B at 171n 50m
the age of the moon 19h 51n.

The photographic record,s were obtained using lianimex
EXTRASP0OI, colour-slide film ASA 100r with a speed of 1/15
second through a. SLR camera Nova.. 1F, an ada.ptor - with a 25nm
e11. eyepiece (with cross ha.irs) coupled to a 15cn tl|
Newtonian telescope.

The photographs are not
by astronomical twilight and
future work.

of good contrast due to interferenc€
this aspect is to be improved in

The current re,cr-rrd for photographic observati-ons of flC
known to the author, appears-in 1977- FEB Sky and Telescope5
as 20h 50me arrd it is assumed that the last observation by the
author holds the current RECORD.

The figurcs 1, 2 and 5 hrve, includgd a proposed observat-
.,1ional limitr p:roposed Sky and Telcscopeo; it is-of,j-nterest

to note that tnis authorts observation of 1975 JUT 1O is
below thri-s limit"

3, Correlation. Measures of the RECORD photograph have
been roaae-%*8ffi6I-The mathematlcal analysis for this observ-
atlonr &s follows:

in fi-gure + the factor k is shown as the ratio of the
illuminate.d length of the diameter perpendicular to the line
of cusps to the total d.iameter of the rnoon and
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fhe. plate ( film) scale of the photographic record haq
been 'determined and the value of k found -by...measures on flie
35mn film, providing a value of

k = O.79%

The agreement is 'goor1 taking into account the obvious
distortion due to atrnospherics and provides confidence 1n the
analytical- and observational method.s"

4, 9.p.pg$@tries. In 1915 IvIAY 2 and^improbable observ-
ation ttas-ffi-down for posterity 1&5 revealing a
reportedly 14h \On old moon, and this is sboyn on Figure 2 to
cofrpare piobable trlookcr d.a.ta with tha found by the author for
reeent years.

In 1976 - figure 3 - several good. oportunities exist and
these will be attempted providing fair weather condltions
prevail; particufar'-

Age 15h 59n
Age 15h OOm

Age 16h 21mand

(at moon set)(at moon set)
tat moon set)

(a) JUN 28
(b) JUt 27(") Nov zz

The first of these will faLl d"ue following this Convention
and. the author would be pleased to hear of any s1ccessful
observa.tions.

CONCLUSION "

This paper presents convenient observational data of the
rrlookrt form, to encourage observations of thin lunar crescents
(ff,C) with minimum eouipment requj.rements, and to add pure
j-nterest to amateur observing and at the same time d.emonstrat-
ing the useful-ness of the r9newrr range of pocket calculators
as an aid to mathematical red.uction.

00.
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Ted has been interested, in Astronomy since 1925 artd
purchased. hls first telescop_e, gn 1*_i4-ch brass naval tele-
Scope of 25 power in 1926n H€ joined the Sydney Amateur
Astionomers in 1956 which subsequently beeame the A.S.N.S.W.

He became the mathematician for the Moon watch progfam
and in 1962 attencled the Iotal Solar Eclipse at L,ae.

Ted was eLeeted. Observation Offlcer of his society i.n
1962, a position he has held ever since. He compiled the
firs't Societyt s Yearbook in 1963 and is stlil the princlpral
contributor.

Conducts a va=1ab1e star program reportlng results to
Mr. F.Mo Sateson of the AstronomicaL Society of New Zealand
- Reports lunar Occultaiions to the Nautical Almanac 0fflae.
Parttcipates in the C.S,I.R.O. F1are Star Programme. t{on
the McNiven Med,al in 1971. Appoi.nted FelLow Roya3. Astronomlcal
Soclety 1977"



A G4JDG0RIAN-NEIifIQNIS TELEsco?l.

Thls telescope is a short focus lrTewtonian with aGregorlan amplification attached. at right angles to the ax1s.
The purpose of this design is to obtain a cofrpound telescope
which does not suffer from the stray light that effects all
Cassegrainian tblescopes" In this arrangernent the only mlrrorthat faces the sky is the primary m-irror.

In addltion to this main objectlve there are other
ad.vantages.

The eyepiece is in the convenlent Newtonian position
and does not come into the low, almost inaecessible posltions
a Cassegrain does, especially with fork mountings.

The secondary minor in the gullet of the telescope le
only about half the diameter of a normal NewtonLan diagonal,
with a corresponding red.uction in light ioss and dlffractlon-effects.

The concave spherlcal tertiary mirror is far easler to
make th'en a convex hyperboloid of the Cassegralnian type.

The tube length 1s less than a Gregorian, hardly more
than a Cassegrainian.

It has the d.isadvantage that it can only be used in the
one cornbination, it can.not be used as an alternative short
focus Newtonian. 

,

The main mirrcr j-s in the bottom of the tube as usuaL;
there is a small flat d.iagonal mirror only a short distanc6
lnside focusr $€t at an ailgle of a l-ittle"more than 45o to
the axis, deflecting the cone of light sldeways and s1lghtly
backwards, and bringing it to a focus a short dlstance away.
Frorn thls focus the cone then diverges to enter a blister on
the sid.e of the telescope opposite the eyepiece unit, where
a concave tertiary mirror reflects it back perpendlcular to
the axis anit behind, the secondary mlrror to refocus the image
in front of the eyepieee, As this mirror is used in a slightly
titted attitude it needs to be an off-axls shape.
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But if it is a spherical mirror then it is only necessary to
tilt 1t to make it an ,.rff-axj-s sphere. The aberration induced
by this spherical miruor is counteracted by making the
primary slightly hyperboloid.

Figure 1 shows the optical layout of the telescope, it
bears some resem.blence to a hammerr hence the name of the
teleseope.
.Deslgn of Priryary MiJror"

Figure 2 shows the primary and" tertiary mirror_ 9f a 200mm
diametei teleseope, the secondary, which is only a light
deflector, having been eli'ninated and" the optics straightened
out.

The main minor has a diarneter of 2OOmm and a radlus of
eurvature for the central zone of 1500rnrn. The tertiary is
placed 100nm beyond- the prirne focus and refocusses the light
400mm away.

So the rad-ius of curvature of the tertiary is:-
R=Zgp,=

p+p'
and. the radi-us

200 v 100T '- EOo-

150mm.

[hese radii and dimensions as shown in Figure 2 are the
accurate dimensions for the paraxial rayr ln the centre of
the mirrors. Now ray trace the marginal ray to find what
rad-ius of curvature the main mirror requires at the rim to
cause the ray to come to the same point on the axis at the
secondary fobus as the paraxial ray.

If a point source o-f light is placed at P at the second-
ary focus in Figure 3, sending a ray of light to rneet the
terti-ary mirro:: at M at an angle of incidence I, and being
reflected, at an angle of reflection I, to meet the axi-s at
N, and 0M is the radius of curvature of the mlrror = 160mn.

sin ?r= IjQ = l?r5- = "O7g125, hence tf= 40.480?9BeoM T60-
. QC = R (l-cos:r) = Co4B9O2e6
PQ=400-QC =399.51A97
Tan u = fu. = ,$124e7, irence u = 1o.7921002

.P0r = r, =-#-,, = zo.Gge6gBT
u? =u+I+Ir =7.1694975

782

of an axial beam of light at the tertiary is:-
= 12.5mm



In the trlangle OWr by Sine Rulet
l, = R " ^,r lr ,= R sj_n Ir = 6O.137gjG1si"-il "i" "t 

' DU *'' 
fff

T,2 = 160-Lt = 99 "8621439

For the paraxj-al ray this dimension is 19Qr -so lltulongitudinal ipherical aberrat:l-on, f4' is "137e561r !h"
oni6" rays berig closer to the secondary mi-rror and" further
from the primary'

So we must nov; d.eternj-ne what change in rad'ius of curva-
ture of the il&-rr mir':ror wili give this saine longitudinal
soherical aberratj on. the outer rays focusslng further from
the mirror than the.paraxial rays.

In Figure 4 Lz - 80C+lA = 800.157e561
u.' = 7 1694975 as ur in tr'igure 3

I2+I7=ut , so 12
In the triangle
R-la= R l

-+

Sl-n l- 2 s:-n 11 l

soR-Rs-','uu? -:;

qir 1-n9L': - L

ft = (t'l sin u')
'G+r'-ry-E

Sarr I t

= +u, = 30,j947497-13
Hff;
soR

by the Sine Rule t
='(P-T,z) sin u: =# Srn t2

R sin uf -llsj.nul
s].n l-2

- 'Sin r.lt)= lz sj-n ut
ft-5-T'22 ' E11-I7

l:-.lJ- li' aird so R ( t
Aln 12

For ';he T):j.riaxial ra.y R = 16OOmm. The difference of
7.4191mm repri:en-5s ihe increase 1n radius of curvature from
ifre centre,",6u'l' -to the r-'r-m" !'or a paraboloid this would be
TZ = 10Ot .. 5"1l5nn so the mi-rror needs a correcti-on

zH- ?-i-iffitj,r
of LW- == 1.Og4 t -m::: that of a normal paraboloid for-.this

7"125
nariicuiar telescolrr" , Fcr telesccpes of other d'imensj.nns the
iay trace rnus'; be .'-;n.-'3d r,vrtir the appropriale_dlmensions to
obtain the va-.ue o: -litis factoro Kn for that telescope.

For test---ng r.hi rfl-t'-'rr the rralue f fi: is used' in lieu of
the usuat 

;3{wi{tr 
s1;ationairy light sourcd) for a1l-Oaones.

The above, ie-res.cie had. an anplification of Jffi=4r so
the effectrve foca-i l.ength rvas 800x4=5200mm and the aperture
ratlo was T/16, If a t.-',,t amplj-fication wetre required.r tle
secondary mir::or coil-r.i be pl-aced slighttry outside the prime
focus,

Dfurcasrq4s--a{-i-"sg4ejgl|-s*gs: 
-@*fffiter of the field lens of the

eyepiece would be 1 = JOmm, then the minor axis of the
secondary wou;-d' lie p- W 3

i ( S!4 g: - 1) - 16o3"4j91mm
silt 12



aAqx60 + lOxfQO = 15+16.6, say 22mm whereas a NewtonianTm-- -em-
V/le would need 45rnm.

In Figure 5 a star in the centre of the field of
would come to a focus at N while stars at the extreme
would focus at W and X respectively, where WX = f p =

F'
= J. lmm. The lines from the edges of the mirror to W

would intersect on the axis at Z.

GZ =800x100 =800x100 =811.17re-oryCTxT 9m5
NZ = SZ-8OO = 71.17
YZ = 5O+NZ = 91 .17
tan A = 1Oo - = .120312 so A = 50.8604ffi

YZsinA=15.3618mn

vlew
e.€dges
30 xlOO

460
and X

The secondary mirror was set a-b an angle of 524 to the
axisr so'Ang1e ! = 52o ^- A.,= 45o "1326Angle C = 180"-52"+tr = 121".1396

Now by the Sine Rule
3V =YZ FV=

- 

:5y uvs].n A S1n X
also EV = YZ c so

;TilT Effi'T

So the major axis of the secondary mlrror is YZ+EY =
28.0875mmr s&y 30mm" As with all short focus mi-rrors the
centre of the secondaryt s ellipse is not on the axis of the
telescope, but is displaced in this caser away from the
tertiary mirror, j-.e. away from the direction in which it
reflects the light.

Alternatively the above calculati-ons for the length of
the sebondary could be obviated by setting out Figure 5 to
scale and measuring the length.

= 12.7277mm.

of the tertiary mj-rror is
200x100 + 7Ax7OO = 25,,26,25--866- TT'o:

52mm, and. the radius of curvature as previ-ous1y

w-4

The diameter
Dp + f(3-D) =T- -.F* = 51.25r sol

determi-ned.
160mm.

The main mirror for the above telescope was tested by
the Ronchi testr.using a mesh with 1940 wirres per metre
( tOO to the inch) and-expanding the shadow band.s to 60mm
apart in t$e centre to rnatch a test grid,.



The test grid is shown in Figure 6. Two heavy gauge
wires were bent to the shape shown and supported" by four cross
wlres cemented with Araldite, while a 20mm excess at their
top ends was bent over at right angles to form lugs to hang
the grid on the mirror face. The mirror was SigUred unti1,
und.er test, two ad.jacent shadow bands cnuld. be matcheil to thegrid wires, each wire being seen as the centre line of a s
shadow band..

As with al-l compound, telescopes the dimensions and
collimation are extremely critical, It is advisable to use
a test rig or frame to try out the optics and obtain accurate
dimensions before installing in tube. The supports for al1
the optics must be fully ad"justable.

This telescope 1s suitable for the observatlon of
oceultations of stars by the Moon, planetary and double star
observations and. anywhere where a long foeaL length and. a
dark baekground. is desired.

0 0.
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SESSION 7C

CONSTRUCIING AN OBSERVATORY

OR

W.
BY

KXITH SE]JBY

-

JAMES COOK ASTRONOMICAI SOCIETY.



cONSTFUqrrNG 4S O.BgERVAgORY

OR

COMT'ORT IN VIEWING.

Perh'a1s the best reason for having a permanent observatory
is the fact that the teleseope is always at the read.y with the
minlmum of fuss. Another reason might be that the telescope
is too large to be carrj-ed around in which case a shelter of
some kind would. be necessary. In the first caser the thought
of having to set up each time one wishes to observe can quite
often be a discouraging factor resulting in less observations
being made orr in some casesr rro observations at all.

With a small- telescope it may be considered a luxufy to
construct a dome ar a permanent buil-d^ing to house it, but'for
a large instrument -'say 10rt or more it would certainly be
worth.while.

'For an ind.ivid.ual the cost may be prohibitive for a sophis-
ticated roll-off or dome 1n which case a smal1 one man shelter
would suffice. It is not my intention to'deal with this type
of observatory in this paper but to consid"er the more elaborate
structures which may well be constructed by group effort. An
ind.ividual observer, might well consider a permanent pier ln
hls back yard as sufficient for his needs g &t ]east its an
economical solution for a quick set-up

As a group venture, however, a comfortable observatory can
beeome a reality - with the right kind of enthusiasm and
d.lrection. One might say that it is a must if an observatory
is not alread.y available to the group. fn fact it should
be one of the principal purposbs of such a group. This, I
would consider, woul-d be one of the advantages of belonging
to a group"

There are many ways of tackling such a project and. many
problems will arise but one thlng is for sure the group shoutd
throw a certain amount of cautj-on to the wind and. spend that
money even if it buys only a few sticks of timber for'the
main frame, tomorrow it wilf be dearer. It j-s far better to
spend money as it becomes availabl-e and get something moving.
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lhis method was adopted by our society with a great deal of
successr &s the project grew so did the membersr enthusiasm.
It took time because the hardest thing to get was money. At
least what money was available was put to a purposeful use.

Observatory buildings can be divided into basicall-y three
types:- (figsia2)

1. Shutter docrs ar flap-over roofs.
2n Slide off roofs.
5. Domes.

Of course the variety of each of these types can be enor-
mous. I dontt suppose any have been built alike, even the
domes that all look a1ike.

There j-s not the time to go into all these types in this
paper but in passing, I would like to say that to get the
slid.e-off roof working efficiently it requires careful engineer-
ing. The roll-off is by no means cheap and add.itional ground
area is needed for the carrJr-over frames. Another problem is
getting the walls l-ow enough to see over wlthout wiping out
the telescope during rrro11 offrt. Not a problem that cannot
be overcome but it means,more hingeC panels and the like.
These problems in my view are grea.ter than the problems of
constructing a dome.

Flap-over and shutter d.oors althoug! simple to m.gke are
diffieult to handle if made too large and sor are rightly
confi-ned to the sma11 observatory or the individ"ual observer.
These can be made quite comfortable if designed carefully
and thoughtfully.

But the domee which this paper is about in the main, if
properly constructed, is the easiest af all- to operate and
in my opinion no harder to build than the other shelters
mentloned, as I intend to show'

Nothing looks more Like an observatory than a domeI Why
is this? Very clearly, it is because the d"ome was'adopted.
very early in the history and devel_opment of the telescope
as being the most practical type of shelter in which to house
a large-telescope large meaning too big to be movi-n55 abo-ut
by hand, The dorne right up to present day is considered form
of protection.
' f-,et us consider the types of domes on a basis of amateur
construction. Flrst the material wil-l have to be cheapest
practical klnd combined with the amateurst ability to use
such materlal.
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secondly, the t{pp o-f dome wili depend upon the skills and.availability of tools assuming that all-the construction will
!e carried oui by the societyrs own members or perhaps withlittle outsj-de help" --r

. Our observatory was made_ entirely by the society members
go r dontt belleve it cannot be done by iny other so6iutv.---
Quite a ferv have. we have no_special trad6s amongst our-ranks,just the run of seemingly useless members like bank managers
who canr t even raise the necessary cap: tal when its neeoed.
He is somehow put to good use on the building site. Every
nan 1s a handyman in his own right"

The right way to start a project such as this is to
produce a set of working drawirlgsr I mean ful1 details, in
addition to 'l;he normal plans for the local council. You will
find i-t cheape:: to rnake mistakes on the drawi.ng board. than on
the, job and its easj.er to change your mind too if things d.o

not.'look right
, Whiehever material- you decid.e to use the geometry remalns

the same. Basically the ribs should be spaced to avoid over
wastage of the sheeting material and should be equi-spaced
around the ci-rcle to avoid awklrard, construction, Our doms was
frarned up ',vith square steel- tubingo as used in furniture
manufacture ancl the ccver material is zi-nc annealed sheets.
These materials were chosen because there were availabft,e to
us at cheap pri-ces and. a1so, since we had sma11 weld.ing machines
at our disposal, steel ribs became a practical proposition.
The tubes were cut to 'che required lengths plus cutting
allowances and rolled to the requj-red curva-bure in a metal
rolling machine. They vrere then cut with a haeksaw the
correcd places lvith '[he appropriate mjtre o:n double mitre as
the case-may bc, (fig lb)--[h6se cuts were first d.eveloped.
out on the d.rawing board and ternpl-ates made" The frame was
thus eonstruc-bed rib by. rib in situ"

It is a skillful job and also expensi.ve to form the
sheeting surface into a spherical shape so thdthe compieted.
d.orne looks spherical without flat surfaces. A fine example
of this kind of structure can be seen at the Sydney Observatory
where you w111 be taken on tour. Each panel ib a sma11 copper
sheet forrned over a cornmon mould and then rivetted together
to build up a dome, Incj.dently, the dome rotates on 6ta
eannon balls not a bad idea you know where to get some.

With modernlmaterials available and the high price of
eopper I woulc think the rib type of structure ilouiO le the
nore appropriaie proposltj-on.
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steel- nay not bc the best type of material to use as itgets r/ery hot in summer and condensa,tion on the inside in aproblem in the lvinterr_-but we found it to be by far the most
economical mater-ia-l" Iieat can be cut down to a. mi.nimum withjthe use of correct pai,nt - white lnstead of silver - and. bothheat and cond"ensa.tion can be reduced. by internal insulation.This can be done later ivhen funds becofoe availJblul-'-rn the
meantime tire obserrra,tory. can be i_n use

^ The i,vhole rib si::ucture is built up first and lveld"edtogetlierr,,"(fig 3a without the ;ollers)- just sitting on top
9f the 1qrl1, and a ple-roil-ed stiffening ring is placed i-nsioe
the rib frame at a po:-nt rmmediatgl y above tfle supporting
frame and'rollers" The weight of the d"ome is cariied on-this
or at a point near this ring by dropplng vertical suppo::ts to
the inner base ring which carries the rollers and drive. With
the completion of the frame the sheets can be put on. Thes€
are cut to th9 coruect shape first and drilled and pop riveted
to the ribs" (fig l"). Ilere is the beauty of squarb t.ube -it is not imperative that the dri-l,l- be dead centre of the rib,
which would be necess&ry in the case of a round rib and which
is practically impr,rssible from ou'cside .rnyway.

The sheets can be l-ai.d against the rib structure and
marked off with penci-l, t[en taken d,own and cut. It is
important that the sheet be correctly marked as it may not
fit properly'elsewhere, V/hen pop ri.veting the sheets they
have- to be lapped on thc ri-b and as '-ihe line of dlrection
changes at the rib face the ed.ge of the sheets should be bent.
This mav be difficuf'r as the sheet is also curved i-n the other
plane, "(fig 5O) and tirey become opposing folds whlch could
cause some buckling of -bire sheet, Apart from this not looklng
good 1t ma,kes it hard to seal against rain"

We had this troub--l-e and covered the join with a self-
adhesive metal cover srir:ip: 50mm wide, which seems to d.o the
job. The tricky pa.i:""L c,.l'sheeting is at the sicles of the
obsemrati-on open-ing ',rhc::c the sireeis ha.re to be cut at an
oblique angle*and'durired. ui: for flashing prrrposes. (flg l")
The more ribs you ha'ire -i;he less a problem this becomes because
of the less wid.th" The shutters we s;le cted. from the collection,
were the sliding apar"b ',;ype, in preference to the up and over
or others. Up and over needs a fa.irly accurate track to ro11
on and of course sone kind of ccunier ba.lance to take awa.y
the dead load o;hen pulling up and over" [he bottom part i-s
not removeable except by hinging dow4. All this seemed to us
to be a nuisancee although in its fa.vour, only a sma1l viewing
portion need" be open at the tirne.
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For oul ::r!oses 1^/e needed a wide observation port because
we waated to ci-splay large areas of the sky for group starpartiesr il pci::ti-ng out constellations and idendifying tneobject to be ;-ewed. we have found this not to be a laa thing
even under seti-:us observing .- conditlons, The recommended
slit opening is 25?'6 of dome-dianeter. For specialized observ-
ations where stray li-ght is bad a smalLer opening nay be desired.
with more constant dome movement. But 1n the case of public
viewi-ng a large cpening is necessary to avoid having t6 rotate
the dome too often"

tr'or a 5 "2n dome such as ours 1 .3m would be a normal opening,
but ours is '1 .5n representing nearly 3O% opening over di:imeter.
Some of this is lost by the shutters not opening all the way-
a portlon must stay within the opening.

The shutters are hung on Bangor d-oor tracks supported on
angle iron. The track rollers are bolted clo the doors. The
shutters are opened by cords and are locked with two catches
on the inside to avoid wind movement.

As regards d.ome roll-ers - one way 1s to mount them on the
wall- t face upr and allow the dome to turn on them or the rollers
can be att:ched to the dome and run on a track on top of the
wall. V/e found the latter to do the best job because the track,
a clrcle of angle iron, acts as a stiffener for the wa11. The
wa1l would" have to be strong to support the rollers. Our wa1l
is a circular single brick-wall witir tie piers set at 600

'intervals - this r 3ems to be standing up to the dome operation
very well after 5 years

The d.ome should e;:';e.Rd d,own over the outside of the walI
forming a skirt over i-';. This is a good way of flashing but
Coes r:"ot entirely seal off the observatory. llo do this it would
have to be more elaborate and more expensive, but the skirting
does a good enough job. venr;ilation at the top of this dome
would be an ad-vantage, especially with exhaust-fans,

fncidentally the rollers or wheels shoul-d be of some hard
substance, such as cast iron or pla.stic truck castors are
guite sui-ta-ble since six v.nll be needed, thus the wei_ght of
the dome ca.n be divided by 6 to d,:termine what sort of loads
the wheels have to carry. Rubber type wheels such as those
inside motor mowers are not suita.ble bec:iuse the tyres peel
off when the dome is rotated (rig 3f). The reason for thls isthat the perifery of the rvheels want to go 1n a straight line
and the hub 1s movlng j-n an Arc, conseouently the tyre and
the hub part ways.
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There is not time to go further lnto detail on the con-
struction of domes, but r would be happy to discuss details
with_alyone_interested ,in Ctr.irn€ construiiion, and also rnakeavallable plans

- -To finish up I would like to say that observing from
insid.e a dome is not the only way to observe in comiort. There
have been ma!.X Coudb or elboi,v tybe lelescopes made, trot for-getting the Sprlngfield mounting, where the eyepiede ramains
fixed. in one posltionr or, niay be viewed froro inside a warm
room.

One typq of mounting someone might like to try is briefly
d"escribed. (fie 4) It is based on the observer 1n a cage
id,ea that we have seen on large tel-escopes. fhe chair is fixed
to the tube which is mountea ait-azimuth, which m6ans the
observer rlrestslt in a vertical to horizontal posi-tion as the
tube is moved in al-titude. The canopy is constructed. around.
the observer and moves with the tube. It can be heated for
col-d nights but I would suggest making the-tube of.wood- or else
insulatlng it. The azimuth movement is mad.e by driving. the
frame on dastors on a permanent base of concrete.

. Improvements are possible for co-ordient read-outs sup-
porti:a by. " Oummy equatorial mounting. attachgl to tlu base
frame and "o"{"oif".i 

by a fixed, spro6ket i1 tl* centre of the
concrete base-ritfr." eirain d.rivln! an equaf size sprocket on
;h;-a;**y. [hi; then will always-point -in the same direction.
The othej: axes are fixed to the tube which rotate setting
circLes as the,tube is moved. Co-ordinates could be read
i["o"e[ o"n oi tire windows. An all-weather te]9.scope with a
b;ilt:i,"-ob=."nutory s &n ultimate in comfort. M?p!r eygplecese
photo,equipment cair"a11 be kept in the canopy and locked up
when not in usc
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