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Prirewinmer. In a close finish, first prize in the
TAS  literary  compelition wenl o Andrew
Kowley of Bradford, Yorkshire, who stood oot
from his closest rivals largely becawse of belter
presentation, Miss Lvdia Bevan of Isleworih,
Middlesex, was o worthy  ronner-up. Com.
mended entries were received from Tim Jack
som, Daniel Ogilvie and Kobert Webber, The
winner will be receiving a splendid book prize,
donated by Dr, Porter,

Changes. Through presure of work, George
Tewleman, our former Edior, has been forced
o leave his position of Public Relations Oificer
with the TAS, although be remains on Council,
Mr. Teideman has pul in much fime and effort
on behall of the JAS over a period of many
vears, and we are most grateful to him; our
Sociely would ke a lol poorer withoul his

presemeg. Peter Lancaster Brown 5 a new addi-

fion fo Cooneil. Me has been an aclive astrono
mAny yeals, internationally
known, Mr. Lancaster Brown promises to have
n long amd valuable future in the “engine
room' ol the JAS.

Expansion. With the increasing scope of FAS
Circulars, publication of the observing bulletin
Selen is being ceased, The expanded Circulars
arg mow  printing observational material, and
any outstanding money paid for Selfen will be
creditedd 19 an account the Circulacs,
Ohservations should, of course, continue to be
sent to the relevant Section Director in the
usiaal maanmer,

et for ami] s

with

vervmomy., JASN satellite observations are valu-
able, and shoull be sent directly o the afficial
receiving station. savs 5 W, Milbourn,  Mr,
Milbourn. Secretary of the BAA Satellite Sec-
fion where all British amatesr observations are
reduced, gave fips on satellite observing at the
fast Caxton Hall meecting. Serious  observers
may contact Mr, Milbowrn directly for sateflite
details, Remember—some basic equipment fand
kmowledpe) 15 essential.
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the radio galaxy
by Professor R. Hanbury Brown, rss

ih'uuﬂ all our knowledge of things bevond
our own Earth has come to us by radia-
tion which can penetrate the Earth’s atmo-
sphere. It is true we have learned something
from satellites and probes which travel out-
side the atmosphere, bul nearly all the experi-
meents carried out so far with these have been
concerned with local things within our own
solar system. In due course we can look
forward to leaming a lot more in this way,
because satellites can receive radiation from
& much wider range than we can on Earth
This, of course. is because the Earh’s atmo-
sphere absorbs =0 much useful radiation.
The most obvious sorts of radiation which
penctrate the Earth’s atmosphere are, of
course, light and heat, bul there are others
less obvious, for example the fast particles
called cosmic rays, which are studied by
physicisis, And then there are the radio
waves used by radic-astronomers,  with
which I am concerned in this article. These
are exactly the same sort of waves as light
and heat, but they have a much longer wave-
length—typically, radio-astronomers  study
waves of a length of aboul one fomt, as
opposed to the infinitesimal fraction of an
inch that is the wavelength of light

Blurred
This long wavelength has both advantages
and disadvamtages for the astronomer., One
useful thing abouwt the radio waves that
pierce the atmosphens is that they will tmavel
through clouds without being scattered in
the way that light is—not only through the
sorts of clouds we have in the atmosphere,
but also through the great clowds of dust that
lic outl in space, cutting off the light from
distant stars and preventing us from actually

seeing most of our galoxy.

13

On the other hand a serious disadvantage
of long waves is thut they need correspond-
ingly Lrpe instruments o focus them, Radio
telescopes are large and expensive, and when
ull is said and done they give us only o verv
blurred picture of the sky, I

Mevertheless, we accepl owr limitations,
we svan the sky with our radio telescope und
we compare our piclure of it with the picture
seen by our colleagues, the optical astrono-
mers.  First let us muke this comparison in
daylight. In the daylime we take it for
granted that we cannot see the stors, In fact
this is because the light From the Sun is
scatterad by the Earth's atmosphere 1o such
e extent that the whale sky i= bright, and
against this bright background we can pick
out only the Sun and perhaps the Moo,
The mdio-astronomer’s view is  different.
The Sun is still bright 10 him but it ne
longer dominates the skv. The Farth's
atmosphere does not scatter the longer radio
waves in which he is interested and he can
study objecis well bevond ihe solar system
by day as well as by night,

Flattened

If we wait till the night, then of course the
optical astronomers come  into their own.
They see a host of stars; the brightest o ppear-
ing in all directions because they are close,
but the fainter ones concentrated into a band
which we cull the Milky Way, Tt is & side-on
view of the flatiened disc of stars that makes
up the galuxy, as seen from our own position
about fwo-thirds of the way out from the
cenire,

The radio-astronomer  sees  something
quite different and rather surprising. e
does not see the stars—except for the Sun,
anil he onlv sees that becouse il i= 5o close



The fumiliar constellations fike the Plough
and the Southern Cross have all gong, Bt
their pluce is taken not by obscurity bul by
it wholly mew picture. Now the mdio tele-
seopes reach through the dark clowds of dust
and show us another aspect of our galaxy
There s a bright band of radio emission
which [ollows the Milky Wayv across the skyv;
il 5 brightest when we are looking towards
the centre of our galaxy. It s ¢lear bevond
any doubt that this bright band comes from
the gulaxy, but there is still o lot about it
which we do not understand,

Mysterious

First of all, the radio waves which maks
up the bright band are not coming from the
slars. Their origin is still parily mvsterious,
but in the kst few vears we have begun to
understand it. There seem o be at least
three ways in which these waves are pener-
ated.  The first way—and incidentally the
first one 1o be chearly undersiood-—is by hot
hvdrogen gas in the space between the stars,
This space i nod. ks one might imagine, @
vacuum bt instead is filked with a very, very
thin gis, mostly hyidrogen. Near o hot stir
the hydrogen atoms gel broken up into
opposilely charged parts—protons and elee-
trens—and it s the repid motion of the
ekectrons which penerates some of the radio
waves which we see coming from the Milky
Wy,

But this hot vdrogen cinnol expluin (he
whole of the bright band of radio emission.
There s some more powerful and unsaal
process also at work between the stars, and
we now believe that this process is Tound
in many  rmdio sources  throughout  the
LRIvErse,

This process is the “synchrotron™ emission
of radio wiaves by very high speed particles
travelling through the space between the
stars. These pariicles are electrons, which
have the same high energies as the cosmic
ray protons, The radio waves we pick up
on Earh are senerated when these elecirons
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are deviated In a very weak magnetic field
that must exist in the intersiellar gas.

Finally we come 1o the third source of
radlin witves from our galaxy. This third
gource is exploded stars or, as astronomers
call them, supernovee. A supernova is a
miassive slur, which, reaching a critical con-
ditien in its interior, explodes and blows off
s mass i oan expanding cloud, The bes.
kmown supernivie 88 the Crab Nebula which
is the remains of o star which setually ex-
maded in A, 1054,

We find that these expanding clouds are
powerful radio sources and we see them by
out radio telescope as bright patches against
the continucus Tainter background of the
band thiet Tollows the Milky Way, Incident-
ally it seems possible that these remnants of
supernowie mav he the onginal sources of
the fast  particles  which | mentioned
earlier on,

I heve dealt &t some length with the arigin
of the ridio waves from our galaxy because
thear origin is vital o our interpretation of
what we see with our radio leleseopes. We
can make, and we have made, detailed radio
maps of the sky and. as 1 have sasd, these
maps show us the Milky Way very clearly
indecd, S0 we do know we are Tooking al
our own gabaxy, but until we know more
about the orgin of our waves we have no
proper key Lo our maps,

Immersed

Let me give just one clear example, Cur
radio: maps show, much e our surprise. that
the galaxy, which as you will remember is o
Targe Mat disc of stars, is immersed m e much
larger region emitting rudio waves, This may
be o very extended corona or halo surround-
img the gabixy, but nothing can be seen of it
optically, We suspect that the dise of the
milaxy is surrounded by o halo of very thin
gas, but we cannot tell how it is formed, how
it Is supported or where it gete the energy
which we detect os emitted radio waves,

S5 fur 1T am afreid 1 have presented o
rither nebuwlous picture of the radio galiaky,



bast it is wl Feast a picture which wall tell us
a ot when we understund 1. Now et us
Iook at o different ond clearer picture which
radio-astronomers have put together, Opticul
pEtronomers find that many galaxies show o
pattern of spiral arms which stick out [rom
g central nucleus, But they are not sure if
this is true of eur own galaxy., Radio-astro-
nomers have been able 1o confirm that these
arms do exist in our galaxy, and have been
able o give use a clear picture of them.
They have done this by studving the cold
hvdrogen gas which collects  between  the
stars of the spiral arms,

Invisible

This cold hydrogen cannol be observed
optically because it does not radiste licht
But it does mdinte on one particular radio
wavelength, 21 centimetres. So il we, so 1o
speak, tune our radio telescope to pick up
21-centimetre waves, we can detect clouds
of this otherwise invisible hydrogen in the
Milky Way. Next we want to find out where
the hvdrogen is and how much there is of il
We can pget the direction of a parlicalar
clowd of hydrogen from the direction our
radio telescope 15 poinding, and we can find
att how much hvdrogen is in the clowd From
the strength of the radation. We can also
amdd this is less obvious—get the distance of
the cloud by measuring s speed.

| think 1 can best explain how we work
iut Lhe distance of the clouds like this. Ouwr
palaxy, which is rather like a hupge cartwhiecl,
turns slowly all the time about its centre
But unlike @ solid wheel, the time for one
complele rotation round the centre is not the
same for all pars of the wheel, The time
depends on the distance from the centre. 1§
woul work this out in detail vou find tha
because of this varying speed some parls
af the galaxy seem 1o be approaching the
Earth and some to be receding, Their speed
relative 1o us depends on their distance. 5o
by measunng the speed with which a parti-
cular clowd is approaching or receding, we
can work out how far away from us it is,

Rnowing the direction and distance of gas
clowds, we can now go on W plot & map of
cold hydrogen gas in the galixy, In fact, this
his heen done and il is in my view the most
impoeriant contribulion which radio-astromo-
mers have made to knowledge so far, for it
gives the first reasonably complete picture of
our own galaxy, We already knew, from
optical work, that the galaxy is o thin disc
of stars with o diameter of aboul seventy
thowssand fight vears and that the Sun lies in
this dise st about twentyv-five thousand light
vears oul from the centre, We also suspected
that this dise had o pattern of spiral arms.
But now, singe cold hydrogen gas happens to
e concentrated into these spiral ams, when
we fook at the mdio-astronomer’s map of
this gas we can really see for the first lime—
and it is @ spectaculir sight—the spiral struc-
tre of our galiaxy.

We can now see thal the disc of the galaxy
i3 mot smooth pnd featureless, bul is made
up of spiral arms. We can count these arms
and we can see how thick they are. we can
also follow them outl from near the Sun inlo
regions well bevond the gnlictic centne from
which light could mever reach us because of
the clowds of interstellor dust

In conclusion, we have seen that the
rudig-astronomer sees o different view of the
galaxy o the optical astronomer, The optical
astronomer s mainly  concerned with the
stars. The radiv-astronomer is more con-
cerned with what goes on in the spice be-
lween the stars than he s with the stars
themselves. Tt is in this space that we find
the s from which the stars are bom, and
s the investigation of this gas, made possible
by radic-pstronomy, helps us o understand
hiovww the stars seen by the optical astronomer
came o being. In fact, at the mement the
task of resenrch—and u very inviting task-
is [ov try to make one picture of the palaxy
ok of these two different views.

We wish te acknowledge the help of the author
aiel Frofessor F, Graham Smith in the preparation
of this article, which was adapled from the RRC
mpehlication AR af the Lmiverse



new views aboul mercury

hy Patrick Moore, rass

n we consider (he amount of published

material dealing with Venus and Mars,
we tend to forget that Mercury—innermaost
of the planets —is also within what may be
called ‘probe range’, even though it never
comes much within fifty million miles of us
Of course, Mercury is a most unwelcoming
gort of world, and it is oot easy to
phserve; bul it seems o meril mone attention
than it generally receives.

MWlercury moves round he Sun a1 o mean
distance of 36,000,040 miles, but its orbit is
moeh more eccentric than the Earth's, so
that there is a considerable difference by
pween perihelion and aphelion distances. The
dinmeter is wsually given as 3,100 miles, but
recent  re-measures lend o reduce this 1o
wround 289000 miles, so that Mercury is coni-
parable with the Moon even though it is
appreciably larger as well as being denser
andd more massive.  The low escaps velooiy
means 1hat there is no appreciable almo-
sphere; traces of a mantle have been reported
by Dullfus, Kozyrev amid others, but ithere 1=
no evidence firm enough 1o satisfy every
critic. And wntil recently, it was assumed
that the axial rotalion period moase be the
same as the sidereal period or Mercurian
“year™: 88 Earth-days.

Mercury is dillicull w study, because its
nearness o the Sun means that it can never
be scen against o dark sky except when
hopelessly low down,  Generally, all that
can be seen is the characieristic phuse, which.
anlike that of Venus, does not seem o show
a Schriter effect. {1 went quite deeply into
this some vears ago; and though T am not
vet entirely happy about the resulis, it does
look as though the absence of Schrister effect
is due tw Mercurys lack of aimosphere.)
Maps have been produced—but how reliable
are they?

Schiaparelli produced & chart of the sur-
Frce features.  He was followed by E. M.
Antenindi, who, in the lue 19208 and earls
fadis, used the Meodon 33-inch refractor (o
pracluce what is still the officially-aceepied
map.  The names of the surface featurcs
alzor are Antomiadi’s: we have the Solitudo
Hermae Trismegisti, Solitudo Criophiors and
pthers.  Various later maps have heen
published, bul it is not easy o ke them
setiously, Not so long ago, o map cams ol
in u well-known  American  astronomical
jonrmal giving line details on Mercury as seen
witl, I think, # f-inch eeflector, . | .

Certainly Antonindi, o bynx-eved observer,
usimz 4 piant elescope, might have been
expected 1o produce something relihle. And
vet there are two disquieting facis,  First,
Antoniadi  believed in the exislence of an
appreciable atmosphere, and said that on
Mercury the atmospheric clouds were “more
Treguent aml obscunng than these of Mars™,
| doubt whether any modlern astronasmer
wohd credin this. Secondly, Antoniadi’s nup
leads o the definite conclusion thal the rota-
tion period of the planet 15 captured; that
is Lo =ay, 8% Earth-davs Bt if the recent
American results are o be believed, 1he
rotation period is only about 59 days; Mer-
cury docs noi keep the same face 1o the
Sun all the Gdme, sooghae there s no one of
permanent day, no area of everlasting night,
amd o romantie Twilight Zone an between,
This does not mumke Mercury any the less
hostile. but it docs seem o0 me o0 make
nomsense of Antomadi’s map,

I have looked w1 Mercury on miany oo
sions, sometimes using large telescopes, (B
“large™ | mean refractors over 18-inch aper-
ture; with o reflector one is bound o run
inter irouble, since Mercory has (o be studind
in Wroad davlight.h 1 have seen some durkish



murkings, but | have mot been ahle o
identifly many of them. Frankly, 1 think that
a new map is needed; this will meun o pro-
longed penod of study with powerful equip-
mient, amd smateur-sized 1clescopes will mon
dis.  Neither will modest observatory lele-
scopes: ihe Armugh 10-mch refracior, which
15 extremely good inoguality, is onot large
eniouzh, as | well know,  Undoubtedly a
better map will be produced sooner or later;
pritime, W must admit that we know very
litth swhout the Mercunian surface.

Years ago—it must have been around 1949

I suggested that Mercury might have
craters on il similur o those of the Moo,
and that the surface might well be lunar in

v, though with g less regular arrangement
of craters amd probably less of a grud system.
Since then, we lave found that there are
craters on Mars—though these 1 most cer-
tainly did not predict!—and 1 consider that
there is every chance of their being present
om Mercury oo, Evidence for or against
this idea will have to await resulis from
probe Lo the planet, and this will probakly
be done within the next few decades, if only
to find  out more ahoul Meroury's  mass.
Meanwhile. ook at Mercury when vou have
the chance: note 118 changing phase; try to
muke out the most prominent of its dark
markings—but as yet, don't trust the pub-
lished maps!

big numbers—a cosmological enigmu

by Alan Wright, es:.

f 1 were to measure two picces of wood, |
miight hingd that one was 2 0L long and
the other 5 fi. long. If my rule was only
ihle 1o read in inches T would find 1l they
wene 24 inches and 60 inches. Amin. if |
were to measure the same pieces with a
metric rule I should fnmd they were 61 ¢m
and 152 cm, However, althowgh thit num-
bers have changed. nothing can alier the fuct
that one piece of womd is two and o half
times a5 loag as the other and that in each
cuse the ratio of the two kengths, in whatever
units thev happen to be measured., is 24,
Thiz ratio is an example of @ Dimension-
kess Mumber. For anvher example let us
bk at the distance from the Earth to the
Sumn Fhis is ahout 93,000,000 miles  or,
mere conveniently, 93 & 107 miles. However,
this mumber can be made as small or as large
as we like by changing our vardstick. For
examphe, this distaneg 1z 59 5 107 inches. or
15 x 10" em, or O0000ES hight years, Simi-
lirly the rtio of any 1wo measurements of
the same quantity s also o Dimensionless
Mumber, whether it be leneth, time, speed

weight or anvthing else, and so0 s naol
changed by changing our vardstick, Thus
these mdios have & more fundamental signi-
ficonee than mere measurements expressed
as 50 many feel. or pounds, or whatever

Fadington, and later Dimge, were amongst
the lirst to realise that there weore amaring
coincidences  between  the  fundamenial
Dimensionless Numbers of the Universe
Fvents of evervday life are controlled by the
behaviour of extremely small atomic par-
ticles Fddington tred o hod a connection
between ihe world of alomic particles and
the Umiverse as n whole, In this he was une
successful, but he did make one significant
discovery—the Big Mumbser ratios hetween
the scale of the Thmiverse and the scale of
[he mtom,

The electron is the smallest of the hasic
builiding blocks of the Universe. TF we fry
fiv gstimate how many of these the Universe
comtiaing, we pet the staggeringly Targe Ngure
ol 107%, Mow, king the mass of the lightest
atom, hvidrogen, and comparing i with the
hesi estimate Tor ihe mass of the Universe.



the greatest mass conceivable, we have
approximately

Mass of Universe 10 grams.

Muss of hydrogen atom 0= grams.
Ihe ratio is again 1075,

To derwve another Dimensionless Number
we compare the two most fundamental Torces
acting between the electron and proten in
the bydreeen stom, We find that the force
of electromagnetism divided by the force of
gravitation is approximately 107 which is
the square root of 10°°, The smallest funda-
mental distance conceivable by atomic phy-
sics is the classical radius of the electron.
Comparing this with the mdius of the ob-
servable Universe we find sgain that their
ratio comes out gt something like 107
These four numbers are the only ones of
fundamental significance thuwl com be con-
siructed.

The chances of these fundamentul ratios
arising by coincidence alene is =0 small as 1o
be neghwhle. This encouraged Eddington
in his suspicion that there could be some

inlimle connection between the atom and
the Universe, In deriving these dimension-
less Big Numbers, all numerical factors such
as =, or X or 4 have been omitted. They
could casily have been used 1o make the
coincidences exact. bul in view of the un-
certainty of the basic duta this is not very
meaningful.

The final yvears of Eddington’s life were
spent following up this important clue, His
work culminated in the writing of Fundu-
et Theory, published im 1946, in an
witempt Lo mathematicize the very natire
of existence, Unfortunately, Eddington’s
work is so involved and used such difficult
prouments that only a handful of even the
mast brilliant scientists have found  them-
selves able to examine this work in detail

Serious doubts have been entertained as
o the cosmological significance and useful-
ness of Fddington's work, Nevertheless the
relations remuain as tantulizing pointers to a
fundamental relation between the atom and
the Universe.
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’ BOOKS 1y Susan Fiennes

AR oF Astrommy by A Welgerd and HL Slmmer
mann,  Adam Hilger Lid, I%7 35 pp k1]
plates, S

ABC mem Astrososie was first publistied in
Fadern Germany in 19600, the work of twn
authors from the University of Jenz, and
jstly won fer itself a repotation as the most
eatensive and profescional publication of i
Ivpe, This Englishe edition s & conscientious
and able translation of the 1967 second
edition, and remains far in advance of anv
competitons

The publishers- do not advertise it as a glossy,
luxury preiction. The type is tiny and the
pages. appear cramped @ the disgrams are
rother small. and many of the photographs
show evidence of having been  re-screened
from other publications. The book iz also
characierised by o peculinr smell, presumahly
u result of the inking on this German litho
procictiog,

But in conlent there is very litthe o crilicize.
The full speetrum of astronomy s covered
in & well-balanced fashion, the most Import
ant subjects being singled out Tor article-
tength reviews. A parficalacly useful hahit
of the suthers ks the inclesion of thumbnail
hiographics on famous astronomers: at last
I can sort out the various members of the
ubisgguitous Strave family. The pall-out maps
and  pocket  planisphere hardly - replace
Mortan™, but are ab least a useful guide 1o
the vonsicllations and their boundaries

ABC af  Asteenomy  conbains abhout 1,200
ertties and over a gquarter of o million words
In a work of this kind, it s easy to fnd
micsed entries. Drs, Weigerl ond Zimmer
SR remarkably  gomplete in their
coverage, providing copious cross-references

This is not a beginner's book § but i makes ar
exceflent companion fo (he other volume
reviewis] fere

HEJ S

EL

Essentlabs of  Astromomay by Llovd Motz and
Annetn Duveen. Blackic & Son, 1966 711 pp

Tue covmnre book on astronomy can never
Be written, Nevertheless, many comprehen-
sive texts have been attempted, the best
being those written for first-year astromomy
students.  This four-part volume, by two
teachers at Columbis University, is not only
the hest example of s class, but also fhe
mesl  outstanding  genernl  astronomy  texl
evier produced

The framework. is similer to Struve's Elcnoen-
fery .-|1|'.l'rar1.-.-rr|_'.'. but the ireaiment is far
mare comprehensive and detwled than even
that classic work ; Motz and Duveen have
produced what is virually an astronomical
encvelepasedia, This is not o book for the very
voung, Simple equations and formualae e
stated where necessary, bat the mathemaltical
treatment ds deliberately  and  successfully
ke toa level onderstandabie by those who
have a background in alechra anly.

Evsentiale oof Asteoncny is beautifully printed
and luvishly illustrated, Threooghout, there
are hundreds of exeellent photographs and
elear, simple diagrams, the majority of which
are maost efleclively  double-colour  printed,
The Index is most impressive - i runs to M
pages. This English edition b= a dirset re-
print from the existing Amcrican plates, and
comscguently  there is no amendment  of
spelling or slight errors—sach s in oo dia-
pram  captioned “The viewing of comels™
which actoally relers to meteors,

Mevertheless, the text is authoritative on every
branch of astrenomy, all the way from the
solar system o stars, galaxies amd guasars,
In relation 1o ils presentation and content,
the price of the book s remarkably low ; in
fwet, it renders nbsolutely everv other intro-
ductory astronomy text superflluons, Already,
Eventialy of Axtronomy s becoming  the
standard  work  for 07 level astronomy
studies, and must doubiless also become the
faveurite stepping  stone for the amatcar
who wishies 10 improve his view of the uni-
WETHE,



=9 specirum
by Joslyn Darby

Patron honoured by
Roval Astronomical Society

lams Gy Poser, Patron of the Junior Agro
nivmical Socicly amd for twenty vears a Dhirecior
of the Hritisd ssocintion’s Com-
Puling s,
awarded the Jackson-Goavilt Medal and Gift of
the  Hoval Astronomical  Socicty [T
wis made in orecognition of his work on the

Asironoamiecal
Seclion, was, on  February 9

nward

arbats ol comels and melcors and of his activities
n e promation of |1||'~||-. ICFERD i aslrooy

[Dr. Porler was a professional  gstroncdaner  in
H.M | Mautical

Ylimanae (hce from 1949 gantil
Aihough be ook his first
which he then taught, he

e fFelired o 1'96G)
degree in chemisiry
abrinined s doctorale for

al 1he

1 peEneratng anmlvsis
chservations of the orbits of
therchy establishing lamsell as an authorky in
the hield

In presentmg the awnnd, Mro Ix. H. Sadier,
H A% Prosoclent. said

Mmeterrs,

“Portors greatest service
selence may  well ppove 1o be the en
mlormed  pablic

His mtonihly radio ialks,

Py oLk
waragenmient ol interest  in
“ agelrd

eV, Tromy 1946 o 96T sel o pattern for the

PSLEC IO Y

combination of asuthoritative information  with

absorbing  imteqest ; he has the greal gill, or

nwwee probably the woguircd charncteristic, o
bging able o communicate his own enthusiasm
and he has wsed this e the Tull, He has since
nd  belevision

progrommes  dealing  with  astronamy,  mcluding

copliibuted 1o many other radio

schonds  beoadeasts, amd he has lectured  widels

He st have been responsible Tor encouraging
hossamds 1o fook a1 the night sky with increased
l|||.|;|-l.|||.||||!.' Camil wath gresiler respect {or the

achievements of astronomy.”

The friendly opticians

(Luteny Lid. are a
“Come and look

ASTROMOM IO AL
very  friendly

Faurpars
|1|'||;||.';|.r wirks
round,” they said, 5o 1 went

Their shop s g Blee-fronted ossis 03 fence-
like line of hall-forgotien buildings near Luton
stationn.  Inside, the skeletons of telescopes hang
from the walls., Hul the four working Directors
of AF are industriously putting Dife into iheis
plans lor guadity oplics al cCOmamy prices.

Wi omam o omake and [es) -;w...-rg..':h:m_.- wnder
one roof.” said Director Jim Hysom, 3. “That
way we market things cheaper than anybody
Japungse.”

Casures 18

cven the The swccess of AE'S cost
Cutting reflected Im ther exporn
markel, rapidly Sany
mesderate-siged telescopes are bemg solid all over
the world, especially to America where there s a
vast market i educational a@xlronomy.

which 1% IBCreasing

Or. Porter displays thae  Jachsan Gwitt
Medal attor the predsstation,



High-speed grinding and polshing machines can
rocuce a finished mirror or lens in o (rection of
e time ot would take o hamdgemdd. Two and
alf thousand ropom. rotating diamond lools auto
nalieally rough out the glass blanks to shape .
fine-grinding 15 done by hand, with carborumdom
WWET & rmaling Ccastaafon (00| SYnd in the hack
ground polishing machines groan away the lasi
iponising hours tooan oplically perfect surface

“Anything aed perfect s re-worked™ say the
Ivrector of AE. “Its o woeste of time, ol we
lov 1, We aim for better than &1 wave acciracy

that’s m milliosth of an inch, This makes sure
ill the light poes mto the image where it's needed.
It keeps star images small and increases conbrsi

We don’t allow scratched surfaces to go outl al
il : we set ourselves o mach highe
than anvone else at the spme price.

sianclard

Ilighr- AE Dirscter Joka Mathery with & 10-inch tube
and ipecial-derign squatosial head

Unveiling two of the secret scientists of Britain .°, .

“Let sip tell you about my discovenes.” T, B
Orton lives within o kangaroo's hop of the Earls
Court Road and is eather reticent about Jus age.
He owns severa]l  unbikelv-lookimg  peces ol

apparatus, his pride being the seli-anointed “Orio-

wope . He was willing 10 let us be the first 1o
know what it would do.

The first surprise was s determinaten ol
dellar compositions —from  photowra phis Hu

claims 1o have wsed this method on Nova Dl
phini pectures: “The Roval Gresawicli Ohserva-
tory spectrogram of the nova shows calciam—ban
that's from the Earih’s atmosphere. That’s where
["'ve hegten them.” He alio geemed o think that
Harold Spencer lones was Astronomer Royval. We
pressed on.

For according to him, everyihing starts oul as
hydrogen wivil then progresses up Lthe atomig scale
passimg  through s cometary  phase and  then
hecoming a plancet, Measured from our phote
graphs, the Andromeda galaxy was of wlomic
welght 130, he told us. "It will soon start to
career round like a comel, OF coure. it could
take fwo or thrée light vears,”

41

A wiEmRD contrivance. which worked wathoul any
operator inlerlervice, was demonsiraled fo the
MW.E. and E. London Ciroop of the JAS {now
NELAS) in Qutoher, 1956,

The fact was, o cerlarn Mro X, being exiremely
intercsted in cosmic ravs, assembled o opece of
AP ralues |.|.:-u-:i~.l:||y of wine, some rods
from maznelx lebds™  and
har, An electrie Bell was mounted on o separaic

“shielids

o sharpencd coppeer

piece of wood 1osether with 4 torch bulh and
moior.

Mr, X then explomed thal cosnuc ravs lell on
the sharpened copper bar, and electricity  was
produced which ran 0 the bell, lamp and motor.
The apparatus was demonstrated, and the bell
wis dulv rung and the lamp lie Mro X cxplaimed
that o much larger device woilld b
chouigh o drive a car.

pevwer il
Ihe apparatus was carcfolly  cxamined and
1||;'||_|||ni.__- seemed o indicate that the machime was
a hoax, Ahout a vear after, Mr
mental hospital @ infor
mation has since been obluned. Today no one
i any the wiser and this remains o mystery

X oenlered A

comseguieitly  neglizible



are peculiar galaxies peculiar?

by Paul 6. Murdin s (University of Rochester, New York)

prevequisite [or the study of & subjpect is

a mappine out of all the obgscts to he
explained.  This point of wview hos  been
emphasized by Fritz Ewicky with his e
searches with the 48-inch Schmidt 1elescope.
He 521 himsell the conscious task of dis
covering all the kinds of objects in the
Universe he could think of —and in stariling
measun: his succeeded. His discovery of
fuint blue stars and the dwarfl galaxies in
abundance is vindication of his basic empiri-
citl wiewpainl.

Cwe of the direct oncomes of the Fwicky
viewpoinl (which is described in his bhook
Muorphological Astremony) was the Palowur
Wov Aras, consisling of reproductions of
48-inch Schmidt plates taken lor the entire
sky wvisible from MU Palomar, Evervone is
mpressed  ust looking gl the chars. with
the abundunce of galaxies registered on the
plites. One astronomer who systemuatically
searched the Palomare Atfas inspecting the
images of galaxies was the Russian B, AL
Vorontsov-Velyaminov.,  He published in
P o selection from the Palomwre Aifas of
blow-ips of intermcting grlaxies, One of the
palaxies illusirated was the celebrated Whirl-
pool Galaxy (M S1h with an elliptical galaxy
(NGC 5195) stuck w1 the end of one spiral
arm of the larger spiral galaxy (see Hermes,
Cllober [9aT)

Aparl  from  inferacting  galaxies  with
bridges between them., Vorontsov-Velvami-
now fonnd lone palaxies with bridges jetting
into -nothing! These galuxies were Tabelled
peculiar and gradually every pgalaxy that
could not be fitted into the Hubble scheme

found atself with that label, including the
mmeracting gulaxics,  The 48-inch Schmid)
had revealed the extent of this. class af

waliaxies
Lion,

precisely its morphological inten-
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Moy i new Adlas has appeared. The Arfas
of Peculine Credavies by Halton Arp consists
of reprosductions of photographs taken with
the 20ik-inch Palomar rellector, 1t is pub-
lished in two forms -as o bound volume of
direct  photographic  reproductions and  as
Asiropfvvicad Jowrnald. Supplement No. 123,
Mowvember 1966

Here are 338 pecelior gilasies of all Kinds

maluxies with pets, with rings, with counter-
tails: spirals connected (o ellipticals; spirals
of low surface brghtmess, spirals with ong

VI

“Spveals appear divierbed)
Arp fersety of NGO 5.""44 45,
the official name {or this
Towrg=knenwn abjeet,

double galaxies, groups
(e feels,

extra hrght arm;
of gdhisies, chamns of galaxies,

beafing through the Adas, that if one can
imaging o peculiarily involving o galaxy then
it s illestrated somewhere here, 1L goes

withoul savimg that no one kKnows. how o
cuplain these objects.

he following s, | feel, o significant point,
We should not prejudice our opmions of
these objects inoany way before we ¢an
satisfactorily explain them, Hence the name
pectitiar for these galixies 5 objpechonable.



lake another instance in recenl astronomy
where the term peculiar is badly applicd, as
is just now becoming apparent: the = pecelior
stars’,  What this term really mieans 15
“stars which do not it in to the Morgan-
Keenan classification™. It has been applied
famoengst  othersy 1o metallic-ling  A-stars,
P Cyeni stars, Woll-Ravet slars, cvanogen

A ving withont a cenfre, amd @
fiffeed eflipse —a pecolior pafuxy
with perfaps seaile disfan
relentionisdiips tev barred spieads,

Fhe guerving loop [LDWER RIGHT)
has been identified with a
radio sowrce.

stars and sturs known even now as peculir
A-stars.  As we study these objects, how-
ever, we begin 1o realize that  they are
perfectly explainable (although they might
not vet have been explained),  For example,
Abl has shown that metallic-line A-stars are
all members of hinary systems:  presumably
this is connected with their peculiarity: or,
pul another way. binariness “causes™ metal-
licity--any A-star in a4 binary would be a
metallic-line star. They are no longer pecu-
lir—pust hinaries,

We gel another justification for this view.
point that pecilfar galaxies are not peculiar
from the Aoy iself,

One of the peculiar objects s a galaxy
consisting of o ming without a centre and a
sausage-shaped object a litthe way away (see
photograph), What could be more peculiar?
Yet we see in the Aras no less than three
representitives of this peculiarity with the
sausuge positioned nearby 1o, and in the
centre of, the ring-—as if in some way they
are examples of different degrees of evolu-
tion of the ring and sausage.  Indeed il we
call the “sausage’ a bar and the “ring” a
spiral, we are forced 1o recognize the simi-
larity of this pectlior galasy 10— barred
spirals!

Maturally. this doesn’t explain anything.
bul il &8 a point of view which we cannol
rule out,

One more thought; Arp has found  that
u significam number of quasars oeur in
pairs of equal brightness with & pecnifar
galaxy halfway hetween them. Can it be
that this is the “explanation™ of peenliar
pulaxies, in the same way that peculinr
metallic-line  A-stars are “explained”™ by
hinariness? Clearly it is oo soon o tell.
Let us naot prejudice this explanation by a
bud momenclutire,

Iowill leave the linal question o the
pecilior galaxics themselves:
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he constelbation Ophicchios (pronodnded

olf-1-ukus) or Serpent Hearer, lies exictly
o mid-hevens being situaed half-way be-
iween the Morth and South poles and alse
the Werpal and  Autemnal Eguinos. Al
thivugh the ecliplic passes within its southern
forders, it i not ineloded among the teadi
tonal wodiacal groups, On the older maps
the constellabion was mbernuxed with Ser-
pens.  The ancwent astronomers who pamed
them imagined they saw the figure of o gian
prasping o writhing serpent with his hands,
and ths the tithe Opliochus s derved frim
twos Crreek words meaning:  “The muan who
hiolds the serpent” His hewd 15 supposed 1o
bie just below the MNorthem Crown,

The conhgurataon, althoush Lirge moarea,
5 it prominent constellistion w the casual
eve, but it is rich in telescopic ohjecs, Per
laps it is best abserved in U British Bshes
o i chewr, moenless summer might, 1 i
advisahle 1o have o guide chart, nmd one cin
locate it by extending a line between the
provinent  Mortherm Crown and the
Shicur ( Alpha Aquikieer, Almost exactiy hall-
wity 15 Lhe brightest star of the constellation,

wlial

~ ohserving the
a Constellations

by

Peter
Lancaster
Brown, raes

Alpha magnitude 21, a4 white star popularly
known by its Arabian name Ras alhague
The Hewd of the Serpent-Charmer,

Beta Ophiuchi (Cebalrai—"the heart of
the Shepherd™—is nine degrees 1o the south-
east of Alpha and s oo yeflow-orange colour,
magmitude 2-9.

Delta Ophivchi (Yadl—in the hand' -is
aniher vellow-omange coloured star, magni-
tucg 340 amd 05 pust owsthin the modern
boundaries of the constellation.

Lambda dphiuchi 5 & binary  svsiem,
magnitudes 420 wnd 525, und with a period
of revelution of 132 VEirs, S.L*pulu[j-_ln =
11 sees. of are and although the distance is
increasing, 11 requires ab leasl a 67 OG0 w0
be sure of splitting them

Rho Ophinchi is another beautiful hoary
system, magnitudes 57 and 4. This star
will euasily be located il the night s trans-
parent as it is only 37 norh of the bright
star Antares which, on i Summer's evening,
Fromm the British Isles, cin be séen Mashing
itidescently just above the soulhern horizon

Tan Ophischi = 0 binary svslem with a
pericd of 223 yvears, magmitudes 53 and 60,

ficablinhes
ovar 50 wRird
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angular separation 1'% secs, and just within
range Of @ top class 37 O.G. and o moder-
ately high power

I'wo other binary pairs well within range
ol the smaller refractors ane 70 Ophiuchi,
mikgnitudes 43 and &40, separation 34 secs,
pericd 8% vears, and 36 Ophiuchi, magni-
tides 53 and 53, separwtion approximaiely
44 sees, peraod 549 vears

One of the most interesting stars in the
constellution is one first nusticed in 1976 by
the Amerigan  Professor E. E.
Barnard, who found afler checking  back
through older photographs that the star had
a very large proper motion mounting o just
over 10 seconds of are, Viswally it is o fwim
star, of magnitude %7, bul trgonometrical
paridlax measures show it 1o be a new neigh
bour of the sun only 6 light vears away,
Ihis being so implics that Barnard™s Star is
i dwarl variety very similar w Kruger 60
Hermes, p. 148, (kiober, 1947},
Although Both its mass and radius arg only

that of the Sun, its denmsity is at least
twently-hve times greater! [z rapid motion

Famariis

[ mei

van be appreciated better il vne considers
thiat in 175 vears its apparent motion is equal
v the angular diameter subiended by the
Fuell

Moon

Ophiuchus s also a rich region for vari
uhle stars and additionally, becawse of the
proximity of the Milky Way, sumenoos
have been  discovered within il
borders. Cme oF the most peculiur of wll
RS Ophivchi —is what is called o recurrent
novie amd lirst come to notice with an out-
burst in 1898, after which it rapidly faded
hack to magnitade 10, Tt brightened again in
19335, 1958 and recemly on Ootober 26,
1967, a rise which was co-discovered by
Boughis saw, o Dritish amateor living w
Avlesbury, Buckinghamshire, This is a slar
which must be included in the list of every
observer for one day he may have the good
fortune o make an independent discovery ol
i luture Hare-up,

LTS

Hefore 1850, four brght  povae  were
known (o have occurred in Ophiuchus, The
tirst was seen i 123w, the second o

1230 Ao, the third one in 160, and i s
popularly known us “Kepler's Star™. The
latter star, however, was probably discovered
by his pupils Mostlin or Brunowski, but
kepler wrirle a book about it. This was no
arditary novi, but o tvpe known as a LupEr-
nova of which only three are known Ly have
occurred within our own galaxy, 1t became
as bright as Jupiter, but then gradually Faded
away o vomplele obscurty,  ls location s
pear Xi Ophischi and no stellar survivor
has been observed in its place. However, &
nebulous remnant has been  photographed
which s heavily obscured and  greatly
reddened, and s about 4 magnitudes Fainter
than the Crab Nebuls Supernova remnant of
1054 A, In 1935, a radio source was [R5
ively identified as omginating from  ihis
nebulons remnani

Another famous nova was discoversd
1845, by the celebrated British Astronomer
l. R, Hind from Mr. Bishop's observatory
in London’s Regents Park., These days one
could hardly imagine discovering o new Jth
magnitude star Trom such an unlikely smiog-
laden loca Hinds star is
and 15 considered 1o be slightly varahble ove
a magnitude range 132 10 130

X M <1l wisable
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sociely nolices
Life Membership of the JAS has been con-
ferred on Miss Rossie Atwell in recognition of
her unflagging efforts on behall of the Sociely
OVer o gReal mimber of years. TE s with great
pleasure thalt we record the warm appreciation
expressed to her at the SGM in January,
Keele day trippers are most welcome at the
JAS Fifwenth Anniversary megting on March
-2 Those who have not booked meals
i aidvapnce bring & sandwich lunch:
arrival is at the Physles. Depariment between
11 amd 12,30 on Satorday, 10-1030 on Sunday
Enirance fees (covering film  shows, leclures
and observing) are U0k for Saturday, s B,
for Sunday, Detaits on page 24 of the Jamuary
Hirirres,
Sky and Telescope raises its prices on July st
this vear, JAS will still keep the very lowest
fales anywhere for this authoritative Amercan
menthly—but beat the rise by taking out a
three-vear sushscription  NOW!  Send £8 25
(non-members 9 35 6y for thirty-six isses
to Mrs. V. Longman . 65 Speer Road, Thames
Dxittisn, Surrey.

BAA Hundbooks may be purchased by JAS
members af the reduced rate of 75 6d. per
copy, Members wishing to buy u copy - should
write fa Miss L, Brown, Assistant Secretary of
the BAA, 10 Bath Road, Hounslow ‘Wesd,
Middlesex, enclosing a cheyue or PO made
pavable to the British Astronomical Associa-
o and  guoting  their  JAS  membership
numiber.

TRy

The Soumd of Astrononty 15 preparing o mew
lapa; calch up on existng tape lectures by con
tacting Miss - Janet Beglan at |7 Chanctonbury
{hase, Redhill, Surrey,

Remember that sa.e, JAS Officers are unpaid
and don't cleim expenses, Nexl time vou write
to one, enckose an sae—it creates o much
hetter impression!

neroptT ox SGM oo 1968, amiary 27 The
proposed changes (o Rules 502) and 7(2) were
carried nem. con. The mecting was in favour
of the affiliation Rule but felr that an amend
ment pul up 31 the meeling was preferable as i
miade the relationship to the other Rules
explicit. Council reconstituted the Rules sub
committee with the Chairman and Secretary
of the Crevdon Astronomical Socicty (origina-
tors of the original idea) as members, Their
recommendation i to retain the wording as
printes in Hermes in January with the words
in dtwlics  added:  MI)—Arratios ol
SociEmies awn Grouvrs, Societies and Giroups
may apply for affiliation 1o the Junior Asfrono
migal Seciety. Suwhject fo ihe Cowncil's ap
privvaed of the applicarion, affiliation would be
effective by pavment of one aimeal subscrip
tion per affiliated boedy, This would entitle
the afliliated body to the privileges enjoved by
aft individousl member of the Junior Astrono-
mbcal Society wnder thenw Rulec:

The effect of these additions is o0 invoke the
follvwing Ruole 4 which gives Council power
to refuse an application from “undesirable™
Socictics and grants the affilisted body  one
vole only on Society matiers (non-JA%S mem
hers of the alliliated body would not have the
right to wotlg). Whilst on this guestion of
voes, it should be noted that the effect of
passing the new Ruole T(2) is to change the
number of voles in 74 and &) from 3 to §,

This amended wording will be put to the
Crenersl meeting on 27th April, for confirma-
fiom. The full programme of the April meet
ing is:

14001430 Beginners”  Sesion-—"The JAS
hserving Sections”,
14451545 “Obscrving the Sun®, Mr, W, M,
Baxier, wras, Director of the
BAA Solar Section,

13551655 “"Lasers”, Mr. W. T. Cunston,
Technology Editor of  Science
Journal,

1655 1700 Confirmation of above Rule



Princtpal Phoses of the Soon Al Times GMT

APRIL MAY JUNE JULY
Full 13d 04k 5Zm 12d 13k 0O5m g 2% 13m 1d  3h  18&m
Mew Iid 15h 2Im I 0Fh 30m 25d 22h 25m 25 11k 49%m

Tue TiME at which Full Moon occurs on April 13 s significant, as this is also the middle of the
periad of wdality of the Lunar Eclipse on that date. Condilions are by no means {aveurahle
for ohservation in Britain-—the Moon is low in the SW. sky cven when totality begins—but
sich 15 the relative rerity of the chance to see a total eclipse, aflicd to the foct that thie ope
oocurs in the Easter holidoy pericd. it i worth missing some sleep for o peep! Anyv careful
timings of occultations which may occur while the limb of the Moon is darkened by the shadow
of Earth will be gratefully received, though o low hodzon 1o the SW. and 4 larger-than-
average lelestope will be mecessary. Umbral eclipse begins 03k 10m ~totality from 4h 23m to
Moonset,

Lunar Qeculiations (Greenwich Predictions)

Puosition
Iraty Stur Wl Phase Time Angle
(deys.)
April & Omega Cne 54 B} 2ih 454m 52
L 4 Cnc 62 [ Xl 03B 1
b 21 1952 T4 [ ik &fh4m 157
May 2 £31 1219 h# ] 2lh 40-9m T
3 76 Giemn 54 ] 25h 314Im 104
k| Lambda Cne 59 [ 22h 08-Tm 35
{Grazing conditions at Edinburah
June 6 T T T4 12 Xk 0Xd4m 105

T sTak Lambda Cancri grazes past the N limh of the Moon as scen from Edinburgh on
May 31, and predictions would be very approsimate, if issued. Those observing in the North
of England and in Scotland can do valuable amd interesting work at this time by watching the
behaviour of the star for some ten minutes before until ten minutes after the predicted
oceullation time at Greenwich, Comments and any timings will be welcomed by the writer, |
an observer is very close 1o the occultalion limit, it is possible to see more than one acenlialion
as the star passes behind irregularities ot the limb of the Moon,

Lyrid Meteors. Moonlight not interfere with observation of this meteor shower in 1968, and the
limits of aclivity are expected 1o be April 1923, with & maxsimum o the early hours of April 22,
Remember that the radiant does not reach o reasonable altitode until about midnight, and the
most rewarding time o observe s from then to around 3 am

a5



MERCURY passes Supefior Cofjuncion on
April 24 (bevoend the Sun from Earth) and then
moves  into the evening skv.  From  abowo
May @ until the end of the month thes plane
will be well placed for observation in Britain,
seiting as much as 2] hours after the Sun
arpund Mav 20 Binoculars with a wide field
of view are probably about the best instroment
for finding this object. the appearance being
raiher like that of a hright star becoming
visible ag the twilight fades, In all telescopes
of a sirc such as used by amateurs. Mercuiry
% a disappointing sight, and it 5 osually a
sullicient achievement 1o locate the planet with
the eve or binoculars. This year it may till
be found in early June with difficulty, as il
moves lowird Inferior Conjunction  (beiween
Earth and Sun) which = on June 18

YENUS lies only 15 degs, West of the Sun in
mpd-April,  and steadily  toward
Superior Conjunction. occurring on June 20,
This planet remains - badly  placed not only
during this period, but until almost the end
of 968,

MARS 5 similarly “out of the runming” Tor
most af 1968, [t is in Cenjnction with the
Sum o om June 21, and will be unobservable from
April t0 Seplember, especmlly in view of its
faintness when @t this great distance from Ewrth

5 moving

JUPITER = siationary on the star backgrownd
on April 22, about ¥ degrees West of Regulus,
and on that date s high in the South at
19h Slm, It is therciore ideally placed for
evening observation, and will remain 5o for
many weeks, There are two occasions in April
whien rare muiual phenomena of the satellites
of lupiter can be abserved from Hritain, At
botl times the planet will be rather fow in the
EW, skv. On April 7, there is o partinl eclipse
af Satellite T tGanviede) by Satellite 11
{(Europa) stariing i OIh 38m and finishing af
0h (8m. The drop of 257 in the light from
should  be  apparcnt at - arcund
Olh 53m, amd i Jarge telescopes the actual
shadow on the disk of the satellite will be
visible, ©n April 28 Satellite 11 {Ganyvmede) 15
occulted by Satellite 1T (Ewropa) starting al
Oh 18m and fimshing al 00h Odmi, In this cose.
in all telescopes except those of large aperture,
the  satellites will appear 1o merge inlo one
hright obhject. Even ot the end of Tune, Jupiter
does not sel unti] 23h, so some evening observa-
tian i still possible.

SATURMN 12 a1t Conjunction with the Sun on
April 5, and net unti] about mikd-June will it be
possible o see the planet with any ease in the
Fast shortly hefore sunrise, situated in the SE
cormer of the constellation of Pisces.

Cramw rmecle

ALTAIR

Quarterly Journal of the

CROYDON ASTRONOMICAL SOCIETY

Subscription 4/6d, p.a. or send 1/- for trial copy to
J. H. Mathers, 7 Ash Grove, West Wickham, Kent

Sl Ad.
J-inch refractor, Citway, trunnion maunted, o.g.
welecied By Dr. Steavenson, P.e.A%  Fosder tele-

L)

spoipe, bripesd, range evepieces, star dingonal, Cost
100 Mim condrten £50,  Leighton,  Tangley
Cottage, Wonersh, Guiliford, Surrey.



ASTRONOMICAL EQUIPMENT (Luton) LTD.

Professionally designed telescopes for the
amateur 8t modest prices. Compare our
prices and quality with others. Each tele-
scope 15 hand bwlt and tested by crafts-
men, including the mirrors and flats which
arg made in our underground workshops
in Luton.  Paraboloids are individually
figured by hand to exacting limits, tested
in simulated starlight, then coated with
inconel and aluminium, and, finally, treated
with a layer of silica to protect the dali-
cate surface, Flat mirrors undergo equally
exacting tests in manochromatic light 1o
ensure the same high standard. Why not
wisit us and see for yourself?

SPECIAL OFFER to readers of HERMES.
G-inch reflecting telescope  with tenth
Wwiave oplics on sturdy equatorial mount
—-inch stainless steel shafts, friction
clutches, sintered bronze bearings built
an to heavy castings, etc.—an rigid metal
tripod, with powers aof X55, X100, and
®280, and a 17 x 5 finder, PLUS:

Morton's Star Atlas,

107 Philip's Planisphere,
Signpost to the Stars,
Elger's Map of the Moan,

Patrick Moore's Observer's Book
of Astronomy, and our own
Astronomical Eguipment Handbook

You can buy all this for £70 equivalent
ta 157, discount,

Six-inch mirror kits, £6 10 O including
pyrex mirror disc and tool milled to 96
radiug

AE 4l-inch reflector, mounted on egqus-
torial head rigid enough to take an By-inch,
£47 10 0,

For details of our complete range, write
for our fully illustrated Handbook and
Catalogue (price 5/-)

Elbow telescopes, eyepieces, star diago-
nals, rack-mounts, and selection of finders
always in stock.

AE 8}-inch rafllector, £83 15 0 {on rigid
triped), 104-inch reflector, E154 10 O,
41-inch refractor, E123 10 0

26 GUILDFORD STREET
LUTOM, Tel. Luton 24338
LTD,
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IF YOU WANT A GOOD TELESCOPE THINK OF —

fullerscopes

Whether buying or making a telescope, fullerscopes will give you just what you want
at the prices you can affard,

COME AND SEE

You can new inspact nol only *

tha entire fullerscope range

the most extensive in Eurcpe
butalso many other instru-

mants from the very best

telescope manufacturers.

CHARLES FRANK
We stock and highly
recommend Charles Frank
egquipment—including
ex-W.D. instruments.

760 FINCHLEY ROAD, LONDON, N.W.11

SPEEDWELL 5028

e

MWearesl Tube GOLDERS GREEN. We are siluafed midway batween Golders

Grean and the Mardh Circular Rd. (oppesife the podice stalion}

THE SIGH OF Hours of Business | 10- 5 E.C. Thursday, open all day Salurday [open Sundays
SUALITY 4 Funnlng-:. By oppaintmant)

o

If you cannot call to see us, write now enclosing 2 6d. for our large, fully
iHustrated catalogue. This is devoted entirely to astronomical telescopes
and their equipment. Bringing you the largest selection in Europe.




