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About this Issue ofMercury:

You will notice a few changes in this month's essii
Mercury. First of all, the map showing where we meet has
been omitted - if any reader who hasn't been toobeir
monthly lectures is unsure of directions, pleasean me.
Next, the back-page is where you usually would find
detailed star chart for the coming month togethéh w
details of planet rise/set times, meteor showerimétion,
etc. As an experiment only, we will, for the negveral
months at least , include only a simplified versadrthe
star chart together with an abbreviated sky diary.

New features of the magazine will be an "In the New
section, and a short round-up of "New/Recent Pahtas
and Software" that has come to the Editor's atanti
Additionally, we shall attempt to include a "Featur
Article" in each issue - this month's is the firgtalment of

a short series of articles tracing the history ebsurement
of distances within the Universe.

Readers' views and comments on these changesjamsiss
and inclusions will be appreciated; readers' Istter
contributions to the magazine on any astronomigal o
astronomy-related subject will be particularly veete

* *

March Meeting Dates:
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Friday March . Main Meeting. Speaker Storm Dunlop: “Looking Up.&oking Down”. In the Main Hall of the Chichester

High School for Boys, Kingsham Road, starting d5pm

Storm is a Fellow of the Royal Astronomical Socjetynember of the International Astronomical Unemd a past President of
the British Astronomical Association. With Collife has published a number of highly successfektithcludingHow to
Identify Night SkyWild Guide Night Skyand theCollins Star Finder Pacls well as several weather and meteorology books.

Wednesday March f9Meeting at the Planetarium: Informal meetinghvaibserving if weather permits, starting at 8.00pm.

*% ** *

In the News:

NASA's Messenger (MErcury Surface, Space
ENvironment, GEochemistry, and Ranging) spacecraft
made its first closest approach to Mercury in nadtlry,
acquiring images of a hemisphere not viewed byiptesy
spacecraft. Intention is to make two further flystas it is
manoeuvred into a fixed near-circular orbit in MaR911.
Particular interesting features of Mercury inclbeéng the
densest planet in the
solar system (five times
density of water) having
an iron core contributing
more than 60% of the
planet's mass, and being
the only inner planet
(besides Earth) with a
global magnetic field.

First indications are that

the planet was highly

volcanic in the past. One of several images aviailab the
Nasa site include this of the cliffs and crumpleedJp to
date information on the Messenger mission can redat
www.nasa.gov/missions/index.html

Not quite hard orMessengeheels will be Europe's
MPO (Mercury Planetary Orbiter) spacecraft, duertter
Mercury orbit in 2019 carrying a suite of eleverestific
instruments. Flying in a polar orbit, it will studye planet

*%

for at least a year, imaging and measuring suftstares,
measuring magnetic fields, collecting data on Mersu
thin atmosphere and making various other scientific
measurements. More information can be found at
http://sci.esa.int/science-e/www/area/index.cfrrédat=30

Gemini is one of the international "science clubs"
which Britain has been a major partner and inve st
have had a quarter-share in the project (with ti® U
Canada, Chile, Australia, Brazil and Argentina) tiagte
invested about £70m in telescope construction amaiing
costs. Membership of the consortium gave astronemer
direct access to two of the biggest optical-infdare
telescopes in the world. Announcement of an £80anil
shortfall in science funding has led the UK Scieaod
Technology Facilities Council (administrator of éling of
UK astronomy work overseas) to propose cancellaifon
our membership in the Gemini club. As we go to prése
STFC decision means British astronomers will losead
access to the two 8.1m telescopes (in Chile andaliflaw
from end-February. More information on the Gemini
programme can be found at their website
www.theregister.co.uk/2008/01/28/uk_gemini_ anne&unent/

How to Contact us:
Editor - by email atsueandjohn88@btinternet.com

Or by telephone: 01483 200286
Society - by emailwww.southdownsas.org.uk



BUILDING A HEAVENLY YARDSTICK
Part 1. How Big is the Solar System?

Astronomy is full of big numbers, and especiallywgten
measuring distances in our Universe. From our |et],
some 93 million miles from Earth, we have to travel
another 25 million million miles (4.2 light years) reach
our next nearest star companion. And even then e w
have barely ventured into a universe that is ad@u?
billion years old. Truly big numbers - but have yexer
wondered how those numbers were calculated? liatius
subsequent articles, a non-astronomer traces ¢meg cft
how astronomers determined the distance from Eatte
moon and planets in our solar system, and thero dlnet
nearest stars in our galaxy. And finally, how astrmers
have developed yardsticks to measure the distarabér
galaxies and, ultimately, to the "edge" of our Wmse.

The common thread to placing a ruler against tlaeédmes
lies in observing the light that the body emitsaftect. For
our closest naked eye neighbours, the moon ancfslan
early astronomers were not concerned with the aatfir
that observed light, attempting only to accurategasure
and understand the position of the body as thegheat it
move through the heavens. From the earliest tihresigh

to the 17" century, the measurement of parallax, or the
observed shift in position of the observed bodyirsia
some fixed background star reference point, wheweil
from physically separated observing points, was the
"standard" method of calculating distances. If eafhax
could be measured, some relatively simple trigoriome
together with known baseline distance between obsgr
stations, enabled immediate calculation of theadist to
the observed body.

The first attempt to calculate an extra-terrestliatance
was made by Hipparchus (c.180-c.120BC). Noting the
observed apparent equal diameters of the sun amddbn,

he analysed the records of the solar eclipse of B89
which recorded totality at Hellespont and about 8896
Alexandria. Using simple geometry he calculatedesiueh

to moon relative distance to be between 60 andath e
radii (ER). Hipparchus is also credited with understanding
and identifying the precession of the equinoxes.

Ptolemy (c.87-c.17@D) collected together the writings
and conclusions of Hipparchus and others Kitoagest
and then attempted to extend their work, proposing
geocentric solar system and "estimating" distatcdhe
observed planets. Particular features of the Ptilem
system were the use of eccentrics and epicyclesgiain
the motion of the planets on their crystalline speeand
their, at times, observed retrograde movement. stdues,
recognised to be outside the solar system, weoeglat a
fixed distance of 20,00BR from the Earth.

Distance from Earth (from Ptolemy)
No. of Earth Radii Miles*

Moon 48 165,120
Mercury 115 395,600
Venus 622.5 2,141,400
Sun 1,210 4,162,400
Mars 5,040 17,337,600
Jupiter 11,504 39,573,760
Saturn 17,026 58,569,440
Fixed Stars 20,000 68,800,000

* Using an inferred (Ptolemy) value of 3440 miles fotleamdius.

Little factual progress was made towards fixingdtale of
the solar system for nearly 1600 years, until Cojcess
(1473-1543) proposed a heliocentric solar systewh an
exactly circular planetary orbits. A key aspect tbé
Copernican system was that measurement of the maxim
elongation of each superior planet and simple hagaetry
would enable the observer to calculate the distanhtiee
planet in terms of the Astronomical Unial). Similar
measurements and a slightly more complicated ctioul
set the relative distance of the inferior plan€tgpernicus
also noted that star observations taken six moaplast
would be made on the longest possible baselinerin§
the greatest chance of observing a parallactit. shif

The first half of the 1% century saw great improvements in
the accuracy of angular measurement and refineiméme
calculation of the relative distance of the planatswvell as
final confirmation and general acceptance of the
heliocentric model of the solar system. In 160@ar after
the invention of the telescope, using Tycho Bratetsiled
observations of the planets and accurate measuterhen
their orbital periods, Johannes Kepler derived taws
describing the motion of the planets. A decader late
1619, he published his third law, stating thatdfeare of
the orbital period of a planet is proportionaltie tube of
its average distance from the Sun.

Using Kepler's third law to accurately expressréiative
distances of the planets, thus placing a propéde $odhe
solar system, the final step to fixing the sizehef system
was to determinau. The first "reasonable” estimate was
made by Jeremiah Horrocks during the Venus Tranisit
1639, estimating\u at 59 million miles. A better estimate
was made (1672) by John Flamsteed when he meakered
angular motion of Mars as it near-occulted several
background stars, enabling him to estimate thellparaf
the planet as no greater than 25", leading torallpa of
not more than 10" for the Sun. In the same yemyadni
Cassini organised simultaneous observations fraim &ad
Cayenne during the Mars opposition, giving a paratf
25" for Mars and 9.5" for the Sun. Whilst the teeds of
observations were in close agreement, they undienaged
AU at about 86 million miles.



A better calculation of the value of ti and, thus, the
size of the solar system had to wait nearly andthadred
years. Edmond Halley proposed the Transit of Venus
method, involving measurement of small differenaes
time of Transit of the planet, as observed at thifie points
on the Earth. Halley's
method, offering a greater
measurable parallax than
available by the Mars at
Opposition method, was
used during the transits of
1761 and 1769. Despite the
difficulty in accurately
timing the transit itself (due
to the "black drop" effect as Venus becomes fuigjble
within the disc of the Sun), the parallax of then suas
calculated at between 8" and 9". Subsequentakysas of
observations concluded the parallax to be 8.57"
corresponding to aAU of about 95.4 million miles.

The work of David Gill, observing the Mars oppasitiof
1877 and observations of the parallax of the Viator
Sappho and Iris asteroids, estimated the parallbe 8.8"
(AU about 93 million miles), compared with an actuabm
figure of 8.794".

The determination oAU, based on the measurement of
parallax, set an absolute measure on the distanteet
observable planets. Subsequent discoveries of Wranu
(1781), Neptune (1846) and Pluto (1929) finallyinked
the extent and size of the solar system, complétiadjrst
chapter of the history of measuring the size ohi@vens.

Distance from Sun

No. of Meamu Million Miles
Mercury 0.387 35.98
Venus 0.723 67.21
Earth 1.000 92.96
Mars 1.524 141.67
Jupiter 5.200 483.38
Saturn 9.531 885.97
Uranus 19.142 1,779.40
Neptune 29.928 2,782.00
Pluto* 39.475 3,669.50

* Highly eccentric orbit, extending inside Neptune

The next step, to reach out to the nearest starg $0,000
times more distant than Pluto, would require yetreno
accurate observations and further understandinthef
intricacies of motion of the Earth around the STinese
will be explored in the next article.

*% ** *

New/Recent Books

Readers are invited to direct the editor towardg an
"newish" titles that they have enjoyed, and thaghtbe of
interest to other members of SDAS.

As a first selection, we concentrate on some new,reot
quite so new, books on the life of some of the skées
known" but important names in the development af ou
present-day understanding of astronomy and cosiyolog

First up isJames Van Allen, The First Eight Billion
Miles, by Abigail Foerstner (published November 2007).
Van Allen is probably best known for the discovérg58)
of radiation belts now bearing his name, using [apeint
he designed and that was carried on the first WSlisa.
Experiments designed by Van Allen were carried amhye
missions to Venus and Mars and included in the &oiX
and XI missions to Jupiter. Foerstner's biographges
Van Allen's career, working in the physics departtaf
the University of lowa, designing numerous experitae
and equipment to be flown on NASA missions.

Next we havéred Hoyle: A Life in Scienceby Simon
Mitton (published March 2005). Hoyle pushed the
boundaries of astronomical and cosmological knogédal
being both right and wrong! His ideas on nucledsysis in
stars, and the seeding of yet-to-be-formed staeddmgents
from extinct stars, contrasted with his repudiatifrthe
Big Bang theory. His emphatic style would ofteruitéite
his peers, but there is no doubting that his cbutidns to
astronomy and the physics of the Universe greatly
advanced our knowledge in many areas.

*

The Transit of Venus: The Brief, Brilliant Life of
Jeremiah Horrocks, Father of British Astronomyby
Peter Aughtonwas published June 2004 to coincide with
the Transit of Venus. In the first half of the™@entury
Horrocks was the greatest observational astronantae
Kingdom. He was the first to make measurementeolig
transiting the face of the Sun, and he knew thétipos
and motions of the planets more accurately thamparson
of his time. He was also the first to make a reabtm
estimate of the scale of the solar system anditbietd
formulate a valid theory for the movement of theomo

Finally, (and certainly not in the lesser-knowtegary)
it seems relevant and timely to read agaihannes Kepler
and the New Astronomyby James R. Voelkel, published
in paperback by OUP in 1999. Next year will mark th
400" anniversary of the publication of Kepler's firaiot
laws describing the motion of the planets.

New/Recent Software

Software Bisque, highly acclaimed authors of
TheSky&" astronomy software, has now issusdeker
From their websitewww.bisque.com "Seeker is an
interactive three-dimensional program simulatingcsp
flight travel, and modelling the orbit of, and efliab
virtual exploration of the Sun, Moon, planets, asts, and
satellites" Perhaps one of our SDAS members is using or is
familiar with Seeke? If so, how about writing a short
review forMercury?



March 2008 Sky Diary

Mercury is not visible this month, anéenusis visible for only a short

period before Sunrise.

Mars is still high in Gemini at dusk and is only 2° thoof star cluster

M35 on the 11, fading to +0.8 by month-end.

Jupiter rises at about 03.00 at month-end, brighteninglglthrough
the month to -2.1 as it passes through Sagitta@ilese conjunctions

with the Moon occur on thé'?(at 23.00) and 30(at 18.00).

Saturn passes through Leo, and is closely overtaken &yMbon,
separated by only 3° on the™9ts rings continue to close, currently
lying at an angle of -9°. In 12 months they wiliktually edge-on and

all but invisible.

Uranus andNeptune are not favourably placed for observation.

There are no significant meteor showers this month.

The Sun crosses the Meridian on the'20ising due east, due south at

midday and setting due west.

*% ** *

Last Month's (February) Meeting

"The Miracle of Spacecraft" was the subject of Bob
Bravington's very interesting talk. Did you knowathearly
10,000 satellites have been launched in the 5Gsace
the launch oExplorer 1 and that more than 50% of the
nearly 2000 still up there are still working? Cangr
almost everything you can think of, from communizas
to exploration and scientific, earth resourcesaagmation
and defence, each takes 5-7 years to design alak With
an operational life of 10-15 years, cost about &hion,
and weighs anywhere between 1 and 5 tonnes.
Bob took us through some of the design considerstio
how much power is required, and will this be frootas
cells or from an on-board generator, how to protect
sensitive electronics from the extreme radiatichtarrmal
environment (+100°C to -100°C), from impact damage
from space dust, from solar radiation, and fronratiion
damage during launch.
And before launch, the complete satellite has to be
biologically cleaned, out-gassed (to minimise iaegout-
gassing from electronic and other components) ard p
through a rigorous testing schedule.
One of the surprising facts from Bob's talk was the
revelation that you don't get just one satellite your
money - you get five! One to be launched, one back-
up, another for detailed and repeat testing dutiedouild
programme, another as a test-bed to determinemigat

be wrong if the satellite malfunctions in orbitdasnother
as a reserve if the primary satellite is destrogiadng
launch And one more revelation - of all the datéected
and returned to earth, only 20% has so far beelysseth
the other 80% awaiting the attentions of futurestists
and engineers.

Ann Head posed a quiz about satellites (of tharaht
rather than man-made variety), titled "A Multitudé
Amazing Moons." Most of us know that Callisto and
Europa belong to Jupiter, and that Triton orbitphae,
but did you know that Dactyl is a moon of astetdal? and
that Dysnomia is a moon of the dwarf planet Eris?

The quiz highlighted the great variety among theentiean

170 moons in our Solar System, from giants such as
Ganymede, the largest at 5265 kms. diameter (bitger
planet Mercury), through to Ariel (rotates on ey, and
down to Nix (about 100kms. size). And in betwebaré is
Triton (coldest surface temperature of any moomgnr
(only moon with an atmosphere) and Proteus (largest
irregular shaped moon at about 400 kms.)

When it came to marking our efforts, the winnem@main
anonymous, to spare the red faces of all the rsamegy
achieved a remarkable 90% correct. Well done, laauokis

to Ann for her most interesting presentation.

* * *

Planetarium Shows in March:

Sun. 2¢ 3.30 pm. Saturn at its Best
Sun. 9"  3.30 pm. The Northern Lights
Wed. 12" 7.30 pm. The Stars Tonight
Fri. 14"  7.30 pm. The Northern Lights
Sun. 16' 3.30 pm. Saturn at its Best

Fri. 21 7.30 pm. The Easter Full Moon
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Mon. 24" 3.30 pm. All Aboard - A Tour of the Planets
Sun. 3 3.30 pm. Our Future in Space

Do remember! SDAS Members can watch planetarium
shows at the special, discounted, ticket price. ajdsv
interesting and very good value at only £5.

Booking by Telephone: 01243 774 400 or 07818 297 29



