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Our knewicdge and inderstanding of the smiverse sround ug made cnormous advances with the work of Ga) ileo and,
semewhat later, Willinm Herschel, because ey wade use of fefescopes, Telescopes do Bwe things: Thoy let us seo
much fainier obiccets then the na}(;.,(_ eye een delect {hght pathering power). They also ol us sco greater detal] thon the
naked ey can resobie (magnification).

In the same way that a bavee fuenel wondd colioot mere falling, raindrops thean s amall Tirmed, so a LARGE APHRTLIRE
felescope will coblecl more photons of ght (From s distast obiced) than 2 smel) aporture (slescope.,
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ceope oporafes somewhat ke a funned - it channels the Tight o the ohserver's oye {ov inlo a detectar fifled o the
eleseope), Al best the haman cye bas ar aperlure {Gameter} of aboot 6 mm (with pupi) dikaied). Amateur astronomers
My possess lelescopos with ﬁ.perl_i.u'us of 60 10 200 wm, while professtona) teloscopoy have aperfurcy measired in
metres, #nd the fargest telescapes in {he world have aperivres of arcund T metres.
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T SmaLL APEGT O RS

Ateleseope can alm be e o maenily the irage, 0 allow the ove (or camers) (o record groater dedail, Noto bowever
{irat adl stars, other than the Sun, are o very digtant that oven scon throuph telescopes, they arc stll varesolved points o
Heht, the mageification of wieleseone can be ‘:‘mnpod siminly by chunging the evepiece - most amatour telascopes
come with 4 rangs of evepieces, There 8 no poing, Jany cagse, magnifying the image (oo much - otherwise i simptly
becornes blirred ared no ferthor detadl can be scon (Bl magnilying a newspaper photograph}, Generally the blurring is
cased by thermal irregilariics i ihe Bardh's atosphere. Astranomers refer to this blurring, as te 'seeing’. 1L varies
fike thi weathor, Sometimes 1 may be arovnd 2 are seconds (an angle of 1 are seeond is 360G of o depree) so that
stars imapes look Tke Blurry hatls 2 ure scoomds across. FxceBont seeing (for example at Swtherland) may be down to
3.5 arc scconds.

Chvor and above seoing, oifvets, students of physical opiies will slen know that & hipger aperfore means inoreased
sesolulion. bor oxarple, i a double siar had s components separnfed by 2 are scounds, then & minimum aporiare of 6
mm woubd be required to separate them - or (ot & separation of | arc second, a minimum of 120 mm aperture,

o

DESIONG OF GPFICAL TREESCOPER

e aecompanying dlaprams Hhow the mest pepuwar optical degigns for small wlescopes, Mote that the three telescopes
are coual in apeure - while Ue refractor is physicaily very long, the Bohmidl Casseprsin s very compaci (more
pertable and eazior i momi),
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Whiie gianl refractors wers Datl in Viciorian Hmes. almost afl modern i
dosign, whide the Bctunidt ieloscope serves s o wide-field camer with Lmi fraiio,
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Building Targer and Targer prinary miirrors for elescopes hus
been the challenps, sines the f.)}%lt.hl siarfany as Lo bo soourse o
a fraction ol the waveln, shic Hp until the carly 1980s, Fh-\,‘
approsch was o bulid mirrors as L* 1"]( and vijgid as pussible,
g0 support them untonnly ar many poinly so f,}u,y did ot dcim;.
Given that that the mirror will be tipped over fn variouy
directions, as its iwlescope tracks i?u; stars, {his is ol cagy o
schicve, The Lirpeast sech mwieror i So in diameicr, Buill i g
[611:-B04 for the Special ‘vsi':‘o" waical Observalery in the thon
Suviol Urion, The Hubble Space Toloseope, desipned in e
1970y, slso E'm a lightwetght but vigid avrror (and dhe advantass
of ahsence of gravity whon operating). Uhis el Lo b o major
problem when B owas found o mistake had boen awde in flguring
its Gptici] surthaoe, aml the lescope aperated for almost four yoars witl imperfoct aplics, Only when ii fod with
coregetive Speclactes” did it achive s dosign specitications. Operaling above the Farih's s osphere i onc way of
overgemiing the problems of the sueing,

The moedern method of buliding ickscopes is o make the mivear i,
but te support it al many poinls wilth compuior-zonrotled actuatons that
sorstantly adjuslio hold the minor in porfoet shape. In this way
uuahar of B telescopes Tave buoa buailt Thay inctude the four units of
the 'Very 4, 1 \:inwept’ ol the Huropean Sontier {hsery: ory, e
Gerunl Pelescopes (oo in the Morthe | :L)msspimr‘c and one 1w the
south) aied e Jclpdﬂub(y Subaru Telossono N

Abornatively, mirrors can by manufuciired in segme ks and the
segments alignod s a sigle reflecting surface by uelive contral, The
twin Kok Telescopes, cach with 10m aperwrg, in dils Tashion opetas.
Silrs'i'lariy‘ the i[ol'}by--f"hcriy Felescope (HETY and the Southern Afivican
' argre Teloscope (SALTY have nirrors of over (0 compusod of 51
sioniical segments. A sonsidorable eost saving w,lh those st two teleseopos cusaes about by making the primaey
srivror sphotcal, bol hyperbolic, so atl segments s identicl and uigrchanpeable. Bul s correcior o ovoreonte
spdwrical aborration has 10 e oinploved

Hdor and sroaller wicscopes
are geuaralty aitached 1o an
o e ' capuaierind monnting:
2 clock” drive lurns e
AWt [ enap oo [cla::%-r‘npx: {onge in 23hs6m )
st the polar axis so the
teleseape compansaies o e
rih's vodation and romaiog
adtd ot e sems slar,
Miodern targe ieloscopey
a ; (stnee the Soviel &m) have
. ittt mountings (sinple
i~ veriteaf and horizonl
migveanent). Compnatic
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A greal saving with boih VTS and
SALT is that the lescupes
ihewmelves do nel move. Instead,
a srabh moblic trag Frouied
on the (op end of the teiese
does the work (posiil ,_
within & fow thousandths of &
miliimetre). Facther, the
ic,h‘<'(‘(mc\ pre arncd at an anple
it the sky - and cenbe ploked up,
PGSOttt Bt mant — s\ww‘,llc'.d arovnd and get looking
KBS FRT _ b s g o info e difTerent part of the sky,
b

FROTTORE

antic cmulsion, witl

pi the lafe FROOS at uhat vations throngh felescopes were made by cye. The advent of photos
f.‘; rflﬂfm' b dc,‘,\mmlaf stgnal aver Jong exposares, was wrevoluiionary L"lt‘ul\dnwaJ'L Althoug sehel rlmw T
el Schmidi camerns, pheiography today i Pasing Charpn Coupled s)cw(,c‘
f[u'-shi'y o those used in 1Y cam Lilan phofographic
f(J% virets %) ol registon v, thoy are Tmear devie inee
carlii e nnhey af phoion: . canily saburats as phologranhic cmalsions). To
O on g YO 0&("1 »{m-f ) |h§[ll(i FLPOP O LT s,

s of @ star For absohiate measuremend, k5
!’r‘c;ql.-l..nt. 3[.:4’1{&{5.\ o HI:TI"- {Bome mehhers of e departmaent o J( T specialive i
Sometimes these varistions are fess
wess through different colour

il spocialiy L L_E, ‘-m]fll {B1 W ‘”wm% e ye l oM, Tt (l’“f} ;md | Cvary-near infrared). Spectroscopy
provides cither the entire specirum, or the t,.aI rent ol s pavtion of ihe Specirum, of an astranorion] objeel. Moedom
speetroaraphs uso rellection pratings and the nape of the speetrun s recorded oman clongated CED dotecior,

Maost modom elescopos are controlied hy compuier, or mualtinle compuiers, taking, cure dedtd acguisition uy well, 'Fhe
raw daln iy either immediaioly processed, or sioved Loe Tatee reduction of data.
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ACFEVE OPFPHS
The probless of avercoming the Blurring of the Barth's ainosphere (one of the main drivers fov e bl Spaoo
Telesconed has made prest advances i the pagi decade, Pho optical tadn From o telescope includes v smali Bexible
mirror shuped by hundreds of compiier- rimnullr:d seigions, with ineredibly fast responsge tmes, By meniforing a

Bright afar, or actiliced star (prodiiced by ing & tuser howm [o exerte sodingg 1 i the Harfh's ug atmasphors),
almazpheric uciualions see regs \L( red, analysed by the computer, and eorveeted by the setlve opties, As with 1he Space
Telescope, resolutions approaching ¢ 1 are seeonds van then be sehioved.
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developed world s now { aoced with the |.‘1‘r£\l‘ forn o } ight polhstion'. Te
i (0 site them whore skics are dark and the wen I e sl conducive (o clear soos and good soe Prure desents
oo dusty, so semi-desert arid reglons with hiph altitode are proforeed, The accompanving man shows where
the mujor obscevalorics of the world are situsted, f-n. poneral, the bost siles are near Latitude 30 Jt,__.;rces Ncm.h aned
Santh. The Kamo is ane of the best phaces in the world,

alory in Cape Town and
ar (oo high. Bueh of the
X[HCEES v Enw‘.sfmf“na ao it makos
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T HLATROM AGHETH SPECTRLM

Yasible Night is ondy a sowl portion of the chectroms
st of the cloctromuagnetio radiation received oy
Like a conventonal acandoseent Bght bulty, it resalts frontthe temperature of the aimiit
merease, so he anount ol radiagion increases dramsticadly (y the 4th power ol the "Enoiul\, turs :pt mlu.- L, Al
wivelength of peak unission becomes shorter, and the photon eoerpy higher, T order of inercasing photon mmuy

MOtC SPeeivum,
nace B conal cratssion.

Bl
Thermal cadintion {""hm'u(la:ri:st%t' lermperaiure Flain onidters
Microwaves Acdow degroes absoluls Cosmic Miucrowave Background
Badio A e w of degroes
infig-red A tow huum‘ms of degrees st cloudy
Wisible A Few thousands of degraes Siwrs
Uillra-vislot A Tew ters of thowsands ol degrocs Lol stars
Koty Midions of degreos Yool pay
Clamma ray {(Yury high enery)

Howeyer, like Buoreseent Hights, 1t happens thers ars also non-thermal sources of cleclromagastic radintion iy spac,
The abnospliore of Barth, however, & opague to all hat visible, vory near infrared and radis,
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as ylow to lake off boee Bovod ta e only majes Lype of
radialion in the untv e, Dowavar g viow of I.hc ragin sk u be far from the o
Thers are a sonsiderable numbor of non-thermal sowrees, wiaily ariiiing 'syachrobron’ radiation sources (Nupemova
remmeats, active galactis nuelel and thelr gjocty, oto.) and a ot o tme-cmission’ sourcoy. Porhaps the most imparmnd of
thuse is e 21 om emission e of noulral hydrogen (abundant in owr Gaiaxy and othersy, wiiile carbon monoxide
coties close behind, The great advanizpe of those cnussion Hies 1g that tey cnablo us (o see cold pas thal woald
oihiorwise be invisible,

The scivnue of redio astronomy w

3rse was opticat - due Loy

Flowever Lheir gpartures a

AR TELESTOPES
Like Dl optical countorpurts, most moden tadio wloseopey are of Cagsesrain dosign,
very mih Larsn"' {hlme: sl Lu,{ riyrg SO0 metres) and e mirrors havs r(‘[i.,a.un@_ sirbacos of metal plae or mesh,
wthan aplica] wavelenglhis s e acouracy with whlth the

$are o hudred thousand dmes Ton
acl is sh wapad can l,c“ g hiwdred theosand lmes lesy than the soriies ofan opicad nvirror,

Hadio wm ule




tinlike the dark sfles and dark rights of oplical astronomy, i redio
erwironment has sbundant theomal radiafion, s .Elt,](«h_l!‘, alwiys
necessary wosubivact backprownd notse from the sigral. A single dish,
however, has very poor resolution (e.g, a 20 metre radio (clescope
waolld be the couivalent of an biggest radio felereopes are stif! far
short of the resoluiion of the human eyed but this can bo overcome by
ceupting & number o vadio wlescopes together as an Snforferometer
prriy’. The Nvther apart the elescopes, the betier the resolution,
Resolution. comparalse 1o optical lelescopes can be achieved by
arsays such as the VLA (Mory Large Antenna, about 20 telosecopes
spcad apact by up o 30 km in Mew Mexico), Mol (Varous
telesconsy in Lh(‘ ELK. Hinked by microwave transmission), sid the
new Australia Telescope (Varions tebeseopes in NEWY. A array of very tong haseline inlerometry (VLB telescopos is
spread riphi zoross the United States. Suporior resodetion (Lo 0.00F arcsee) iz achicved when ielescopes on different
coniinents &l ahserve together. The daia 1y recorded at cach site against an acowate clock, and fater merped fo produce
ile high resolition
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Starting, around 2014, radio astronomers hope (o buikd 1 'Square Kilometre Array' wirh superior sengitivity (0 will have
stpaane lforneire of colleoting arrayh and reselution (with aptennss spread wide), South Africa and Australia arc

arnangai the countries hidding {o host Tie most powecful radio wloscope over,

PRER A RED

special weloscopes can be budlt for optical (eloscopes adapted) ta work in the neas infra-red. Since any shijcet ai raom
temperature (ncluding the ieleseope and houstngy emils infra-red, special procedures are emploved (o subiract radiation
dur fo the crviranmeenl. Fhe detector is susually cooled with Bguid holiom,

The Parih's atmosphore 13 taintly opacgoe to far mfrared radiaion and spaceerait have o be ased, including, the recently
faunchod Spiteer (elescope,

MIECROWAVE

Ondy ot microwave wavelenaths can make i thy

microwavis ielescopes can Ty on bailoons or spacecrall. The Willkdnson Microwes
afl explorfng the Cosmic Microwave Bk gronnd,

uph  dry almosphore fegn above Anfaretica}, atherwise
s Anisotropy Probic 18 the most up o

A-WROELRT
sy b ghmerved from
viatet frarm the Sea). The Hobhloe

o fayer shichds the serface of the Barth fram harmifod s

o fo explore aliraviolel as well ag optical.



LAY
Actarge number ol :«pam ruli ium, buen used w explore the Xy sky, which abounds with sources (inter
ic nweler, The Huropean "XM Tibinwion” 5

iy, binary
eliits {1efl) Ty baen most pclive !

TAMBA-RAY

Lowior enorEy panma vays are observed by various spacecrafl.
Howuever, highty « G a1ty pamma-raye oan b deteoiod ndivgetly
from the wround. An incoming gatma-ray creates a shower ol
particlos in th Surth's ginosphers, which penerates s Haht padse 11
chiration ol'the pulse is too short for the oye Lo regisior, But van be
recovded by speciad dotectors, emploving fargu mivror aevays, The
ditforcace inarrval tfimes al different (ft,zcuurx aliows the direction of
the mooiming gamma-ray to be determined. Yarious ganmge
sourees hiave beon ideniitied, as well oy "wanuma-ray barter
University of Potchelstroom ptoneored this work i the Bouthem Hemisphere, and the Thgh Linergy Starsossonic
systam (HESS), o ioint collaboration with Genmany, operates in MNamibla '
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