"
«» . s
. " :
) .
*
. .
"
. . .
. " 2
) .
" i
. .
"
S . . .
. " .
: .
a " B
. .
®
.. . .

. #
. o
-
. B B .
. " :
) .
3 #

.

-Kétfo a

- -~ altazim
| .= ekvat

s ;.
5 .
-
.
.
. ;.
& .
®
.
.
. ;.
5 v
-
.
®
. ;-

1

. .
. - " o
& v . % .
* -
2 ¥ : 4
. .
. .
. . - o
& v . % .
. =
8 . : 4
. .
. -
o ;. - R
" . 0 o .
. .
2 . v & 4
. .
. =
. s . L . R

lapvet6 tipus

oint + track

.
;-
" .
*
.
.
. .
.
-
P .
. ]
. "
.
=
R .
. ]
. #
-
®
R -
. .
#
-
.
R -
. .
*
.
.
. "
" .
*
.
-
R .

beallitas és kovetés) -

.
.
-
.
.
=
-
g
.
=
.
.
.
.
.
.
.
.
.
.
-
-
g
.
-
g
.
=
.
.
.
.
.

" .
. .
. . s . . . ;.
. . . . . 5 .
E a .
. ]
. & i
. .
L. . . S . . . ;.
" - 4 Il 2 .
: o
. & S .
. .
. . . S . . . ;.
" . . . s 2 .
. . - g
. . : i " g .
. & i
. =
. . . ;. . . ;.
. » . . . % .
. . & g
3 . . ] 3
. & &
. .
. . . s L . . ;.
. . . . I N .
b a .
. ]
® . &

r.. . s ,.' . o
i " . . ,l 5

' ,l L] o “qe

walis- -
,1 s @ i : .

".. . .. +_. a ..
. . i & .

‘_. . . ._. ..
; . " : .

‘_. ;. ._. ..
. . . . : .

'.. . . - +_. . ;.
3 " . . ,l .

o . ;. +.' . -
) l. - . ’. .-

®
.
R "
. *
4 "
®
®
R B
. *
.
=
R ®
. .
v
®




.+ 1. Equatorial Mounts:-© vt

.Th ‘ trad1tronal mountmg system is called the equatorlal mount |
- Nate that we are pointing the telescope to different places on- the sky e e ltle el
. thatis; we are working in two dimiensions. Therefore, we néed to have two aXe_'s |
- that are perpendrcular to each other - like X and y: In.an equator1al system, - -
" one axis is made, exactly parallel fo ] sarth's rotation-axis, and thisiscalled '~

th polar axis. The second axis is at|right angles to this-polar-axis, and it is|: 54
- called the declination axis.. The telescope moves N S about the decl1nat10n“.-'-_.".' _-
'sandEWaboutthepolaraxrs e | SRR R P

Some tIungs to note

To pornt at a tarQet reourres moVir'r’Q'.the'tel-escope' about 'both‘ a'}ces'.' e U

L0 To track on the target durlng tle exposure requlres movrng about the
¥ po ar axis only: Because the polar axis i$ exactly parallel to-Earth's.rotation - -
. axis, we need only- sprn the telescope ab.out_tl_us_ axis-at just the saine rate that *-
:'_Eathspms . e e e e e Le s e




s *."Jarallel to Earth's rotation axis-is{

The marn drawback of the ¢

)y hlS is the ch1ef advantage of the equatonal mountlng system
. The N-S position does not change
an regnlate the E—W tracklng of t 1e target P D

quator.tal mount is that the axrs
a difficult orientation wrth respect

... to.the.ground, and it.is different for.every observatory

... with respect to.the-ground: In anott
. the’polar axis must be positionéd t
- - ground. Positioning these large me
e ngles creates difficulties that incr

or example, in Toronto the polar

axis must make-an angle of about 45° '
her-location,; such-as Hawaii; - SRR
0 have an angle of about 19° to the |
chanical structures at these odd e
ease rapldly as the srze and rnass

X C)I tne [QIESCO[)E 1ncrease

and a: 51mple clock mechamsrn 'f'j




L _The ba31c 1dea of an equatorlal m

ount has been achleved

- [in several different ways. Each has a polar ax13 and a deelmatton aXIS

oy ..'_'-_but eaeh arrangement is dlfferent .

Ser In thts approach the dechnatﬁon axis is at the end of the polar ax13 .' .
e 'whtch i$;on'top-of & pier‘to raise .

he telescope to a-convenient hetght

- |This arrangement can point to-dn)
..+ |great mechanical stress, because
-+ [held:at the end of the.axis, There |

e wetght of the telescope must be.
is a counter-weight-to.balance the -

' lfaleecane on-the declinafinn: avie

. ] LLL\—U\.—UP\.— JLX LLlL \al\.a\.- .l.ll\zll.lllll Wuu,

the polar axis-mustsuppert. This
. ;'relatwely small hght telescopes e

l.(bll CLLCAT JMUL UUVUHULJAICUY UL VV\,.I.@].].L CLEAGAT

: part of. the: sky, but it experiences « . 4

hnt that inef doublec the weicht.thaf : _.
stress limits the. German mount to° = . '+




Side View

Dechnation Axis

Polar Axas
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. ln thls scheme the polar axrs branches 1nto a fork SR

g Z,’ﬁ-The clecllnatton axis holdlng the.telescope Is anchored on both encls

-+ by the tivo sides of the-fork. This provides muckhr stronger decltnatton i
.. Shipport for the telescope but therel1s still.no support. for the weighit at the
"+ _eqid-of the polar axis; Arother limitation is‘that the:room for the telescope .
. .-at the bottom.of the fork is-limited] Fither the telescope can have only ... .-
. small instruments if it wants-to view all-parts-of the sky or 1t cannot V1ew Tkt
. al ong the polar aX13 }f 1t 1s used wnh larger 1nstruments -

- cb_"cr

Nt . +-__. R 72

-~ This- mounting method Wwas used for telescopes up to mirror-diameters of 2.5
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/7 Polar Axis

Declination Bearing

Right Ascension Bearing J

Top View

Declination Axis —\ L l
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\ Declination Bearing
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A th1rd Varlatron of the equat01

R n thrs arrangement, the polar axis
.. pn'vertical piers, This relieves the:
-+ However, the- telescope is attachet
- 1 tleclmatlon axis: is.now the one th‘

The Engllsh mount is not rest1

5 case for the fork mount, but it is ¢

ual mount is, the Enghsh mount
mechanical stress an the polar axis...

1 on one side of the polar aAxis, so the
at feels the mechamcal stress

DR ;makmg it easy o reach the focUs

onvenient for-only half of .the sky at on

or observing. For the other side of the s

ime.. For one half.of the sky the tFlescope is slung beneath. the polar-axis, - -

is supported at:the top and the bottom B 7'-':

icied to just part of the sky, as was the e

& “thé focus, except by standing on
- - -$olved by *“reversing" the side of
. ~attached, but thls only swaps the S

o view easrly

ctc-ll |

very tall ladder. This difficulty canbe = -
he-polar.axis-on which the telescope. 1s.'-,-'_ i

] l()WﬂVEI" llle lCleLU[)E SO top \%: UIC pOldf Xmb IIldKlIlg it dit llt,Llll lU TE

.1des of the sky that the telescope cah. - g










4L Horseshoe Mount
i When astronomers wanted to blllld telescopes larger than 2 5 Hi, 1t was! .
o _'necessary to devise a new inewnting arrangement that would be. able to carry -
- larger telescopes The solutlon was the horseshoe mount that wasinvented: -
" far the 5-m telescope tha was completed in the late 1940's and used for all- . .
- the 3to 5-m telescopes buiili for195040.1970. The Canada-France- ‘Hawaii -
.. Telescope, finished.in the early 19/0 s, was.one of the last telescopes budlf . .
v 'th th1s mountlng scheme P S SR SR S S sl

1 support both ends of both a'x_e_s‘_ﬁ _' f_'-j": e f.: L.

2 have unrestrlcted access to the'_wf_hOI'e--'.'SkY'_- ERDIEREE




;-_To achleve these goals there is, a f01l< lrke polar axis that is mounted on
. .thie top ‘end t0 a horseshoe- shaped support Thé fork prov1des sUpport | for owl
. ‘both ends of the decliniation axis, angd the horseshge niotint provides support.'f o
- -at the top end of- the: polar axis. Beca,use the hiorseshoe is opern, the-telescope - -
. cap'hi tilted down all the way o see objects that are located dtrectly along PO
*t‘he polar axis i the sky X g it

. "_,.F(',)l‘ every rnount the p1er(s) on wh1( h the polar axis rests are separate from.l_'-'_
. the: floor and the remalnder of the observatory bu1ld1ng, The p1ers extend e

ln thrs way, the telescope is 1solated frorn any Vrbratrons 1n' the observatory .-
“,.'_bu[tldmg
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: —-".",The equatorlal mountmg system hclS the '.&'_cl\taﬂtag'e'_- of 31mphc1ty of oper'atl'o_n;'.' |
a target, we can track that object for .the_ s

Ry after pointing the telescope toward a farget, we can track that objeet |
-~ duration of the observation by moving:the telescope about one axis ata |
- cpnstant rate. However, the price for achieving this. 31mpl1c1ty is h1gh

* The polar axis must be precisely al
- Which'is always an odd angle with

© Alitude Azimth Mounts

1gned patallel to Earth's rotation axis;
respect to the ground, This forces the

. L - L . B . B . ¥ . ¥ - =
. . ’ . - - . . .
. . . . . " N .
. @ . s @ . ® . ® . ® . ® . ® "
* . g * - L . - - . .
# . - L . . * -

" mechanical structute to be very massive to achieve the necessary strength |

_secOndv cost is -that- the-.do'me Aiust be large but empty fo prov1de Clearan _
~ " for the full range of movement of the telescope As a consequernice of these™
_ “factors, the cost of building a.telescopé increases rapidly as the telescope bl

_(_ D.

'. T oportlonal to the 2 7th power oft

nl:._ll“l‘Ol“ grows in size, The empmcall rule of thumb is that the cost 1s Ji e
p) e dlameter of the telescope o .t




; Eor example go1ng from the 5 -n Pa omar telescope to tle 10 m Keck

»‘ 'telescope the dram.eter has doubled but the eost-would have 1ncreased by -
. 219 2.7" power.=.6.5. The.amount of light collect would have 1ncreasecl by only
"2 10'2th =4, 80 the COst per photon i§ more ‘with the larger: telescope o
. This rapid increase:in the cost of telescopes effectively: limited the .

f '-_rnaxrmum size of a: telescope after t-e completlon of the 5 m Palomar
: telescope in the late 1940 5. T - - - -

f,"T.jO.break th1s economlc hmtt astron mers swrtched to the altltude az1muth |

f__'an the horrzontal base can be spun -ouncl a Vert1cal axrs at its centre

Betause there are’no, pecuhar anglesj 1t takes aless’ masstve Téss expenswe _'
- mount to susta1n a g1ven slze of tele cope ThlS leacls to a srgnrfrcant '
cost sav1ng - s e : : e




el

: 2 The tracklng rate Var1es wrth Do s1t1on in the sky The most extreme ca" e

3 The f1eld of V1ew rotates Th1s S not a problem for po1nt sources such as -

. .St

*The telescope moves up and down n altrtude (also called elevahon) wnh a_' bes
. “tofal tange of 0%'to 90 deg. The bas ‘of the SUpport is’ turnable from - -

1 The telescope must be moved il both coordmates Whlle tracklng a targ

to 360° or to-+180 deg. This resfricted range of motion, while stlll e e
Qvering the whole 5Ky, leads to an ther substanttal savmg i the 31ze of th- S
)methat1s neededforthetelesco O L T e

; spun around 180° in az1muth 1n o rder to contmue followlng the object B

TS, but it must be addressed for any extended source by e1ther rotatmg ﬂl_

oo

strument or by derotatmg the 1ma e

l 'All lll‘l,' I lll .l l“l 1. 14] I.‘l'l.‘ll



-+ | Each of thesepro olems can be solve:, particularly with'the aid of computers;

St ._altltude azrmuth ce31gn

: ~ - {and the cost of solving them is. sma,l:l-'Cbmpaf.ed?to‘the'gé'infprbvflfded I?YT

i -A httle hlstory 1s useful here The constructlon of larger telescopes usm N
" | the altitude-azimith mount was not begun until-the 1970's and it took'a =~
| while after that to develop. Before that, aniother solution was to improvi :
| the eff1c1ency of the détectors, Pl otographs were the primary detectors in

- |astronomy.for many decades. They have the advantage that they- are lar e,

" | relatively cheap, and can serve-as both the detector and the data storage i
i, '._dEVICE However a photograph 1'5 grossly 1neff1c1ent ol

,-; 'The 1mage created uses 1% of the hght at most and there are many ways-

: | that-the efficieney can be lower thaiy thrs That means that the photogra_ ' h
-".T-j_.,-,'wastes99+% ofthe hght e e e e e e e
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