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froa: S.v.Hoerner

Oct* 7, 1970

Guide Lines for the G5-n Telescope Design

I. Intention

It is intended to provide, for the nost urgent fields of observation, a break - 
through in telescope design; to be regarded ac a prototype for various future 
telescopes*

The Most exciting future discoveries are certainly those which nobody can guess 
at present, and any instrumental break-through would be desirable. At present, sorse 
of the uost urgent fields of observation are (t) molecular lines, (2 ) the short - 
wavelength variability of quasars, and of related N-type and Seyfert galaxies, dowa 
to noraal ellipticals; (3) a sky survey at short wavelengths, for young quasars and 
exploding galaxies at larger rcO^dshifts; (4) structure and dynamics of our own and 
nearby galaxies*

This leads to a demand for short wavelengths, say X i* 1 era, but also to a desire 
for a large diameter in order to find and study a satisfactorily large number of 
objects within a managably short tine* Furthermore, the telescope should still bo 
in competition with other existing telescopes in the range \ » 1 *** 3 ca*

In sumstary, we want a telescope as large as financially feasible, and for a wave­
length (below 1 cn)a3 short as technically possible. It must be designed for short - 
wavelength survey^*

II* Basic Design Principles

Any large radio telescope is basically designed for stability in survival con­
ditions, which defines the major part of the cost. High accuracy, up to some natural 
limits, can be achieved by careful design and engineering, with only low extra cost*

proven on general grounds, and is verified by several existing and planned telescopes.

For the present design, high accua«v,jv.i.o awuc»cu by the following new basic 
principles:

Inaccurate telescopes cannot be made much cheaper than accurate ones. This can bel/b:



1* Deformations

Permits crossing the gravitational limit in Fig# i# up to the thermal limit, 
at almost no extra cost*

*• Optical Pointing; Keference

No structural accuracy is needed between the center of the back-up structure and 
the ground. This system omits (f) soil settlement; (2) rail deviations;
(3 ) all thermal deformations and (4 ) slow wind deformations of trucks, towers 
and telescope suspension* Total cost about 30 0,00 0 $ independent of D.

3. Stirface Plates with Internal Adjustments
9Each plate of 19 ft has 36 internal adjustment screw©, to be adjusted by manufac­

turer before delivery (about 1 hour per plate)# High accuracy (2 - 3 x inch) 
can be achieved at medium cost ( about 40 $ / ft*)

4# New Telescope Measuring Techniques

Fast and very accurate distance measurments are possible with the Hewlett-Packard 
laser-beam interferometer (better than one part per million)# A method uced by 
Zeiss gives + #f5 mm, with pentaprism and tape. The Mekometer announced by Kern 
(Swiss) claims * *20 mm, but looks improvable.
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III. Choice of D and X

The selection of size and wavelength was guided by the following demands:

Demand Reference Result

1 • X ̂  1 cm, in atmospheric window Fig, 
T a Z J ^ l .  J

X ̂  *8% 7.3, £•£, <3.2, 8*8 mm

2. Medium cost surface,^50 $ / ft* Green Bank 
work shop*

\ ^ 2 ... 3 mm

3. Thermal limit at night Fig. f, X ̂  5 ma (D / foo m)

4* Cost feasible, <£ e - 8 Cost estim* 
of 300-ft 
design,

D eo ... 70 ra

5* Size competing at A » 1 • • 3 era Fig. 1. D ̂  210 ft 3 C4 in

Demands 4 and 5 yield a diameter of about 65 m. The thermal limit then gives 
a shortest wavelength of about 3.5 mm, which then is also alright with demands 1 
and Thus:



IV, Choice o f the  C assesrain  Systen

(Detailed calculations given in Report 31; Feb. 2«f 1970)

1. Reasons for Planning a C assegrain  System
Table 1 lis ts  the six  reasons m ostly given in favour of a  secondary m irro r , plus 

one m ore connected with our special pointing system . They a re  lis ted  in the o rd er of 
increasing im portance regarding the 65-m telescope (zero m eans no difference, positive 
is  in favour of a  secondary, negative is  against it).

Table Reasons for a secondary m irro r .

Reason R em arks for 65~m design Estim ated 
im portance 
(-5 to +5}

1. Easy access Service tower for p rim e focus is  planned any­
way. A ccess, then, is  even eas ie r there .
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2. Heavy 
equipment

Feed legs re s t  on m ost basic points of back-up 
s tru c tu re . Additional weight at p rim e focus 
gives le ss  surface deviation than at vertex  
(factor 3 .4'j.
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3. Scanning 
ability

Telescope is  fully s te e r  able. 0

4, Reduced 
spillover

A spillover shield at p rim e focus (Report 3, 1965) 
is  ju st as good but cheaper; usable for A - 20 cm 
for 65-m . Needs to be tested  at 140-ft.

0

5. M ultiple feed 
for alternative 
observations

Im portant for sho rt wavelength and. w eather 
changes. But can also be done with rotating bot­
tom of prim e focus cabin, see P arkes telescope.

%

6. Im provem ent 
of pointing 
accuracy

Bypassing the lowest dynamical frequency of the 
whole telescope (1. 5 cps) with a fas t-co rrec ting  
secondary m irro r . Estim ated 20-30% im prove­
m ent of pointing accuracy; to be known better 
a fte r O. Heine’s platform  experim ent.
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7. C luster of many 
feeds for sim ul­
taneous o b se r­
vations.

Survey of whole sky at short wavelength. Com­
pletely  im possible at p rim e focus because of 
long durationj *5 -  900 y ears fo r  whole sky.
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*• S e lec tio n  o f  diam eter d a  fg f t
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TableX . L im its for d iam eter d of secondary m irro r .

No. Problem Adopt Demand Equation Lim it

1 m ultiple f e e d , ^  
c lu s te r size C

c = 9 ft 
X = 3. 5 mm

n > 1000 (29 a) d * 7 .3  ft

2 lim ited  cabin 
length &

J =  12 ft X -  3 cm m (25a) d £ 10.8 ft

3 full use of 
cabin width

c = 9 ft 
X = 3. 5 mm

y  * 15 dB'c coma
(37) d 5 12.3 ft

4 im proved point­
ing accuracy

W ~ d 2- 5
Vv'C'Tf? 4-

v > 4 .4  cps 
dvn. freq.

(48) d < 13.4 ft

5 blocking by se c ­
ondary m irro r

B = 4 /m 2 B < 2% 
gain lo ss

(18) d ^ 1 5 .1 f t

6 homologous dF, 
fixed feed

dF = 1 inch 
X -  3 .5  mm

L -  2% 
gain lo ss (6) d < 22.4 ft

T ab led . Secondary m irro rs  of various size.

d m  
s £  
~ 2>

M Xm

Side + Coma Lobe 
So i t

Number n of m
feeds, in 9 x 9 ft 

c luster W "taxis
*0

6.37 ft off-axis,
yc

A =
6 mm

X =
3. 5 mm

X *s 
6 mm

X =
3. 5 mm

ft cm dB dB dB lb cps

8 26.6 24.1 1.6 23.4 23.1 21.4 424 1192 327 4.89
10 21.3 19.1 2 .6 23.1 21.9 18.6 661 1875 571 4.74
12 17.7 15.7 3 .8 22.8 19.8 15.3 965 2753 901 4.. 55
14 15.2 13.4 5.2 22.5 17.3 12.6 1312 3758 1324 4.33
16 13.3 11.6 7 .0 22.2 14.8 10.1 1738 4992 1849 4.11
18 11.8 10.1 9 .2 21.9 12.4 7.7 2278 6561 2482 3.87
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*• R esu lts  and Summary

A discussion of several argum ents leaves only one crucial reason  for a 
secondary m irro r: a la rge  c luste r of many feeds needed for a survey of the whole 
sky at sho rtest wavelength (which would take 25 -  900 y ears at the p rim e focus). A 
rem ovable C assegrain  is  suggested, to be used for 3. 5 mm - X ^ 3 .8  cm, while 
longer wavelengths m ust be observed at the prim e focus (excessive horn length at 
secondary focus), using a spillover shield. The C assegrain  m irro r  should be mounted 
at th ree  feed legs, on com puter-controlled jacks, allowing ± 1 inch movement in all 
d irections with an accuracy of ± . 002 inch up and ± . 010 inch sideways.

F or structural reasons, the secondary focus is  located only 5 ft above the v e r­
tex. The cabin is  10 x 10 ft wide, and 12 ft long. The maximum feed cluster is  
9 x 9 ft. There should be two exchangeable cabins.

Two lower lim its  and four upper ones a re  derived for the diam eter d of the 
secondary m irro r , resulting in d = 12 ft. The magnification, then, is  15.7; the 
longest wavelength at the C assegrain  focus is  3. 8 cm; the f irs t  side lobe is  22. 8 dB, 
and the com a lobe is lower than 15 dB at the corner of the feed c luste r for all wave­
lengths; the maximum num ber of feeds is  965 for X -  6 mm, and la rg e r  for sm alle r X; 

the weight of the secondary m irro r  is  about 900 lb, and its  lowest dynamical frequency 
is  4. 5 cps (sufficient for fast co rrections of the pointing, bypassing the dynamical lag 
of te lescope and towers).
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Fig>. 1. Three Natural Limits for Tiltable Conventional Telescopes
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Figure 2
Total attenuation for a one-way transmission through the atmosphere

A : .  A arons 1958 
D: Dicke et al 1946 
W :  W hitehurst 1957 
T :  Texas 1960 
C : Coates 1958

if: Handbook Gcoph. 1960 X : humid
R: Ring (Hogg 1960) Y: mean
------------ Hogg 1959, 1960 Z :  dr>’
-------. — Theissing and Kaplan 1958

Table 1. Atmospheric Windows

X
(mm)

At ten. 
(db)

Limits D(m),Fig. 1
gravit. Therm, night

0.83 5 11 17
1.3 0.8 14 26
2.2 0.8 18 42
3.2 1.0 22 65
8.8 0.2 35 170


