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When the first permanent observatory in the southern hemisphere, the Royal Observatory of Cape Town, was established exactly 150 years ago, the choice of a suitable site could not have been a great problem.  Man-made pollution of the air was practically unknown, dark skies were the rule everywhere, and Cape Town was in any case the only place south of the equator where an astronomer could work in reasonable comfort and safety.

Today the position is very different.  On the one hand the astronomer is making use of ever larger, more sensitive - and more expensive - instruments, to enable him to reach ever fainter objects, while on the other hand society is doing its best to stop this work by creating a barrier of light and smog around its cities.  An observatory in a city is therefore becoming a thing of the past.  The high cost of modern instruments makes it imperative that they should be used as efficiently as possible, under the best possible climatic conditions, for the main obstacle faced by the ground-based astronomer still remains the atmosphere of the earth.

South Africa1s clear skies have always been considered exceptionally favourable for optical astronomy, but it seems that this only began to attract attention after 1903, when the first inland observatory was established in Johannesburg:  the Transvaal Observatory, later known as the Union Observatory, and today the Republic Observatory.

The first tentative site tests were made around 1910, when the Harvard Observatory began to look for a better site for its Boyden Station, which had been suffering from poor climatic conditions in Peru.  It was reported that conditions would probably be best near either Hanover or Bloemfontein, and in the 1920's the new observatory was built at Maselspoort.  During the next decade tests by Steavenson and Knox-Shaw paved the way for the establishment of the Radcliffe Observatory in Pretoria, and a most comprehensive investigation was carried out between 1955 and 1965 for the proposed European Southern Observatory.  In 1963 it was decided that the ESO should be built in Chile, and tests in South Africa were discontinued before a final decision could be reached.

The early investigators must have had to contend with many difficulties which today are all but forgotten.  Roads were poor or non-existent, motor transport in its infancy, and even if it had been possible to make tests at very remote places, it would have been wholly impractical to build an observatory there  The choice of Bloemfontein and Hanover can perhaps best be explained by the fact that both towns were near a railway line.

Today such limitations no longer apply, and it is now practical to consider the merits of even the most distant places.  Thanks to the work done by meteorologists and surveyors, it is now possible to study the probable characteristics of most regions without actually going there, although it is unfortunately true that the more distant regions, which are often of most interest, are also the ones most inadequately mapped, and whose weather stations are so far apart, that interpolation becomes risky.

Actual tests at selected sites therefore remain essential.  This paper describes the work done in this connection by the Republic Observatory since 1966.  From 1969 onwards the work has been continued in co-operation with the Cape Observatory, which independently had been working on a similar programme.

REQUIREMENTS FOR AN OBSERVATORY SITE

The numerous requirements, which will vary according to the purpose for which the observatory is to be used, can be divided into two main categories:

a) Scientific

            b)  Operational

The scientific requirements are clearly of primary importance, but followed to their logical conclusion they will usually take one to very remote regions, and will therefore generally clash with the operational requirements.  The final choice will thus almost always be a compromise, the nature of which will depend very largely on the particular work which the observatory is intended to do.  This fact has not always been fully appreciated by the astronomical theoreticians, who have often felt that scientific factors were all that mattered, and that all ensuing problems, human or otherwise, could be solved by injecting adequate supplies of money

The main scientific requirements, arranged in an order of which will be explained later, are the following:

1. Predetermined conditions as to location, viz.

a) Longitude

b) Latitude 

c)  Altitude

Longitude is chiefly of importance from the point of view of  global sharing of observational programmes, while altitude is mainly important because of its effect on seeing.  This leaves latitude as the main factor to be decided here.

2.  A large percentage of clear nights, perhaps distributed throughout the year in some preferred manner.

3.   Favourable climatic conditions, i.e. no extremes of   

             a)  temperature,

             b)
 variation of temperature,

             c) wind,

4.   Favourable sky conditions:

            a)  Maximum transparency (i.e. minimum extinction), which means

(i) minimum natural obscuring factors, such as dust, haze, water        

            vapour, and

     b)  Maximum sky darkness, i.e. the above two factors, plus a minimum of 

      man-made light.

c) Good “seeing”, which to the astronomer means that the star image in the

       telescope should show the least possible refraction effects, viz. the least  

       possible

(i) turbulence (variation of size and shape),

(ii) image motion (i.e. variation of position, although size and shape

             may be good),    

(iii) scintillation (variation of intensity).

            It is seldom possible to optimise all the above factors simultaneously, and once again a compromise will have to be accepted.

            Among the operational requirements may be mentioned:

1. Acceptable living conditions for observers and others at the observing site (not necessarily permanent residence).

2. Adequate living conditions for technical and other staff, at the observing site, or at a residential centre in the neighbourhood.

3. Supply services and communication channels, e.g. roads and transport services, clean water supply, electricity, post and telephone connections, supply centre within easy reach (and preferably on railway) for all items, from daily provisions to heavy technical equipment. 

It is clearly difficult to reconcile scientific and operational requirements.  It now remains to be seen to what extent they can be reconciled with actual conditions in South Africa.

One might do this by making a survey of the whole country in respect of each of the requirements, assigning suitable weights to every one of them, depending on the programmes to be carried out, and finally deriving, hopefully, a factor of merit which would point to a particular spot as being the ideal site.

Such a procedure, which would be fairly tedious, might yield a great deal of interesting information, but much of this would be redundant, and in the end one would still have to deal with the problem of reconciling conflicting factors

It is believed that the following method, which we have endeavoured to. use at the Republic Observatory since 1968, leads to a more rapid elimination of unsuitable sites, and possibly to a reasonably accurate assessment of a small number of the more suitable ones

It is based in the first place on the knowledge that many of the factors are not independent of each other, and that the requirements may be arranged in a specific order, so that:

a)
the requirements at the top of the list will, as far as possible, include those lower down, i.e. those at the top will have to be met before those lower down the list can be considered;

b)
the requirements at the top of the list can be answered by referring to known meteorological and other data (First Stage), those in the middle can be elucidated by means of automatically recording instruments, or by indirect means (Second Stage), so that it is only for the requirements at the very end of the list that actual on-site observations will be needed (Third Stage)

In practice it is clearly not possible to follow such a simple scheme rigorously, but a very good approximation can be achieved, which will enable one to do much preliminary work before going out into the field. The list of scientific requirements shown above has in fact been arranged on this basis   It should be clearly noted that this is not necessarily the order of importance of the various requirements, but the order by which unfavourable factors can be most readily excluded.

Where the earlier requirements cannot precisely include the later ones, and a decision has to be made as to whether something should be sacrificed, a simple weighting system has to be applied.  For instance, it is not conceivable that there may be cloudy regions. where the seeing on the few useable nights is much better than that experienced. in more cloudless regions.  Each site or region is therefore given one of three ratings in respect of each requirement under discussion:


                          A =  Pass


B =  Doubtful


C =
Fail

One tries in the first place to find sites with A ratings f6r all requirements.  If this fails, sites with one or more B ratings may have to be carefully considered.  Sites with C ratings are discarded outright.

This method is only intended to simplify the final assessment. The problem remains that boundary levels between A, B and C ratings have to be determined in each case   These will vary according to the purpose for which the observatory is being established, and may well be subject to considerable argument.  The remainder of this paper will describe the work done to select a site for a general rather than a special purpose observatory, and consider the various  requirements in more detail.

FIRST STAGE

1. Latitude

The number of large telescopes in the southern hemisphere is still so small that we have a relatively poor knowledge of the southern sky, despite the fact that it contains some of the most interesting objects, e.g. the Magellanic Clouds, between -65° and  -75°.   Astronomers have accordingly often expressed the view that new observatories should be located as far south. as possible.

A disadvantage is that weather tends to worsen as one goes south, and there is much to be said for choosing an area with consistently clearer skies, even if this  means a loss of a few degrees in altitude of some of the interesting objects.

Another point of view is that since one can see, theoretically at least, the whole of the sky from the latitude of the equator, one should. go to low rather than to high latitudes.  The final decision will again be a compromise, but it is probably correct to say that almost any place between latitudes -25° and -35° would be suitable   In South Africa, as in the other southern continents, this also happens to include the regions with a maximum number of clear nights   One can therefore assign an A rating to the whole of South Africa south of  -25°, and a B rating to the region north of this latitude

2.   Altitude

A priori, the less atmosphere, the better the seeing, and a high altitude is thus desirable.  Experience at the existing observatories in Johannesburg, Pretoria and Bloemfontein suggest that one should aim at a minimum altitude of, say, 1800m, especially if low water vapour is of importance
One might thus give ratings:

A =   above 1800 m.

            B  = 1200 - 1800 m.

            C =  below 1200 m

2. Clear Nights

           No observing is possible when the sky is cloudy. A large number of clear nights is therefore a first and essential condition for any observatory site, particularly when the capital investment is large, and the overhead running costs are high   For instance, in the case of a 200-inch telescope costing, say, R1O million, with running costs estimated at 4% per annum, each cloudy night will represent a fruitless expenditure of some RlOOO
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The probable number of clear nights at a site should therefore be determined before any other factors are taken into account, and it is fortunate that this can be done with reasonable accuracy by referring to known weather statistics

Daytime cloud data have been published by the Weather Bureau for many years, but it is only since 1956 that cloud observations have also been made at 20h  SAST at a number of first order weather stations   In most cases, 20h  is sufficiently long after sunset to make it possible to use these observations for estimating probable cloudiness during the rest of the night (Hers 1967).

The variation in cloudiness during the night could be determined only in the case of Jan Smuts Airport, the one station where observations have been made at hourly intervals   On the assumption that the nightly variation at other stations would not be very different, the probable cloudiness during the whole of the night at each station could be expressed

as a function of cloudiness at 20h.

For Jan Smuts it was found that the percentage frequency of "Photometric Nights" (i.e. nights completely clear for at least 6 consecutive hours) was equal to:

            95% of the percentage nights with zero cloud at 20h,

           and :     48% of the percentage nights with 1/8 cloud at 20h

At the better sites, nights with cloud 1/8 or less account for 60 -70% of the total.  The percentage nights with cloud 2/8 seldom exceeds 10%. while the percentage of the other octas are even less.  When estimating photometric nights, therefore, one is quite justified in disregarding all  nights with cloudiness more than 1/8 at 20h.

In practice it was usually found that it was unnecessary to compute the number of photometric nights, and that the relative merits of different sites could be determined by simply comparing the total number of nights with cloud 1/8 or less at 20h .  To obtain accurate values the original observers’ records had to be consulted, but useful preliminary estimates could be obtained from the mean cloud values published in the Weather Bureau's annual reports.

Over most of South Africa the seasonal variations of cloudiness are fairly large, and percentage frequencies were therefore computed separately for winter and summer.

The map shown in Fig. 1 has been drawn in an attempt to show the geographical variation of percentage nights with cloudiness 1/8 or less. Because of the limited number of observing stations, it cannot do more than show general tendencies only, and it is quite possible that significant local variations may occur.  The region of minimum cloudiness is somewhat similar, but does not quite correspond to the region of minimum cloudiness shown in Weather Bureau charts.
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The following points may be noted:

(a)   Conditions over practically the whole of the country (except in the immediate neighbourhood of Cape Town) are better in winter than in summer.  The seasonal difference increases the further one goes to the north-east.

(b)   Minimum cloudiness, together with negligible seasonal variation, is found in the region between Calvinia and Springbok, in Namaqualand.  It is probable that these conditions extend well into South West Africa, but there are at present no observing stations in this region.

(c)    In the centre of the country, the region of minimum cloudiness corresponds roughly to the Orange River basin, which is mainly  of low altitude. It may well be that this is no coincidence. There are few useable mountains in this region.

The suggested rating system is as follows:

                                       Percentage Clear Nights (1/8 or less)

                                                 Winter              Summer

                           A                 over 70%
over 60%

                           B                  60 -70%             50-60%

                           C                below 60%        below 50%

It is interesting to note that none of the existing observatories obtains more than a C rating in summer, and that only Johannesburg and Pretoria qualify for an A. in winter.  Even Beaufort West, where extensive tests were done for the proposed European Southern 0bservatory, earns no more than a C both summer and winter.

Percentages for the best weather stations are:

             Whole Year             Winter                    Summer

                                               (A)                          (A)

 O’okiep                72%                      73%                         71%

Prieska                   71                         79                            63

Willowmore          70                          74                            66

Vanwyksvlei          67                          73                            61

(A) (B)

De Aar                   67                           78                            57

Fauresmith             66                           79                            54

Upington                64                           72                            57

Keetmanshoop       63                           76                            50

Victoria West        62                           70                            54

                                                             (B)                          (A)

Calvinia                 68                           68                            69

Sutherland             64                            67                            61

Fraserburg             64                            67                            61

The optimum region in Namaqualand suffers from the disadvantage of being very far from the main population centres, and one may therefore have to go to a region where the seasonal variation is larger.  There are differences of opinion as to whether one should aim in the first place at good summer or good winter conditions.

One point of view is that our climate is in many ways complementary to that of Chile, where best conditions occur in summer, but where winter conditions are generally poor.  South Africa would thus make the best possible use of limited resources by giving first priority to the kind of astronomical research which can be done better here than anywhere else, i.e  which involves winter observing, rather than to concentrate on what  can always be done better in Chile.  Increasing the number of winter nights would substantially increase the number of possible observing hours, an important factor where large capital investments are involved.

Another view is that some of the most important objects, the Magellanic Clouds, are best observed in summer, and that, since the summer nights are in any case shorter, one should aim in the first place at the maximum number of clear summer nights.

Taking into account the above considerations a number of suitably high sites in the central region were selected for further tests

SECOND STAGE

4. Temperature Variations

Investigators in other countries have remarked on the fact that a rapid temperature decrease is generally accompanied by poor seeing.  It has also been stated that the good seeing conditions experienced on the mountains in Chile is due in a large measure to the thermal stability of the atmosphere, demonstrated by the very small temperature fluctuations actually recorded during the night.  Whether or not this is also applicable to other regions, it is certainly true that when one is operating large optical instruments, temperature stability is of the utmost importance, and a knowledge of the actual temperature variations to be expected at various sites is essential.

A priori one would expect that

(a)
the nocturnal temperature drop would be less on a hill or mountain  top than in a valley, and

(b)
the build-up of a temperature inversion layer in a valley or on a plain, to some indeterminate height, would adversely affect seeing.

Since little was known regarding heights of inversion layers, and what mountain heights would be needed to overcome them, temperature recorders were installed at a number of selected high sites within the region of minimum cloudiness, viz. at

Luiperfontein1 district Fauresmith              (Jul.68-Sep.69)

 Osfontein, district Philippolis                    (Jul.68-Dec.68)

Kranskop, district Hay                                 (Jul.68-Sep.69)

            Renosterberg, district De Aar                     (Mar.69-Apr.69)

            Panvlei, district Hay                                  (Mar.69-Aug.69)

            Kookfontein, district Richmond                  (Aug.60-            )

            Sutherland                                                   (Dec.69-            )

                  "           (mechanical thermograph)        (Nov.67-Jan.69 )

Each recording unit consisted of a resistance-bridge sensor, mounted in a bird-proof cage 10 metres from the ground.  The recorder at the base of the mast could normally run for a little over 3 weeks without change of chart or batteries.

Hourly temperatures were read from the charts, and the temperature drop between 19h  and 5h  used as a criterion for comparing the different sites, since this period would  be reasonably dark during most of the year.  It should be remembered, however, that buildings and instruments, and the surrounding grounds may take a considerable time to cool down from high daytime temperatures, and daily maximum temperature should therefore also be taken into account.  Typical frequency distribution curves of temperature drop at some of the sites are shown in Fig.2.
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Some of the more important conclusions are the following:

1. None of the sites tested so far has shown the remarkably steady temperatures which have been recorded in Chile, but the drops recorded at Panvlei have been substantially lower than at any of the other stations.  (Panvlei is situated on the relatively isolated Langeberg, some 420 metres above the surrounding country.)

2.  The rates of temperature drop at the Boyden Observatory and at Sutherland are markedly higher than those recorded elsewhere.

3.  There is often a great similarity between minimum temperatures recorded on the same nights on different mountain tops, which may be separated by several hundred kilometres.  Here one is therefore no longer dealing with local effects, but with major changes in the atmosphere over a wide area.

    4.  A comparison of the results shows that for relative absence of local effects one should aim at a minimum height of approximately 300 metres  above the surrounding terrain.  The sides of the mountain should be fairly steep, and the drop to the lower level should occur on several sides within the immediate neighbourhood (say within 1 or 2 kilometres) of the summit.

Using Cerro Tololo as standard, the nightly temperature drops at various sites, average+d over long periods,are related more or less as follows:

Cerro Tololo                      1.0

Panvlei                               1.8

            Kookfontein                        2.4

            Sutherland                           3.8

            Zeekoegat (old ESO site)    4.7

5.    Altitude.

At this stage, maps of the more cloudless regions were re-examined, and a list prepared of all mountains higher than 1800 metres above sea level, and more than 300 metres above the surrounding country.

It was found that the height of the average koppie was only of the order of 100-200 metres, and that mountains of more than 300 metres were very scarce indeed.  The final list contains some 33 names, and of these about half are located in a relatively small area between Graaff Reinet, Richmond, and Middelburg.  Of these a number could be immediately eliminated, e.g. for being relatively inaccessible, or too near a town.

It was concluded that two main regions should be considered:

(1)  North of the Orange River:  the Langeberg,west of Postmasburg. Height above surroundings 420 m., but height above sea level 1680m., i.e. somewhat low.

(2)  South of the Orange River:  numerous mountains between Richmond and Graaff Reinet, of which the Meiringsberg (400 m. and 2020 m.) was chosen for further tests because of its exceptional accessibility.

A third region to be considered was in the south-west, around Sutherland, greatly favoured by the Cape Observatory because of its relative proximity to Cape Town.  Altitude (1700-1800 m.) somewhat low, and all suitable hills well below 300 m.

A fourth region, which has not been tested, is the Kamiesberg, in Namaqualand   The altitude of 1400 m. is perhaps too low, but the climate may have other advantages

THIRD  STAGE

      6.  Seeing

During the period 1968-1970 seeing tests have been made at one site in each of the three preferred regions:  Panvlei, Kookfontein and Sutherland, as well as at Luiperfontein, using two main methods:

(a)  Double-beam telescopes for the photographic recording of image motion   Two images are produced of the same star by two separate optical systems, the objectives of which are spaced about 1½ metre  apart) to simulate results obtained with a reflecting telescope of l½ metre diameter   The two images, very close together, are allowed to trail across one frame of 35 mm film, from which the differential image motion is later measured

(b)
Turbulence measurement by estimating the appearance of diffraction rings in 8-inch reflecting telescopes, using the scale originally standardised by Danjon

The 8-inch telescope limits measurements to a fairly narrow beam, and as it is well known that seeing often appears good in small instruments while it is poor in larger ones, it was thought at first that the double-beam telescopes would give more useful  results, and all early tests were made with these instruments

Later experience has shown that this was probably a mistake, because the work involved in the selection, measurement and interpretation of the films had been greatly underestimated   Many frames had to be rejected for one reason or another (wind shake, poor focus, or fuzzy images due to poor seeing, etc.) and in the end only about 20% were measured. The star deviations to be measured were in most cases so small, that measurers' personal errors were found to have an appreciable effect on the results, and had to be accounted for

The diffraction-ring test, on the other hand, gives an immediate result, and although the estimation of the appearance of the rings is more subjective than the photographic process, it has been shown by actual comparisons that the differences amongst different observers are almost negligibly small   In spite of its limitations, therefore, this method

still seems to be the preferred one for an initial survey, and it is now regretted that it was only used during the last stages of the present series.  As for the final verdict: this can perhaps only be decided when genuine large instruments have been in operation for some time.
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From the histograms in Fig. 3, it will be seen that on the whole the differences between the various sites in South Africa are remarkably small.  Only in the case of the double-beam observations does Sutherland seem to be superior, but it should be remembered that the various sites were tested during entirely different periods and one would therefore hesitate to draw any firm conclusions.

Perhaps of more interest is a comparison between the double-beam and diffraction ring tests.  The latter show an unsymmetrical dispersion, with maximum well to the left, and a long gradual slope to the right. This is, in fact, the kind of distribution which common experience would suggest, since it includes the occasional extremely poor seeing which does occur at any place from time to time.

The double-beam curves, on the other hand, are almost wholly symmetrical, and one strongly suspects that there should actually have been a tail on the right, but that this has disappeared because the corresponding films were found to be unmeasurable,  It is therefore almost certain that the actual median values should be higher than shown.  This is also suggested by the fact that double-beam measures obtained by other observers elsewhere (mainly visual) have on the whole been higher, as is shown by the following table:

Double –Beam Results

Sutherland                      (Jan.68-Nov.68)            0.20"

Panvlei                           (Mar.69-Aug.69)           0.26"

            Kookfontein                   (Oct.69- Jan.70)             0.27"

           Cerro Tololo                  (1961)                             0.40"

               "        "                       (1962)                              0.25"

           Zeekoegat                      (1963)                              0.56"

          Flathill (Beaufort West) (1963)                              0.82"


Diffraction-ring Results

Kookfontein                (Nov.69-Feb.70)          0.36"

            Sutherland                  (Jan.70)                         0.36"

           Cerro Tololo                                                     0.21" (mean value)

           ESO:
6 Karoo sites     (1956-57)                     0.16"   - 0.32"    

           Congo : 6 sites            (1948)                           0.08" – 0.12"  (10 cm refractors)

          Australia: 2 best sites   (1964-65)                     0.43" – 0.46"

Instruments and methods would seem to have a significant effect on the results, and for reliable comparisons all conditions should as far as possible be identical,  (The Australian instruments seem to have been most similar to those used in South Africa).  It is therefore not possible to suggest a rating system applicable to all, but it is clear that the differences between the best South African sites are negligibly small, and that they compare favourably with the best sites in other parts of the world.

Other factors, such as wind and humidity, being more or less the same at the various sites, a final selection may be based on three factors only:


          1      Cloudiness


2.
Temperature fluctuations


3,
Operational requirements

OPERATIONAL REQUIREMENTS

The building of new observing centres on distant mountain tops has in recent years tended to split the formerly unified observatories into separate components   These will in general fall into three main groups:

            1.
The observing centre itself, located mainly for scientific reasons;

2.
A residential centre, for those observers, technicians and others whose work is closely associated with the observing centre;

3.
A head office centre, which may be further away (e.g. in the case of a university observatory, on the university campus, or in the case of a national observatory, in the capital city).

Any two of the above, or indeed all three, may of course be combined at the same site

A.
OBSERVING CENTRE

For astronomical reasons, this should be located at a distance of not less than

(a)  10 kilometres from the nearest small town or village;

            (b)  40-80 km. from the nearest medium sized town;

(c) 150 km. from the nearest large town or city.

B. RESIDENTIAL CENTRE

1.  This should not be further from the nearest residential centre than about 80 km., perhaps the maximum distance where daily commuting is still possible.

2.  If the residential centre is in a large town, it should therefore, be at the same time less than 80 km. and more than 150 km, from the observing centre, which is impossible.

3. The residential centre can therefore only be located 

(a) at the observing site itself.  This is perhaps practical only if the  

      observatory is very small (one or two residences, or very large, when it 

      becomes worth while to build an entire village.

      or  (b)  in a small town, between 15 and 80 km, away,  It may be very difficult 

                  to persuade staff to live here.

      or  (c)  a medium-sized town, between 40 and 80 km, away.

4. The residential centre should have adequate living conditions, viz. a

 reasonable  choice of good shops, at least two hotels, garages, public library, sports facilities,  It should preferably be on a main railway line, on a national road, and have an airport.  Most important of all, it should have good English and  Afrikaans schools up to Matric level.

            5,  The residential centre can therefore be located only in one of the better medium- sized towns, of say, 5 to 10,000 inhabitants,  It cannot be located in any of the  major cities such as Cape Town, Bloemfontein, or Port Elizabeth,

6.  In the Karroo region, the choice would be from amongst Worcester, Oudtshoorn, Beaufort West, Graaff Reinet, Cradock or De Aar,  The observing site should  then be within a radius of about 60 km, of such a centre.

From the above considerations, it is clear that only one suitable residential centre is sufficiently near any of the preferred observing  regions, namely Graaff-Reinet  (92 km  along existing road to present site; this may be considerably shortened).

            In comparison, the nearest centre to Panvlei would be Upington (230 km.), while the nearest centre to Sutherland would be Worcester (250 km.).  Both these sites are therefore probably too remote.

C.  HEAD OFFICE CENTRE

Since the astronomers and other staff members working here are not expected to be in day-to-day contact with the observing station, but will only go there periodically, its location is not likely to cause many problems.  It could therefore remain in either Johannesburg or Cape Town.

There is, however, much to be said for retaining at least some observing facilities at the Head Office, and since observing conditions in both Johannesburg and Cape Town are becoming steadily more difficult, one can foresee the day when this section will also have to leave the city, in common with so many headquarters of commercial firms today.  The proximity of an astronomical institute to the centre of a large city is today of doubtful advantage, and it might be better to place it nearer to where the real work is done   the observing site.

The final decision can probably never be made wholly on scientific grounds.  Personal opinions will play an important part in deciding controversial aspects, and the present author would like to stress that many of the statements  made above are his own personal opinions, not necessarily shared by others, and not necessarily the only ones which matter.  But what is perhaps mainly needed is a good measure of faith in the future.
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