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SOLAR SEEING 

W HILE the role of the atmosphere in degrading 
optical images has received considerable 

attention in respect of night-time observations, the 
question of day-time seeing has been almost com
pletely ignored. In both cases temperature inhomo
geneities cause the damage, though diurnal heating 
of the lower atmosphere results in conditions much 
worse by day than by night. Largely with the aim 
of stimulating interest in a subject of extreme 
importance to the selection of solar observatory sites 
and the design of solar telescopes, the Consiglio 
Nazionale delle Ricerche, with the co-operation of 
the Rassegna Internazionale Elettronica e Nucleare, 
organized a small symposium on "Solar Seeing" in 
Rome, during February 20-25. 

In his opening address, Prof. M. G. J. Minnaert 
(Astronomical Observatory, Utrecht) differentiated 
between the blurring, dancing and scintillation (or 
intensity variation) of stellar images, and reviewed 
measurements of them. In general, there is little 
correlation between scintillation and blurring because 
the former results from the focusing effect of distant 
inhomogeneities only, whereas blurring and dancing 
can originate anywhere in the light path. The very 
few observations of stellar scintillation in the day
time have suggested that this is at most a factor of 
1·5-2 stronger than at night, confirming its origin 
in the high atmosphere where changes due to diurnal 
heating are relatively small. Prof. Minnaert referred 
to the waviness of the limb on the solar image, 
pointing out that if the disturbed atmospheric layer 
is localized and if the direction of wave motion is 
parallel to the wind, a combination of the apparent 
velocity along the limb with that of shadows on the 
objective seen through a. focal plane slit can give the 
layer height and velocity. As the subsequent con
troversial discussion demonstrated, a clear descrip
tion of the phenomenon of limb waviness is as yet 
lacking, and its causes are still uncertain. 

Prof. K. 0. Kiepenheuer (Fraunhofer Institute, 
Freiburg) described seeing conditions at a wide 
number of sites in Europe. Wendelstein (1,840 m.), 
the highest mountain peak in its neighbourhood, has 
the best seeing conditions known in Germany, 
particularly with high-pressure systems, low wind 
velocities and snow-covered ground; but the total 
amount of sunshine is small. At Ka.nzelhohe (1,560 
m. and 1,900 m.), on a mountain covered with green 
woods, seeing is good only for a brief period in the 
morning, and possibly late afternoon, though it 
remains good longer at the greater height. Here, too, 
seeing is better in high-pressure conditions. At 
Zugspitze (3,000 m.), the seeing is good unless the 
wind is too strong. Freiburg, in the Rhine Valley, 
and Schauinsland (1,200 m.), nearby in the Black 
Forest, can differ greatly in seeing, but not pre
ferentially. With easterly winds, seeing is bad 
presumably because the trees cause turbulence, while 
with westerly winds a turbulent 'Fern wind' descends 
from the Vosges mountains, causing bad seeing. 
However, very good seeing is again associated with 
high-pressure systems. At Lake Locarno (500 m.), 
the seeing improves continuously until early after
noon, being best when there is a general westerly 
wind, the nearby mountains funnelling it northwards 

over the Lake towards the observatory. Conditions 
deteriorate as the wind stops. At Anacapri (160m.), 
seeing is good only in the morning and with winds 
from the sea, lasting longer in winter t.han in summer. 
With off-shore winds from the Apennine Mountains, 
seeing conditions are bad. In summary, Prof 
Kiepenheuer stated that sea breezes bring good 
seeing, siroccos bring bad seeing. In general, high
pressure systems are superior to low-pressure systems, 
presumably because with the former there is air 
slowly descending, while with the latter there is 
ascending air which has moved in over the heated 
ground. During summer, an increase of 10 m. in 
the height of the observatory above the ground can 
bring 2-3 more hours of good seeing. 

Dr. G. E. Moreton (Lockheed Solar Observatory. 
Burbank), too, reported general correlations of seeing 
with meteorological conditions at the Lockheed 
Observatory. The Observatory (500 m.), open over
head and having a wooden floor with gaps, overhangs 
a. hill and catches up-slope breezes. Definition is 
generally good with low inversion layers and poor 
with high inversion layers. At the Pic-du-Midi, Dr. 
J. Rosch (Observatoire du Pic-du-Midi, Ba.gneres-de
Bigorre) has found that good definition, though 
possibly with a little distortion, holds for an hour 
or so after sunrise. It is interesting that the time of 
optimum seeing differs for different instruments, 
clearly depending on the onset of turbulence associ
ated with quite local heating. Miss Torelli (Rome 
Observatory) outlined observations of seeing condi
tions which indicate that in Rome image blurring is 
least in summer, though on the contrary the waviness 
of the limb is least in spring, late autumn and early 
winter. Finally, Dr. R. G. Giovanelli (Common
wealth Scientific and Industrial Research Organiza
tion, Sydney) described results obtained by Dr. Bray 
and Mr. Loughhead near Sydney. Recording limb
unsteadiness photoelectrically, they have found that 
on a day of good seeing there may be 50-200 occasions 
of good definition, each lasting a few seconds. In 
these, the limb steadiness first improves very rapidly 
(in a few seconds or even less than a second), and 
afterwards deteriorates to a more average value 
equally quickly; Dr. Priestley had suggested that this 
might possibly be correlated with a similar inter
mittancy in temperature fluctuations in the lower 
atmosphere, due to convective plumes, the rising air 
in which shows inhomogeneities of the order of 1 deg. 
C., the air between the plumes being uniform to better 
than 0·1 deg. C. 

The design of solar telescopes to avoid internal 
seeing problems has interested a number of astrono
mers in recent years. Distinction may be made 
between long focal-length telescopes and short focal
length instruments where there is strong heating 
near the prime focus. In both oases, however, the 
height above the ground is important. Prof. D. H. 
Menzel (Harvard College Observatory) described the 
precautions being taken at the National Observatory, 
Kitt Peak, by water-jacketing the tower telescope 
so as to obtain homogeneous air in the long light-path 
within the instrument. As an aid to deciding the 
height of the tower, preliminary observations had 
been made on the temperature fluctuations at various 
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heights in the atmosphere. Typically !J.T was approx
imately 2-3 deg. C. a foot or so above the ground, 1 
deg. at 10ft., 0·2 deg. at 55 ft . and 0·1 deg. at 180ft., 
with a resolving time of about 1 sec., these results 
according with those of various micrometeorologists. 
A few preliminary observations made in Sydney of de
viations produced in horizontal light beams at various 
heights were described by Dr. Giovanelli, the root 
mean squaro deviations falling off exponentially 
in the first 20 ft. with a scale-height of about 11 ft. 
These scanty results had been used to fix the height 
of the axis of the 5-in. equatorial photoheliograph at 
9 ft. Mounted in the open, the use of air suction 
devices near all surfaces of this instrument exposed 
to direct sunlight, including the prime focus, seems 
to have eliminated completely any air inhomogene
ities in or immediately outside the telescope. 

Prof. Kiepenheuer showed a model of a new photo
heliograph, to be made by Zeiss (Oberkochen), with 
the objective 10-14 m. from the ground. This instru
ment is also to be mounted in the open, but a special 
feature is a completely separate wind shield surround
ing the telescope tube. To reduce heating, the sup
porting tower is to be faced with white tile, the 
heat reflectance of which is reputedly extremely high. 
A rather different approach to telescope design is the 
new Pic-du-Midi instrument, where Dr. J. Rosch 
has the telescope tube projecting well through the 
slit of a dome, the slit being sealed to prevent the 
mixing of internal and external air. Whatever be 
the relative merits of these various schemes, it is 
clear that, by bold but careful planning, considerable 
progress has been made in reducing or eliminating 
internal seeing problems. Moreover, it was welcome 
to hear from Prof. Menzel that proper thermal insula
tion of the large Sacramento Peak spectrograph had 
enabled it to yield definit.ion as good as that of the 
vacuum spectrograph. 

Whatever improvements are made, ground-ba.c;ed 
observations will almost certainly remain limited by 
atmospheric seeing conditions. Two devices to assist 

in the best use of moments of excellent seeing are the 
seeing monitor, which automa.tically selects these 
instants, and the electronic camera, which enables 
exposure times to be reduced so as to use them best. 
In Sydney, a seeing monitor operating on the steadi
ness of the solar limb has been used successfully by 
Dr. Bray and Mr. Loughhead to obtain, among other 
things, sequences of observations of facular granules; 
while a second device developed by Dr. Ramsay and 
Mr. Kobler is ready for field trials on stellar images, 
and with slight modification can be used for deciding 
movements of greatest granule contra.c;t. Dr. Rosch 
has been experimenting with a somewhat similar 
device, recording the intensity fluctuations as a 
pinhole is scanned rapidly across the solar image ; 
even at the best of times, successive scans show 
significant differences due to seeing. 

Photographs have been obtained by Prof. G. 
Wlerick (Observatoire de Meudon, Paris) and Dr. 
Rosch and Mlle. Dupre on nuclear emulsions with a 
Lallemand electronic camera. The great speed 
(approximately 100 times that of normal photography) 
has already been used to obtain improved photo
graphs of double stars and planets, while high-resolu
tion solar spectra have been photographed in less than 
0·1 sec. There is little doubt that, combined with a 
seeing monitor, the electronic camera will yield spectra 
showing the full angular resolution of the telescope. 

A group of papers on meteorological aspects of 
turbulence left one with the feeling that the associa
tion between solar seeing and turbulence has been 
given much too little attention; the field is wide 
open for exploration. This was the general feeling 
of participants also, who at the final session passed 
the following resolution: "The members of the 
symposium are convinced of the necessity for more 
extensive research on seeing problems, particularly 
with the view of application to the selection of 
observatory sites; and therefore recommend that 
basic studies be made of the optical properties of the 
atmosphere". R . G. GIOVANELLI 

TROPICAL ECOLOGY IN INDIA 

ASYMPOSIUM on " E cological Problems in the 
Tropics" was held at Allahabad during February 

3-5, under the auspices of the National Academy of 
Sciences (India). The meetings were attended by more 
than one hundred scientists from all parts of the 
country. Dr. M. S. R andhawa, vice-president of the 
Indian Council of Agricultural Research, New Delhi, 
inaugurated the symposium and in his opening ad
dress specifically stressed the importance of ecological 
research in various development projects that the 
Government of India ha.s taken in hand for the 
proper survey, development and exploitation of 
natural plant wealth of the country and for the 
increase in the production of food, fodder, fuel and 
fertilizers. 

Dr. G. S. Pm i, director of the Centta.l Botanical 
Laboratory, Allahabad, who had organized the 
symposium, pointed out the progress so far made in 
Indian ecology and the n eed for a. co-ordinated re
search programme in ecological studies in the tropics. 
He emphasized that the vegetation and animal life in 
the tropics raised problems entirely peculiar to these 
clime,tic conditions. H e explained the concept of 

the forest ecosystem and recommended the use of 
The Forest Ecosystem Proforma published by the 
International Society for Tropical Ecology for use 
by the scientists in ecological studies and the applica
tion of the data to agriculture, forestry, soil and 
water conservation, desert immobilization, flood 
control, land use planning and wild life conservation, 
etc. 

Forty-five papers were contributed to the sym
posium. 

The paper by Sir Harry Champion on tropical 
ecological problems and by J. H. Davis were discussed 
with a number of those present . Prof. N. R. Dhar 
spoke on the value of nitrogen and phosphorus in 
Indian soils. Interesting papers were presented on the 
following subjects: tropical soils by Dr. G. S. Puri 
and K. La.kshminarayan1111; fish ecology by Dr. S.M. 
Das and D. B . Saxena; arid zones by Sri S. K. Jain; 
relationships between habitat conditions and genome 
by Dr. R. P. Patil; distribution of p erennial plants 
by Dr. J. K. Choudhury; soils of Madhya Pradesh 
by Dr. S. C. Pandeya; grasslands by Dr. S. S. Ramam; 
mangroves by Sri S. S. Sidhu; ecological problems in 
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