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For the 24 hours considered together, in general the lower the initial visibility
and the longer the time lag the greater the probability of a change exceeding
specified percentage rises and percentage falls. The probabilities of specified
percentage changes are usually larger for rises than for falls, but this is largely
due to there being lower limits to the possible percentage falls which can be
observed. Percentage changes in visibility with increasing lag times for restricted
periods of the 24 hours are more complex. Inparticularforrisesin the 200-399 m
initial visibility range in the period from 20 h to midnight, probable percentage
changes in 60 minutes are less than those in 30 minutes and even in 10 minutes.
Percentage changes of visibility with time are less in advection fogs than in the
more common radiation fogs.
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HIGH-RESOLUTION CINE AND TELEVISION OBSERVATIONS OF
NOCTELUCENT CLOUDS
By A. D. JENKINS
(Department of Natural Philosophy, Aberdeen University)
SUMMARY
An account is given of high-resolution cine and television observations of noctilucent clouds
(NLC) made from Aberdeen in 1976 and 1977. The merits of the two methods are compared
with each other and with other methods including stereoscopic phototheodolite observa
tions. It is concluded that there remains much useful work which can be done with apparatus
similar to that which was used at Aberdeen, and that the best recording medium for such
observations is black and white cine film.
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PLATE I—APPARATUS FOR HIGH-RESOLUTION CINE PHOTOGRAPHY OF NOCTILUCENT
CLOUDS

PLATE II—ONE FRAME OF A CINE FILM OF NOCTILUCENT CLOUDS
Taken at 0050 UT on 21 July 1976 from Aberdeen. Exposure 19 s. Azimuth 027°, elevation
5-43°.

PLATE III—FIELD OF VIEW OF PLATE II
Note the twin spires of St Machar's Cathedral, Aberdeen, seen from Aberdeen University
Natural Philosophy Department.
Photograph by M. Gadsden
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1. INTRODUCTION
Noctilucent clouds (NLC) are very tenuous, bluish-white clouds which occur
near the mesopause, that is to say at altitudes of 80-85 km, during the summer
months at high latitudes. They are most commonly observed on clear nights
between 55° and 65° latitude when the sun is between about 6° and 14° below the
horizon. Photographic records of NLC have been made ever since they were
first observed, in 1885 (Jesse, 1890), and there is now a considerable photo
graphic record of NLC from most parts of the world from which they have been
seen (Fogle, 1966). Absolute determinations of the positions of NLC were made
as early as 1887 (Jesse, 1890) by taking simultaneous photographs from two
observing stations. Witt (1962) has produced the best stereoscopic photographic
record to date, using a pair of phototheodolites with long focal lengths (380 mm)
and recording the images upon glass plates. Witt's photographs show consider
able fine detail, at scales of about one minute of arc, and give a good threedimensional representation of NLC structure.
NLC features can be seen to move and change their form quite rapidly, and in
order to record these movements it is necessary to use some kind of motion
picture apparatus. Time-lapse cine films of NLC have been made on several
occasions (Witt, 1964, for example) but the small film format (16 mm) and wide
field of view has meant that cine films which have been produced have not had
sufficient resolution to show the time development of the fine detail mentioned
in the previous paragraph. In order to record the movements of such detail, a
program of high-resolution motion picture observations of NLC was conducted
at Aberdeen (57° 09' N, 2° 08' W); the methods which were used are described in
the next section.
2. APPARATUS AND OBSERVATIONS
The optical system which was used consisted of a Newtonian reflecting telescope
with a 217 mm objective mirror of focal length 1-2 m, to which was attached a
pair of photographic lenses to increase the effective aperture ratio to about
//2-5 (Plate I). The effective focal length was 530 mm, somewhat greater than the
focal lengths of Witt's phototheodolites. Observations of NLC were made
during the summer months of 1976 and 1977.
For the 1976 observations a 35 mm time-lapse cine camera was attached to the
optical system, and Kodak High Speed Ektachrome film was used. About 10 m
of film were successfully exposed on the night of 20/21 July 1976, with exposure
times of 19 s and 8 s. Plate II is a black and white copy of one of the frames of
the film, and Plate III shows the field of view in relation to a larger part of the
NLC display. For the 1977 observations a Grant & Taylor GT50/NV television
camera, fitted with an RCA 4804S.I.T. tube, was used in place of the cine camera.
About 30 minutes of videotape of NLC were recorded on the night of 22/23 June
1977.
3. FEATURES OF NLC WHICH WERE OBSERVED
The most noticeable feature in Plate II is the billow-like structure which can be
seen, particularly towards the top of the picture. On the assumption that the
clouds are at 82 km altitude—all reliable NLC height determinations give heights
close to this (Fogle, 1966)—the billows are from 1 to 5 km long, and have a crest
to trough height of up to 1-8 km. If the billows are followed on the film, from
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frame to frame, they are found to grow and decay with time constants of about
100 s, and they move with speeds of up to 100 m/s, presumably following the
background wind motion. The television pictures show similar features, and
also show that these features appear to turn over, giving some indication of the
magnitude of the background wind shear—about 0-025 s"1. A more comprehen
sive analysis of the movements observed is given elsewhere (Jenkins, 1978).
4. COMPARISON OF METHODS
The angular resolution of the cine system was about 20 seconds of arc, for sharp
objects. This is far superior to the angular resolution in photographs taken using
short-focus lenses. It is about the same as the angular resolution of Witt's
apparatus—NLC features with angular dimensions down to one minute of arc
were observed in each case. Because Witt used two cameras, he obtained a good
representation of the three-dimensional form of such features, but this was not
the case at Aberdeen. The angular resolution of the television system was
poorer—about one minute of arc for sharp objects, and considerably worse for
low-contrast NLC features.
The field of view of the Aberdeen apparatus was 2-6° X 2° for both the tele
vision and the cine systems, so that the long waves and bands which are often
seen in NLC displays could not be distinguished. In this respect, Witt's photo
graphs were far superior, having a field of view of 25° x 16°, so that both large
and small NLC structure could be seen.
The sensitivity of the High Speed Ektachrome film emulsion was found to be
adequate, at 19 s exposure, for solar depression angles of at least 12°, but the
colour rendering was poor at solar depressions of more than 11-5°. The sensi
tivity of the television camera was adequate for the solar depression angles en
countered during the display of 22/23 June 1977, but these did not, however,
exceed 8-5°.
Time resolution. The development of the billow-like NLC features in time was
better represented by the Aberdeen cine and TV systems than by Witt's photo
graphs, as the features could change shape completely in the five minute intervals
between successive plates exposed by Witt. The amount of blurring due to
movement of the NLC during the exposure will be less, for a given light level and
aperture ratio, if a faster photographic emulsion is used. High Speed Ektachrome
has a rated speed of 160 ASA, but this decreases to 80-56 ASA for exposure
times of 1-10 s. The effective speed of an equivalent black and white emulsion
(Kodak Tri-X Pan, rated at 400 ASA) is 400-280 ASA for the same exposure
times. The exposure times for the//2-5 cine systems (19 s and 8 s) were com
parable to those for Witf s//5 phototheodolite system (25 s-5 s). The difference
in aperture ratio was compensated for by the slower emulsion speed of the High
Speed Ektachrome in comparison with Witt's P1200 plates which were rated at
400 ASA, so that the amount of movement of NLC features during exposure, for
similar light levels, should be about the same for both methods.
Colour representation. NLC differ from the background sky not only in their
brightness, but also in their colour saturation*. Colour film should therefore
give a better representation of them than black and white film, but this advantage
is outweighed by the lesser sensitivity of colour film.
* Colour saturation is the degree to which a colour departs from white and approaches the
pure colour of a spectral line.
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5. CONCLUSION
It is worth while observing NLC with as good space and time resolution as
possible, for it is the small-scale structure of NLC and the short-time-scale
changes in this structure which raise the most interesting questions and enable
the most definite conclusions to be drawn about conditions near the mesopause
(Jenkins, 1978). For such high-resolution observations, the previous discussion
shows that sensitivity, angular resolution and time resolution have to be balanced
against each other. The angular resolution and contrast of cine film are better
than those of television, but a time resolution of one second may be necessary to
avoid blurring. It is therefore necessary to use as fast a film as possible, which
means that black and white film needs to be used for the best results.
There may be considerable advantage in using a combination of an image
intensifier and a cine camera; present technology is capable of producing image
intensifiers with light gains of 100 and more and resolutions better than 0-02 mm
over an area 100 mm in diameter (Johnson, 1972). If there is structure present in
NLC smaller than one minute of arc, the use of such an image intensifier may well
be essential. Alternatively one can aim to record NLC movements using
apparatus with a somewhat wider field of view, in order to show the long waves
and bands. Thirty-five millimetre cine film remains the better recording medium,
as its angular resolution is better than that of television. It is, however, necessary
that the fine detail should still be visible, as it is the fine detail that gives an
indication of the background wind.
There remains, however, a considerable amount of work which can still be
done with apparatus similar to that used in Aberdeen. At the present stage, the
apparatus has produced good records of only two NLC displays. It would be
advantageous to obtain records of the drift and development of small structures
from a greater number of NLC displays, in order to obtain a more representative
picture of atmospheric motions in the neighbourhood of the mesopause.
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