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INTRODUCTION

According to decision of the Hamburg Meeting of Commission 25 its competence is
restricted now to photometric and polarimetric instrumentation, observational, extinction and
reduction procedures, photometric systems and standards. Extra-terrestrial stellar photometry
belongs to its competence too.

The main lines of development of stellar photometry during the last three years were:
rapid increase of number and size of photometric telescopes; development of multichannel
photoelectric photometers: automation of observational and reduction procedures; further
careful studies of the UBV photometric system and its extension to the infrared —up to 20
microns (UBVRIJKLMNQ system of Johnson); establishment of a common system of the
UBV photometric standards for northern and southern hemispheres; increasing role of inter-
mediate and narrow band photometric systems.

INSTRUMENTATION AND OBSERVATIONAL METHODS OF STELLAR
PHOTOMETRY

Many new photometric telescopes have been designed, constructed and put in operation
during the current period.

At the Royal Observatory, Edinburgh, Scotland, a twin photometric telescope has been
constructed after a concept by H. Seddon, P. B. Fellgett, W. Matley and W. Jones (x). Two
40 cm Ritchey-Chrétien telescopes, one of which can be moved by + 5° (with a precision of
6”) orthogonally with respect to the other, are carried by a single mount. Thus, two stars can
be compared simultaneously, with consequent virtual cancellation of the effects of variable
atmospheric transparency. Photometry is by pulse counting, with a typical limiting exposure
of ten minutes for ¥ = 1570 to a count of 13 binary digits. Measures of adjacent sky brightness
are automatically interleaved with those of the stars. Colour filters and focal plane apertures
are under remote control, and may be programmed.

A complex of two twin photometric telescopes have been put in operation at the W. Struve
Observatory, Tartu, U.S.S.R. Two 48 cm Cassegrain telescopes located in separate domes
at a distance of nearly 30 meters are under remote control from the same control panel. This
complex permits to carry out simultaneous observations of two stars like the twin telescope
of Edinburgh Observatory, just described. The digital technique is used for photoelectric
Measures (26, 27, 28).
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At the Pine Bluff Observatory of the University of Wisconsin, U.S.A., a telescope that auto-
matically sets on programmed stars and then makes multicolour photoelectric measures has
been installed. The telescope is a 20 cm reflector under the control of a PDP-8 general
purpose computer, with punched tape input.

A 150 cm Ritchey-Chrétien telescope with fused quartz optical parts is to be erected on
Palomar Mountain for use as a photometric telescope. It is very short owing to a small primary
focal length; this and other features permit rapid shifts from one object to another. The
telescope will be equipped with a high speed (about 4:10® counts per second) pulse counting
multichannel photometer.

Ritchey-Chrétien photometric telescopes of 125 cm aperture are being designed for the
Crimean and Abastumani Observatories, U.S.S.R. These telescopes would be under control
of a general purpose computer. The setting on the stars to be observed and operation of photo-
metric equipment may be programmed. For input of commands and output of measures
(observed colours and magnitudes) punched tapes will be used.

The 2-2 meter (87-inch) telescope, now under construction at the University of Arizona,
U.S.A., will be erected at Kitt Peak and will be equipped for multichannel photometry.

A 125 cm automatically controlled telescope with a three-channel photometer is now available
at the Kitt Peak Observatory, U.S.A. Other photometric telescopes being under operation at
this observatory are: two 40 cm reflectors each with single channel photometer, one with
automatic digital read out; two go cm reflectors both with automatic digital read out and single
channel photometers; a 2:1 meter telescope with a three-channel photometer. Now being
designed is a 3+75 meter telescope on which construction should begin the summer of 1967.

The one meter telescope ‘The Elisabeth Telescope’ used for photoelectric work has been
put in operation at the Cape Observatory, South Africa, in 1964 (2, 3). Increasing artificial
illumination of the sky is reducing the effectiveness of this telescope for photometry, and plans
are forming to monitor the sky brightness with a small reflector attached to the main instru-
ment for continual monitoring of the sky.

A go cm photometric telescope will be erected in 1967 at the Interamerican Observatory
at Cerro Tololo, Chile.

The new 75 cm reflector of the Leushner Observatory, University of California, U.S.A,,
will be equipped for both conventional photometry and for the spectrum scanning. The
instrument consists of a combination spectrograph, scanner, photometer and photography
unit. The optical system is so designed that the rapid changes can be made from one mode
to another. Photoelectric data will be aquired by a pulse counting system which will have
digital output in the form of printed tape and punched cards.

Many other smaller photometric telescopes were put in operation during the last three
years. A 70 cm (Cassegrain telescope —at Simeis Station of the Crimean Observatory, U.S.S.R.
It is equipped with single and three channel photometers and integrating polarimeter. Sixty cm
Cassegrain telescopes—at Lund Observatory Station, Sweden, Lick Observatory, U.S.A. and
at Kenneth Mees Observatory, U.S.A. Two identical 48 cm Cassegrain telescopes have been
installed at Abastumani Observatory and at the Southern Station of Leningrad University
Observatory (near Burakan Observatory), U.S.S.R. (4). A 45 cm reflecting telescope, having
coudé¢ and Cassegrain systems, have been erected at the Sverdlovsk University, U.S.S.R. It
will be used for multicolour photometry. The 40 cm reflector, built for the University of
Washington, has been installed on Rattlesnake Ridge near Hanford on an elevation near to
1 km. The telescope will be equipped with an ordinary photometer for photometry on UBVR
system. .\nother photometric telescope of 40 cm diameter was put in operation at the new
Smith College Observatory, U.S.\,, and at Mount John Station, New Zealand, by Cook and
Flower Observatory. -\ Cassegrain telescope of the same diameter has been constructed at the
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Hamburg-Bergedorf Observatory, West Germany; it would be installed in Greece near Korinth
at the height of 800 meters. In midsummer 1967 the Remeis Observatory, Bamberg, West
Germany, will have a 40 cm telescope of its own at the Boyden Observatory in South Africa
for photoelectric measurements in UBV system.

A rotatable telescope of Hiltner type, 60 cm in diameter (5) has been ordered for the polari-
metric observations at the Bingar Station of Mount Stromlo Observatory, Australia.

Some new telescopes suitable for photographic photometry have been installed too. We
like to mention here a one meter Schmidt telescope erected at the Baldone Station of the
Astrophysical Laboratory of the Latvian Academy of Sciences, U.S.S.R. and a 60 cm Schmidt
telescope at Torun Observatory, Poland (6).

Very useful reviews of modern light sensitive devices were published by W. A. Baum (7) and
R. Smith (8).

The problem of thermal dependences of spectral responses of photoelectric apparatus is
very actual and should be considered with most care (12, 13, 14, 15, 16).

A. T. Young at the University of Texas is revising now the photometric equipment of the
Department of Astronomy to eliminate sources of inaccuracy arising from temperature depen-
dence of filter transmission and of photomultiplier characteristics. So, photomultipliers will be
cooled by thermoelectric means to provide critical temperature control. Solid state amplifiers
are being prepared in order to eliminate the effects on amplifier sensitivity that arises from
heating from thermal emission type tubes.

Two types of refrigerating systems for photomultipliers have been tested at Castel Gandolfo
Observatory. The first, constructed by Corrido Corridi of Roma employs freon as a refrigerating
agent. The second, supplied for experimental tests by Siemens Research Laboratory in Erlangen,
is based on the Peltier effect. Both systems reach temperatures of the order of —40°C. Such
refrigeration lowers the dark current by a factor of 4.10% Thermoelectric cooling of an EMI
9558 photomultiplier are being investigated at the University of Michigan too. It is interesting
that at the Cape Observatory was found that cooling with the ordinary water ice gives practically
adequate results to the dry ice refrigeration.

When using infrared sensitive devices, cooling to much lower temperatures is needed. For
this purpose Mrs M. Lunel uses at the Lyon Observatory the following arrangement. Liquid
air is evaporated by a heating resistance, and the cold air is circulating around the light sensitive
device. The necessary temperature (down to — 150°C) may be stabilized by regulating the
intensity of flow of the cold air. The temperature is measured by a thermocouple (copper-
constantan). To prevent condensation of water vapour, all the device is evacuated to the
pressure of the order of 10~5 mm. The described system gives for a PbS cell a gain of order of 50.

Thermal dependencs of spectral transmission of glass filters (16) and of brightness of radio-
active dye light sources (17) raise the question of the necessity of temperature control of these
components of photoelectric photometers. Such control for a radioactive dye light source is
just described (x8). But the best way, as it was mentioned in our previous report, is the use of
light source of high stability not sensitive to temperature changes. A light source of this kind,
based on Cerenkov effect, has been constructed and carefully studied at the Geneva Observatory
(19). A detailed investigation of another type of light sources— electroluminescent lamps — was
undertaken by West and Houck at the Washburn Observatory resulting in a monitored light
Source capable of variates in intensity over a range of 10° with negligible variations in spectral
energy distribution.

The question on the dependence of photomultiplier’s spectral sensitivity from the high
voltage applied has been investigated (20). :

At the Gottingen Observatory Gomez studied the influence of weak magnetic fields on the |,
behaviour of photomultipliers. The most sensitive were the RCA head on type photomultipliers.
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It was found that by a special choice of magnetic field it is possible to improve signal to noise
ratio.

Any improvements in the construction of interference filters, widely used now in intermediate
and narrow-band photoelectric photometry, are very important. Th. Walraven has been
working at the Leiden Observatory on the quartz birefringent filters which produces
fringes in the spectrum of rectangular shape, instead of a sinusoidal one. The bright fringes
are separated by equally wide dark gaps. Consequently the dark gaps are relatively much wider
than in the case of sinusoidal profiles. That permits to have in the well known multichannel
photometer of Walraven’s type smaller dispersion and therefore a smaller size of the instru-
ments or, alternatively, the use of narrower spectral bands. At the Leiden Observatory such
filters are now constructed and in particular a photometer is being built, which is intended
for measuring simultaneously in the four Stromgren bands as a small portable instrument
which can be carried by a 40 cm telescope.

Now, interference and other types of filters for the wavelength region 3000-1700A to be
used in extra-terrestrial ultraviolet photometry have been developed (22).

Looking forward for the needs of photographic intermediate and narrow-band photometry
the development of large, stable and highly uniform interference filters is very much needed.

Between the photoelectric photometers constructed during current period we find spectrum
scanners suitable for measurements of monochromatic or quasi-monochromatic magnitudes
and colours, single and multichannel photometers of different kinds. Different methods for
measurement of the photocurrent are being used: DC integrating circuits and pulse counting
technique (23, 24, 25) are most frequently used at the present time. Digital read out with
printing on an ordinary tape or perforated card or tape is very common (26, 27, 28).

In their reports many astronomers discussed the problem of the increasing role of multi-
channel photometry. So, Willstrop emphasizes the importance of simultaneous observations in
many colours to eliminate variations in the neutral component of atmospheric absorption and to
economize in observing time. He stresses the gain to be derived especially at sites not enjoying
the best conditions. Jackisch marks the importance of multicolour photometers for the study
of stellar microvariability and for investigations of variables showing very rapid changes in
their brightness (flare stars for example).

And now about the new photoelectric photometers.

At the Kodaikanal Astrophysical Observatory two new instruments, a spectrum scanner
and a two channel pulse counting photometer are completed and will be in use soon. The
scanner employs 1800 lines per mm grating with exit slits that allow the measurements of
spectral regions 4 to 80oA wide. The photometer is designed for use with interference filters
on a programme measurement of Hy line intensities in early-type stars. The filter selectors
will, however, allow simultaneous measurements through many other pairs of filters.

A ten-channel spectrometer designed by Willstrop and Beggs is in an advanced stage of

development at University of Cambridge Observatory. It is hoped to commence observations
soon at the Cape Observatory.

A four-channel photometer designed by Walker has been built in the Dominion Astro-
physical Observatory. A small quartz spectrometer employs a grating for dispersion; four win-
dows at the camera focal plane provide selection of the wavelength. The intensity in each
wavelength is measured by each of four separate photomultipliers. The multiplier outputs
are integrated by condensers und read out with a digital voltmeter.

At the University of Michigan, as communicates Williams, the slot-photometry scanner is
being more highly automated and is being fitted with a second channel to achieve some com-
pensation for changes in atmospheric transparency.
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At the Crimean Observatory a photoelectric scanner has been put in operation by Dimov
and Severny in coudé focus of the Shajn’s 2-6 meter telescope. The pulse counting technique
is being used.

Zarevsky and Guseva constructed at the Sternberg Astronomical Institute a two-channel

hotoelectric spectrometer for intermediate and narrow-band photometry. It is especially
suitable for line photometry (He, HB or Hy for example) and was extensively used in 1966
at the Southern Station of Sternberg Institute and at the Crimean Observatory. Pulse counting
technique is used.

At Lyon Observatory, Bigay designed a modern two-channel photometer for wide, inter-
mediate and narrow-band photometry. Twelve interference filters may be used in one of the
channels and four in the other one. The possibility of rapid changes of field diaphragms is
very suitable for photometry of extended objects. Lallemand’s photomultipliers are being
used and integration of photocurrent is applied. A digital voltmeter gives the possibility to
print automatically the results on a punched tape. All reductions are being carried out by an
electron computer. This photometer may be used with the 60, 80 and 193 cm telescopes of
the Haute-Provence Observatory.

A single-channel photometer has been tested in the coudé focus of the 50 cm telescope of
the Crimean Observatory. The integration or pulse counting methods can be used. The results
of measurement are registered by a digital voltmeter. All operations with filters and standard
light source are being carried out by a remote control system.

The charge integrating photometer, that has been in use for several years with the Steward
Observatory of the University of Arizona go cm reflector, is being modernized by substitution
of a new general purpose data logging system which records on punched paper tape.

A single-channel photometer for six-colour photometry has been modernized at the Ob-
servatory of the University of Bordeaux by Mianes. The filters are being changed by remote
control and a new, very stable amplifier, using a vibrating condenser, is applied (30).

Descriptions of many photoelectric photometers have been published. The photoelectric
photometer used for observations in the Golay’s multicolour system is described by Rufener
(64); Argue describes an infrared photometer.used for observations of the late type stars at
the Kitt Peak Observatory (212); Xanfomaliti—a pulse counting photometer of Abastumani
Observatory (31) and Kubyshkin a photometer with remote control (32). Descriptions of
photoelectric photometers used at Bosscha (33), Pulkovo (34), Uppsala (35) and Haute-Provence
(36) observatories have also been published. ‘

Ackermann and Hermann carried out laboratory tests of a photometer designed for the use
in 0-8-5+0 microns region (37).

A special photoelectric scanner has been constructed at the Lowell Observatory and is being
used to carry out expioratory photometric observations of the components of visual double
stars too close to be observed by conventional photoelectric technique (38). Now a new scanner
designed specifically for double star work is being designed. Scans will be produced by a slit
of adjustable length and width connected to a motor driven spiral cam. An oscilloscope will be
used for monitoring scanner performance during observations. Data will be recorded in
machine-readable form for subsequent computer reductions.

At the Arthur J. Dyer Observatory, as communicates Hardie, an interesting experiment in
Spectral scanning is being performed with an objective grating and a standard photoelectric
photometer. The grating gives a dispersion of about 75A/mm; slits down to a width of 15A
can be used, and scanning is done by drifting the telescope in R.A. The method is promising.

The effects of telescopes on the polarization measurements have been discussed by Miller
(39), and the requirements to telescopes and other polarimetric equipment— by Clarke (40).
Clarke described also a double-beam polarimeter of new type and discussed the methods of
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reductions, and the results of measures of the instrumental polarization (41). Another double
beam polarimeter has been constructed by Dombrovsky, Shulov and Vasiliev at the Observatory
of Leningrad University and by Xanfomaliti at the Abastumani Observatory.

A polarimeter permitting to measure four Stokes’s parameters in the wavelength range o-19-
3'0 microns has been constructed at Sternberg Institute by Pospergelis (42).

Polarimeters for multicolour observations were constructed at Harvard (43) and Stockholm
(44) observatories; the last one with the sky background compensation.

A polarimeter for the UBVR colour system is being installed at the 8o cm telescope of
Haute-Provence Observatory (45) and a polarimeter for the near infrared region is being used
at one-meter telescope of Meudon Observatory (46).

New polarimeters have been tested and put in operation at Pulkovo (47), Shemaha (48)
and Heidelberg (49) observatories.

A polarimeter has been designed by Heara for use on the 40 cm telescope at Pine Bluff and
Kitt Peak observatories. It is a one-cell instrument using a Glan-Thomson prism, and having

a movable shutter on the diaphragm slide to permit rapid switching between the object being
observed and the adjacent sky.

Dollfus described a light-modulator for photoelectric polarimeters (50) and Rudolf at
Gottingen Observatory developed special AC apparatus for the polarimetric measurements in
red and infrared.

In the field of photographic photometry the work on improvement and automation of iris-
photometers has been continued (51, 52, 53, 54, 55, 58). The measurements of stellar magni-
tudes using a recording microphotometer has been reported (57). The isophotometer of the
Astronomical Institute of the University of Amsterdam have been described (58). And an
automated instrument counting the number of stars of different magnitudes on a photographic
plate has been constructed (59).

Wallenquist has constructed a device for photometric calibration of surface photometric or
objective prism measurements by means of Schmidt telescopes. In this device the image from
a tube sensitometer, mounted inside the telescope, are projected on the plate during the ex-
posure. This instrument has been tested with the 100/135/300 cm Schmidt telescope of the
Uppsala Observatory Kvistaberg Station and it seems to give promising results. At the St
Andrews University Observatory, as communicated by Stibbs, a new type of tube sensitometer
has been developed making use of an integrating sphere with the interior coated with magnesium
oxide. This new sensitometer is expected to be a superior substitute for the use of rhodium
plated crossed step wedges.

Some experiments with application of the electronic-image methods to stellar photometry
should be mentioned.

Now the electronic camera is in routine operations with the 153 cm (61-inch) astrographic
reflector of the Flagstaff Station of the Naval Observatory, communicates Kron. The linear
relationship between exposure and density has been verified for electrograms. Hence, the
camera should be useful for stellar photometry (experimental use is in progress), and it will
certainly be valuable for spectrophotometry, for which it will yield the equivalent of photo-
clectric scans, but with the advantage of data from all elements of the available spectrum
simultaneously. Electronic camera of Kron design is planned to be used with the 75cm
reflector of the Leushner Observatory.

The electronic camera of Lallemand has been applied by Lallemand, Canavaggia and
Amiot to the photometry of the faintest stars using Schilt’s method of measurements (60).

A\ photometer is being designed by Livingston and Lynds using an image tube which permits
to register single photoelectrons (61).
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OBSERVATIONAL, EXTINCTION AND REDUCTION PROCEDURES

The problem of establishing the best observational, extinction and reduction procedures
for stellar photoelectric photometry is a very important one.

A very interesting and important summary report of the works done on these topics in English-
speaking countries and Japan, has been prepared by Dr R. Hardie. He writes as follows:—

‘On the whole, observers appear to be adopting similar procedures in observing standard
stars frequently interpressed among programme stars, and in exercising considerable care to
minimize residual errors due to extinction, filter-leaks, and calibration. It would appear that
greater reliability and wider agreement among observers are being achieved, probably by
improved and refined application of principles that are already well recognized rather than
by the introduction of any basic new concepts. Some observers are successfully observing
programme and standard stars simultaneously through the use of dual photometers (1), others
are adopting rigorous constant-altitude techniques to improve the reliability of their photometry
(213). The adaptation of automated data-handling systems to photometric installations in
many observatories has promoted more efficient use of observing time, with consequent im-
provement in securing sufficient control measures of extinction and standard stars.

‘Cousins (62) has described the procedures used at the Cape in the well known and highly
accurate photometry done there by him and his colleagues. In general transfer work, stars are
observed there at equal altitudes (around 30° or 40° zenith distance), standard stars being ob-
served after every 2 or 4 programme stars, depending on whether magnitudes or colours
respectively are being sought. Thus, accurate extinction coefficients are not required, as
approximate or seasonal means are fully adequate for the very minor differential corrections.

‘Recognition of the critical parameters required before setting up the observing programme
has been stressed by Hardie (63) in order to make more efficient use of photometric observing
time. By adopting standards either locally (as in variable-star or cluster work) or at equal
altitudes, extinction determinations may be dispensed entirely. On the other hand, in general
transfer work where these techniques are not feasible, much programme work may be rendered
inaccurate without critical and judicious timing of extinction measures. Rapid extinction
measures can be used with small investment ‘of time, and experience with this technique
reveals that the zero-points are indeed virtually constant and subject to little change. Moreover,
appreciable improvement in accuracy of the extinction coefficients, as revealed by the greater
constancy and repeatability of the zero-points, results from measures made over as great a
range in air-mass as possible, even up to § and 6 air masses. Thus Hardie finds that limiting
the observations of extinction stars to an air-mass of 2 or 3, as is more customary, is not conduc-
ive to the most reliable transfer work.

‘In an interesting exchange of views, Fernie (14) and Young (15) have focussed sorne attention
on temperature effects in photomultipliers. That the effects of these in practical photometry, by
its nature a closely cortrolled comparison process among stars, is of little consequence is clear
from their converging statements and from the experience of other photometrists. Hardie
comments that he is unable to find among the zero-points any evidence of significant or dis-
cernable temperature variations, within his refrigerated photomultiplier housings, to the degree
stressed by Young.

‘Osawa and his colleagues and Cousins (62) report difficulty in transforming to U—B, in
common with many observers. The causes have been discussed widely and are no doubt due
to the critical location of the Balmer discontinuity within the U band, the width of the band,
and the arbitrary original definition of the U stellar magnitudes in which the U— B extinction
Wwas taken to have no colour dependent term. This term is now well recognized as being complex,
and Hardie is re-examining all the original U, B,V stars in an attempt to evaluate how serious
Its neglect may be.
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‘Argue (213) in a red and infrared photometric survey of G and K stars employed a novel
reduction method which, in its initial phases, used all stars to define the systems without
special reference to stardard stars. ““The reduction was unconventional in that the zero points
for the separate nights were brought into mutual consistency by means of every observation
(virtually). There were no specially observed ‘standard stars’ in the early phases of the re-
duction. Only in the final phases were standards invoked to tie up to the standard system.
This procedure made it unnecessary to use up observing time measuring the same standards
night after night. It is only necessary to ensure that, at any rate, most stars are measured on
more than one night and in such a way that all the nights can be intercompared ultimately,
and also that the standards appear somewhere in the final output.”

‘Cousins (62) provides many useful details involved in the measurements and reduction of
the photometric data, and the reader is referred to his paper for them.

‘A number of observers in private communications have asserted that the reduction of data
in strict magnitude form (i.e., U,B,V) is superior to that resulting from one magnitude and
several colour-indices (i.e., V, B—V, U— B). With this assertion Hardie takes strong exception,
claiming that the results should be identical, as no variation in arithmetical manipulation can
possibly lead to different physical results. Given certain functional relationships involving
stellar brightness, temperature, instrumental and physical parameters, equations can be arranged
in many convenient forms and necessarily must be equivalent, barring inconsistent definition
or determination of the various constants and coefficients.

‘Dependence of the extinction coefficients on stellar colour-index is undoubtedly somewhat
more complex than is generally represented by a simple linear function of the form & = k; +
Ck,. However, evidence to date in the B—V colour range is sufficient to establish that this
linear relation is substantially adequate, second-order effects being barely, if at all, discernible.
On the other hand, it has been well established by several observers that in U or U—B the
linear form is entirely inadequate.

‘It is emphasized by Hardie that no reduction procedure, however sophisticated, can provide
data not inherently contained in observations which are not infinitely precise. Observers have
sometimes sought to solve by elaborate simultaneous least-squares solutions for many or all
parameters (magnitudes, colours, coefficients, constants, etc.) within a night’s or session’s
observations, without having planned to include critical observations in the programme. For
example, transformation constants require a wide range of colour-index simultaneously with
no range in air-mass for optimum determination; extinction coefficients (and stable zero-
points) require a great range in air-mass, virtually at the same time or within a very short time
interval; colour dependent (second-order) extinction terms require very close pairs of wide
variety of colour observed repeatedly. If appropriate observations are secured at the telescope
during the programme, then the simultaneous reduction for all parameters will indeed provide
valuable and reliable data; however, if the needed observations were not secured, the results
will be much weakened by the distribution of errors throughout all parameters. Since some
parameters (such as transformation constants, and certain second-order extinction coefficients)
are inherently more constant and stable than others (such as the principal extinction coeffi-
cients) and are thus capable of more precise determination, spurious errors may be associated
with them which more properly belong elsewhere. The reduction procedure is merely a con-
venient mathematical treatment of data of finite accuracy and information content; it cannot
take the place of critically and deliberately planned observing procedure.’

Only a few remarks should be added to this general report.

In Europe, where climatic conditions are not so perfect as in western parts of the United
States, Chile or South Africa, simultaneous determinations of extinction are necessary to
obtain accurate values of extra-atmospheric magnitudes and colours.
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A very elaborate method of this kind has been worked out by Ruefener at the Geneva
Observatory (64). In the U.S.S.R. Nikonov’s extinction procedure is generally used. This
procedure, permitting to obtain extra-atmospheric magntiudes and colours with minimum of
auxiliary observatipns, becomes extremely simple when applied to quasi-monochromatic
systems (spectrophotometry, narrow-band photometry and also intermediate-band one, if the
half band width does not exceed approximately 300A).

But even at such perfect site as Cerre Tololo it was found necessary to use mean values of
extinction for every night if the highest accuracy should be attained. A special extinction
procedure has been developed by Gutierrez-Moreno, Moreno, Stock, Torres and Wroblewski
(220). Taking account for the dependence of second-order extinction coefficient from the
position of the star on the two-colour diagram they could obtain a really extra-atmospheric
system of U—B colours.

The anomalous run of extinction in the ultraviolet region for early-type stars has been also
considered by Hardie, Heiser and Weedman (65) and AZusienis and StraiZys (66).

Some other papers dealing with extinction procedures should be mentioned. Gutiérrez-
Moreno and Stock discussed the problem of the accuracy of extinction determinations (67).
Several methods for determination the extinction have been used by Jerzykiewicz and Ser-
kowski during the course of photometrical study in the B,V system of Neptune, Uranus and
F-G stars. They led to essentially the same results (68). Przybylski worked out some improve-
ments in the extinction procedure (69). Uranova improved Hardie’s method (70). A paper of
Dachs, Haug and Pfleiderer is devoted to extinction measurements by photoelectric star
photometry (71). A review of extinction procedures was given by Edwin and Berg (72).

Special observations of extinction have been carried out at several observatories. A photo-
electric scanner was used at the Inter-American Observatory at Cerro Tololo by Gutiérrez-
Moreno, Moreno, Stock and Sanduleak to study the wavelength dependence of extinction.
The results showed exceptional transparency in ultra-violet (73). Gtebogki has determined the
wavelength dependence of extinction by photographic spectrophotometry at Torun Observa-
tory (Piwnice) for four different types of weather (74). Photographic and photovisual extinction
for the same place and the same types of weather were determined photographically by Wegner
(75). Photoelectric measurements of extinction have been carried out in South Africa by a
ESO group; the mean extinction coefficients were obtained for Rockdale Mt; Flatehill and
Zeekougat. Kivila and Eelsalu carried out such measurements at W. Struve observatory (Tartu)
(76). Extinction for some other places were studied too (77, 78). ;

At the Remeis Observatory, Bamberg, Kohler made an investigation of colour extinction
with six interference filters. Their bandwidths were between 70 and 100A and effective wave-
lengths covered the region from 3530 to 6150A. It was shown that the observations cannot
be interpreted by the well known formula k, ~ A~* (magnitudes), and the determination of
precise extra-atmosphere colour-indices with narrow band filters should be based on special
measurements of colour extinction. Studies of extinction carried out at Mt Elbrus (in visual
and infrared) showed that even at high altitudes the wavelength dependence of extinction does
not follow the A~ law (79). .

It is interesting that the eruption of volcano Mt Agunga in Indonesia caused a large increase
of extinction in Chile, Australia and South Africa (86, 69, 87).

The very important problem of sky background (geophysical, astronomical and interplanetary)
has been considered by Roach (88). Fluctuations in the sky background as a limiting factor in
the photometry of faintest objects were studied by Miller (89).

~ Some instrumental effects in photoelectric photometry were considered: Red-leak corrections
In ultraviolet photometry by Shao Cheng-Yuan and Young (go) and filter transmission effects
on photoelectric measures of rotationally broadened HB line strength by Abt and Osmer (91)
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The problem of accuracy of photographic photometry has been carefully studied by Vanysek
(92). The comparison of photographic photometries made in Hamburg and Edinburgh with
photoelectric photometry carried out with the new automated telescope of Edinburgh Observa-
tory were published by Lawrence and Reddish (93).

The usually adopted method of calibration of the photographic magnitudes is the observation
of photoelectric standards in the same fields. But the problem of the transfer of photometric
measurements from one field to another is still actual. This problem was studied at the Bonn
University Observatory, as it was reported by H. Schmidt. Two open cluster (NGC 744 and
952) with known UBV magnitudes are photographed on different halfs of the same plate by a
Schmidt telescope. It will be studied whether the magnitudes derived for one cluster from the
other agree sufficiently well with the known magnitudes to permit the use of this method for the
determination of magnitudes in a star field where no magnitude standards are given. Further-
more, since NGC 957 is close enough to the field to be photographed on the same plate during

a single exposure, the field magnitudes thus derived can be compared with those found by the
previous method (Karimie).

The problems arising in the photographic photometry of faintest objects have been considered
by Eelsalu and Kalv at the W. Struve Observatory, Tartu (95, 96).

A photographic method ‘Method of star trails’ is being used at Tashkent Observatory for
detection of rapid variations in star brightness (97).

Methods for separating the polarization of stellar radiation from interstellar polarization
have been developed by Shakhovskoi at the Crimean Observatory and Vardanian at the Burakan
Observatory (98, 99, 100).

Turning now to the reduction procedures, it should be mentioned that at several observa-
tories special programmes for reduction of photometric and polarimetric observations have
been developed. So, Bertiau worked out at the Castel Gandolfo Observatory programmes for
reduction of the UBV measures (101, 102) and for reduction of iris-microphotometer measure-
ments too, including corrections for varying sky fog (103). At Kitt Peak Observatory computer
reduction programmes are available for the photoelectric measurements, either with punched
cards or with paper tape produced directly at the telescope. A computer programme for reduc-
tion of the photographic measurements of magnitudes by means of standard stars has been
prepared by Miss Sundman at Stockholm Observatory.

In connection with the problem under consideration Cousins remarks that the hand pro-
cessing has been found at the Cape Observatory to give more prompt results than machine
processing, but machine data processing has been found convenient when promptness is not

important, with the final stages of reductions being done by hand to allow individual attention
to the observations.

PHOTOMETRIC SYSTEMS

The development of the work on photometric systems were characterized by extension of
UBV systems to red and infrared, forming a wide band multicolour system of Johnson
UBI'RIFKLAMNQ, covering the wavelength range from 3000A to 20y, and by increasing role
of other multicolour systems (wide, intermediate and narrow-band ones) devoted, in general,
for solution of special problems, and especially the problems of stellar astronomy.

Summarizing the work on wide band systems Dr A. W. J. Cousins writes:
“The UBV-system is one most generally used for wide-band photometry by both photo-
electric and photographic observers. The RGU', PV and S'Pg, S’pv (202) systems and (U— B).

(197, 196) are still being used, mainly by those who have used them in the past or in continua-
tion of programmes for which they had previously been adopted. More work has been done in
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the red and infrared; the choice of band depending more on the purpose in view, with less
emphasis on standardization than at shorter wavelengths. There has been an increasing tendency
to use narrower and more clearly definite bands.

‘Several extensive series of UBV observations of bright stars have been completed since the
last Report (212, 188, 189, 190, 191, 192, 184, 185, 210, 220). An important feature of these
series is that they include a fair sample of equatorial stars so that there is now, for the first
time, a good overlap between the work of observers in the northern and southern hemispheres.
These, and earlier series, leave little doubt that V" and B— V as observed at the Cape and Cerro
Tololo are on essentially the same system as these observed from the northern hemisphere
(200, 184, 185). There are small local and perhaps seasonal (x5), differences in zero point
between the different series of about the same size as the s.e. of one magnitude or colour index,
but there is little correlation between them and it is probable that the zero point errors of the
combined series do not reach o™or1 for V' and o™oog for B—V in any part or the equatorial
zone, or in the E regions on which the Cape zero points depend. Johnson and associates have
shown (184, 185) that there are small zero point and colour differences between the Catalina
Mountains series and the observations made at Cape, but it is also apparent that there is not
complete homogenity between their new observations and earlier measures that are believed
to be on the UBV system. For most purposes the differences are of no practical importance,
but it is now becoming important to discuss whether or not the present definition of the UBV
system*® is adequate.

‘The position is less satisfactory for U—B because there is difficulty in reconciling the
observations made with different photometers. The transformations from natural to standard
system frequently involve both B—V and U— B, and the same relation may not be valid for
all luminosity classes and different degrees of reddening. There is not much difference between
the Cape U— B system and that of the Arizona-Tonantzintla Catalogue (184, 185) for main
sequence stars earlier than type G and for normal giants of later types, but there are some large
discrepancies for high luminosity stars. A natural ultraviolet system depends rather critically
on the filters and other components in the photometer and the method of allowing for extinction
(71, 220). Although no short-wavelength cut-off filter was used for the original U system, it
should not be forgotten that the 1P 21 photomultiplier has a glass envelope. The glass must
not be too thick, but if the photomultiplier has a quartz window it is important to include
glass elsewhere in the optical path. Some observers have pointed out that Schott UG 2 is to be
preferred to Corning 9863 glass for the U filter because of the much smaller red leak (212, go).

‘The Cape U— B system needs some minor changes (185) to make it conform more closelir
with the system of the Arizona-Tonanzintla Catalogue but after that, and except for the high
luminosity stars, there is satisfactory agreement with that catalogue and also with Johnson and
Harris, Argue (212) and for the later type stars observed at Cerro Tololo (220). Stars of the
earlier types in this last list are not on the same system. The local zero point errors of these
series do not appear to exceed o™o1. There is poor agreement for very red stars between all
the lists but the differences appear to be mainly random. Stellar variability and the relatively
small amount of ultraviolet light present are certainly contributing factors.

‘Young has warned observers using wide-band systems of the danger of seasonal effects due
to temperature changes of the filters (16) as well as photomultipliers (13, 15). Ageing of the
aluminium surfaces in reflectors can produce even larger systematic effects, especially in the
U band. Azusienis and Straizys (104, 105) have derived corrections to the response curves
published by Johnson** to include these and other factors.

*H. L. Johnson, D. L. Harris, 1954, Astrophys. ¥., 120, 196.

**H. L. Johnson and W. Morgan, 1951, Astrophys. ¥., 114, 522.
H. L. Johnson, 1955, Ann Astrophys., 18, 292.
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‘Van den Bergh finds that Q = (U—B) — o72 (B—V) is a good reddening free metallicity
index for globular clusters and that the intrinsic colours of globular clusters in M31 and the
galaxy are adequately represented by the relation (B— V), = Q + 1-00. He has also found
that the transformation equation from P—V to B—V for globular clusters is (B—V) = o0y
+ 1°07 (P—V), which differs significantly from that given by Kron and Mayall* for single
stars because of the very different energy distributions and removes an apparent discrepancy
between globular cluster observations by Hiltner and those of Kron and Mayall.’

The properties of the UBV system and its two-colour diagram have been carefully discussed.
At Vilnius Observatory StraiZys, Zdanavi¢ius and AZusienis considered the response curves,
relation between ‘winter’ and ‘summer’ UBV systems, red leak effect, extinction corrections,
systematic differences between different catalogues of Johnson and his associates etc. (104,
105, 106, 107, 108). The two-colour diagram was considered by Azusienis, Straizys, Wampler
and Nikolov (109, 110, 111, 112). The properties of UBV system were discussed also by
Karyagina and Kharitonov (x113) and Osawa (114). An effect in modification of the system
UBV by Fraunhofer lines has been studied by Wilday (x15).

According to opinion of Walraven the connection of UBV photometry between Northern
and Southern Hemisphere seems rather weak. The residuals of the difference Cape-Leiden in
magnitude V' show variations with right ascension with total amplitude of about 0”03.

The new UBVRIFJKLMNQ system of Johnson and his associates (185)—the extension to
longer wavelength of UBV system—has been developed. Its response curves are published
(x16), and absolute calibration of this system is carried out (x18).

A summary of recent infrared astronomical measurements were published by Johnson (x119).
Some very interesting papers dealing with infrared photometry must be mentioned (120, 121,
122, 123). In the last paper the first observation in Q system (A, ~ 20p) is reported.

A theoretical discussion of some problems of wide-band photo-electric photometry has been
carried out by Eelsalu (124). An investigation of the RGU photometric system was published by
Straizys (125), and the blanketing corrections for this system were considered by Smith and
Steinlin (126).

Turning to the multicolour systems we like to mention publication of papers presented on
the IAU Symposium No. 24: Spectral Classification and Multicolour Photometry (127).

The wide-band seven-colour system of Golay has been carefully tested by observations
(128 to 139).

The intermediate-band systems by Strémgren, Borgman and Walraven are being used now
for regular observations.

A four-colour intermediate-band system by Neff (140) covering the wavelength region
3330-5500A has been applied for discrimination between late-type dwarf and giant stars.

At Vilnius Observatory the work on the StraiZy’s multicolour system has been continued
(141 to 147). Successful tests of two versions of this seven-colour system (with glass and
interference filters) are being carried out at Vilnius and Crimean Observatories.

The problem of optimal choice of colours for multicolour photometry were considered by
Steinlin (148).

Several narrow-band photometric systems have been developed, studied and used for practical
observations.

The narrow-band photometry of hydrogen lines and especially HB is widely used, and in
particular for determining luminosities of early-type stars (149 to 156).

*G. E. Kron, M. W. Mayall, 1960, Astr. ¥., 65, 581.

https://doi.org/10.1017/50251107X00030546 Published online by Cambridge University Press


https://doi.org/10.1017/S0251107X00030546

PHOTOMETRIE STELLAIRE 483

Narrow-band photometry of late-type stars is being developed (157 to 165). The work on
the infrared narrow band photometry is being carried out also (166). Bahng at Dearborn
Observatory is working with an infrared narrow band system (XY Z), using interference filters
centered at 121, 1°5q and 2-154. The corresponding half-width are 77, 86 and 98A. A lead-
sulphide cell is used. The X and Z bands are very similar to ¥ and K bands of Johnson, but
are much narrower—by a factor 5 or so. The Y band has no corresponding band in other
infrared systems. Bahng’s opinion is that this band is very important in stellar photometry,
as it coincides very nearly with the H~ opacity window in the stellar atmospheres.

Some other papers dealing with the photometric systems should be mentioned. Photographic
system near to UBV (167, 168, 169) and RGU (170) have been described. The properties of
different photometric systems from the points of view of influence of absorbtion lines (171)
or measuring of metal content (172) have been compared.

Comparison of different photometric systems is considered in (173, 174, 175, 176). V.
Shevchenko at Tashkent Observatory proposed to use the observations of a regular variable
star, having a well determined light curve in a standard photometric system, for determination
of a transformation formula connecting instrumental and standard systems (177).

The important problem on the relation between heterochromatic and monochromatic
magnitudes in three-colour systems have been considered by Straizys (178).

The questions of relations between a wide-band and intermediate band system are being
discussed by Walraven. He communicates: ‘From the observations with the five-channel
photometer of the Leiden Southern Station a large number of bright stars were selected, which
are also present in the Photometric Catalogue of the Cape Observatory (R. Obs. Bull. no. 64).

‘The transformation of magnitude V of the Leiden VBLUW system to the magnitude of the
Cape UBYV system is not linear but reliable.

‘Likewise the transformation for colour B— V is possible with reasonable accuracy, although
the relation between the wide band UBV and intermediate band VBLUW system is strongly
non-linear and depends also on reddening and luminosities of the stars.

“The transformation of U~ B is unreliable due'to the width of band U of the UBV system.’

Walraven remarks also that the effective wavelength of the bands V and B of the UBV
photometry, which follows from the transformations of the VBLUW system and from the
accurately determined effective wavelength of the latter, deviate from the values, which are
generally adopted.

In conclusion we like to emphasize that the intermediate and narrow-band systems have a
great advantage over the wide-band ones to operate with the quasi-monochromatic magnitudes
when it is possible to neglect practically all changes of effective wavelength with spectral type,
extinction or interstellar reddening (the half width of response curves does not exceed approxi-
mately 300A for a quasi-monochromatic system). In these systems reductions for extinction
and transformation to a standard system are very simple; the Forbes effect and curvature of
reddening lines on twe-colour diagrams are absent. As a consequence, a much higher accuracy
¢an be attained.

PHOTOMETRIC STANDARDS

The problem to establish photometric standards of highest accuracy depends not only on
the precision of observations and extinction procedure, but, of course, on the internal stability
of stellar radiation (stellar microvariability).

Jackisch (Sonneberg Observatory) returned to this problem during his stay at Kottamia
Observatory (United Arab Republic). Using a 25 cm reflector he tested photoelectrically 210
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A-type stars of III and V luminosity classes to study their stability. The preliminary result is
that the variability is being found for 209, of stars studied with amplitudes between 0”03 and
o”ob6 (179, 180).

On the other side the photoelectric observations of Neptune, and Uranus carried out by
Jerzikiewicz and Serkowski in 195066 years (68, 221) were used to study the problem of
solar and stellar variability. It was shown that the short period variations of solar brightness
do not exceed 0™003. The high stability of solar type stars was stated too. The observations of
15 stars of spectral type F and G in the years 1950-66 indicate that for none of these stars
does the standard deviation of the yearly mean magnitude exceed 0™o08 and for some stars
this deviation is even less than 0™o004. The V' magnitudes and B— V colours of about 50 F and
G stars were determined during the course of this work. Their mean errors do not exceed
o™o03, so the third digit beyond the decimal is quite significant.

As communicates Feinstein, it was decided to include in the observing programme of La
Plata Observatory nearly 30 bright and very red stars (B—V > 1:6) to check the possibility
of using them as standards if they don’t show light variation. The measurements are being
carried out in the UBVRI system.

Cousins (x81) and McCullogh (182) support the point of view on the general constancy of
stellar radiation.

As C. Jaschek reports the reference catalogue of all photoelectric measurements is in progress.
At the present it contains about twenty thousand stars and six hundred references. It is hoped
that it can be published in 1967.

The practical work on the photometric standards is being summarized by Professor E. Rybka:

‘Several catalogues containing the standard magnitudes of bright stars have been published
during the past three years. '

‘In 1964 the third edition of the Catalogue of Bright Stars (183) appeared, where magnitudes
and colours for nearly 50%, of stars have been compiled by Klemola and reduced to a common
system, for over 1100 stars the HR magnitudes revised by Rybka have been included. For
remaining stars, for which neither photoelectric nor revised by Rybka magnitudes were avail-
able, the original HR magnitudes have been retained.

Comprehensive catalogues have been published by the Lunar and Planetary Laboratory of
the University of Arizona (184, 185). The catalogue (184) contains magnitudes ¥ and colour
U-V,B—V, V—R, V—I for 1325 naked-eye stars determined in Catalina Mountains and at
Tonantzintla observatories. For some southern stars, Cape Observatory values are given. Still
more comprehensive photometric lists have been published in (185), where results of the
Arizona multicolour photometric work has been presented. Of the stars listed in (185) 1567
were observed in U, B, V, R and I, 653 in ¥ and K and 268 in L. The southern Cape photo-
metry has been transformed into the UBV system and a catalogue of UBV photometry on
4780 bright stars over the entire sky was given.

‘Photoelectric magnitudes and colours of pairs of 6™ stars of A and K spectral types near the
Kapteyn’s S.A. 1—139 have been determined from observations made at the Crimean Observa-
tory in the years 1959-61. The catalogue (186) contains magnitudes and colours of 278 stars
both in the natural ubv and in the UBV systems. It is planned to extend the determination of
fainter photometric standards in S.A. at the Abastumani Observatory.

‘Astronomers from Cape Observatory continued the UBV photometry of bright stars. The
Cape observations of “Stars in the Equatorial Zone” were completed in 1964 and have been
published (x87, 188, 189, 190, 191). Publication (192) is a continuation of Royal Observatory
Bulletin no. 64. Observations of HR stars, south of —10° (V/, B—V and (U—B),) are being
continued and several lists have been published by Lake and Corben (193, 194, 195, 196, 197).

https://doi.org/10.1017/50251107X00030546 Published online by Cambridge University Press


https://doi.org/10.1017/S0251107X00030546

PHOTOMETRIE STELLAIRE 485

Dr Cousins remarks: “The completion of four new series observed elsewhere has at last
provided the overlaps that were needed to show that the northern and southern UBV systems
are in good agreement. These are: “The Arizona-Tonantzintla Catalogue” of Johnson and
his colleagues (185), Stock and Moreno’s observations at Cerro Tololo, Argue’s observations
of F, G and K type stars at Kitt Peak, and Haggkvist and Oja’s observations of bright stars
from Uppsala (210). These observations have now been incorporated in the photometric
catalogue of bright stars being compiled at the Cape Observatory, that includes all stars south
of + 10° declination with HR magnitude 5-0 or brighter. The standard errors of the mean
magnitudes of nonvariable stars are nearly all less than + o™or. The s.e.’s of B—V and U—-B
are usually less than + o™oog and + o™orjg respectively. The northern and southern ¥V and
B—V systems have the same colour equations and mean zero points but the new material
has shown the need for some small corrections to the Cape U— B. After that there is satisfactory
agreement between the Arizona and Cape U— B for main sequence stars earlier than type G
(of which there was a fair sample in the Johnson and Harris list) and for class III giants of
later type, for which the transformation has previously been uncertain.’

Wallenquist reports on the works on photometry made in Sweden:

‘r. Lund Observatory.

Roslund has determined magnitudes and colours photoelectrically for 250 stars of early
types in Milky Way field in Scorpius in the UBV system (204).

2. Stockholm Observatory, Saltsjobaden.

L. Lodén has reported that a list of photometric standard sequences in the Southern Milky
Way is under preparation (covering a.o. the Crux region). For the standard sequences 15-20
stars are selected in each region. The stars have been measured photoelectrically in the UBV
system at the Boyden Observatory. An extensive programme for photographic photometry in
two colours of early and very late stars in Centaurus is in progress.

K. Lodén has determined B and V' magnitudes and spectral classes for 450 stars in the S.A.
193 on the basis of plates secured at the Boyden Observatory. The catalogue will be published
soon in Stockholm Observatoriums Annaler.

Sinnerstad reports that Arcling has determined UBV magnitudes photoelectrical for about
30 standard stars for the determination of the atmospheric extinction. Sinnerstad is making
photoelectric photometry in the UBV system (Stromgren photometer) for trying to find
luminosity criteria suitable for Schmidt-spectra.

3. Uppsala Observatory.

T. Elvius reports the following photemetric investigations which are carried out at Uppsala
under his supervision:

Sjégren: The catalogue (206) gives V' and B—V for 76 stars in S.A. 8.

T. Elvius is determining UV-magnitudes in S.A. 19 on the basis of plates secured at Kvista-
berg by means of the large Schmidt telescope.

T. Elvius and Lyngé carried out three-colour photometry of 43 stars in S.A. at southern
latitudes (205).

T. Elvius and Higgkvist: (207) contains V' and B—V photoelectrically determined for
75 stars.

Ljunggren determined photoelectrically ¥ and B—V for 298 stars (208).

Ljunggren and Oja: (209) contains photoelectrically determined ¥ and B—V for stars
chiefly situated at low galactic latitudes.

Higgkvist and Oja: (210) contains V' and B— V for all northern stars brighter thanm = 5-25, .
according to Catalogue of Bright Stars. :
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Oja: (211) contains spectrophotometric data for 2500 stars situated in the region 80° < I*
< 100° and | b | < 3°

Oja: (211a) contains UBR magnitudes for about 2000 stars within a square degree around
the cluster M 103 as well as spectrophotometric data for about 1000 stars.

Higgkvist: (2x1b) contains photoelectric magnitudes and colours for 72 visual binaries.

Eriksson is making a spectral classification of about 3000 stars situated in the neighbourhood
of the Southern Galactic Pole. Moreover he has determined photographically B and V' magni-
tudes for about 10 coo stars (will be published soon).

Linden: photoelectric determinations of B and V' magnitudes for stars in S.A. 18 (60 stars)
and S.A. 19 (40 stars).

Ekedahl: photographic determination of m,; and m,, for 273 stars in the S.A. 4 (ready for
publication).’

Argue draws attention to his two papers (212, 213). The paper (212) includes magnitudes and
colours for about 130 equatorial stars expressed in the northern UBV system, which were
observed with the intention of strengthening the tie between the northern and southern system.
In (213) the magnitudes and colours have been derived from measurements made with an
RCA 7102 photomultiplier and the following four filters: 6gooA interference filter (7); Schott
RGS8; Schott RGg; 1-00 micron interference filter (1) The » magnitudes and (r — 7¢8) and
(r — rgg) colours are similar to Kron’s R and (R—1I) while (r — ¢) can be transformed to a
colour very similar to the Arizona-Tonantzintla (R — I). The catalogue may thus provide
a useful selection of sub-standards for later types. The limiting magnitude is about R = 8™,

Argue remarks: ‘It might be worth while for the Commission to consider whether the
original definition of the UBV system in terms of stars mostly situated in the Northern Hemi-
sphere is still adequate? With the rapid increase in activity in the Southern Hemisphere it .
would be better to redefine it in terms of equatorial stars. The opportunity should also be taken
to advocate the use of the UG2 ultraviolet filter in place of the Corning 9863 which requires
a considerably larger correction for red leak on late type stars.’

Some other photometric catalogues are to be mentioned: (214) contains seven-colour photo-
metry of 342 stars in the Golay’s wide-band photometric system.

The catalogue (215) includes BVRI photometry in Johnson’s system for 275 stars mainly
between —25° and — 50°.

The results of UBV photometry of 263 stars of B, Ao, A1 and A2 spectral types in S.A.38
(7m8 < my, < 13™ according to BSD) are given in (216) and (217). And for S.A. 40 in (218).

Osawa published the UBV photometry for 211 peculiar A stars (219).

Van den Bergh informs that at the David Dunlap Observatory McClure is currently carrying
out an extensive programme of intermediate band photometry of stars, clusters and galaxies
with the 74-inch telescope (Aer 3800, 4150, 4250, 4500 and 4861A); Racine is currently

obtaining UBV photometry of most of the northern stars which are known to be located in
reflection nebulae.

A very precise catalogue for 366 stars have been observed at Cerro Tololo by Gutierrez-
Moreno, Moreno, Stock, Torres and Wroblewski in the UBV system (220).

As it was mentioned above, in the course of photometric observations of the planets Neptune
and Uranus, made at the Lowell Observatory for a number of years, 50 stars, mostly of spectral
types F and G and situated along the ecliptic, were repeatedly observed in the B, V system.
For the stars observed on about 25 nights the mean errors are about + o003 and + o™002
for V and B— I respectively; for stars observed on about 100 nights these errors are + 07002

and + o™oor (22r1). That is, perhaps, the most accurate B,V photometry than any other
published until now. '
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As communicates Crawford, at the Kitt Peak Observatory UBV measurements have been
made for all stars Bs or earlier brighter than V' = 6-5, and of declination above —10°.

Some other UBV photometries should be mentioned, carried out for specially selected
groups of stars (322 to 223).

Recent observations of stars in the red and infrared photoelectric systems are published in
papers (234, 235, 236, 237, 238, 239).

Intermediate-band photometric systems: Graham is'now carrying out at Kitt Peak Stromgren
four-colour photometry for faint high latitude blue stars, as communicates Crawford. Special
attention is being paid to stars which have already been studied spectroscopically by Greenstein
and others. Crawford and his associates at Kitt Peak are pursuing narrow and intermediate
band photometry on the HB snd Strémgren four-colour systems for a number of galactic
clusters and for the bright field stars. Crawford is preparing a list of standard stars and the dis-
cussion of Strémgren four-colour photometry reduction procedures. This work should be in
press by the time of the IAU meeting. A catalogue of Stromgren’s ubvy and HS photometry
of 749 B5s—Fo stars observed by Cameron, will appear in a Georgetown College Observatory
Monograph in late 1966. This catalogue includes data for approximately 300 Ap stars and 100
Am stars. Seven-colour photometric observations on Strémgren’s wbv and Crawford’s abc
systems have been continued. Bigay communicates that it is expected to carry out observations
in Stromgren’s system of stars in S.A. near galactic plane and of Luminous Stars. Some con-
siderations concerning his system were published by Strémgren (241).

Borgman applied his seven-colour system for observations of 102 stars belonging to spectral
types from A to M, and located nearer than at 20 pcs. Mean errors of colours were found to be
from + o™o08 to + o™oo02 (242).

The Walraven’s system has been used for observations of high velocity stars by Ponsen and
Oosterhoff (243, 244) and by Graham and Lynga for observations of 454 OB stars in Carina
(to be published in a recent Mt Stromlo Memoir).

Hydrogen lines photometry: Crawford and Mancler published a list of standard stars for
photoelectric HB photometry (245). B-indexes have been observed by Crawford for 93 stars
in the region of ‘Orion belt’ (246). Ha photometry of late-type stars has been carried out by
Peat (247, 248).

A summary of all photoelectric observations for stars Og-B3 (III and V luminosity classes)
having Ha in emission were compiled by Schmidt-Kaler (249)

Very important successes were attained in quasi-monochromatic and monochromatic photo-
electric photometry (spectrophotometry).

Narrow-band photoelectrlc colour-indices for 25 bright stars Og—F5 have been observed in
16 bands (4 A ~ 54A) in the region 3200-6400A) by Bahner (250). Observations of « Lyrae
have been calibrated using a lamp.

Absolute measures of energy distribution in stellar spectra have been carried out by
Willstrop (251), Oke and Conti (252), Kharitonov, Karjagina and Neljubin (253, 254, 255,
236, 257).

Photoelectric spectrophotometry of selected bright southern stars has been carried out by
Aller, Falkner and Norton (258, 259), and for F2-K7 stars by Van den Bergh and Sackman
(260).

Irvin communicates that a programme of photoelectric scanning of all stars south of declina-
tion +20° and brighter than visual magnitude 5-0 with spectral type later than Ag has been
initiated at Inter-American Observatory at Cerro Tololo and is 45% complete. The scans are
from 3100 to 6000A with a bandpass of 80A. The region shortward of 40004 is especially
interesting and the Tololo sky is excellent for this purpose.
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Standard stars for infrared region have been recommended by D’Agati (261).

As Heddle has mentioned (262), accurate absolute calibration of photometric data in the

visual region are very needed to obtain precise relation between this region and the ultraviolet
observed from outside the atmosphere.

At the present time we have no photometric systems for the ultraviolet region with A < 30004,
But very important photometric observations have been carried out in this region from rockets
and satellites (263, 264, 265, 266, 267, 268, 269). As an example of a very interesting astronomical
result we like to mention here the determination of the law of interstellar extinction for the
wavelength down to 2200A obtained by Boggess I1I and Borgman (270).

Almar proposed to use a slowly moving satellite with known photometric parameters for
calibrating the scale of stellar magnitudes (271).

Among several polarimetric measures of stellar radiation we will mention the UBV (and
for some stars UBVRI) observations carried out by Krzeminski and Serkowski at the Lowell
Observatory (272), the UBV Stepien’s measures in the polar region (273), observations of
Kruszewski (274) and Serkowski (275) at Belgrad Observatory and polarimetric investigations
of L. Lodén in the Milky Way (276).

Many papers dealing with photographic photometry of different stellar fields, which could
not be regarded as sources of photometric standards and belongs to competence of other IAU
Commissions were not included in the present report.

President of Commission is very grateful to all members of Commission who kindly sent
their reports to him or to members of the Organizing Committee, and he is especially grateful
to the members of Organizing Committee for their great work in preparing special parts of the
report.

V. B. NIKONOV
President of the Commission
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