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CONSTRUCTION AND INVESTIGATION.
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1. INTRODUCTION

"Rozhen' ﬁational Astronomical Observatory and its branch
office in the town of Belogradchik include in their observational
basis 600/7500 mm mirror telescopes Cassegrain system (the dia-
meter of the main mirror - 600 mm, equivalent focal distance -
7500 mm, A = 1:12,5, M = 27,5 "/mm) made by the people's enter-
prise "Carl Zeiss Jena', GDR*. The telescopes are equiped only
with object finders (F = 750 mm, A = 1:6,8, ol = 894) and they
do not have guiding tubes. The enterprise does not offer light-
receiving appliances for this type of telescopes. That is why,
in order to solve a certain concrete observational task one have
to construct and work ocut im addition such an appliance.

Due to their, relatively small observational field, the
600/7500 mm telescopés are suitable for photoelectric observa-
tions., This fact, however, does not exclude the possibility for
their use for other purposes. As our experience throughout the
last ten years shows it, they could be used successfully for pho-
tographic observations too in the cases when the observed objects
occupy small parts of the sky. In order to study the globular
star clusters in the Galaxy (searching and examination of vari-
able stars of different types, multicolour photographic photo-
metry, the study of the structure of these aggregates, etc.) we

M In the nearest future such a telescope would be installed in
the People's Astronomical Observatory "Peter Beron" near the

town of Sliven ("Karandilla"), Bulgaria.
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constructed, built up and examined a photographic camera with
guiding eyepiece, designed for the 600/7500 mm telescopes,
being itself a part of a combined complex receiving appliances.
Up to now about 300 photographs in B, V and R of 9 globular
clusters have been obtained (M 2, 3, 10, 12, 13, 15, 56, T1

and 92), as well as those of several open clusters (Pleiades,
Praesepe, M 39, 44, 67, NGC 6709, 6819, 6910 and IC 4665). The
results of the examination of a part of the obtained photographs
were published elsewhere (Russev, Russeva, 1979a, 1979b, 1979c;
Russeva, Russev, 1980, 1983; Russeva, Iliev, Russev, 1982;

Russev, Peikov, 1986).

2. CONSTRUCTION OF THE CAMERA

The main parameters of the appliance are defined by place
for fixing of the ocular part to the telescope benhind the Casse-
grain aperture, the diameter of that aperture (80 mm), and by
the disposition of the focal plane behind the aperture when the
secondary mirror is in medial position. Fig. 1a and 1b presents
a schematic assembly drawing of the camera and its general appear-
ance in operating conditions as mounted to the telescope in the
toﬁn of Belogradchik. The camera includes the following three
separate parts:

Bearing positional disc (1 in Fig, 1a)., Due to its func-

tion the whole construction could rotate around the main optical
axis of the telescope. The rotation is accomplished by toothed
gearing. The latter is calculated in such a way that in a case
of total loading up to 30 kg the effort necessary for the rota-
tion of the system would be smaller than 1 kg. At intervals of
1 arc min divisions are marked on the face part of the disc.
Three stopping screws fix steadily the chsen position. The bear-

ing disec could be used separately for fixing of any other light~
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taking appliances to the telescope.

Ocular part (2 in Fig., 1a). It contains a.guiding eye-

piese (3 in Fig. 1a), manual shutter and a place for putting
different kinds of lightfilters. Using two prisms with full
internal reflection, a part of the field is transferred toward
the guiding eyepiece, which containg illuminated filarlcrOSs.
The eyepiece system could be moved radially, from the centre
to the end of the observed field. This movement taken together
in cmbination with the rotation of the bearing disc allows
complete observation of the objects which are to be photograph-
ed and a choice of suitable for guiding star. Built up 1like
a separate aSsemhly, the ocular part is intended to be used

as a part of electrophotometer too, as well as in the cases

of photographing by the aid of image tubes.

Casette part (4 in Fig. ta). It includes a casette-

-holder and a photoplate-casetie with dimensions 6x9 and 9x12
cm. The standart lightfilters used have diameters 49 mm and
they limit the photographed stellar field up to that diameter,
which coresponds to 22,5 arc min.

Constructive drawings of the camera are given in details

in the work of Petrov (1974).

3. PUTTING INTO FRACTICE THE B, V AND R PHOTOMETRIC

SYSTEMS
The use different photoemulsions and suitably chosen
lightfilters enables one to obtain photographs in different
parts of the spectrum using the camera. Having in mind our
taska and our possibilities for supply of photoemulsions, the
photographs obtained up to now are in the broad-band photo-
metric systems B, V and R. In Table 1 are given the used photo-

emulsions, lightfilters and the equivalent wavelengths of the
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respective curves of reactions (Jle) and their semiwidths (al).
In order to obtain JLE and Al the mean curves of spectral
sensltivity of the photoemulsions according the wedge-shaped
spectrogrammes of "ORWO" were used, while the curves of the
permeability of the filters were obtalned by the aid of labo-
ratory automatic spectrophotometer "Specord", The last two
columns of the Table 1 give for comparison the standard values
of Jle and aA for the bands B, V and R, The B=-system is near-
est to the standard, Most of our plates are taken in this
system. We must note also that the filters were made by "Pan-

chromar", FRG.

Table 1

Photo- Standard

System emulsion Yrlter jLe AJL JLe A
B ZU 2(21) UV II (1,6 mm) 4650 1050 4415 960
v ZP 3 GM (1,6 mm) 5760 1700 5505 830
R I 750 R (1,7 mm) 7500 1000 6800 2300

Figure 2 represents a reproduction of theklobular star
cluster M 13 from a plate obtained by the camera in blue light
(B system, plate No. 69, 13.08.1377, 30 min exposure time,
stellar images ~ 2"). On the original plate one can see stars

from up to 18 magnitude.

4, EXAMINATION OF THE CAMERA

4.1, DETERMINATION OF THE NONVIGNETTED FIELD DIAMETER

Using the geometric and optical characteristics of the
telescope combined with the camera, the theoretical results
are that the nonvignetted field in the plane of the plate has
to be 38 mm (17{4). The experimental check of this conclusion
was carried out through photography of the trecks left by the
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bright stars of the open star cluster NGC 6918 when the teles-
cope is stoped. The results of the photometry (using MF-2 photo-
meter with square slit) of the obtained B plates are given in
Figure 3a., The absciss glves the distances from the centre of
the field in mm, while the ordinate gives the change in the
illuminations throughout the diameter of the field in stellar
magnitudes (aB). The real diameter of the nonvignetted field
appeared to be equal to %6 mm (16:5), that is slightly smaller
than the calculated theoretical results. The standard deviation
of the dots across the diameter of the nonvignetted field is
o= £ 0702,

4,2, PHOTOMETRIC ERROR OF THE FIELD

The photometry of 10 standard stars of the open cluster
NGC 6910 on a B plate with 15 min exposure time shows that in
the interval of about four magnitudes (from 875 to 12%5 in
Fig. 3b) the maximum deviation AB from the mean calibration
curve do not exceed 10?06. In approaching to the limit magni-
tude of the stars over the plate (ﬂ:16m) the deviations grow
and they reach up to :t0?15. The growth of AB when Bi>12?5 is
due to the limited possibilities of_the square slit photometers
and to the coming near to the not fully exposured part of the
calibration curve.

The deviations.lnBL and the (B-V) colours are cofronted
in Figure 3c. It is seen that the deviations do not depend on
the colour of the stars which is very natural in mind the
system used: mirror telescope - filter - photoplate.

The measurements of the NGC 6310 stars on V and R plates

show analogical results to those shown in Figures 3b and 3c.
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4,3, DEPENDENCE OF THE LIMIT STELLAR MAGNITUDE

ON THE DURATION OF THE EXPOSURE TIME

Using the processed up to now observational material
we obtained the dependece between +the B magnitude of the
faintest stars about which we can make confident photometric
measurements on the duration of the exposure time (Figure 4).
It should be noticed also that on the plates one could see
even stars which are fainter with 6?5 - 1?0 than the ones
used for the obtaining of the dependence but their photomeiry
is not very confident.

Using one and the same instrument and method Ifor the
obtaining of photographic observational material for a given
exposure time, the limit magnitude depends very much on the
atmospheric conditions, The dependence shown in Pig. 4 refers
to the images of stars with 2-3" while the position of <the
dots was obtained as a mean value of several photoplates with
standard error o/(B)x *0T2,

Using the seven dots in Fig. 4 we obtained the dependence:
/1/ B = 13,9 + 1,85 1g t

1 504
where the exposure time (t) is measured in minutes. The coeffi-
cient before 1lgt is equal to 2,5p where pis the photographic
effect index in the law of Schwarzschild., Therefore the mean
value of this index for the emulsions used in our observations
ZU 2(21) is p = 0,74%0,04.

The experience shows that for the ob taining of the same
limit magnitude in V and R systems the exposure time have to
be increased respectively about 4 or 8 times in the cases of

hypersensibilized with distilled water emulsions ZP 3 and I 750.
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4.4. DEPENDENCE OF THE FOCUS ON THE TEMPERATURE

DURING THE TIME OF OBSERVATIONS

The result from the obligatory focusing of the camera
using the generally known methodics prior to each cycle of
observations is the dependence in Figure 5 between @ (the
position of the secondary telescope mirror in mm) and the
temperature during the time of observation (tOC) for the teles-
cope in the town of Belogradchik. From the respective formula
/2/ ® = 10,566 + 0,0106¢

+,033 *,0025
expressing the linear expansion of the frame construction
which carries the main and the secondary mirror of the teles-
cope according to the neighbouring temperature we cbtain direct-
1y that the coefficlent of the linear expansion of the con-

struction is 06253.10'6 gV,

In addition, it turned out that
tormula 2 is valid for each of systems B, V and R.

The details in connection of the examination and utili-
zation of the camera could be found in the work of Russeva (1982).

Recently using the working drawings of the camera (Petrov,
1974) and by the aid of our consultation, the collaborators of
the People's Astronomical Observatory "Nicolaus Copernicus™ in
the town of Varna builfugnalogical photograrhic camera designed
for the 500 mm mirror telescope Cassegrain system in the village
Avren. Now the device is in the period of experimental exploita-
tion and examination.

In conciusion, the authors of the present examination
take the opportunity to express their gratitude to the crafts-
men at the Mechanical Workshop in the Physics Faculty at the

Sofia University for the manufacture of the mechanical parts

of the camera.
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Fig. 1. a) Schematic assembly drawing of the camera.

b) General appearance of the camera in operating
conditions as mounted to the telescope in the

town of Belogradchik.
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Fig. 2. A reproduction of the globular star cluster M 13
in blue light (B plate No. 69, 13.08.1977, 30 min

exposition).
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Fig. 3. a) A nonvignetted field of the camera.

b) Dependence of the photometric error |ABI on

the B magnitude.
c) The photometric error |4B| against the (B-V)

colour,
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Fig. 4. Dependence between the B magnitude of the faintest
star which confident photometric measurements could

be made and the duration of the exposition.
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Fig. 5. Dependence of the focus & (the position of the
secondary mirror) on the temperature in the town

of Belogradchik.,
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Pororpaduueckan kamepa x 600/7500 MM Teneckomy.
HoHeTpyEmua M uUCCIEeNOBaHUE .

P. M. Pyces, I'. T. IlerpoB, T. C. Pycesa

PaccMarpuBaeTCa KOHCTPYKUMA M PEe3YABTATH KCCIEN0BaHUA
ororpafuuecroil kaMepu ¢ ryupylmuM oxyJspom muas 600/7500 mu
KaCCerpeHOBCKUX TEJNEeCKONmoB ¢upMa "Kapm Ileiicc iena", TTP.
Takue TeleCKONH yCTaHOBAEHHH Ha HalyoHalpHON acTpOHOMUUECKOM
o6cepBaropuu "PoxeH" u ee ¢unuas B r. Bemorpsnuuxe, BHP. Ha
8TUX TeJEeCKONaxX Npy IIOMomM KaMepa. 3a nociegHue 10 JeT NoXyueHH
okojio. 300 MIaCTHMHOK HECKONbEMX MAPOBHX ¥ PACCESHHHX CHOIIeHu}

‘Hamelt [amaxTuru.

C6opHoll uepTex KaMepH NoKasaH He puc. la, rme 1 - nosu-
LIMOHMPYWEOE [IOC2IO0YHOEe KOIBI0, & - OKyJIfpHas uacTb, 3 - TUNU-
Pyomuid OKyJNsp, 4 - KACCETOUHaA YacTh. DA KaMepH, YCTAHOBJIECH-
HOil Ha Teleckone Ir. Bejorpgnumuka, Hokas3aH Ha puc. 1B. OMyJnbCHM
1 QUIBTPH, KCHOJIb30B&HHHE [IA OCYHECTBIEHMA MNHPOKONOJIOCHHX
goTomerpruecknx crcteM B, V u K, a TeakKe SKBUBAJICHTHHE IIVHH
BOJH KpPUBHX peakuud / A,/ u vxX noxymupuse /a) /, NpuBELEHH B
Tabx. 1. Ha puc. 2 HaHa penponyruusa aBezpgHoro ckomienus M 13
U3 NIaCTHUHKK IOJYYEHHOM IpY MOMOmM KaMEepH.

HccrnenoBanne KaMepH NOKE32JI0, UTO AUEMETP HEBMHBETHPOBAH-
HOT'O NOJA paBHAeTed 30 MM i 16:5 /puc. 3a/, a poroMeTpHUeC—
Kad omuOKa IOoJAA He IIPeBHIAET j:d?Oﬁ B cuCTeMe B Ha HpOTAKeHWA
4"‘, OAb3YyACh IJA (oToMeTpupoBanus ¢oToMeTpoM MP-2 ¢ EBnmpar-
HOl puagparmoi /puc. 3B/. Kpome Toro, doroMerpuueckas omubEa
He 3aBUCUT OT LBETCB 3Besf /prc. 3¢/. 3aBNCKMOCTH TIpENelNbHOM
B BeauuyHH 3Be3r, ¢OTOMETPVDYEMHE YBEDPEHHO HA MJIACTHHEEX, OT
IPOLOJRUTEIBbHOCTY SKCIOBMIVY B MUHyTeX /puc. 4/ BHpaxeeTcsd
dopmymolt /1/. Haxmon saBucmmocTu "B -%ﬁ:" IaeT, UuTO IOKa3a-
Telb B 3akoHe [Bapimwipna nas sMyibeuit Z2U 2 u 21 B cpenHeM
pasHaerca 0,74 +0,04. 3apucumocTs Qoryca ® /mONOKEHHA BTOPUU-
HOTO 3epKaia/ OT TEeMIEPATYPH BO BpeMd Habmgmerut /+ °C/ nas
TejleCEona I'. Belorpafuuka IOKa3aHa Ha PUC. D ¥ BHpaXaeTCd
opmynonr /2/. 3 3aBHCUMOCTH CIeLyeT, uTO KosPUIVEHT JuHed-
HOT'0 PACWVPEHHMA DaMOYHO! KOHCTPyKIMM Teleckona oxono 3.107 k1.
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