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Colour equations for UK Schmidt Telescope Tech-Pan film exposures
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ABSTRACT

Kodak Technical Pan (Tech-Pan) film is a standard panchromatic emulsion that was used at
the UK 1.2-m Schmidt Telescope (UKST) for a variety of broad-band exposures between
1992 and 2003. However, despite its versatility and frequent use, no formal presentation of its
colour-term stability has been provided. A sample of 32 short-exposure Tech-Pan films was
specifically acquired in five wavebands with a view to establishing the photometric relationships
between Tech-Pan and the equivalent glass-based emulsions previously used. These films have
been measured using the SuperCOSMOS measuring machine and the data reduced to provide
the appropriate quantitative information. New colour terms relating these measurements to
the Cousins photoelectric system are presented. They are shown to be stable, reproducible,
generally small and similar to colour terms previously derived for the older emulsions on
glass that Tech-Pan effectively replaced. These results give confidence in the use of Tech-Pan
photometry from on-line UKST legacy survey archives.
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1 INTRODUCTION

The UK 1.2-m Schmidt Telescope (UKST), located at Siding Spring
Observatory in Australia and operated since 1988 by the Anglo-
Australian Observatory, routinely used Kodak' panchromatic Tech-
Pan emulsion on estar film as a detector between 1992 and 2003 for
a variety of broad-band survey and other programmes. Although the
last UKST photographic survey was completed in 2003, the various
UKST surveys of the southern sky form scientifically valuable, on-
line, archival data bases that will continue to be used extensively
for many years to come. While the majority of these wide-field
surveys were undertaken on IIla— emulsions on glass (for details,
see Morgan 1995), the introduction in 1992 of Tech-Pan film into
the UKST’s range of detectors led to the incorporation of this film
into surveys that were not then complete, and also generated a large
increase in the extent and scope of the telescope’s programme of
wide-field astrophotography. It is important to place these Tech-
Pan exposures in the context of the more traditional glass-based
IITa— emulsions, and to establish that the use of Tech-Pan film has
no adverse effect on the photometric uniformity and utility of the
various UKST surveys into which it was incorporated.

Details of how the UKST was adapted to use film instead of the
usual glass plates have been described by Russell et al. (1992) and
Parker (1992), while the hypersensitization techniques developed
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for Tech-Pan film have been detailed by Parker & Malin (1999).
Tech-Pan film has a much finer grain than its equivalent spectro-
scopic emulsion on glass (IIla-F) and consequently records images
typically one magnitude fainter than IIla-F when properly hyper-
sensitized and used with the OG590 or RG630 filters (Phillipps &
Parker 1993). Its improved depth, resolution and low noise also per-
mit better differentiation between stars and galaxies (Parker et al.
1994). Hence, Tech-Pan film became one of the most useful and
commonly used emulsions at the UKST during the final 10 yr of
its photographic work and led directly to the AAO/UKST Ho Sky
Survey of the Southern Galactic Plane and Magellanic Clouds — the
last major UKST sky survey (Parker & Phillipps 2003).

Although the panchromatic spectral sensitivity of Tech-Pan film
broadly matches that of IIla-F, it is important to be sure what, if
any, colour terms are present in the passbands commonly used with
Tech-Pan film and to see whether they differ from those found by
Blair & Gilmore (1982) for IlIa-F and other older emulsions.

2 OBSERVATIONS

A sample of 32 Tech-Pan exposures was specially acquired with
the UKST in order to establish colour equations. Five wavebands
were included, but most (20) of the films were in the two red
photographic bands (OR and R) used in the sky surveys. The ex-
posure times were short (2-5 min) to ensure that the images of
the relatively bright photoelectric standard stars were not overex-
posed. Two plate centres (1950.0) were used, i.e. 20"04™, —45°0'

© 2005 RAS



Table 1. UKST films measured.
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Plate Exp. Date Airmass Plate Exp. Date Airmass
(a) Harvard Standard Region E8
OR15704 5 min 1993 Aug 18 1.06 VF15859 5 min 1993 Nov 10 1.31
OR15705 5 min 1993 Aug 18 1.04 VF15860 5 min 1993 Nov 10 1.38
ORI17152  2min 1996 Jul 24 1.03  VFI7242  S5min 1993 Sep 13 1.04
OR17153 2 min 1996 Jul 24 1.03 VF17243 5 min 1993 Sep 13 1.03
OR17157 2 min 1996 Aug 5 1.04 BF15861 5 min 1993 Nov 10 1.50
OR17158 2 min 1996 Aug 5 1.03 BF15862 5 min 1993 Nov 10 1.61
OR17162 2 min 1996 Aug 7 1.06
OR17163  2min 1996 Aug 7 1.04
R15674 5 min 1993 Aug 9 1.04 (b) Harvard Standard Region E9
R15675 5 min 1993 Aug 9 1.06 OR17720 2 min 1997 Sep 9 1.18
R17166 2 min 1996 Aug 7 1.03 OR17726 2 min 1997 Sep 10 1.22
R17236 2 min 1996 Sep 12 1.04 OR17727 2 min 1997 Sep 10 1.31
U15811 5 min 1993 Oct 9 1.53 OR17734 2 min 1997 Sep 21 1.03
U15812 5 min 1993 Oct 9 1.71 R17735 2 min 1997 Sep 21 1.05
Ul7164 5 min 1993 Aug 7 1.03 R17736 2 min 1997 Sep 21 1.09
Ul17165 5 min 1993 Aug 7 1.03 R17737 2 min 1997 Sep 21 1.14
U17237 5 min 1993 Sep 12 1.03 R17738 2 min 1997 Sep 21 1.18
U17238 5 min 1993 Sep 12 1.03
and 22"40™, —44°25', which include the Harvard Standard Regions o p T tTT T T T R
E8 and E9, respectively. Details of these exposures are given in ]
Table 1. o ]
The filters are identified through the plate number prefix as fol- ERSEn ]
lows: OR = 0G590, R = RG630, U = UG1, VF = AAOV and S 1
BF = AAOB. Filters AAOB and AAOV are special broad-band = o ]
cut-on/cut-off filters that broadly match the Johnson B and V wave- g L ]
bands. The former was designed for use with blue-sensitive IIla-J g ]
emulsion and has a strong red leak when used with panchromatic % o b ]
Tech-Pan. [See the UKSTU Handbook (1983) for more details of < —
these filters.] ]
The films were measured at the Royal Observatory Edinburgh w [ ]
using the SuperCOSMOS machine in its Image Analysis Mode é — ; — é — é — W‘O — 1‘{
(Hambly et al. 2001), thereby providing the instrumental photom- ' ‘
etry. Stars outside the central unvignetted region (see the UKSTU Photoelectric R Magnitude
Handbook) were excluded from further analysis. Figure 1. Calibration fit for film OR17720.
3 ANALYSIS ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
<
The SuperCOSMOS instrumental magnitudes were calibrated us- S |
ing low-order polynomials fitted to the photoelectric photometry of 1
42 A0-MO standard stars measured in the Cousins system (Menzies o Sr 8
et al. 1989) and not thought to be variable. A few stars deviated E o i
from the calibration fit by more than 2.5¢ as a result of image con- = o ° °0 %o o © |
tamination from nearby stars or minor plate defects. These were 2 °© e %% Yoo Q o
excluded from the calibration. Typical values of ¢ (the rms scat- z o 1
ter of the residuals) were ~0.03 mag. The differences between the ? r .
standard photoelectric magnitudes and magnitudes calculated from 1
the calibrated SuperCOSMOS data were then plotted against pho- hal i
toelectric colour. Colour terms were then derived from linear fits to ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
these plots. The calibration curve and colour fit for one OR film are o) 0.5 1

shown in Figs 1 and 2: these plots are typical of all such films.
Mean colour terms are given in Table 2; those for the R and OR
films were calculated for regions E8 and E9 separately and com-
bined. The quoted error is the mean of the standard errors of the
individual linear regression coefficients. In each red band, this error
is significantly larger than the rms scatter (field-to-field variation)
of the mean colour terms. It probably reflects a systematic error
due to the choice of standards, whereas the level of the field-to-
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Figure 2. Colour term fit for film OR17720.

field variation is small due to the constancy of the films. The colour
terms are generally small and close to the values derived by Blair
& Gilmore (1982) for Illa— emulsions on glass, and are consis-
tent with preliminary values presented by Morgan & Parker (1997).
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Table 2. Colour terms. Unprimed values are standard photoelectric magnitudes. Primed values are calibrated
instrumental magnitudes. The last column () is the number of films in the specified standard region.

Colour term Valid range Region N
U — U’ = (40.005 £ 0.014) x (U — B) —03 < (U —B)<+2.0 E8 6
V — V' =(40.031 £ 0.014) x (B — V) —0.1<(B-V)<+1.6 E8 4
OR — OR' = (—0.046 £+ 0.030) x (R —I) —01<(R—-1)<+16 E8 8
OR — OR' = (—0.039 £ 0.030) x (R —I) —01<(R—-1)<+1.6 E9 4
OR — OR' = (—0.043 £ 0.030) x (R — I) —01<(R—-1)<+1.6 E8+E9 12
R — R =(+0.075£0.035) x (R — 1) —0.1 <(R—-1)<+09 E8 4
R — R’ =(40.080 + 0.043) x (R — 1) —0.1<(R—-1)<+0.9 E9 4
R — R =(+0.078 £ 0.039) x (R — I) —0.1<(R—-1)<+0.9 E8+E9 8

Therefore, no large photometric colour problems will arise for pro-
grammes that mix IIla— emulsions and Tech-Pan film.
Comments on each waveband follow.

3.1 R/OR wavebands

The difference between the results for the OR and R passbands is
consistent from film to film and is the same in E8 and E9. For the R
passband, the result of 0.08 £ 0.04 is close to the value of 0.00 £+
0.04 measured by Blair & Gilmore (1982) for the IIla-F emulsion.

3.2 V waveband

The colour term in Table 2 is smaller than that of Blair & Gilmore
(1982) (0.10 £ 0.02), probably because the AAOV filter more
closely matches the standard photoelectric waveband, having a
lower effective wavelength than the older photographic waveband
used at the UKST (GG495 filter with IIa-D emulsion).

3.3 B waveband

The AAORB filter, which was designed for use with a blue-sensitive
emulsion, is known to have a strong red leak. Consequently, the
results for the BF films are not formally presented here. However,
it is worth stating that the analysis gave a strong colour term [B —
B’ = (0.25 £ 0.04) x (B — V)] as expected for such a filter when
used with a panchromatic red-sensitive emulsion. The red leak is
expected to have a much greater effect for stars redder than those
used here.

3.4 U waveband

The UG filter is also known to have a slight red leak when used with
red-sensitive emulsions, though its effect was estimated at just 0.05
per cent of the U-band peak and hence considered inconsequen-
tial for photometry from UKST Tech-Pan films (Parker, Morgan &
Phillipps 1993). The result here substantiates this conclusion and
shows that the red leak has no effect on the photometry of stars
within the colour range quoted above. Again, the colour term is
very close to that determined by Blair & Gilmore (1982) (0.03 £
0.04) for the IIla-J emulsion.

It is not possible to distinguish between the colour terms for the
U films exposed at high airmass (1.5-1.7) and those exposed at
low airmass (~1.0). However, this would not necessarily be true
for stars bluer than the present sample limit — stars for which the

effective ultraviolet atmospheric extinction is not reduced by the
Balmer discontinuity (Cousins & Caldwell 1988).

4 SUMMARY

With its many and significant advantages, Tech-Pan film has been
routinely used at the UKST since 1992 for most (>60 per cent) non-
survey projects and with a variety of filters. About 30 Tech-Pan films
have been incorporated into the second epoch R-band survey (the
AAO-R Survey). Its most common use has been as a replacement
for the Illa-F emulsion, and it was used solely for both the short-red
and Ho exposures of the AAO/UKST Heo Survey of the Southern
Galactic Plane and Magellanic Clouds.

Measurements made with the SuperCOSMOS machine of 32
short-exposure Tech-Pan films of Harvard Standard Regions E8 and
E9 have been used to determine the colour equations for Tech-Pan
film in five wavebands. The results show that the derived colour
terms for the OR and R bands of the sky surveys are small, stable and
reproducible, and are broadly in agreement with those derived for
the equivalent IIIa-F emulsion by Blair & Gilmore (1982). Hence,
no photometric problem is incurred in these wavebands through
replacing the standard I1Ia-F emulsion with Tech-Pan film.
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