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ABSTRACT

To exploit the full effectiveness of large ground based tele-
scopes, the focal reducer technique can be applied very adequately.
We review recent Hoher List observatory developments of observing
techniques for direct imaging, field spectroscopy with multi-slit
and masking methods for background supression and double-grism
arrangements (heliometer principle)for absolute radial velocity de-

terminations with a focal reducer field spectrograph.

INTRODUCTION

The effectiveness of present day and future large telescopes de-
pends beside their optical performance and light throughput on the
available size and detective quantum efficiency of the panoramic de-
tectors available for direct imaging or for the backend auxiliary

instrumentation.

For direct imaging with a telescope of aperture A, f-number Q =
f/A and a detector size d (linear diameter), the angular diameter
of the useful field 2¢ is given by

2¢ & ﬁgﬁ radien (1).
As for all modern panoramic detectors in contrast to the 'old' pho-
tographic emulsion d does not exceed a few centimeters, the diame-
ter of the useful field is much smaller than the field of view of
the telescope, which can be as large as 1° in RC-telescopes. For
example, a 2x2 cm CCD attached to the RC focus of the 3.6 m tele-

scope (2 = 8) yields a field of 2.5 arcmin angular diameter. For
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even larger telescopes the field is accordingly smaller: The usable
angular field decreases inversely with the aperture of the tele-
scope for a fixed (. Therefore it is essential to design auxiliary
equipment, which reduces the focal length of the telescope and thus
Q2.

There are additional reasons for the use of focal reducer (FR)
systems, especially in connection with RC-telescopes with & > 8:
The influence of the seeing is lowered and field spectroscopy with

a collimated beam is possible.

B.Schmidt seems to be the first who designed a FR (quoted by
Hellerich 1938). In an‘afocal arrangement FRs were used by Courtés
(1951, 1960) and Meinel (1956) for direct imaging in narrow spec-
tral bands. Especially for Fabry-Perot interferometry Courtés and
collaborators (Boulesteix et al. 1974) advocated the design of FR
systems for large telescopes.

This last mentioned application leads to a further need for FRs:
Some optical parts (e.g. Fabry-Perot etalons, optiés for polari-
metry) are not available in any size. FRs allow to use very small
optical devices in a collimated beam even with very large tele-

scopes.

MATCHING DETECTORS BY FOCAL REDUCERS

As an example for the principal layout we show in Figure 1 the
FR, which is used at the 106 cm Cassegrain reflector of Hoher List

Observatory (Kellner eyepiece principle). To our experience there

Focal plane Field lens Collimator Schmidt camera
of telescope system
———

g
' oo

Figure 1: Optical arrangement of the focal reducer of the Hoher
List Observatory

are several demands to be fulfilled (Geyer et al.1979,1981; Nelles
et al.1981) for a FR suitable for direct imaging as well as for

field spectroscopy:

a) The telescope's focal plane must be easily accessible for the
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application of the multi-diaphragm masking technique, which is im-
portant for the sky background supression as well as for the deter-

mination of the distortion constants for radial velocity work.

b) The distance between the last optical surface and the exit pupil
of the system has to be large enough for the installation of dis-
persing elements (e.g. grisms, Fabry-Perot etalons). The diameter

of the collimated beam should be not larger than 10 cm.

c) The focal reduction factor is given by Q of the telescope and the

f-number of the camera, which should be smaller than 3.

FR systems also allow the better matching of panoramic detectors:
The signal to noise ratio at the exit of a 'threshold free' detec-

tor is given for ground-based monochromatic observations by

i 1/2

7 B*(m)-AZ-o-q-t

(S/N) = (2) .

(%.Az.o.q.(B*(m) + ﬂ-L-(%)z) + b)1/2

Here are: By (m) the illuminance of a star of apparent magnitude
m(A), L(A) the luminance of the night sky, o(A) the transmission of
the optical system (including the atmospheric transmission), f the
effective focal length of the system, R the linear diameter of the
picture element, g(X) the quantum efficiency of the detector, b the
dark events (dark emission, read-out noise) of the detector, and t

the integration time.

Neglecting diffraction and optical errors, R is given for ground-
based observations by

R = (r2 + p%£%)1/2 (3).

Here r is the detector resolution defined by the modulation trans-
fer function and B the seeing angle. Thus the best (S/N)ex is
achieved in the detector resolution case B8.f < r, which clearly

demonstrates the need of focal reduction.

In the case of a 'threshold' detector (e.g. photographic emulsion)
a certain number of guanta per pixel is necessary to give a minimum
response, In the case of astronomical observations the night sky
produces these number of quanta in an optimum integration time to’
which is given by

t = € (4).
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Here Qe is the effective f-number.
At the limit, where

Be(m) < m-L-(5)? (5)

equations (2) and (4) lead to the apparent paradoxon that S/N de-
pends on £ and R only.

FIELD SPECTROSCOPY

Slitless spectroscopy within the accessible field of the tele-
scope can easily be carried out with a FR by inserting a dispersing
element in the parallel path of rays at the position of its exit
pupil (= entrance pupil of the camera). Beside of Fabry-Perot eta-

lons, we use direct vision grisms (Geyer et al. 1980).

At a first glance, such a slitless spectrograph seems to have all
the disadvantages of a classical objective prism camera, namely
seeing dependent resolution, sky background limitation, overlapping
of spectra and the impossibility of carrying out absolute radial
velocity observations.

Some of these disadvantages can be avoided or reduced by the fol-
lowing methods with FR-systems:

a) The effective focal length of the whole system should be short
enough to approach the detector limited case. This lowers the
linear diameter of the seeing disk and improves the spectral re-

solution 8§\ for a given reciprocal linear dispersion D:
§A = R-D (6).

b) Absolute radial velocity measurements can be obtained by the
'double grating prism' method (Nelles 1978, 1981), which is based
on the heliometer principle: It consists of two identical grisms in
a roof-like arrangement. Such a bi~-grism yields a reversed pair of
spectra simultaneously for each point source. Guiding errors, tem-
perature and optical alignement effects, which are responsible that
only relative radial velocities can be determined by the classical
Pickering-Fehrenbach method with slitless spectrographs, are can-
celled (Nelles 1983; see Figure 2).

c) An improvement of the limiting magnitude as well as the elimina-
tion of the overlapping problem can be achieved by the use of the

multiple diaphragm technique (Geyer and Schmidt 1976). The sky back-
ground can be reduced by a factor of 100, shifting the limiting mag-
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I Direction of
I Dispersion

Figure 2: Bi-grism principle for absolute radial velocity determi-
nations with slitless field spectrographs.

a)

o e AR
s

Figure 3: Field spectrogram of NGC 2287 without (a) and with fo-
: cal plane diaphragm. A double grating prism with 400
grooves/mm was used (217 &/mm with a £f=100mm camera).
The spectra of fainter objects not visible in the un-
masked exposure are marked by arrowheads.
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Figure 4: Example of a bi-grism field spectrogram with the multiple
slit diaphragm and a laboratory Balmer lamp for field
distortion calibration.
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Figure 5: Double wedge principle for autocalibration of panoramic
detectors in a focal reducer arrangement.
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nitude by 5 mag. to fainter ones (for details see Geyer et al.
1979). The sky background supression is demonstrated in Figure 3.

With such a FR field spectrograph at a 1 m telescope we obtained
absolute radial velocities of late B to G type stars with an accu-
racy of + 6 km/s down to an apparent magnitude of 1305 using a re-
ciprocal linear dispersion of 217 R/mm. With a single exposure
pairs of spectra of up to 40 stars can be obtained in the 25 arcmin

field of the telescope.

The bi-grism in its simplest form is not distortion free. We
nevertheless are able to determine the field errors in a very sim-
ple way: A multiple-slit diaphragm at the position of the tele-
scope focal plane is illuminated by a laboratory spectral lamp. The
resulting pairs 6f spectra are well distributed over the whole
field. From these spectrograms we derive the field coefficients of
the distortion. Such a field spectrogram of a Balmer lamp is shown

in Figure 4.

DIRECT IMAGING

In the application of FRs for direct imaging we restrict our-
selves to the discussion of the advantages which can be achieved
for the autocalibration of detectors for stellar photometry: As in
the case of bi-grisms, again, the heliometer principle is applied
by the use of a double-wedge (Lentes 1981), of which one half is
covered by a neutral absorbing filter. First redults show that pho-
teraphic scales free from systematic errors can be obtained for
broad and narrow band photometry over more than 7™ (Geyer 1984).

A schematic sketch is shown in Figure 5,

Finally, some critical remarks have to be made on the application
of the double image principle: The double wedge as well as the
Pickering-Racine wedge method are based on the dividing of the ca-
mera entrance pupil. It must be made sure that the point spread
function of the primary and secondary images become identical., If
this condition is not completely fulfilled, systematic effects are
introduced (see e.g. Blanco 1982).

In the case of a Schmidt camera with exactly halved entrance pu-
pil the silhouetting by the plate holder over its field yields also
non-symmetrical images. This can be avoided by a central stop at
the corrector lens (Figure 6) or by an 'out of axis' Schmidt ca-
mera system. (Figure 7).
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Figure 6: Vignetting free bi-prism Schm
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Figure 7: Basic principle of an out of

Thus for photometric autocalibration
Kapteyn (1906) - Schwarzschild (1909)
favourable applied with a FR-system, as

ideally in the telescope focal plane.
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