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(57) Claim

1. a reflector telescope, consisting of a tube dis­
posed in a spherical casing and an outer framework 
in which the spherical casing is mounted, 
characterized by that the spherical casing (1> is 
mounted within the outer framework (4) to rotate about 
a horizontal axis <8>. and by mounting said outer 
framework (4) on a base <5> to rotate about a ver­
tical axis.
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(57) Abstract

li

Reflector telescope, consisting of a tube (2) 
disposed in a spherical casing (1) and an outer 
framework (4) in which the spherical casing (I) is 
mounted. In known reflector telescopes, the tube is 
rotatable about its polar and declination axis, re­
quiring two different driving systems. Moreover, 
access to the spherical casing is variable according 
to the position of said casing. These disadvantages 
are avoided by mounting the spherical casing (I) 
within the outer framework (4) to rotate about a 
horizontal axis (8), and by mounting said frame­
work on a base to rotate about a vertical axis (50). 
Fixed and permanent access to the spherical ca­
sing (I) and therefore to the tube (2) is thus en­
sured, and the provision of a driving force for the 
spherical casing (1) is easily achieved.
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(57) Zusammenfassung

Es soli ein Spiegelteleskop aus einem innerhalb eines Kugelgehauses (1) gelagerten Tubus (2) und aus einem Kalot- 
tenrahmen (4) zur Lagerung des Kugelgehauses (1) geschaffen werden. Bei einem bekannten Spiegelteleskop ist der Tubus 
um seine Polar- und um seine Deklinationsachse drehbar, wozu zwei verschtedene Antriebssysteme erforderlich sind. Fer­
ner verandert sich in Abhdngigkeit von der Lage des Kugelgehauses der Zugang zu diesem. Zur Vermeidung dieser Nach- 
teile sieht die Erfindung vor, dafi des Kugelgehduse (1) um eine horizontale Achse (8) drehbar im Kalottenrahmen (4) und 
dieser um eine vertikale Achse (50) drehbar tn einem Basisgestell (5) gelagert sind. Hierdurch wird stdndig ein ortsfester 
Zugang zum Kugelgehause (I) und damit zum Tubus (2) sichergestellt, femer ist die Ausbildung des Antriebes fflr das Ku- 
gelgehause (I) sehr einfach mdglich.



<

ϋ r « i j· 1

» · · ·

• · · ·

• · · ο

• · ·
·· ·• ·• · ·

Reflector telescope

• ·
• ·
• * · ·

The invention relates to a reflector telescope accord­
ing to the preamble of claim 1. Such a reflector tele­
scope is known from US patent 3,791,713. Therein, 
the spherical casing is supported within the outer 
framework on an air cushion, and is rotatable by means 
of special drives about the polar and declination 
axis. Disadvantageous is. here, the expenditure for 
the two different driving systems, by means of which 
the spherical casing is rotatable independently about 
its two axes. It is disadvantageous, further, that ac­
cess to the sphere itself is variable according to 
the position of said casing, thus complicating access 
to the observation cabins assigned to the tube.

It is the object of the invention, therefore, to pro­
vide a reflector telescope of the mentioned species 
such that the provision of driving systems for the
necessary rotational movements of the spherical casing 
is more easily achieved, and that fixed and permanent 
access to the spherical casing in any rotational po-

I
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The solution for this object results from the char­
acterizing features of claim 1. By mounting the spher­
ical casing to rotate about a fixed horizontal axis 
and by mounting the outer framework to rotate about 
a fixed vertical axis, the bearings of the spherical 
casing can be simplified considerably, and fixed and 
permanent access to the spherical casing can be en­
sured. For this aim, the invention provides walk 
tubes in the horizontal axes of the spherical casing, 
said walk tubes being rigidly connected with the lat­
ter. Further, the invention provides walk platforms 
in said walk tubes, said walk platforms being rigid­
ly connected with the outer framework. In this way, 
for each rotational position of the spherical casing, 
permanent access to the spherical casing is ensured.

Further advantageous embodiments of the invention 
result from the subclaims. Special attention should 
be directed to the particularly favourable hydrostatic 
slide bearing of the spherical casing being suspend­
ed on a very thin oil film and being rotatable easily 
about its horizontal axis. In the same way, the outer 
framework is supported. The spherical casing consists 
in particularly advantageous manner of carbon fibers 
having low weight. The supporting sections of the 
tube may also be made of this material.

Finally, the invention provides in particularly advan­
tageous manner that the elevators arranged within 
the spherical housing are provided with spherical 
inner elevator walls being mounted within the outer 
elevator walls such that the elevator stand platforms 
are disposed for any rotational position in the hori­
zontal plane of the walk platforms of the walk tubes. 
Thus, using the elevators within the spherical housing 
is possible in any rotational position.
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By the provision of the reflector telescope according 
to the invention. the primary reflector itself re-
mains unloaded by
tion. AU weights

weight forces of the sphere construe
around the primary reflector are

supported such that no tension/coinpression forces 
will be exerted on the latter. Further, both supports
of the spherical casing are loaded identically in any
rotational position. Thus, there is absence of load
in the supports of the spherical casing for any rota­
tional position, as the load is absorbed in
framework. The hydrostati 
casing has approximately 
the primary reflector and 
port elements arranged in 
ical casing can be turned
zon to horizon. In contrast

the outer
c bearing of the spherical Sane. o.vecvthe aoral ^dimensions of 
consists of hydrostatic sup 
diagonal rows. The spher- 
by approx. 150° from hori- 

to the spherical casing
being made preferably of carbon fibers, the construc­
tion of the outer framework consists of a steel 
structure.

The invention relates, further, to the provision of 
the reflector telescope comprising the primary reflec­
tor formed by individual adjustably supported reflec­
tor segments, a tube concentric to said primary reflec 
tor and provided with observation cabins, and a sup­
porting bars structure for said tube.

A reflector telescope of this species is known as 
Mauna Kea reflector telescope having a reflector dia­
meter of 10 m, said reflector telescope being still 
in the planning stage to become the biggest reflec­
tor telescope in the world (Sterne und Weltraum 1984, 
8 to 9, page 112). In this reflector telescope, the 
primary reflector is composed of 36 hexagonal reflec­
tor segments forming the reflector surface in a honey­
comb structure, in the centre of which a reflector
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segment being omitted for observation purposes in the 
Cassegrain focus. Manufacture of the individual hexa­
gonal ref1ector’segments themselves is very problem­
atic. They are off-axis segments of a paraboloid to 
be cut in hexagon shape, when manufacturing, as part 
to be fashioned, a circular part is selected to be 
deformed by accurately defined shearing and bending 
forces acting on the borders. Into the deformed blank, 
a spherical shape is ground. Then, the forces exerted 
are removed. As far as the forces have been selected 
properly, the reflector segment accepts the desired 
shape of a paraboloid segment after unloading. It has 
been found out, however, that faults occur when cut­
ting to hexagonal shape, such that manufacture of the 
individual reflector segments is extremely expensive. 
Furthermore, depending on the position of the tele­
scope, on thrusts due to wind and on temperature va­
riations, the positions of the individual hexagonal 
reflector segments have to be readjusted. For this 
purpose, the support points of each reflector segment 
are connected with three position controllers to re­
focus the reflector segments and to adjust it in two 
inclination directions. At the rear-side edges, sen­
sors are provided measuring the displacements of ad­
jacent reflector segments with respect to each other. 
Together with three inclination sensors measuring 
the total curvature of the reflector segment, they 
provide information to be processed in a computer 
system controlling the in total 108 position control­
lers. With in total 168 different sensors, redundancy 
is largo enough that failure of individual sensors 
can be overcome. In this arrangement, however, the 
front sides of the reflector segments are left free 
from disturbing monitoring systems, occasionally, 
only, a readjustment has to be performed by means of 
a constellation, such that even infrared observations 
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will be possible by day. Sensors and position control­
lers must operate with an accuracy of at least 50nm.

Further, one-piece primary reflectors for the reflec­
tor telescopes are known, e.g. the 3.5-m telescope 
for the Max-Planck-Institut fur Astronomie (Zeiss In- 
formationen, vol. 94, 1982, pages 4 ff.). Here, the 
reflector body is made of glass ceramics (ZERODUR) 
having a low temperature coefficient of expansion. 
The reflector surface is ground as higher-order hyper­
boloid of revolution, and is polished. Standard de­
viation is max. 30 inm. measurement is effected by means 
of a laser interferometer. Support of the reflector 
body is achieved over a 18-points support.

The following requirements apply for such reflector 
telescopes:

1. as much radiation energy as possible should be col­
lected, this is proportional to the collecting sur­
face of the primary reflector, as a consequence, the 
diameter of the primary reflector should be as large
as possible. The diameter is, however, limited by tech­
nical and economical conditions.

2. Radiation collected of a star should be concen­
trated as sharply as possible on a point in the focal 
plane of the reflector telescope. Quality of the op­
tical image should be as good as possible. Disadvan­
tages exist for earth-bound reflector telescopes be­
cause of the influence of the earth atmosphere, e.g. 
air turbulence. Reflector telescopes on satellite 
tracks do not have those disadvantages.

3. The image of the star should be held as long as 

possible without local variations on the image plane.



!1 6

For one-piece primary reflectors, it is disadvantageous 
that, due to the method for manufacturing them, they 
are limited in diameter. The largest reflector tele­
scope with a one-piece primary reflector is the Hale 
telescope having a reflector diameter of 5 in. The only 
known reflector telescope having a primary reflector 
consisting of individual reflector segments has the 
disadvantage that manufacture of the individual reflec­
tor segments is extremely expensive, as each reflec­
tor segment must be ground individually as a section 
of a paraboloid. Further, at the contact lines of the 
individual segments.
accurate adjustment.

the sensors must guarantee an
The expenditure required for

addi tional techn i cal ineansures is extremely high as
compared to the overall performance of the telescope.
Moreover, a very complicated segment supporting is 
necessary.

Common to both types of reflector telescopes is the 
disadvantage that the observation cabins within the 
tube shadow with their total diameter the reflector 
surface of the primary reflector. Simultaneously, the 
supporting bars structures cause additional shadow 
areas extending in part radially over the primary 
reflector. These shadow areas exist for all types of 
focusing and cannot be prevented. This implies that 
reflector surfaces manufactured under high cost ex­
penditure for the primary reflector are ineffective, 
as they cannot contribute to the collection of the 
radiation energy.

The object of the invention is, therefore, to provide 

a reflector telescope of the mentioned species, the 

individual reflector segments and segment supports 

of which are simple or economic, resp», in construc­

tion or manufacture, resp., and which are arranged



such that shadow areas caused by the observation ca­
bins and by the supporting bars structure of the tube 
are prevented.

For the solution of this object, the invention pro­
vides that the reflector segments are formed of cir­
cular disk-shaped reflector bodies and are supported 
on circular tracks concentric to the tube and spaced
with respect to each other, such that between the in­
dividual reflector bodies, free spaces for the supports 
of the reflector bodies and for the supporting bars 
structure or for its shadow areas, resp., are formed. 
For the reflector telescope according to the inven­
tion, also called central-axis reflector, the support­
ing bars structures are arranged outside the paths 
of rays and do, thus, not shadow costly reflector 
areas, whereas the central shadow caused by the ob­
servation cabin is used in manifold ways for deflect­
ing the incident light. In the central-axis reflec­
tor, the individual reflector segments are round re­
flectors, for which the difficult tension and compres­
sion conditions occurring with the hexagonal reflec­
tor segments according to the state of the art, such 
tension and compression conditions being effected 
depending on the inclined position of the tube, are 
prevented. For circular reflector bodies, support is 
technically solved since long time.

The invention is based, thus, on the combination of 

using reflector bodies to be manufactured simply and 

economically with known measures as round reflectors 

and of their arrangement such that between the indi­

vidual reflector bodies, free spaces are formed for. 

on one hand, the reflector bodies and, on the other 

hand, for the supporting bars structure or its sha­

I

dow areas, resp. Thus, when manufacturing the reflec-
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tor telescope according to the invention, on one band, 
the known and proven technology for the manufacture 
of a one-piece reflector body with adjustable support­
ing can be applied. Simultaneously, it is suggested, 
according to the invention, to arrange said one-piece 
round reflector bodies on circular tracks spaced from 
each other such that the interposed free spaces can 
be used for the support of reflector body, on one 
hand, and for the supporting bars structure or its 
shadow areas, resp.. on the other hand.

For determining the tube diameter being, simultaneous­
ly, the maximum diameter of the primary reflector, 
the desired diameter of a one-piece or one-surface 
reflector is taken as a base. If, e.g., an effective 
diameter of 20 m is desired for the primary reflec­
tor, the radius of an individual round reflector 
body results from the following calculation:

18 r2 - 100
r = 2.357 m

Each of the 18 reflector bodies has, thus, a diameter 
of 4.714 m. The total diameter of the primary reflec­
tor consisting of 18 round reflector bodies is 
26.946 in. Thus, the free spaces between the 18 round 
reflector bodies can be considered as the corresponding 
shadow areas of a hypothetical mono-reflector having 
a diameter of 29.946 m.

It is suggested, further, according to the invention, 
that the supporting bars structure on the entrance 
side of the tube consists of an orifice plate with 
openings, the arrangement and diameter of which cor­
responds to the arrangement and diameter of the reflec­
tor bodies of the primary reflector.
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the provision of aThe invention comprises, further 
special supporting bars structure outside the paths
of ray of the central-axis reflector with freely and
along the central axis movable observation cabi ns.
Accord i ng to the invention, three observation cabins

the central-axisare provided for 
observation cabins being equipped

reflector said
with various de-

flection reflectors, depending on the desired focus.
All observation cabins are movable freely and along
the central axis.

in the following, the invention is descri bed
detail based on embodiments shown in
There are:

in more
the drawing.

Fig. 1 a perspective representation of one embodi­
ment :

Fig. 2 a partially sectional front view;

Fig. 3 a partial cross section:

Fig. 4 a detailed representation of the walk tube 
arranged within the axis of the spherical 
casing with adjacent elevator;

Fig. 5 a perspective representation of the walk rube 
with walk ;?atform arranged inside;

Fig. 6a perspective representation of the walk 
platform;

Fig. 7 a top view of the primary reflector;

Fig. 8 a schematic section along the central axis 

of the primary reflector;

Fig. 9 a perspective representation of the primary 

reflector:

Fig. 10 a schematic representation of the grinding 

method for the primary reflector:

1
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Fig. 11 the representation of an individual reflec­
tor body.

Fig. 12 functional representations.

Figs. 13 to 16 schematic representations of the paths 
of rays for various kinds of observation,

Fig. 17 a perspective representation of the support­
ing bars structure.

Fig. IS a partial representation thereto,

Fig. 19 a section along the central axis through the 
supporting bars structure,

Fig. 20 a longitudinal section through a guide tube.

Fig. 21 a perspective representation of the tube
framework,

Fig. 22 a final-assembled tube,

Fig. 23 an axial section through a CoudO cabin, and

Fig. 24 a partially sectional perspective represen­
tation of the second embodiment.

According to Figs. 1 and 2. the reflector telescope 

consists of a spherical casing 1, a tube 2 supported 

therein with a primary reflector 3, of an outer frame­

work 4 for supporting the spherical casing 1, and of 

a base structure 5 for supporting the outer frame­

work 4. The tube 2 with the primary reflector 3 wi1l 

be explained in detail in the second part of this 

description.

The spherical casing 1 has dimensions such that the 

tube 2 with its outer supporting bars structure 6 ex­

tends laterally through the whole diameter of the 

spherical casing 1, the primary reflector 3 having, 

according to Fig, 2, a relatively large diameter be 

Ing arranged far below the centre of the sphere, in 
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the wall opposite to the primary reflector 3 of the
1, the so-called eye 7 of the reflec- spherical casing

tor telescope is
an orifice plate

disposed, said eye 7 consisting of
65 with circular openings 66 being
above the individual reflector seg-arranged exactly

uients 51 of the primary reflector 3 (Fig. 9).

The spherical casing 1 is mounted rotatably about a 
horizontal axis 8 in bearing eyes 9 of the outer 
framework 4. The axis 8 extending horizontally of the 
spherical casing 1 is formed by accessible walk tubes 
10 rigidly mounted to the spherical casing 1, in said 
walk tubes 10 walk platforms 11 glidable therein and 
rigidly mounted to the outer framework 4 being dis­
posed, as will be described later.

Around the walk tubes 10 supported by sliding or roll­
er bearings in the bearing eyes 9 of the outer frame­
work 4, driving elements 12 extend executed as toothed 
wheel gears, v-belt or toothed-belt gears or the like. 
They serve for turning the spherical casing 1 about 
the horizontal axis 8 and, thus, for adjusting the 
eye 7 of the reflector telescope.

Fig. 3 shows a partial vertical cross-section through 
the spherical casing 1, the outer framework 4, and the 
base structure 5. The latter is provided on the out­
side with an elevator 13 with elevator motor 14, ele­
vator cabin 15, and elevator drives 16. This elevator 
13 extends in non-shown manner within the outer frame­
work 4 to the walk tube 10 with walk platform 11 with­
in the axis 8 of the spherical casing. Over an access 
17 located on the upper side of the base structure 5, 
the elevator 13 provides free access irrespective 
of the rotational position of the outer framework 4 
about its vertical axis and irrespective of the rota­
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tional position of the spherical casing 1 about its 
horizontal axis.

• · · ·
• · · ·

• ··• ·• · ·

Vertically, the outer framework 4 is supported by means 
of two guide rings 18, 19 in corresponding guide 
grooves 20, 21 oy means of hydrostatic slide bearings 
arranged within the base structure 5. The two guide 
grooves 20, 21 are separated radially by an annular 
guide support 22, the complete base structure 5 being, 
together with the guide support 22, made advantageous­
ly of steel concrete. Radially outside the guide 
groove 20. a circular toothed guide rail 23 is pro­
vided, into which a gear wheel drive 24 engages for a 
360° rotatability of the outer framework b about its 
vertical axis.

The complete outer framework 4 consists of a steel 
structure, some beams 25, 26, 27 of which are shown in 
Fig. 3, which beams extend between the guide rings
18, 19 of the inner wall 28 and the outer wall 29 of 
the outer framework. The beams carry also the driving 
elements 30 for the driving elements 12 for turning 
the spherical casing 1 about its horizontal axis 8.

·· · · Partially within the outer framework 4 and partially 
within the base structure 5, a spherical segment 47 
for receiving the spherical casing 1 is shown. It is 
supported over hydrostatic end supports 31, the pres­
sure channels 32 and pressure pockets 33 are s'own in 
Fig. 3. The spherical casing is, thus, supported in 
the outer framework 4 by means of hydrostatic slide 
bearings <31 to 33). They absorb the weight forces of 
the spherical casing 1 such that the axes 8 of the 
spherical casing 1 can operate nearly completely un 
loaded. The necessary equipment for pressure gener» 
ating is hot shown in detail.
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within the spherical casing 1, the primary reflector
3 is shown with its paths of rays 34. Centrally below 
the primary reflector 3, there is an observation ca­
bin 35 for the Coude focus. It is accessible over an 
elevator 36. Outside the periphery of the primary re­
flector 3, there is another elevator 37 extending wi-th- 
in the spherical casing 1 to the walk tube 10 in the 
axis 8 of the spherical casing 1. Both elevators 36,
37 are connected to each other over a walkway 38, 
above which the working platform for the primary re-

• · · ·
*

• •I ·

• · · ·
• · »

• · ·
• · ·

• · ·
• · ·

« »4

• 4
• · · ·

flector is arranged.

As shown in Fig. Λ, each elevator cabin 39 of the ele­
vators 36 and 37 is provided with a spherical inner 
elevator wall 40 being each provided with a stand 
platform 41. Further, drives 42 for turning the spher­
ical inner elevator wall 40 with the stand platform
41 within the elevator cabin 39 are provided. Said

···· • ·

• ·
9 99 999

9h·
99 99

drives 42 are connected with the driving elements 12 
for the rotational movement of the spherical casing 1 
abeut its axis 8 in such manner that for a clockwise 
rotational movement of the spherical casing 1. th1' 
spherical inner elevator walls 40 perform a corre­
sponding counter-clockwise rotation such that the 
stand platforms 41 are for each rotational position 
of the spherical casing 1 in an horizontal plane, 
in equal manner, the walk platforms within a walk 
tube within the walkway 38 between the elevators

V · ·

36, 37 is turned, too. as the walk platform n shown 

in Fig. 4 within the walk tube 10 is connected rigid­

ly with the outer framework, and as the walk tube 10 

turns together with the spherical casing 1, the walk 

platform 11 within the walk tube 10 and the stand 

platform 41 within the elevator cabin 39 are arranged 

always in horizontal planes such that for any incli- 

national position of the spherical casing using the

elevator installations is possible. 
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as shown, further, in Figs. 5 and 6. the walk plat­
forms 11 are supported within the walk tubes 10 over 
hydrostatic bearings 43, to the bearing sockets 44 of 
which oil can be fed over pressure pipes 45 and dis­
charged over discharge pipes 46.

as the above description shows in connection with 
the drawings, the complete weight of the outer frame­
work 4 and of the spherical casing 1 reposes on the 
two guide rings 18, 19 being supported in the guide 
grooves of the base structure 5. These guide rings 
18. 19 are lifted in time by oil pressure and slide 
under low friction on oil films. The 360° rotation 
of the outer framework 4 is effected by the gear wheel 
drive (23, 24), on either side of the toothed guide 
rail 23 rails being arranged, on which the weight 
of the necessary electric motors reposes. As the weight 
cf the outer framework 4 is supported on oil films, 
no load of the outer framework 4 has, here, to be 
transferred.

In equal manner, the spherical casing i is supported 
on pressure cushions generated by means of the pres­
sure pockets .33. For inclining the spherical casing 1 
by 75° each on either side - as seen from the verti­
cal position of the eye 7 - no large forces are, thus, 
required. They can be exerted by an electric motor 
of low performance. When the telescope is switched 
off, all loads repose on the spherical segment 47 
and the guide rings 1Λ, 19 such that the spherical 
casing 1 is, then, safely locked in position.

Fig. 7 shows a top view of the primary reflector 3 of 

the reflector telescope being formed by 18 adjustably 

supported reflector segments, each consisting of a 

circular-disk-shaped, round reflector body 51. They 

are supported in circular tracks concentric to the
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central axis S spaced from each other such that bet­
ween the individual reflector bodies 51, free spaces 
53 for the bearing 54 of the reflector bodies 51 and 
free spaces 55 for a supporting bars structure 55 or 
for its shadow areas, resp., are formed.

Each reflector body 51 consists of a one-piece round 
reflector, the whole surface of which is ground with­
out the cutout of a central opening, such round re­
flectors - however with a central opening - are known 
with respect to manufacture and supporting. Refer­
ence is made, e.g., to the description of the 3.5-ni 
Zeiss telescope for the Max-Planck-Institut fur Astro- 
notnie in "Zeiss I nforinat i onen" vol. 94, November 
1982. Such a reflector body comprises a reflector 
bearing 54 with radial tension/compression load re­
lease, for which purpose load release elements are pro­
vided at the periphery of the reflector body 51, 
for said load release elements the free spaces 51 be­
ing provided.

The outer diameter of the primary reflector 3 and, 
thus, the tube diameter results from the desired effec­
tive reflector diameter of a hypothetical mono-reflec­
tor. If the 18 individual reflectors 51 are intended 
to replace a mono-reflector of 20 in diameter, the 
following calculation is made:

Surface area of the mono-reflector of 20 m diameter:
A*  = 100 II = R* 2 H

Central-axis reflector with is reflectors:
18 R2 11 - 100 II

18 R2 -* 100

r = 2.357 m
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Each of the 18 reflectors has, thus, a diameter of
4.71m. '

By the arrangement of the 18 reflector bodies 51 of 
the mentioned diameter on two circular tracks radial 
to the central axis 52, the inner circular track of 
which containing six reflector bodies 51 and the outer 
circular track of which containing twelve reflector 
bodies 51, a total outer diameter of the primary re­
flector 3 and, thus, of the tube of 26.946 m results.

The hypothetical mono-reflector of 20 m diameter and, 
thus, of a reflector surface area of A*  = 100 "Π is, 
thus, replaced by 18 individual reflector bodies 51 
of identical total surface area. Because of the reflec­
tor support, the diameter of the central-axis reflec­
tor extends to in total 26.946 m. Thus, the free 
spaces 53, 55 between the 18 reflector bodies are to 
be treated as the corresponding shadow areas for a 
hypothetical mono-reflector with 26.946 m diameter.

The supporting bars structure 56 of the parabolically 
shaped primary reflector 3 described later in more 
detail is shown in Fig. 8 in a schematic section along 
the central axis 52. It comprises central holder 
tubes 58 forming a static support structure for the 
tube 2, and inner guide tubes 59 being provided with 
guide rails 60 for guiding three observation cabins 
61 to 63. in the arrangement according to Fig. 8. the 
lower observation cabin 61 serves for the observation 
in the Cassegrain focus with six and with eighteen 
reflectors. The central observation cabin 62 serves for 
the observation in the Cassegrain focus with six re­
flectors. The upper observation cabin 63 serves for 
the observation in the primary and in the Cassegrain 
focus with eighteen reflectors. The respective paths
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of rays 34 of the rays reflected by the eighteen re­
flector bodies 51 are each shown with their marginal 
rays. Fig. 8 shows the parabolic shape of the pri­
mary reflector 3, which will be described later in 
more detail, and further the grid-type struts 57 bet­
ween the central holder tubes 58 and the inner guide 
tubes 59, which will be described later in more detail.

The adjustment of position of the eighteen reflector 
bodies 51 is achieved according to Fig. 9 by means of 
laser pulse transmitters 64 not shown in detail, said 
laser pulse transmitters 64 being arranged on the 
border of each reflector body 5i such that they can 
provide, for accurate focus adjustment, pulses to a 
receiver 68 arranged vertically above at an orifice 
plate 65 with openings 66 and controlled by a compu­
ter. A deviation, if occurring, of the position of the 
reflector body 51 from the predetermined position is 
calculated by the computer and is compensated imme­
diately by means of the adjustable bearing 54 of each 
reflector body 51. Suitably, the bearings 54 are oil- 
pressure bearings, in order that necessary variations 
of position, too, can be performed over oil pressure.

The bearings 54 of each reflector body 51 are not 
shown in detail in the figures. For this purpose, 
known and proven bearings may be used, such bearings 
being applied, e.g.. often by Carl Zeiss company in 
Oberkochen/Federal Republic of Germany. Such bearings 
have radial support systems with a plain compression 
and tension/compression release. The individual sup­
port points are distributed in a hydraulic support 
system. The reflector load release is effected over 
hydraulic double chambers.

l
i

Grinding of the primary reflector 3 consisting of 
the 18 reflector bodies 51 as per the embodiment is
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effected by means of a guide block 69 arranged con­
centrically about the central axis 52 of the primary 
reflector 3, at the inner side of said guide block 69 
a carriage 70 being slidable on an oil film and being 
guided at a radial arm 71, which is, in turn, sup­
ported in the central axis 52. Along said radial arm 
71, polishing/grinding disks 72 are radially displace- 
able and are equipped with own rotation drives. By 
means of this grinding arrangement, all eighteen re­
flector bodies 51 can be ground and polished accurate­
ly, whereby the desired paraboloid shape is achieved. 
Testing the surface is performed in a manner not 
shown in detail by means of a zero-test laser inter 
ferometer, under the condition, of course, that the 
individual reflector bodies 51 are adjusted and sup­
ported on a common focus of the primary reflector 3. 
This adjustment of position is achieved in the way 
as shown in Fig. 8 and as described together with 
the latter.

Shape and grinding of the individual reflector bodies 
51 can be seen From Fig. 11. Because of the grinding 
methods as described together with Fig. 10, rhe indi­
vidual reflector bodies 51 do not have an axially sym­
metric shape. Its surface curvature is part, of the hy­
pothetical large mirror constructed as primary re­
flector 3 with parabolic surface, the surface curva­
ture of the reflector bodies forming each circular 
sections thereof. Thus, an accurate focus in the cen 
tral axis 52 is achieved. The outer twelve reflector 
bodies can be minimised in their outer border eleva­
tion for weight saving purposes, as shown in Fig. lib.

Fig. 12 shows with its various sections the effects 
of the central shadowing, i.e. of the centre of the 
primary reflector 3, in which centre itself no reflec-

L
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tor body 51 being arranged, as shown in Figs. 7 and 9. 
The shown and described central axis reflector im­
proves the resolution and reduces, simultaneously, 
the contrast for medium local frequencies (Fig. 12a). 
The point image function is improved by the central 
shadowing according to the invention (broken line in 
Fig. 12b) as compared to known point image functions 
(Fig. 12b). Finally, the modulation transmission 
function, too, is improved by the central shadowing 
according to the invention according to Fig. 12c.

Figs. 13 to 16 show schematic representations of the 
paths of rays for different kinds of observation.
Fig. 13, e.g., shows a primary focus with twelve re­
flector bodies and a simultaneous Cassegrain focus 
with six reflectors. The position of the observation 
cabins 61 to 63 corresponds here to the position ac­
cording to Fig. 8.

Fig. 1Λ shows the primary focus with eighteen reflec­
tors in the upper observation cabin 63. the other two 
observation cabins 61 and 62 being moved downwards and 
being unused.

Fig. 15 shows the Cassegrain focus with eighteen re­
flectors and an iris out possibility for the Goudd 
focus provided in the central observation cabin 62 by 
a secondary reflector 73. The upper observation cabin 
63 carries at its lower side a secondary reflector 7Λ. 
The ocular 75 for the Cassegrain focus is shown below 
a diaphragm 76.

Fig. 16 shows the Cassegrain focus with eighteen re­

flectors and triple reflection by means of two re­

flectors 77. 78 being mounted on the diaphragm 76 or 

below the lower observation cabin 61, resp. The two
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In Figs. 13 to 16, the marginal rays 34 of the re­
spective reflector bodies 51 and the secondary reflec­
tors 73, 74 and 77. 78 are represented.

In Fig. 17, the framework structure 80 for one of the 
observation cabins 61 to 63 is shown, consisting of 
a platform 81 receiving the secondary or deflection re 
flectors 73, 74 or 77. 78, resp., of two spaced sup­
port rings 82, 83 arranged above the platform 81 and 
of radial struts 84 being movably guided in the in­
ner guide or walk rails 60 in vertical direction.

Fig. 18 shows in a partially sectional perspective re­
presentation the framework structure 80 guided within 
the central axis 52 of the primary reflector 3 with 
the guide/walk rails 60 of the inner guide tubes 59. 
Over the grid struts 86 as static connection carriers, 
the inner guide tubes 59 are supported with respect to 
the central holder tubes 58, in which ballast weights 
85 for weight compensation of the framework structures 
80 of the three observation cabins 61 to 63 are guided 
Over another grid system 79, the central holder tubes 
58 are supported, further, by outer holder tubes 87.

Fig. 19 shows in a simplified representation a verti­
cal section through the supporting bars structure 
56, the carrying cables 89 guided over guide rollers 
88 being shown, said cables connecting the ballast 
weights 85 with the individual observation cabins 61 
to 63. Over lower guide rollers 88’, guide cables 89’ 
for the ballast weights 85 are guided.

According to Fig. 20, the ballast weights 85 guided 
in the central holder tubes 58 are designed as hollow
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parts and are connected with oil pressure hoses 90 and 
over the latter with an oil pump 91 such that the 
weight of the ballast weights 35 can be varied for 
the purpose of weight adaptation depending on the load­
ing of the individual observation cabins 61 to 63. In 
a manner not shown in detail, control of the move­
ment of the observation cabins 61 to 63 is effected 
by means of a central drive 92.

The three observation cabins 61 to 63 can, thus, be 
moved along the central axis 52, for which purpose the 
observation cabins 61 to 63 are supported in the six 
walk/guide rails 60. These walk rails 60 are support­
ed under low friction in the guide tubes 59. Each ob­
servation cabin 61 to 63 is suspended at two opposite 
walk/guide rails 60. The two suspension mechanisms 
operating independently from each other of each obser­
vation cabin 61 to 63 are guided in the respective 
central holder tubes 58 such that the two ballast 
weights 85 assigned to each observation cabin 61 to 
63 compensate the weight of the observation cabin 61 
to 63. Thus, each observation cabin 61 to 63 is sus­
pended with vertically directed tube or supporting bars 
structure 56, resp., in the walk rail support. Follow­
ing of the observation cabins 61 to 63 for accurate 
focus adjustment is, thus, considerably facilitated.

As in total six central holder tubes 58 with six 
guide tubes 59 are provided, the three observation 
cabins 61 to 63 can be moved independently from each 
other, with a diameter of approx. 2.4 in, each observa­
tion cabin 61 to 63 Offers sufficient space for receiv­
ing up to four observing astronomers. The different 
loadings which might occur herewith can be compensated 
by that into the ballast weights 85 oil is filled, 
until the theoretical suspension state of the observa-
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tion cabins 61 to 63 is achieved. Accuracy control 
can. then, be effected by means of load test devices 
not shown here in detail.

Movement of the carrying cables 89 and guide cables 89’ 
as traction cables takes place according to Fig. 19 in 
a closed system, the central drive 92 being equipped 
with an electric motor not. shown in detail arranged 
below the plane of the primary reflector 3. The carry­
ing cables 89 are connected over the ballast weights 
85 with the guide cables 89' and engage within the 
guide tubes 59 each at the respective observation ca­
bin 61 to 63 at the guide rails 60 assigned thereto 
from above or from below, resp. Thus, a central con­
trol of the observation cabins 61 to 63 from the cen­
tral drive 92 is effected.

Figs. 21 and 22 show in perspective representations
the framework 93 of the tube, in which according to 
Fig. 22 the primary reflector 3, the supporting bars 
structure 56 arranged thereon with observation cabins 
61 to 63 and the orifice plate 65 closing the tube 
are inserted or placed-on, resp. On the underside of the 
tube is a spherical observation cabin 94 for the Cou- 
d6 focus with a circular light-admission window 95 
being described in more detail in Fig. 23. The observa-
tion cabin 94 is rigidly connected with the tube. On 
an oil film and, thus, under very low friction, an 
inner platform 96 is supported horizontally for any 
position of the tube. As following of the tube takes 
place relatively slowly, vibration effects can practi­
cally be excluded. Air turbulences as a result of 
fresh-air admission do not affect performance, be­
cause constructional measures, e.g. an enveloping of 
the entering light bundle up to the measuring devices 
can be taken. Access to the spherical observation ca-
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bin 94 takes place over the admission window 95 for 
the light bundle. Cables for electrical supply are 
allowed by pipelines parallel to the light bundle 
enveloping 97 not shown in detail. The diameter of the 
circular platform 96 of the observation cabin 94 is 
approx. 8 m. Underneath the platform 96. there is, 
thus, within the spherical casing wall sufficient 
space for oil pressure and locking devices.

Fig. 23 shows the finished reflector telescope in a 
different embodiment, the semi-circular roof 98 ro­
tating together with the circular base plate 99. This 
allows for very accurate following. Access to the re­
flector telescope is achieved over the suspension sup­
ports 100. The total height of the dome is approx. 50 in»

Finally, it is pointed out that the arrangement of the 
reflector bodies 51 on circular tracks extending con­
centrically to the central axis 52 applies, in prin­
ciple, only for two concentric tracks of reflector 
bodies 51. For more than two circular tracks, the 
centres of the reflector bodies 51 lie. properly speak­
ing, on the side lines of regular hexagons, as far as 
a dense arrangement of the reflector bodies 51 is 
desi red.

I



ί . - 24 -

Patent—c 1 aims

\r\?je.v^c-\0v\ o-ve_ ojc- (•oWi'.iS ’.

····
• · · ·

• · ·• ··

• ·

«···
*» ·
···*

• · · · 
• · ·
·· ·

• ·
• ·
• ·«·

·· ·<

1. A reflector telescope, consisting of a tube dis­
posed in a spherical casing and an outer framework 
in which the spherical casing is mounted, 
characterized by that the spherical casing (1) is 
mounted within the outer framework (4) to rotate about 
a horizontal axis (8). and by mounting said outer 
framework (4) on a base (5) to rotate about a ver­
tical axis.

2. Λ reflector telescope according to claim 1, 
characterized by that the spherical casing (1) is sup­
ported in the outer framework (4), and said outer 
framework is supported in the base (5) by means of 
hydrostatic slide bearings <32, 33), and that each
is rotationally driven.

3. A reflector telescope according to claims 1 or 2, 
characterized by that the horizontal axis <8) of the 
spherical casing (1) is formed of accessible walk 
tubes (10) rigidly connected with the spherical casing
(I) , and that in the walk tubes (10). walk platforms
(II) rigidly connected with the outer framework (4) 
and slidable in said walk tubes (10) are arranged.

C.\<AMrvk 31.
4. Λ reflector telescope according to^>om>-or hj I o i mo
b to 3, .
characterized -te^Xthat the walk tubes (10) are guided 

to elevators (36, 37) arranged within the spherical 

casing (1). the inner elevator wall (40) being spher-
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ical and being mounted within the outer elevator wall 
(39) to rotate such that the stand platform <4l) of 
the elevator is arranged for any rotational position 
of the spherical casing (1) in the horizontal plane 
of the walk platforms (11) of each walk tube (10).

5. A reflector telescope according to claim 4, 
characterized by that said walk platform is supported 
within the walk tube (10) on hydrostatic bearings.

-COGliO tS ■■-( AA L.·.

6. A reflector telescope according to one of claims
1 to 5,
characterized by that said spherical casing is made 
of carbon-fiber material. ‘

7. A reflector telescope according to one of claims
1 to 6, comprising a primary reflector arranged in a 
tube and consisting of individual adjustable reflec­
tor segments supported on circular tracks concentric to 
the central axis of the tube, secondary or deflection 
reflectors displaceable in the central axis on a sup­
porting bars structure, and observations cabins for the 
vari ous foci , 
characterized by that the reflector segments are form­
ed of circular-disk-shaped reflector bodies (51). the 
surfaces of which are ground commonly for forming the 
required paraboloid shape of the primary reflector
(3). and that between the individual reflector bodies 
(51), free spaces <53, 55) for the bearings <5A) of 
the reflector bodies (51) and for the supporting bars 
structure (56) or For its shadow areas, resp., are formed. I 

r«

8. A reflector telescope according to claim 7, 

characterized by that the observation cabins <61, 62, 

63) are provided with said secondary or deflection
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reflectors (73, 74, 77, 78) and are supported to move 
freely along the central axis (52) of the tube <2>,

··*·

9. Λ reflector telescope according to claims 7 or 8, 
characterized by that the supporting bars structure 
on the entrance-side of the tube (2) is formed of 
an orifice plate (65) with openings (66), the arrange­
ment and diameter of which correspond to the arrange­
ment and to the diameter of the reflector body (51) 
of the primary reflector (3).

ro. A reflector telescope according to one of claims
7 to 9, 
characterized by that the supporting bars structure 
(56) comprises holder tubes (58) forming a static 
carrier structure for the tube (2) and inner guide 
tubes (59) provided with guide rails (60) for guiding 
three observation cabins (61 to 63).

11. A reflector telescope according to claim 10, 
characterized by that the observation cabins (61 to 
63) are provided with said secondary or deflection 
reflectors (73, 74; 77, 78) and are freely movable 
along the central axis of the tube.

12. a reflector telescope according to one of claims
7 to 11, 
characterized by that the bearings (54) of each reflec*  
tor body (51) are adjustable.

13. a reflector telescope according to claim 12, 

characterized by that the adjustment of position of 

each reflector body <51> is effected by means of laser 

pulse transmitters (6Aa> being arranged at the border 

of each reflector body <51 > and providing pulses to 

a receiver (68) arranged above at the orifice plate 

<66) and controlled by a computer.
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14. A reflector telescope according to any one of claims 10 to 
13, characterized, in that for each observation cabin (61 to 
63), a framework structure (80) is provided, consisting of a 
platform (81) receiving the secondary or deflection reflectors 
(73, 74; 77, 78), two support rings (82, 83) arranged spaced 
above the platform (81), and of two radial struts (84) being 
guided movably in vertical direction in the inner guide or walk 
tubes (60), resp.

Dated this 1st day of June 1990.

HERMANN HUGENELL

By his Patent Attorneys, 
R.K, MADDERN & ASSOCIATES
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Bezugszeichenaufstellung

1 Kugelgehause
2 Tubus
3 Primarspiegel
4 Kalottenrahmen
5 Basisgestell
6 Halterungsgestange
7 Auge
8 Achse (horizontal)
9 Lagerauge

10 Laufrdhre
11 Laufplatte
12 Antriebselement ·
13 Lift
14 Liftmotor
15 Liftkabine
16 Liftantrieb
17 Zugang
18 FUhrungsring
19 FUhrungsring
20 FUhrungsnut
21 FUhrungsnut
22 FUhrungssockel
23 Laufschiene
24 Zahnradantrieb
25 StUtze
26 StUtze
27 StUtze
28 Innenwand
29 AuBenwand
30 Antriebselement
31 StUtzlager
32 Druckkanal
33 Drucktasche
34 Strahlengang
35 Beobachtungskabine
36 Lift
37 Lift
38 Laufgang
39 Liftkabine
40 Liftinnenwandung
41 Standplattform
42 Antrieb
43 Lagerung
44 Lagerschuh
45 Druckleitung
46 AbfluBleitung
47 Kugelkalotte
48 LiftkabinenauBenwand
49
50 Achse (vertikal)

51 Spiegelkorper
52 «Zentralachse
53 Freiflache
54 Lagerung
55 FreiflUche
56 Halterungsgestange
57 Strebe
58 Halterohr
59 FUhrungsrohr
60 FUhrungsschiene >
61 Beobachtungskabine
62 Beobachtungskabine
63 Beobachtungskabine
64 Laser-Impulsgeber
65 Lochblech
66 Offnung
67 Laser-Impulsgeber
68 Empfanger
69 FUhrungsblock
70 Schlitten
71 Radialarm
72 Schleifscheibe
73 Sekunddrspiegel
74 SekundUrspiegel
75 Okular .
76 Lochblende
77 Spiegel
78 Spiegel
79 Gitterwerk
80 Rahmengestell
81 Plattform
82 StUtzring
83 StUtzring
84 Radialstrebe
85 Baliastkbrper
86 Gitterstrebe
87 Halterohr
88 Umlenkrolle
89 Tracseil .
90 Uldruckschlauch
91 Ulpumpe
92 Zentralantrieb
93 Rahmen
94 Beobachtungskabine
95 Lichteintrittluke
96 Plattform
97 LichtbUndelummantelung
98 Dach
99 Bodenplatte

100 AuflagerStUtze
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document is combined with one or mote other such docu*  
menu. such combination being obvious to a person skilled 
in the art.

"A'· document member of the same patent family

Form PCT/ISA/210 (second sheet) (January 1985)
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pages 14-20, see figures 2,4,5 7

A US, A, 3842509 (C.L. Wymar et al.)
22 October 1974, see column 3, line 6 - column 4,
line 10; figures 1-5
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i 1 ANNEX TO THE INTERNATIONAL SEARCH REPORT ON

INTERNATIONAL APPLICATION NO. PCT/DE 87/00159 (SA 16874)

This Annex lists the patent family members relating to the 
patent documents cited in the above-mentioned international 
search report. The members are as contained in the European 
Patent Office EDP file on 17/11/87

The'"European Patent Office is in no way liable for these 
particulars which are merely given for the purpose of 
information.

Patent document 
cited in search 

report

Publication 
date

Patent family 
member(s)

Publication 
date

US-A-” 3791713 12/02/74 None
GB-A- Ϊ188578 22/04/70 None

US-A- 3503664 31/03/70 None

US-A- 3842509 22/10/74 None

For more details about this annex :
see Official Journal of the European Patent Office, No. 12/82



INTERNATIONALER RECHERCHENBERICHT

.- Internationales Aktenzeichen pCT/DE 87/00159
I. KLASSIF1KATION DES ANMELDUNGSGEGENSTANDS (bei mehraren Klassifikatlonssvmoolen sing alia anzugeoenl5

Nach der Internationalen Patentklassifikation (IPC) oder nach der nationalen Klassifikation und der IPC

int ct-t G 02 B 23/16

II. RECHERCHIERTE SACHGEBIETE
Recherchlerter Mindeszprtifstoff7

Klassifikationssystem | Klassifikationssymbole

Int Cl ·» G 02 B 23/00

Recherchierte nicht zum Mindestprufstoff gehorenae Veroffentlichungen, soweit diese 
unter die recherchierten Sachgebiete fallen

III. EINSCHLAGIGE VEROFFENTLICHUNGEN9

Kennzeichnung der Veroffentlichung11,soweit erforderlich unter Angabe der maBgeblichen Telle13 Betr. Anspruch Nr.13Art*

US, A, 3791713 (A. MACKAY) 12. Februar 1974 
siehe Spalte 2, Zeile 39 - Spalte 6, Zeile 
55; Figuren 1-13B

in der Anmeidung erwahnt

GB, A, 1188578 (W.H. PETERSON) 22. April 1970 
siehe Seite 2, Zeile 118 - Seite 6, Zeile 
99; Figuren 1-9

US, A, 3503664 (E.E. HADLEY et al.) 31. Marz 1970 
siehe Figuren l-3;Spalte 2, Zeile 41 - 
Spalte 3, Zeile 58

Journal of Scientific Instruments, Band 3, 
3, Marz 1970,
S.C.B. Gascoigne: "Optical telescopes" 
Seiten 165-172
siehe Absatz 5: "Mechanical design"; 
Figur 6

Nr

t

/

1,2,8,10,
11,14

1,2

1,2

1

• Besondere Kategorien von angegebenen Veroffentlichungen10: 
"A" Veroffentlichung, die den allgemeinen Stand der Technik 

definiert, aber nicht als besonders bedeutsam anzusehen 1st
"E” alteres Dokument. das Jedoch erst am Oder nach dem interna· 

tionalen Anmeldedatum veroffentlicht worden 1st
"L" Veroffentlichung, die geeignet 1st, einen Prioritatsansoruch 

zweifelhaft erscheinen zu lassen, Oder durch die das Verof- 
fentlichungsdatum einer anderen Im Recherchenbericht ge- 
namten \£rdffentlichung belegt werden soli Oder die aus emem 
anderen besonderen Grund angegeben 1st (wie ausgefuhrtl

”0” Verdffentlichung, die sich auf eine mtindliche Offenbarung, 
eine Benutzung, eine Ausstellung Oder andere MaBnahmen 
bezieht

”P” Veroffentlichung, die vor dem internationalen Anmeldeda­
tum. aber nach dem beanspruchten Prioritatsdatum veroffent- 
licht worden ist

"Τ' Spatere Veroffentlichung, die nach dem internationalen An­
meldedatum Oder dem Prioritatsdatum veroffentlicht worden 
ist und mit der Anmeidung nicht kollidiert, sondern nur zum 
Verstandnis des der Erfindung zugrundeliegenden Prinzips 
Oder der ihr zugrundeliegenden Theorie angegeben ist

"X" Veroffentlichung von besonderer Sedeutung; die beanspruch- 
te Erfindung kann nicht als neu Oder auf erfinderischer Tatig- 
keit beruhend betrachtet werden

”Y" Veroffentlichung von besonderer Bedeutung; die beanspruch- 
te Erfindung kann nicht als auf erfinderischer Tatigkeit be­
ruhend betrachtet werden, wenn die Veroffentlichung mit 
einer Oder mehreren anderen Veroffentlichungen dieser Kate- 
gorie in Verbindung gebracht wird und diese Verbindung fur 
einen Fachmann naheliegend ist
Veroffentlichung, die Mitglied derselben Patentfamilie ist

IV. BESCHEIN1GUNG______________________________
Datum des Abschlusses der internationalen Recherche

6. november 1987
Internationale Recherchenbehorde

Europaisches Patentamt

Absendedatum des internationalen Recherchenbenchts

0 7 DEC 1987____________Λ
Unterschrift des bevollm; φ igyn Bediensteten / )

M. VAN MOL jj r^zS

Formblett PCT/ISA/210 fBlett 2) tJsnUer IS8S)
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III.E1NSCHLAGIGE VEROFFENTLICHUNGEN (Fortsetzung von Blatt 2)
Art ·

A

Kennzeichnung der Veroffentlichung, soweit erforderlich unter Angabe der maEgeblichen Teile-------- ,---------------- , --- ,-- , --------  
I 

Journal of the Optical Society of America,-------- j
Band 72, Nr. 1, Januar 1982, Optical Society i 
of America, (New York, US),
A.B. Meinel: "Cost relationships for non- 
conventional telescope structural con­
figurations" , Seiten 14-20 '
siehe Figuren 2,4,5 !

US, A, 3842509 (C.L. WYMAR et al.) |
22. Oktober 1974 ’
siehe Spalte 3, Zeile 6 - Spalte 4, Zeile 
10; Figuren 1-5

Betr. Ansoruch Nr.■' *f*
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H-o ANHANG ZUM INl'ERNATIONALEN RECHERCHENBERICHT UBER DIE

■t . ♦
INTERNATIONALE PATENTANMELDUNG NR. PCT/DE 87/00159 (SA 16874)

In diesem Anhang sind die Mitglieder der Patentfamilien 
der im obengenannten internationalen Recherchenbericht ange- 
fuhrten Patentdokumente angegeben. Die Angaben uber die 

i Familienmitglieder entsprechen dem Stand der Datei des
Europaischen Patentamts am 17/11/87

' Diese Angaben dienen nur zur Unterrichtung und erfolgen
ohne Gewahr.

Im Recherchenbe­
richt angefuhrtes 
Patentdokument

Datum der 
Veroffent- 
lichung

Mitglied(er) der 
Patentfamilie

Datum der 
Veroffent- 
lichung

US-A- 3791713 12/02/74 Keine

GB-A- 1188578 22/04/70 Keine

US-A- 3503664 31/03/70 Keine

US-A- 3842509 22/10/74 Keine

EUr nahere Einzelheiten zu diesem Anhang : 
siehe Amtsblatt des Europaischen Patentamts, Nr. 12/82


