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TUDIES FOR THE CONSTRUCTICON OF THE 100-m TELESCOPE*

[. Introduction: Observations on the development of radio-
astronomy and the requirements anticipated for new telescopes.

a large new piece of scientific equipemnt is to be constructed,
c,;“ti‘ic purpose must be clearly determined even before the
unent itself is planned. This is important in planning a radio-
coyu inesmuch as the development of the instrument is proceeding
o different directions. On the one hand, . large single telescopes
being constructed, and on the other, the construction and develop-
f antenna arrays is making rapid progress. To be able to de~-

in which of these directions to go, it is necessary to analyze
the dev;looment of radio-astronomy in the last few years more care-
fully so as to evaluate the field of application of the one or the
other tvype of telescope. In the following section, the considerations
proposed by us will be outlined briefly.

™

An analysis of the development of radio-astronomy in the last five to
ten years reveals a number of focal points where developments have
een particularly productive. At the same time, it indicates the
points where the most significant problems will occur even in the
vears to come. The focal points that emerged during the past year
are:

M o

<

l. The line spectroscopy of interstellar matter.

2. The synchrotron radiation from the galactic system.

3. Investigations of individual objects of the galactic systems.
4. The extragalactic objects.

5. Special problems at the sun and the other members of our planetary
system.

1. The significance of line spectroscopy is evidenced by the
successes achieved with the 2l-cm-hydrogen line. 'Recently, the OH
radical lines as well as the high hydrogen-transition lines have
been added. The latter now make it possible to include the ionized :
hydrogen clouis of the HII-region in the investigation. Finally, j
the high transition lines of other elements have also to be found.

In general, this group of lines may be expected to occur predominantly
in the lower centimeter or the millimeter wave region. ;

T N

The line-spectroscopic investigations find their major application in i |
our galactic system. An angular resolving power of the antenna of § &
some 10 to 30 minutes of arc is sufficient for the examination of é
great portions of the Milky Way; for special investigations of indi-
vidual objects in the system, however, an angular resolving power

of 1' and 8' is certainly necessary. Increasingly in these inves-
tigations, higher-frequency resolving power, together with the lowest
possible receiver background noise, is required.
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Only for 1¢no-~w;ct:oscopic investigations of extra .actic systems
resolving power of less than a minute of arc - aoout 10 seconds
of arc - required

- —————

2. In the meantime, studies of the intensity distribution of the
galactic continuum rad¢ablon (SURWEYS) have been made in the northern
sky at various frequencies with an angular resolving power of about

1l deg. Investigations at higher angular rebolv‘ng powers will further |
increase our knowledge; in the southern sky, supplementary measure- i
ments are still required, which should be made at the same frequencies |
as in the northern bky whenever possible. With this, the measurements |
of the intensicy distribution along the Milky Way appear to be some-
what at a standstill The measurements of the polarization ¢of the .
radiation, on the o.her hand, have only just begun. Investlgatlons
of the polarization of microstructures of the continuum radiation

as well as determinations of the Faraday rotation of the polarization
plain of the linearly polarized radiation of discrete sources promise
to be one of the main future sources of our knowledge of the galactic
magnetic field. 1In general, an angular resolving power of 10' to

20' is quite sufficient for the polarization measurements.

3. Investigations of individual objects in the galactic system - such
as star clusters, HII regions, supernova residues - will increasingly
have to r;ly on line-spectroscopic types of measurements - whether :
they be HI- or HII-line measurements - as well as on measurements of j
continuum at several frequencies. The latter will be made particularly
in the centimeter-wave region between l0-cm and 6-mm wavelengths; in
this region, nonrandom measurements of the lines of the high hydrogen
transitions will also be made. The completeness of the measurements
will be a decisive factor in a successful discussion. In general, a ‘
resolving power between 1' and 5' should be quite sufficient for these |
investigations.

In the studies of extragalactic objects, the most extreme constraints
= applied to the measuring technique. On the one hand, the number of
objects up to the weakest radlatlon intensities is required for cosmo-
logic interrogations; to be able to separate the weakest objects from
the galactic background radiation, however, the antenna must have a
large effective antenna surface and an angular resolving power of ‘a
few minutes of arc - on the other hand, the spectrum of the radio
emission up to the highest frequencies is of the greatest significance
for the discussion of the emission process. Thus, it is necessary to
aim for the highest gain in the centimeter-wave region for the antennas
and, at the same time, for the highest total sensitivity for the re- i
ceivers. The angular resolving power again need only amount to a few
minutes of arc for such studies. 1In addition, the apparent magnitude
of the emission regions and the intensity distribution c¢er the objects |
are of significance. To measure the intensity distribution, an angular |
resolving power of a few seconds of arc is desireable; only then can |
the radio-emission distribution be compared successfully with the H
optical image. By far the most stringent demand is made of the angular :
resolving power in determining the diameters of the emission regions
of quasars. An angular resolution of 0701 is aimed for, a resolving powe
that by far exceeds that of even the largest optical telescopes and can
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only be obtained using interferometers with very great base lengths.

5. In problems of solar physics, the need for high angular resolving
powers is also considerable, although the availability of a resolution
of less than 1' would prove satisfactory in this case. Since, on the

other hand, the r*dlutlon intensity at the sun is high , special antenna
ems will be develcred and used for problems of solar physics that
eed not consider here.

an be seen from the preceding comments, the need for ecui,oing
institute for radio-astronomy with modern technical measuring in-
**** nmentation is extremely nany-xacuted On the cone hand, the highest-
uency r;soxv;ng power is required together with very low receiver
ground noise, so that even the smallest differences in intensity

be discerned in the line spectra; at the same time, the angular
olving power can be averace. On the other hand, the greatest

sible effective antenna surface and highest sensitivity of the re-
lvers over a wide frequency range =-- particularly at high frecuencies
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Hz) =-=- are required %to detect the weakest radio sources and to
rmine their sn;gtral intensity distribution; finally, to determine
e angular diameters of quasars, an extremely high angular resolving
wer 1s needed, together with a large effective antenna surface. All

these different requirements cannot be satisfied by a si.gle instru-
mentc.
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The development ¢f radio-astronomical facilities has to date been
accomplished in two different ways and has led, as is well known, to
two fundamentally different tvpes of instruments =-- the antenn~ arrays
and the telescope with a continuous-aperture surface. Thanks to their
different properties, it is possible to satisfy, basically, the above
requirements with the two types of telescopes.

The development of the multi-element antennas =-- or arrays -- was a
departure from the Christiansen cross-coil antenna (Ref. l1). Like the
latter, the array is composed of several average-size parabolic
antennas arranged in a line or in form of a cross or of an L, a T, or a
Y. If the input absorbed by the individual antennas is combined, with
the aid of an electronic computer, in proper intensity and phase
according to the method of von Ryle et al. (Ref. 2) and the aperture-
synthesis procedures given in Ref. /2), a result can be derived from
the consecutive measurements that wi.l have the same angular resolution
at the sky as if the measurements had been made with an antenna whose
aperture surface corresponded to the circle described around the in-
dividual elemtns. Such anterna arrays are under construction or in the
planning stage at various locations on earth.

The telescopic array also has the advantage of permitting an angular
resolving power equal to that of a smaller optical telescope (about 3")
to be attained. It also offers the possibility of making the effective
antenna surface almost any size without technical difficulties. It is
a further advantage that, the terrain permitting, such an installation
can later be enlarged in stages, so to speak.
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It is a peculiarity of the array that the definition of the image point |
‘unction of the number of uuLulnga of the individual elements with
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-espect to one another; similarly, the resolving power is a function
of the position of the object in the sky. Another disadvantage is the
fact that a change in the observation frequency involves considerable
electronic consumption under certain conditions, and requires some time
for readjustment.

use of the array at higher frequencies (f>3GHz) runs into increasing
ficulties because of the rcculred phase constancy at the foot of

h individual antenna and because of the relative fluctuations of the
atmospheric index of refraction. For line-spectroscopic investigations,
too, for which a high~frequency resolving power is reqguired, the array
can be used only with difficulty.
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fully steerable radio-telescope with a continuous-aperture
geﬁe+allv constructed as a parabolic antenna =-- can certainly
asea several times in size over the presently existing eguipment.
cct ve antenna surface, which increases with the sguare of the
er, can therefore be considerably enlarged =-- certainly to
m? or more. On the other hand, this type of telescope does not
the possibility of achieving a higher angular resolving power.
halfwidth H' of the principal lobe of the antenna directional
diagram, measured in minutes of arc, is known to be
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H'=3800)\/D

Accordingly, the antenna would, for example, have to have a diameter
p = 3800A to reach an angular resolving powerof 1'. At A=10, D = 380 m
already exceeds the limits that are technically feasible today.

l

The remaining advantages of this type of antenna are the known definitior
of the image point, the relatively high attenuation of the minor antenna !
lobes, the ease of changing the observation fregquency in a broader

frequency range, and the fact that all points in the sky can be reached |
with the same resolving power.

If one weighs the properties of the two types of instruments against one
another, one reaches the following conclusion:

b

Only the array makes it possible to determine the intensity distribution
of extragalactic objects and of certain objects in our galactic system
with the necessary angular resolving power. The exact measurement of
the positions of sources for identification will also be a job for the
array. It will further have to be used for line-spectroscopic work
with lower-frequency resolving power for extragalactic objects. All of
these studies will, for the first few years, be made above a wavelength
of 10 om.

The large radio-telescope, or the other hand, will concentrate on the

lower centimeter-wave range (A<10 cm) in the future. It will enable us
to extend the spectral intensity distribution of extragalactic objects
to a wavelength of 1 cm or even further into the millimeter-wave range.
It will further be the task of the large single antenna to measure, by

R T 0 S e e e
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means of interferometry, the diameters of the emission regions of far
distant radio sources and guasars over enormous distances at an angular
resolving power up to 0501,

The most important studies of our galactic system -- the absolute radi-

ation measurements, the polarization measurements of the galactic con-
tinuum, and the line=spectroscopic investigations of the interstellar
matter -=- will also be assigned to the large telesccpe. In combination

with a multi-channel spectrometer, it will be able to measure details
in the line contours that will never be accessible to the array.

Examining the situation, it is clear that the complete outfitting of an
nstitute would have to consist of the construction of a large tele-
scope as well as a sufficiently large array. Unfortunately, the
omplete" outfitting generally remains a wishful dream in view of the
costs. A decision must therefore be made.

he fact that a large single telescope has a much greater performance
ange than the array and that it is more flexible in its applications =-
.., that it can be changed from one measuring task to another in the
hortest time -~ led to the decision in favor of a large telescope.

his decision was influenced also by the fact that the Bonner Institute
for Radio-Astronomy has for several years been using the 25-m telescope
for line-spectroscopic work as well as studies of the galactic coninuum,
and that this work should be continued with more efficient ecuipment.
Last but not least, it was also significant in terms of the decision
that a large "synthesis radio telescope" has been under construction in
Holland for some time, and that it would be better to aim for a mutually
complementary arrangement of the two facilities than a parallel arrange-
ment of two similar facilities of the same size within Europe.

m
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If we begin with the actual planning of a large telescope, two points of '
view emerge from the above observations that have a decisive influence
on the direction of these considerations:

1. The centimeter-wave range is becoming increasingly significant in
radio-astronomy. Thus the telescope must, if possible, be usable up to
the centimeter waves.

If, therefore, the centimeter-wave range is given special emphasis in
the planning, the feasibility of being able to attain an angular re-
solving power of 1 minute of arc or even less with a parabolic antenna
beccmes apparent. This might be pcssible if, for example, a 100-m=-
diameter reflector could be devised that could still be used for a
wavelength of 2.5 cm.

This does open the way for the following difficulties: The gquality -
requirements for the surface become so stringent that they can be :
satisfied only with great difficulty. The same is true for the :
steering; at a lobe width of 1 minute of arc, the steering errors must
be less than 6 seconds of arc. This means that an instrument weighing
several thousand tons, which is, in addition, exposed to the wind and
the thermal effect of the atmosphere, must be adjustable and steerable
with the precision of an average-size telescope.

P U —
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v’ P 'he antenna construction must take into particular account the

development of the higa-frequency measuring technigue.
The radiated powers to be measured in the centimeter-wave range are i
v small The weakest sources still measurable at present using the
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To be able to measure such weak radiation, as much interfering back=-
ground radiation as possible must be kept away from the receiver.

Not only the noise of the receiver but also that of the antenna lead and.
the radiation from the ground over the side lobes of the antenna diagram,
must be considered background interference. Thus, not only must the
receiver be cooled, but the structure of the antenna must be such that
the background radiation over the side looes is minimized. Measurements
in the centimeter-wave range therefore have the same character as in

the infrared-wave region. There, tco, not only the receiver but also
the radiation-limiting apertures should be low-temperature-ccoled to
minimize the interfering background radiation.

The effects of both points of view are to be considered even in the first
decision that we must make.

IT1. CHOICE OF THE PARABOLIC FORM

The parabolic form of the reflector is described by the aperture ratio
D/f here, we wish to use the aperture angle @ in the focus for
haracterization. Our questicn is: Is there an optimum value of @
.o the reflector of the radio telescope?

If we consider the noise that reaches the receiver input across the
side lobes of the antenna diagram, then we must confirm that this
portion of the noise decreases =-- or at least is easier to reduce =--
with increasing aperture angle.

We have performed several series of measurements on model antennas and
have determined the noise contribution as a function of the elevation
angle of the antenna. 1Ta the zenith position of the telescope, the
noise portion that enters across the side lobe -- assuming the same
type of input -- may be shown by the solid curve in Fig. 1.

On the other hand, as we shall see later, it is simpler to build a |
flat reflector, which retains high precision at all elevation positions,
than a reflector with large © . The broken line in Fig. 1 shall repre-
sent the degree of difficulty involved in building a.reflector of the
csame quality but with increasing aperture angle. The weight, ind
ultimately the price, too, of the reflector dish increase proportion=-
ately with the aperture angle.

- —————. —— . s ——

Naturally, there is a certain amount of play in terms of the signifi- :
cance assigned to one or the other argument. We selected a value of

-
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@ = 150° for the reflector. Since the reflector is also to be
eaquipvped with a guard ring, the noise¢ contribution is reduced so

as to make © effectively 155°., 1In Fig. 1, the data thus determined
for the telescope are marked by two points.

I1T1. STRUCTURAL PRECAUTIONS TO MINIMIZE NOISE FROM THE ANTENNA
AND THE ANTENNA LEAD

very antenna absorbs radiation not only from the object at which it

aprens to be pointed but also from the su:round*ngs acrcss the side

obes of the antenna diagram. The presence of noise sources in the

mmediate vicinity must therefore be avoided under all circumstances.

Howaver, as we have already determined, there still remains the thermal

ra d ation of tie ground and the atmosphere, which is absorbed by the
tenna and causes a certain amount of voltage in its terminals.

This noise contribution can be reduced by high-frequency technique,
using special feed antennas. By means of these, it is possible to
reduce the side 1obcs of the antenna diagram. The development of
special horn reflectors is still in progress.

In addition, structurali measures are provided which also contribute to

minimizing antenna noise.

In order to keep the noise contribution of the antenna lead small, a
sufficiently large focus cabin was provided, which can accommodate

the receivers and thus makes it possible to keep the leads to the feed
antennas as short as possik.e.

For the wave range 6 cm <A< 15 cm, a housing over a Gregory-mirror is
also provided. The Gregory-reflector is elliptical in shape; it is
located behind the focus and reflects the focal plane in a secondary
image plane near the apex of the principal reflector. The reflector
can be mounted on the floor cf the focus cabin; it has an opening in
the center, through which a feed antenna can be brought into the
primary focus without difficulty, without having to dismount the
reflector.

The Gregory-reflector is provided with a shielding collar at the rim,
which extends to the juncture line between the focus and the rim of
the paraboloid (Fig. 2). The Gregory-reflector and shielding collar
provide a space around the focus that is well shielded against sweep
(interference) radiation and has a very low noise temperature.

Further shielding is obtained by means of a collar attached to the rim
of the principal reflector. Both of these mzasures have the effect
that the horn emitter in the primary focus can no longer be hit by
direct radiation. Measurements made on models confirmed the effect

£ the shielding.

In the following section, the possibilities of producing reflecting
surfaces of great precision will be examined.

7.




IV, THE PRECISION OF THE REFLECTOR SURFACE
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riations of the reflector surface from the ideal parabcloid are
i ] errors in the production c¢f the tin plates (panels) that
npose the reflector surface and by err o*s in adjustment when they
mounted. Furthermore, arrors appear that are caused by th

tic deformation of the supporting steel structure. The latter
wan lculazly apparent when the reflector is turned about the

on axis.
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viations from the ideal parabolic surface have the effect that
vaves reflected by the individual parts of the reflector surface
W0t arrive at the focus in phase with the remaining waves and are
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ally extinguised there by interference. The reflector surface
therefore sacrifices some of its efficiency. J. RUZE (Refs. 4, 5)
has studied the effect of errors that are randomly scattered across
the reflector surface on thc electrical properties. If ¢ is the
root-mean-square error of the surface, then its efficiency is reduced
by a factor ng:

This relation makes it possible for us to Jdetermine the parmissible
error ¢, if we wish to use the reflector up to a threshold wavelength
Ag. Figure 3 shows nNg as a function of the value ¢/A,

If, for example, ng > 0.67, then ¢ must remain £ 1/20. If, therefore,
we wish to use our reflector for Ay = 2 cm, 0 must be equal to 1 mm,
and the maximum errors cannot exceed 2.5 mm.

The accuracy constraints for the surface are quite high for an 80~ or
100-m-diameter reflector, too. In order to characterize the quality
of the reflector surface, we shall use the quotient ¢/D.

Since the panels of which the reflector surface is composed are about
3 to 5 m® in size, we can make the assumption that the fabrication

as well as the mounting and adjustment errors of these parts can be
controlled and maintained within narrow limits. Thus, only the errors
caused by the elastic deformations of the support structure remain.

We must pay particular attention to these and try to find a way to
keep them, too, within the required limits. Although the errors due
to deformations of the support structure are not in general randomly
distributed over the reflector surface =-- rahter, they are of a sys-
tematic nature, as the following picutres of the surface deformations
show clearly -- we shall still require that the root-mean-square value
of the surface deviations, determined at many, regularly distributed '
measuring points, be 0 = 1/20 Ay. : [ ——

:

b b 44 5

Many different ways have been tried to obtain reflector surfaces with
the greatest possible accuracy. Telescopes with a variety of
structures have been devised. We shall now consider in more detail
the structures used to date in terms of their particular properties.

- . o g——- T et




V. REVICW OF THE MOST IMPORTANT REFLECTOR STRUCTURES USED TO DATE

From the structural point of v*ev, one has the difficult task in the
construction of steerable parabolic reflectors of supp _eing the
actual weight ¢of th reflector =-- as well as the wind velocities that
must be added ~- in the two bearing points of the elevation axis with-
ut causing the appearance of great surfacs deformations. The way

in which this problem is solved is the decisive factor in determiaing
the efficiency of the telescope.

D

-
-

A. Construction With Rigid Elevation Axis
type of construction, the two bearing points of the elevation
e bridged by as rigid a girder as possible, which, if necessary,
e multiple supports in the center. A number of brackets are
perpendicular to this, resulting in a rectangular space frame-~-
the reflector dish. This structure is presented schematically
g Since the gravitational forces always act perpendicular to
ation axis when the reflector is tilted about the elevation
i e rectangular space framework appears to offer certain advan-
$; however, with respect to the deformation of the surface, this
ion could not be clearly confirmed. The size of the reflector sur-
is a function of the length of the brackets; the deformation at
rim of the reflector is determined by their rigidity. In this type
struction, one is finally led to an elllptlcal form for the
ctor. The Mark II telescope at Jodrell Bank is constructed in
ayi:
g
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way i% confirms the fact thut telescopes with reflector surfaces
C0 m” can be constructed in this manner, which can achieve a
mmn (Ref. 6).
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BE. Construction With Rigid Central Hub 5

The basic idea of this type of construction is related to that discussed
above, The point of origin is a rigid central cylinder -- a hub.

Mounted on this are radial brackets. At first, it was the intention
nere, too, to keep deformations of the reflector surface to a minimum
by corresponding dimensioning of these radial supports.

The computer treatment of similar systems showed that the introduction
of annular supports makes a definite contribution to increasing
rigidity. An additional improvement is obtained by attaching outer
and inner cross connections between the radial supports. The intro-
duction of anrnular supports and cross connections makes it possible to
reduce the weight of the radial supports somewhat, without sacri-
ficing any of the *igiditv of the system. The 64-m telescope in
Parkes (Australla) is typical of this type of constructeon, as seen in
Fig. 5 in cross-section (Ref. 6). A 0/D = 3,6 * 10-% was achieved !
with this telescope. The elastic deformations of the surface durlng
inclination of the reflector from 90° to 30° elevation are shown in
Fig. 6 (H. MINNETT, Ref. 7). The maximum structural height of the
radial support is considerable at 1/7 p. The 45-m telescope in
Algonguin Park in Canada was constructed in a similar manner. However,

————..
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in this case, the reflector surface itself was apparently used as
bearing eiement in the structure. The surface was composed of |
J-mm=-thick steel plates, and the individual plates were welded '
together. |
|
C. Annular Support :
The fact that a cantilevered bracket has a bend at its free end |

which increases more than with the sguare of its length makes it

‘‘‘‘‘ dvisable not to make the radial supports so long, if pos-

Purthermore, one must take into consideration that, as the reflector
radius is increased by Ar, the surface increases by AF = 2mrir.

This additional surface AF must be carried exclusively at the outer

end of the radial supports. Therefore, their load at the outer end

also increases linearly with r; it becomes increasingly more unfavorable
as the surface is enlarged.

On the basis of these pomhts, the attempt was made to produce as

rigid a ring as possible in the type of structure to be described,
which would have a diameter of about 0.3 to 0.5 that of the reflector.
Shorter radial supports were mounted on this ring. The inner aperture
of the ring only had to be: bridged.

The radial support themselves excercise torsional forces on the ring
which must be removed. This is accomplished by an outer annular sup-
port that holds the radial supports together at their outer ends. 2
cross connection that is attached in the center of the principal
annular support, however, serves the same purpose. Figure 7 shows

the annular-support structure schematically. The reflector in
Adle:snof is a typlCdl example of this tvpe of construction. Here,
the radial supports have a length of ~1/3 D; they are prestressed

by the outer annular support, like an open umbrella. The height of
the structure at the annular support could be kept very low with
1/30 D. Figur=z 8 shows the rear view of _he reflector at Adlershof
(Ref. 9).

The Stockert reflector, too, is constructed in this way. The outer
diameter of the annular support is 12.5 m, i.e., 0.5 D (Ref. 10).

3
In some respects, the Mark I 76-m telescope at Jodrell Bank also belongs |
to this type; its principal annular support is mounted at the rim of

the reflector, and brackets are not used at all.

D. Dish Structures

Great rigidity of the reflector structure, particularly in radially
symmetric systems, is achieved by inserting the important radial ;
supports into a system of annular supports and upper and lower cross-
connections. Unfortunately, only very approximate data can be given
about the necessary number of radial supports and annular supports,
as well as about their dimensions such as height, strength, etc.
These values must, rather, be determined by computer for c¢ach indivi-
dual case. Nevertheless, one can see that these considerations lead

@ o ——— -y ——
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to tha gn?btruc;ion of relatively rigid reflector dishes, whose

upper side carries the reflecting surface. We can include this type ;
of reflector under the designation "dish structures.”

: — - P Ao asemde N » ST = T e a 4 £ £4 =
However, the reflectors must be movable; the task remains of find-

ing a good solution for the connection between the dish and the
elevation axis. If the dish structure is supported only along the
elevation axis, or perhaps only in the two bearing points, strong
elastic deformations will appear in the plane perpendicular to the
elevation axis at the rim of the dish.

h

Two further supporting po nts can easily be produced by strengthening
the reflector dish at the back with a pvramid standing on its tip.

The pyramid is attached across two rods to the bearing points of the
elevation axis; the other two rods support the reflector at two points
which are perrendicular to the elevation axis at the same distance
from the center of the reflector as the bearing points. The sup-
porting peoints thus obtained can take over a part of the weight of the
dish. The portion depends on the dimensions of the rods of the pyramid.
We have thus achieved a four-point support of the dish, with two rigid
support points and two auxiliary points whose rigidity can be re-
gulated.

The 90-m telescope at Green Bank is built on “his principle. The :
four support points of the dish are again counnected by a sqguare
-_,mcwo:x, this is clearly visible in Fig. 9. The reflector was

also measured photogrametrically. Figure 10 shows the measured
deviations of the surface from the best-fit paraboloid in the in- '
clined position of the telescope (39 deg elevation) (Ref. 1l1l).

The effect of the bearing points and the support points is not clearly
evident in the diagram. However, the surface errors have a ¢ of 3
5.7 mm; they appear to overlap the deformation errors throughout. -1
E. The Intermediate Support Systems ;

In order to get away from the two-point support of the dish and its ;
damaging deformation, an intermediat:® support system must be introduced. 3

The simplest form of such a support system is the "whip" (balance),
whose structure, as will be seen in Fig. 14, makes possible a true
four-point support in which all four points carry an equal amount of
the dish weight. With the four-point support, the maximum deformations
of the dish are about one fourth those of the two-point sugport. In
four-point support, the position of the supporting points relative

to the elevation axis also plays a certain role. This influence

must be examined separately for each case. :

It is evident that the maximum deformations can be further reduced if
the number of support points for the reflector dish is increased !
even more. KALATSCHEFF refers to a construction with 17 supporting }
points in "Telescope," thoug: for a very light dish structure (Ref. 12).,

(
Tn his proposal, he starts with a cylindrical support similar to a :
whip. A square framework rests on the four independent support points
of the whip. The extensions of the four sides of the sguare form

eight brackets, at whose ends e¢ight support points are produced on an

15
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0.8-0 placed on the whip, nine more support points are produced on an

inner circle of 0.4 D. Figure 1l shows the entire system.

The principle of supporting the reflector dish is comparable in many
respects with the support ¢f the mirror in the optical telescope.

In judging the intermediate support systems, it is important to take
into consideration that all support points actually have the same
properties, which is not necessarily th2 case for some of the points in
the above proposal.

VI. WAYS OF REDUCING THE ELASTIC DEFORMATIONS OF THE REFLECTOR

None of the structures discussed is convincingly distinct from the
others in terms of having particular advantages so that they could be
adopted without changes for the construction of a 100-m te;eocope with
maximum surface accuracy (o0/D<1l °* 10"°). The mere increase in size
generally leads to disadvantageous solutions, as can easily be seen.

We must th fore again discuss the possibilities available to keep the

él&S-;C dc o&matlonc small.
A. Automatic Adjustment of the Reflector Surface

t makes it possible to avoid the elastic deformations in the
urface entlrgly was first used in planning the telescope in

_ Grove, West V;rgwnla. It was plan“ed to use a servo control for

he individual panels of the reflector surface through which the surface
would automatically regulate itself to the desired parabolic surface in
any position of the telescope (Ref. 13). The individual panels were to
have an area of 17 X 17 m; thcy were to be regulated at the four corners g
by motors and controlled by an optical system. A total of 90 panels was '}
to be installed. Although the compensation of the elastic deformations._ .
can be achieved in this way, this solution of making all of the panels
adjustable is undoubtedly very expensive. The Sugar Grove project was ' 3
finally abandoned. The procedure was not developed further.

w
.l

-
.
- G

his procedure will certainly regain significance in future telescope :
evelopments. If the deformations are computed for a given structure

and only the critical parts of the surface are corrected, the expense

can be reduced considerably and kept within sensible limits.

uJ

Use of Several Equivalent Support Points

If one starts with a dish construction and, per KALATSCHEFF (Ref. 12),
increases the number of equally weighted support points, one will
certainly achieve a reduction in the maximum elastic deformation of
the surface. However, intermediate support systems become complex
and difficult. The costs of such a construction are high.

C. The Use of Relief Svstems

U —

Since the deformation of the dish can generally be precisely computed,
it is possible to allow for auxiliary forces in the construction which
will effect a reduction in the deformation, particularly at the critical
peints.

12,
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I1£, for example, the paraboloid gurface is adjusted in the zenith
position, the upper rim will go forward in a 90° inclination of the
telescope, while the bottom rim will move backward a little. During
the inclination, the areas of greatest deformation are mostly in the
upper and lower rim zones. It is now easy to visualize pulling the
upper rim back and pushing the lower rim forward. Ths could consider-
ably reduce the deformation in the critical regions of the dish. The
technical possibilities for solving such problems are different for
each structure. In the haystack antenna, removal of the load was
accomplished in the construction by the addition of weights. In the
course of planning the l1l00-m telescope, the use of hydraulic members
was considered to balance residual deformation errors. However, such
measures proved unnecessary in the end.

In the 130-m telescope of the Northeast Radio Observatory Corporation
which was in the planning stage at the time, the elastic deformations

d for by the introduction of relief forces alone.
G on the system described above under A with a
rigid elevation axis. Each of the brackets lying perpendicular to the
elevation axis will receive its own compensation system (Ref. 14).

D. Homologous Deformation

The idea of permitting a certain deformation in the reflector con-
struction was first pursued in the present studies. Eowever, the
deformations were to be such that the paraboloid surface in the zenith
position would again be converted into a parabolic surface as the
telescope moved about the elevation axis. The new paraboloid may have

a changed axial inclination and a different focal length. These changes
can easlly be corrected by a corresponding change in the feed antenna.

A construction method is to be sought in which the deviation of the
actual deformed surface of a best-fit paraboloid would be a minimum,

Precisely expressed,
$d? = L(AZ + cos ¢)% + minimum

should be the case, if d is the vertical distance of the actual surface
of the paraboloid at a measuring point in the surface (cf. Fir. 13).

This structural principle received the appropriate designation
"homologous deformation" from S. VON HOERNER. Von Hoerner then in-
vestigated the possibility of homologous deformation theoretically
(Rafs. 15; 16).,

How can a construction with these properties now be realized in
practice? Attempts to find solutions for the principle did not appear
very promising at the beginning of our studies in 1964 because of the
complexity of the statistical problems that appeared.

We therefore preferred working with approximation procedures. With the
aid of a computer, it became possible to compute the displacement of
each joint in three coordinates under load conditions, even for compli-
cated space frameworks. Because of the free choice of rod dimensions
and the properties of the materials, the steel framework has enough
free parameters to be able to affect the displacement of the joints

i3.
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in a plane or surface to a certain extent. Thus, there are some ,
prospects that, if a few points on thg framework are fixed, it may be »
possible to satisfy the conditions homologous deformation for the 1
points in the reflector surface. ’
The questions =-- which of the constructions used thus far is best for

such investications, to what extent the procedure is actually feasible, |
g what degree it makes sense to carry out the procedure -=- can f
be decided only by repeated experiments. ;

VII. STUDIES OF SPECIAL MODELS

From a series of preliminary designs, four were selected for closer

investigation. We shall first discuss a dish construction that was

developed and computed by MAN.

A. The MAN Dish Model

A reflector dish with a diameter of 80 m, composed of 36 radial

pports, annual supports, and cross connections, served as the point

eparture In Fig. 14, the type of support used can be seen on a
l. Por tnls construction, the deformation by the specxflc welght

-
.

the various positions as well as the deformation by wind and ice

=P-30m

5 () i “
o .
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cad were to be investigated. For this purpose, the electronic computer
was first used to compute the displacement of each joint in three
coordinates; then the deformation of those joints was studied which lie
in the reflector surface, that is, the joints which determine the
reflector surface. A best-fit rotation paraboloid was placed through
these joints, and the deviations of the points from this paraboloid
were determined. The calculations were simplified in this case by the
fact that the reflector structure was circularly symmetrical and that,

n addition, the choice of the supporting points provided a docuble
symmetry. It was enough to make the calculations for only a quarter
of the reflector. But even in this portion there were up to 146
joints to be calculated. TFor the computation, a program developed by j
MAN was used; later the FRAN-program was also employed.

b

In several of the computations, the cross-sections of the individual
rods and of groups of rods were changed in steps in order to reduce the
deviations of the joints in the reflector surface of the best-fit
paraboloid to a minimum, and also to obtain the smallest possible total
weight. The procedure was interrupted when it became apparent that no
further improvement could be achieved.

In all, six basic steps were calculated, which made the importance of
the oucer annular support for the rigidity of the dish clearly evident..

The success of the procedure can perhaps best be indicated if the
maximum deformation appearing on the reflector surface during inclina-
tion from the zenith position to 5° elevation is compared with the
best-£fit paraboloid. The deformation of the surface at the upper rim
is +23 mm, that at the lower rim =19 mm. The maximum deviations from
the best-fit paraboloid amount to about 4 mm, that is, only about a

S S SSS———
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sixth of the actual deformation.

he perpendicular deviations of the surface from the best-fit parabo-
id are reproduced in Fig. 15 in the form of contour lines; the

reflector was adjusted in zenith and then requla t :d to 5% elevation,

and the deformations were measured.

In the figure, the effect of the support points on the deformation of
the reflector surface is clearly visible. After the inclination, the
two upper support points become noticeable through a region of positive
deviation with a maximum of +3 mm, the two lower points giving rise to
regions with a lesser nggablvg deviation. If further improvement in
the construction is desired, obviously the number of support points
must be increased, or a more favorable distribution must be found.

To be able to judge the result further, it is important to know by
what amounts the best-fit paraboloid is alsplaceo with respect tc the
originally adjusted parab0101d.

The displacement is first described by the displacement of the zenith.
The latter is displaced in the direction of the parabolecid axis =--
that is n direction of the Z-axis =-- about Z,on the one nand, and

7 i
then a dlspxacement perpendicular to the elevation axis and to the
4=axis in the direction of the Y-axis about Y, appears. Displacements
in the direction of the elevation axis are not t~ be expected because
£ the symmetry of the forces (see Fig. 16).

In addition, the change in the axis direction cf the new paraboloid .
and the change in the focus f must be given. ;

The identifying data for the res pectlve best-fit paraboloids are given |
in Table 1 for three different elevation angles. The values were i
derived so that the adjustment of the ideal parabola in the load-free g
case followed separately for each elevation angle, then the system

was subjected to the force of gravity and the deformations that

*ppcarcd were computed. Thus, three independent values for the root-
mean-square deviation ¢ were also obtained. These values serve
principally for judging the deformations in the individual positions;

in the actual operation of the telescope, only the relative deformations
will be effective.

If we look over the results, we notice that the deviations of the best-
fit paraboloid of the original surface are minor. The displacements

of the zenith amount to only a few millimeters, and the focal width of
the paraboloid, too, changes by only a few millimeters. The position
of the focus, which is determined additively from the displacement of
the zenith about.Zs and the change in the focal width, 1s dlsplaced

by 11 mm during the inclination of the reflector from 5° to 90° eleva-
tion. The corrections which would have to be made on the feed antenna |
are thus minor; at longer waves, A> 10, they are not taken into con- ’
sideration. (The deformation of the feed mounting has thus far not
been taken into account.)

If the fabrication errors of the reflector surface are small, the
reflector would be usable forA = 2 cm at a surface efficiency of
ns = 0.7.
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Da RRUPP Truss Construction

A structure that deviates from the "dish model" was sugge

S
fabricated by KRUPP. The treatment was also based on a re

) - ;
size of 80-m diameter.

-

ted
1

fle
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-

ceor

In this structure, the radial beams behind tno reflector surface
¢ extended to a point on the paraboloid axis (see Fig. 16). The

e
ro that meet at the tip form a cone. The oc“ﬂs are constructed
as trusses, which is what gave the structure the name "truss con-
truction.” The beam structure consists of twelve such trusses
attached in pairs. The trusses are kept equidistant in the center =-
near the zenith of the refliector =-- by a wheel with spokes; at the
reflector rim, they are held together by an annular support. If the
appropriate stresses are ‘n.rocuced the structure is comparable in
effect to an open umbrella.
Like an umbrella, the "unfolded" reflector is also held at two points
that lie along the axis. One support point is the tip of the cone,
the second is the wheel hub near the zenith of the paraboloid.

An independent support system is required for mounting the reflector.
It consists, in its simplest form, of a tetrahedon, one of whose beams
brilges the bearing points as the elevation axis. This beam penetrates
the truss construction in the outer portion without touching it and
grips the hub of the spoke-wheel with a pin. Two other beams of the
tetrahedon run from the elevation bearings to the tlp of the cone and
are attached there; they carry the reflector mainly in the zenith
position. The rest of the rods are used principally for auxiliary
support of the reflector at the point of the hub when the reflector
stands at an angle. Figure 18 shows the support system schematically.

The studies of the elastic deformation of the system were carried out ____

in a similar manner as those of the precedlng type. The rod measure-
ments of the support system were optimized in stages, and the deforma-
ticn for the joints was determined in three coordinates using the
FRAN program. -

The success of the procedure can again be determined by comparing the
maximum absolute deformation of the reflector surface at the rim with
the best-fit paraboloid. The absolute deformation is presented in

its entirety in Fig. 19; the maximum deviation at the upper rim is

+33 mm, at the lower rim =33 mm. The maximum deviation of the best-fit
paraboloid is only about 1.3 mm; thus, it is only ~1/25 of the actual
deformation.

The deviations of the best-fit paraboloid appearing perpendicular to
the surface are again shown in the form of contour lines in Fig. 20.
The data for the best-fit paraboloid are presented in Table 2 in the
same form as for the preceding case.

The truss construction is unguestionably a type of structure dis-
tinguished by very minor deviations from the best-fit paraboloid, and

16.
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therefore comes very b;o;c to the "homologous deformation" require-

ment. The WQ‘SALs of the dish construction, too, are low; the

reflector structure weighs only 360 t. However, the very broad cone
t back of the reflector results in quite a difficult tower

C. Dish Construction With 8-point Support (MAN)

Faveorable results encourage one to continue the studies in the same
directicn. Therefore, a dish construction with 8-point support was
examined mcre closely in another study.

le "whips" carried by the reflector dishes in the
a stronger intermediate supporting structure must
ht-rod pyramid was selected for this purpose,

is attached w1th two independent rods to the bearing points
on the elevation axis, and whose base is formed into a rigid disk in-
cludiitg the elevation axis. The reflector dish is mounted on i .is
disk at eigu. points. The structure is shown in Fig. 21.

This time, a d*a“-ter of 100 m and a focal width of ~30 m is pre-~-
scrived for the ref ecbo* dish. The preceding investigations had
showa that an 80-m reflector with optimum dimensions must absolutely
be usable up to 2.3 cm wavelength. Accordingly, the reflector sur-
face should be of a continuous design. Otherwise, as shown by earlier
wind-tunnel experiments (Refs. 17 and 18), a fully extended reflector
surface will tend toward vorticity at the rims in a wind; a perforated
outer rim alleviates this phenomenon considerably. Taking this ex-
verience into cecnsideration, it was therefore determined that the
surface was to be fully extended up to a diameter of 85 m; in the 85~
to l00-m~diameter ring, a transition from the fully extended surface
tc a light wire mesh was to be provided. The wire mesh of the outer
ring was to be usable for A = 6.

'rj

or the rest, the same computer process as above was used, and a
stepwise optimization of the construction was again carried out.

This time, the dish construction was composed of 28 radial supports,
five annular supports, and a number of cross connections in the final
sclution. The structure was lighter than that of case A. The result
can again be grossly characterized by a comparison of the maximum de-
formation during inclination of the reflector with the maximum devia-
tions appearing in the best-fit paraboloid. The maximum deformation
of the surface at the upper rim is +60 mm, at the lower rim =22 mm.
The maximum deviations from the best-fit paraboloid are only £3 mm,
thus being only about 1/15 of the actual deformation.

The deviations from the best-fit paraboloid appearing perpendicular

to the surface are again shown in the form of contour lines in Fig. 22.

In the figure, the effect of the quadripod is particularly evident;
the regions of greatest deviations are caused by the upper and lower
legs in the 0° position; it was not possible to reduce this effect
furcher.

17.




The data for the best-{it paraboloid are presented in Table 3 in

the usual form.

D. Dish Construction With Axial Mounting

Using the "truss construction" as a starting point, KRUPP produced ;
a structure that approaches the dish construction. Here, the dish is ;
made into a unit, with the supporting cone in the back. The cone has 1
24 wods; that is, each radial support is supported by a rod in the tl

of the cone. The base of the cone forms a wheel with 24 spokes. The
spokes are again parts of the radial supports (see Fig. 23).

he dish and cone are again held at only two points - the tip of the
ne and the hub of the wheel. A special support structure is re-

uired for the mounting, which is extended to an octahedron here.

guadripod of the focus cabin is included in the octahedron.

3.0 0O r3
o 6 O
w

study was again based on a reflector with a diameter ¢of 100 m. The
lector surface was to be covered with metal plates to a diameter of
m and a wire mesh cover usable for A>6 cm was provided for the outer

e computation again used the same procedure, and the optimization of
the construction was made in several steps.

In the first approximation, the result can again be characterized by
comparing the deviations appearing at the rim during inclination of the
reflector about the elevation axis with the maximum deviations of the
surface of the pest~fit paraboloid. The deformation at the upper rim
is 82 mm and at the lower rim 53 mm. The maximum deviations of the
best-fit paraboloid are only +1.8 mm, which is 1/36 of the actual
deformation.

st

The vertical deviations of the surface of the best-fit paraboloid are
shown in Fig. 24 for the region up to a diameter of 90 m. This is the
region that can be provided with a continuous reflector cover against
the effects of wind., In this part of the surface, the deviations are
small. The root-mean-square error of the surface, caused by elastic
deformations, is only 0.56 :nm. With respect to this portion of the
surface, it appears possible to construct a reflector with o/Dgl - 10"%.1
Even the errors caused by the fabrication of the panels and their
mdjustment can be contained in this.

The characteristic values for the best-fit paraboloids are given in
Table 4. The charge in the focal width is a maximum of 20 mm and

the chunge in the axis inclination a maximum of 1140 seconds cf arec.
These values must be compensated automatically by moving the feed
antenna in the focus. Corrections that cannot be neglected are re- |
guired even for the Gregory mirror. f

VIIT. CONCLUSIONS FROM THE INVESTIGATIONS OF THE MODELS

A v ————o——— -

The good results of the various studies show clearly that the way
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selected appears particularly appropriate to the prcblem of con-
structing reflectors with great accuracy.

The steel framework of the reflector is not a rigid body in the sense
of the glass block of an optical mirror telescope. A multiple-point
support, which offers the only oousiollity of keeping the deformations
of u,t-cu‘ mirrors small, also results in a reduction of the elastic

s f the reflector rrameuora, but if we deg enc cn it alone,
he fact that the inner mechanism cf the reflector dish =-
-= i flexible and can be fabricated within wide

s

t may be surprising to the reader that the possibility exists of
1184 reflecter in such a way that once a paraboloid surface has
ted, it is constantly transformed into new paraboloid

s the reflector rotates about the elevation axis. But a
lio
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syncrasy of the reflectors meets such a regquirement. This
be see; in the simple example of a very flat reflector, or better
of a disk. 1If a ul’CL¢“ ly symmetrical disk is supported in the

r and gravity is perw tted to affect it, the center remains un-

jed and only the rims sink dowr The surface formed by a plane

mes a rotation paraboloid in tac first approximati.n. The devi-
ations of the rotation paraboloid can be kept small through a circularly
symmetrical distribution of reinforcements. If this surface is now in=-
clined about an axis in the plane, the gravitational force decreases

in the directiocn of the axis with cos 2., A series of rotation para-
boloid surfaces is gone through. At Z = 909, the axial force is equal
to zero; the force in the dlsk plane, which now appears alone, causes
only minor deformations of the surface itself; it can therefore be
n»gl-ched in the first approximation.
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These simple considerations are not valid for reflectors with liarge
aperture ratios; here elastic deformations also appear in the case
of antimetric force; now the computer must assist in approximating
solutions. §

The approximations have the disadvantage that the quality of the
solution depends on when the procedure was interrupted. The computa-
tional process is technically of an experimental nature; an error
estimate is not possible. Thus, one cannot state definitively that the
axial mounting of the reflectoir is to be preferred to a four-point or
six-point support of the dish, eren though it does appear that way.

All cne can do is tc give a few general instructions that are useful

in carrying out the procedure.

1. One should avoid having one or more of the principal reflector
supporting points be in the reflector surface itself. The possibility
of the remaining joints of the surface forcing a ratio that would
correspond to a homclogous deformation would be slight in such a case. |

2. An attempt must be made to avoid single loads in the surface. i
Thus, one must avoid, if possible, mounting the quadripod that
supports the focus cabin and feed in the surface itself.
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3e ccording to the above results, a rotation-symmetrical structure
of the surface has certain advantages over the unsymmetrical con-
structions. However, the anavc* to this question may still be in-
fluenced strongly by successes resulting from the studies of other

An evaluation of the results obtained led to the selection of the
"dish construction with axial mounting" for the 109-m telescope.

The preference for the axial mounting of the surface and, finally, the
constraint-£free mounting of the focus cabin were decisive factors in
this decision. A renewed study of this system is in process, based on
an improved, detailed structure.

Figures 25 and 26 show the selected structure as a model; in Fig. 27,
the support system is particularly easy to recognize.

IX., THE PROCEDURAL LIMITATIONS CF THE HOMOLOGOUS DEFORMATION

The method selected made it possible to produce reflector surfaces
whose maximum deviation from the best-fit paraboloid amounted to less
than 1/30 of the actually appearing elastic deformations. The result
was cobtained through appruximation procedures; according to these,
the possibility is not to be excluded that complete solutions might
have been reached through further adroit experimentation.

In actual practice, however, there are limits to the further improve-
nent of the behavior of the reflectors.

A. Effect of the Wind

In a wind, the reflector surface is exposed to strong additional forces
which sometimes degrade the quality of the surface even when they
deform it for only a very short time.

The effect of the wind can eaSlly be estimated if the telescope is
focused on a point on the horizon (or set at +5° elevation) and a
consistently strong wind blows on the surface from the front == in the
direction of the negative Z-axis. The surface is then exposed to a
steady additional force, which, in the first approximation, again
turns it into a paraboloid. Therefore, it is not surprising that in
Table 1 the changes in the surface at a wind velocity of 18 m/sec
cause an increase in the ¢ of only 1.02 and 1.29,

However, the windocannot be assumed to be egually strong over an entire
surface of 8000 m“, The elements of the turbulence are undoubtedly
smaller than the surface itself. The forces that affect the surface
will thus not be the same everywhere.

It is therefore of particular interest to know by what amounts the
curface is actually deformed. The computer program yields these
values, too, without trouble. For various points along a radial
support of the dish model with distances R from the center, the

20.
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B. The Effect of Solar Radiation
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face fluctuations of 2 mm
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. value corresponds to a root-mean-

scquare 0=0,7 mm. If similar tios are assumed for the 1l00-m reflector,
then the thermal errors in sunshine will exceed the purely gravitational
deformation. The effect of sclar radiation can, however, be lessened
considerably through appropriate painting of the structure. After
painting with Tloﬁ-wnlte, the rel*“lve temperature differences of the
structure will remain less than 5°

)
- D'

S S 0oo

b 8 )

I
-=>
e ©
o~

y
1

K w3
»
},'

o
fA

o

-~

C. Atmospheric Temperature Gradient

While the effects of solar radiaticon can be definitively estimated
only with difficulty, the thermal effect of a temperature gradient in
the atmosphere can be determined exactly.

If we assume that the mirror is focused on a point near the horizon
and that a temperature gradient of 5° exists “rom the ground to an
altitude of 100 m, a deformation is cobtained which is shown in Fig. 28
along one of the radial supports. The deformation causes an inclin-
ation of the axis of 5". On the other hand, the relative deviations
of the surface are small compared to the residual gravitational
deformations. Thus, atmospheric temperature gradients cause little
degradation in the quality of the surface.

The examples given should demonstrate that the influences of the

rroundings are definitely capable of degrading the quality of the
reflector surface noticeably. An improvement in the construction
such that the residual deviations from the best-fit paraboloid are
smaller than 1/30 of the actual elastic deformation does not appear :
purposeful in view of this. A further improvement in the construction |
will have the result that the times during which the surface is fully
effective for the smallest usable wavelength will be limited to good
hours of the night.

For the construction proposed by us, a reduction in the effectiveness
of the surface at A<4 is to be expected for only 5 to 6% of the total

21.
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XI. STEERING PROBLEMS

The studies of the elastic deformation of the reflector dish ylelceg
the result that a reflector of about 100-m diameter with ¢/0<1 10

can be constructed which can be used up tc 2-cm wavelength with a
surface effectiveness of approximately 60%. It is to be expected that
the principal cone of the antenna diagram will have a halfwidth of

1l minute of arc or even somewhat less.

If the adjustment accuracy of the telescope is required to be so exact
as not to exceed a possible error of 1/10 the cone width, then the ad-
justment error or the error between the precalculated and the first
position of the telescope must not exceed 6 seconds of arc during
steering. :

From this requirement, we extrapolate that the angle indicator at the
telescope axes must have a registration precision of about 2". There
are several means of achieving this precision.

It is more difficult to keep the displacements with time of the optical
telescope axis with respect to the angle-indicator readings within the
limits of about 6". The changes consist first of the shifts in the
azimuth axis due to setting of one side of the base.. A one-sided
setting of the base ring by 1 mm causes a deviation of 5" at a support
distance of 45 m. Secondly, there is a possibility of errors due to a
displacement of the elevation axis as a result of differential thermal
expansion of the azimuth towers. If thermal radiation causes one of
the towers to become 2° warmer than the other one, errors in the axis
direction of a maximum of 5" are to be expected. Only special

22.
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se values. Thirdly, a direct displacement of the optical axis can
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occur in an inclined position of the teleccope as a result of a vertical
temperature aradient in the atmosphere. As may be seen in FPig. 28,
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In the most unfavorable case, the possible errors exceed the upper
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A portion of the displacax;ntc of the optical axis could he avoided
through the use of an optical steering equatorial in the axial inter-
section. The telescope at Parkes , in which an equatorial is used,

PRS- S

has had good experiences in this ;gqard. Accordingly, the discussion

of the pros and cons of an eyuatorial was extensive. However, the

space in the axial 1n;ersyﬂtlon of the belescope must be Xept open

for the equatorial; but this is also the space that is urgently needed
for the creation of a low-deformation reflector. Since the creation i
of a good reflector is the hasic purpose of the telescope construction, :
the use of an equatorial had to be avoided.

Thus, the steering must be supported exclusively by a processing
computer. This has the advantage for the steering of the telescope :
of making it possible to store correctlon functions, which can be
applied to any desired position. However, the correction cannot be

ton extensive with respect to the storage capacity of the computer.

he reduction of the enumerated errors by structural means is thus still|
1‘\ S

he most important step in the construction of the telescope.

t 3

XIT1. TECHNICAL TELESCOPE DATA !

The f£inal construction of the telescope was based on the following data:

Reflector diameter 100 m

Focal width 30 m
Gregory reflector 6.5 m
Focal width in the Gregory focus 360 m
Azimuth trajectory diameter 64 m

Height of the elevation axis above the beam circle 50 m
Elevation axis (support distance) 45 m
Elevation ring gear (radius) 28 m
Azimuth field of traverse +360°
Elevation field of traverse . +5° to 94° ——

Accuracy of the mirror surface at 80° zenith distance, when the
surface is adjusted in azimuth

Root-mean-square value for D<80 m RMS 0.7 mm
Root-mean-square value for 80<p<100 m RMS 1.2 mm

| e A gt b 1
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Measurement Azimuth Elevation Steering and ;
Velocities Position Accuracy |
S..Cu- MU GO UL O .".J' O ;
velocity 2°9/min 1¥/min 6" >
Arerage measurement & ;
velocity 20°/min 10 /min 10"
Maximum adjustment
velocity 40°/min 20°/min -
2
Maxinmum acceleration 0.2°%/sec” O.2°/sec2

XIII. STATUS OF THE WORK IN SEPTEMBER 1968

After the construction method for the telescope had been decided, the
work on the final structure was begun. Except for the details, such

as, for example, the focus cabin and the apex cabin, the work has been
completed.

Studies of the natural frequencies of the system and further studies

of the drive and steering were performed. A friction drive over 16 ‘
axes was provided for the azimuth axis. Eight of the sixteen axes will |}
baue over the drive in the measuring operation, while the remainder !
wi serve for braking to avoid backlash in the gears. The elevation i

O 0O

l"; KQ
()

axis is operated over a 28-m-diameter toothed wheel gear by four motors.
Here, too, care is taken to avoid any play in the drive. -

Studies were made of the mirror covering. On the basis of the results,
it was decided that the inner portion of the covering would be con-
structed of sandwich plates up to a diameter of 60 m, and the adjacent
ring from 60 to 80 m diameter is to be fabricated from aluminum panels
in a plate type of construction; perforated aluminum is provided for
the region from 80 to 90 m diameter, and only the outer, 5-m-wide rlng

-

will be made of 8-mm=-mesh wire nettlng.

The construction site was also decided on. An area in the northern
valley of th. Ahr near Eifelsherg was selected. It was a decisive
element in this choice that the possibilities of interference in the
centimeter-wave range be minimal. Through measurements at 10 and 6 cm
wavelength at the construction site and the neighboring mountains, it
was found that interference -~ if it existed at all -- was below the
measuring accuracy. In the meantime, the foundations have been
conpleted at the construction site; the erection of the steel structure i
will begin in October. According to the time plan, completion of the :
erection of the steel structure is scheduled for February 1970. !

:

|
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The computations for the dish construction were made by a group of
engineers at MAN under the guidance of Mr, SCHNEIDER and Dr. SCHONBACH.
Tae computations and final design of the dish model with axial mounting

o

o ?
were carried out by a group of engineers at XRUPP under the guidance f

. Messrs., GELDMACHER, ALTMANN, and RUSEL. The Institute was supported |

by Mr. HOOGHOUDT (Eng.) as consulting engineer. Members of the
Institute who participated are Dr. RUHLFS, Dr. GRAHL, Dr., FEIX, and
Dipl. Phys. GIRNSTEIN. Heartfeld appreciation is expressed here to
all participants.
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Yable 1. ¢ racteristic values : the best-fit paraboloid for
the dish construction with 4-point support
_——— - - ——— — s —— - Av.- -——-'— - - d
LOAC Eiu‘v’u \;;.O:A Q *, . z P " ::1 |
v o L ]
e = g g spary
degrees ' mm mm geoonds |
Lf are |
Weight of the 5 1.20 1.89 0.52 26099.5 68 i
steel structure 45 1.09 1.61 1.08 26096.7 50 1
90 0.99 0.0 =5,75 26104.5 0 }
80 !
Weicht and wind 5 1.29 =2.21 0.55 26099.5 72 ;
ioad (lS".;/b(.C L
Table 2. Characteristic values of the best-fit paraboloid for
the truss construction
D Load Elevation ¢ g Z 4 8 !
o 8 |
m degrees mm mm mm  mm geconds |
of are
80 Weight of the 0 0.23 +129 =0.96 26100 520 i
: steel structure 45 0.305+ %81.8 -~ 26108 370 5
i 90 0.372 0.0 - 26112 0 5

Characteristic values
the dish construction

cf the best-fit paraboloid for
with 8-point support

D Load Elevation o Y, ¥y I 3 g
m degrees mm mm mm  mm seconds ;
of are |

90 Weight of steel 5 1.9 0.10+ 1.51 30600.9 171 |
structure 45 £ I 0.07+12.3 30607.6 121 |

90 SRR e b i

Characteristic wvalues
the dish construction

Table 4.

30610.7 0

of the best-fit paraboloid for
wiih axial mounting

|_D Load Elevation o - 5= e B

i m degrees mm mm mm mm gec O0j arc
i 90 Weight of 0 0.28 =337.6+1.06 29361.7 1140

| steel structure 45 0.46 -240.5-1.62 29379.2 846

§ 90 6.50 0.0-3.05 29386.7 0

| 100 90 0.83 0.0-3.76 29383.3 0

B e A 3ty oot
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e 5., Deformation of the surface for three different wind

velocities (in m/sec) (4Ax and Az in mm)
B 12 m/sec » 9 kg/m® 18 m/seec » 20 kg/m? 42 m/sec » 119 kg/m?
Az & (1% Az Az Lz
0.0 0.0 -0.63 0.0 -1.45 0.0 - 7.7
11.4 0.01 -0.63 .02 -1.40 0.09 - 7.7
22.8 0.01 -0.55 0.03 -1.25 0.11 - 6.7
34.2 0.03 -0.55 0.07 -1.21 0.4 - 6.7
45.6 0.08 -0.66 0,18 -1.5 1.0 - 8.1
57.0 0.12 -0.76 0.27 -1.7 1.4 - 9.9
68.5 0.15 -0.85 0.34 -1.91 1.9 -10.4
0.0 0.15 -0,.86 0.38 -1.94 1.9 -10.5
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Construction proposal for a 64-m telescope with 19 supporting
points of the dish (after KALATSCHEFF, Ref. 12).

Typical deformation of a reflector dish during inclination about
the elevation axis. (Dotted line -- the deformed contour.) The
arrows show the direction of the forces to be introduced.

13. The deviation from the pest-£fit parabola.
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21. Dish construction with 8-point support.
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eformation djiagram of the dish construction with g-point
sup; ion

£
pport at 90~ inclination of the telescope.

cone tip

23. Dish construction with axial mounting (schematic).

24, Deformation diagram of the dish construction with axial mounting
at 90° inclination of the telescope.




REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.



g

e s

e .

-y

~ 1m
-
i :
. .
| , |
m
I ,
:
B
i "
. s 3
g i i /
] e i = e I
£k ftieeg 3 ! ﬂ t
.:.. ~ '
’ il
» -4 2
4 . [ O
! v m
: Y e
g L4
i il
2 F
b joe!
i o f
L}
. i
.ﬂ.ﬁ..:\ \
el et
g §
O ;
i :

e ety e = e - —
W b ————— AP 5 o ——

n e bt

s

- ey

Telescope in azimuth setting.

26.




REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.



R e Wi o o R

-
y o=
1 *>»

v

(4]
<
Frpe—

UPUIIURI———————_ ¢
i

28. Deformation of the reflector at a temperature gradient of 5°

per 100 m of height.
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