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In the most compact array configuration the mmA antennas are
required to be placed as close together as possible. Lamb studied...
this problem in detail [ l '. However, his study concerns with only
antennas with a conventional Cassegrain mounting. The finding in
his memo is that a closest spacing of 1.25 D may be achieved, where
D is t.he aperture of the antenna. For an offset slant axis design,
the antenna structure is different. The problem therefore needs
studying again.

The most conservative way to determine the minimum seperation is to
place antennas so that they would not touch each other under any
circumstances. This minimum spacing between antennas corresponds to
the dimension of the maximum antenna sweeping volume. For a
Cassgrain antenna, the sweeping volume is determined by the
distance between the elevation axis and the edge of the dish or the
top of the secondary mirror assembly. In Fig. la, a typical value
for the distance of an 8 m antenna is about 5.3 m, that is about
0.66 D. The sweeping volume is then 10.6 m or 1.33 D. In Fig. 1b,

the sweeping volume of an offset slant axis antenna is determined
by the distance between its azimuth axis and the outmost edge of
the secondary mirror supporting structure. The distance is 5.45 m.
The sweeping volume is then 10.9 m, which is 1. 36 D. This figure is
slightly larger than that for a Cassegrain mounting design. To
reduce the sweeping volume of an offset slant axis antenna, it is
necessary to move the secondary supporting trusses closer to the
secondary mirror or to move the azimuth axis closer to its
secondary mirror structure. These modifications may not be possible
without reducing the stiffness or increasing the weight of the
structure.

However, when the array antennas are installed on site, the
antenna's outmost edges can be protected reliably by electronic or
mechanical sensor system to avoid any possible damage or antenna
interference ( note, software protection is also reliable, in
avoiding collision or interference. Many telescopes have developed
programs for avoiding the dish from pointing directly to the sun).
In this way, both Cassegrain antennas or offset antennas can be
placed more closely than the above mentioned distances, The
distance between two nearby antennas for both Cassegrain or offset
mountings can be as small as 9.6 m, which is 1.2 D as shown in Fig.
i. In fact, antennas with such spacing distance only interfere in
a very rare case.

Reference

[I] J. Lamb, Minimum spacing constraints for MMA antennas, mmA memo #64.
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Figure 1. (a) The seperation .between two Cassegrain antemnas;
(b) The seperation between two offset antennas.
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Erratum for Memo #13

Dave Woody has pointed out an error in mmA Memo # 13, Geometry Of The Slant-Axis
Antenna. The error is in equation (8) which has an incorrect sign. This affects also the text
following and Figure 5(b). The correction introduces a singularity at 00 elevation for cz = t/4,
in accord with what is physically expected.

Corrected versions of the relevant pages are attached.
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4 Small-Angle Switching Prperties

One of the proposed observing modes for the array is to observe an astronomical source and to switch to
a nearby calibration source at short time intervals to calibrate the atmospheric phase. We do not anticipate that the
drive will be a problem for normal tracking, but this rapid switching between nearby sources on the sky will place
a heavy demand on the servo system. Switching in azimuth will be similar for the conventional and slant-axis
geometries, but movements with an elevation component will be different since both bearings of the slant-axis
antenna need to turn. Consider a requirement for switching through some small angle S on the sky in a direction
at an angle y to the horizontal (Fig. 4). In terms of the change in elevation, and azimuth

82 = aO2+A 2 sec2 0 (3)

and

tany = (4)
A IsecO

The rotations required of the two bearings are related to the azimuth and elevation changes by

80' 80'SO' =- o + -- A (5)
ae80 8

and

__r,.o + o.(6)
8~8 ae

The partial derivatives may be found analytically and the following expressions give the bearing rotations in terms
of 8 and- y-

O;_-cose Ssiny (7)
8 /cos2 0 +2(sin0-1) cos2

and

A / _ cos a (sine -1) cosy
- sminy- (8)

cos cos
2
0.+2(sinO-1)cost cos

Fig. 5a and Fig. 5b show how the required bearing rotations depend on the elevation of the source. For

the. conventional antenna (Fig. 5b) the maximum angle that the elevation bearing turns is the same. as the angle

between the source and the calibrator and occurs, of course, when y = 900. The azimuth bearing rotation depends
on the elevation of the source and large angles are needed when y = 00 at high elevations. The slant-axis antenna.

(Fig. 5a) behaves much like the slant-axis at high elevations. However, at. low elevations, both bearings need to-
move further-than 8, and the increase in angle is similar to that required for the azimuth axis at high elevations.
The worst values for 8 vary between O0 at 90* elevation and 900 at 00 elevation.

These results show that both axes in the slant-axis antenna need to be driven further than the angle between
the source and the calibrator, but the worst cases occur at the opposite elevation extremes. Furthermore, the
magnitude of the effect is no worse than for the conventional antenna, although that is affected in only one axis and
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at one elevation extreme.

5 Discussion

The slant-axis antenna is more complicated in geometry than the conventional altazimuth one. Generally
the axes of the slant-axis antenna need to be rotated further than those of the conventional design (though the
moments of inertia may be smaller round those axes). Complete sky coverage is obtained if the slant bearing rotates
between 0° and 180 ° , but if it is also permitted to rotate between 180 ° and 3600 lower rotation rates for the azimuth
bearing could be achieved for some parts of the sky. If the receivers are located below the slant axis there will be
only a small number of cables which need to go round the "elevation wrap" and a full 360 ° rotation should be quite
feasible.

When the antenna is required to move rapidly through short distances the two designs are quite comparable
at high elevation angles, but the slant-axis needs more rapid rotations at lower elevations, particularly below 20°;
down to 4° the degradation is less than a factor of 4, getting rapidly worse below that.- Most sources will be above
this so that the performance should not be. significantly degraded.

In addition to the geometrical aspects discussed here, the dynamical ones need to be considered. The higher
rotation rates could be offset by lower moments of inertia resulting from better location of turning axes and
avoidance of counterweights. Also since torques are applied differently the.structural resonances which are applied:
may be different. Further studies are needed in this area.
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