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NATIONAL RADIO ASTRONOMY OBSERVATORY 

TUCSON, ARIZONA

May 13, 1981 12 METER MILLIMETER WAVE TELESCOPE 

To: 12 M File M E M O  N o . ______ 3 3 ______

From: J. M. Payne

Subject: PRELIMINARY DESIGN OF OPTICAL SYSTEM AND RECEIVER SYSTEM 
FOR THE 12 M ANTENNA

Introduction
Attached is a preliminary design for the 12 M receiver and optical system.
The main features are as follows:

1) The optics is simple and straight forward. Although it 
would be nice to try new ideas* I have resisted the 
temptation where there is no clear advantage.

2) Different receivers may be selected by a simple mirror 
rotation.

3) Any receiver may be tuned to have a single sideband or 
double sideband response from the control room. In the 
single sideband case, the receiver input is terminated 
in a 15K load at the image frequency.

4) A calibration system, common to all receivers will permit 
the independent measure of
a) Receiver temperature
b) Sky temperature
c) System temperature

5) The optical system does not preclude dichroic or even trichroic 
operation although this will not be featured immediately.

6) The LO injection system and sideband rejection system are able 
to operate at any IF frequency. Both these systems are dual 
polarization.

7) If the newly packaged receivers are not ready in time, an existing 
receiver may be mounted on the new surface with its existing feed 
system. The only extra cost is a subreflector (cost $700 and one 
month delivery.) This subreflector would fit our existing rotating 
mechanism.

8) The assumption is made that the minimum frequency of operation is 
70 GHz.

I would appreciate any comments you may have.



THE OPTICAL SYSTEM

The geometry of the proposed optics is shown in figure 1 and the 

dimensions of the .subreflector are given in Table 1. A 24 inch diameter 
subreflector will fit in the existing nutating mechanism. All dimensions 

are in inches as the numerically controlled lathe will not work in metric 

units. The main beam rotation for a given subreflector rotation is derived 
in figure 2 and a comparison between the existing geometry and the proposed 

geometry is shown in Table 11. Note that our existing feed systems may be 
used, although we would prefer to incorporate the new BL Ulich design.

A typical receiver installation is shown in Figure 3. This is the 3 MM 

receiver and is the largest of the proposed receivers. The size of the 

optical parts of the receiver could be reduced either by making the receiver 

selection mirror an offset parabola or by incorporating a second lens at the 
input to the image terminator. At the moment we don’t feel that this is 

necessary. The diameter of the beam at A*3MM is 25 CM at the receiver 

selection mirror. To keep pointing errors to less than 1 arc sec requires 

a positioning accuracy of 50 arc secs for the mirror. A 15 bit encoder would 
be a suitable readout.

THE RECEIVING SYSTEMS

The main difference between the new receivers and our existing receivers 
lies in the dual polarization diplexer shown in Figure 4. The geometry has 
been changed from our existing design to accomodate any reasonable IF frequency. 
Also, with this geometry, identical devices may be used for L.O. diplexing or



image terminating. The wire diameter has been chosen to be easy to work 

with as have the spacings. The polarization diplexer will be similar to 
our existing system.

It is important that we build and test the dual polarization diplexer 

as soon as possible. Lucky estimates three (3) weeks of shop time.

Other parts of the receivers will be the same components we now use.

A path length modulator will be incorporated into the mirror selection 
mechanism.

The calibration system will be similar to the system we are now 

constructing and will consist of two temperature controlled loads. This 
system will enable us to implement the cooled chopper principle of calibration 

suggested by Bobby Ulich.



PARABOLIC F/D = 0.42000

PARABOLIC HALF ANGLE= 61.52501

HYPERBOLIC DIAMETER = 24.00000
FOCUS) TO FEED DISTANCE = 327*00000 ^ ̂ 0 0

HYPERBOLIC HALF ANGLE = 2.14430

MAGNIFICATION = 31.80590

ECCENTRICITY = 1.0649?

FOCUS 70 HYPERBOLIC VERTEX = 9.96771 

HYPERBOLIC DEPTH AT EDGE 3.45914
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TABLE II

Displacement 11-m 12-m

Prime focus feed lateral displacement 22.3 arc sec/mm 34.3 arc sec/mm

C assegrain feed lateral displacement 1.36 arc sec/mm 1.27 arc sec/mm

Subreflector lateral displacement 21.0 arc sec/mm 39 arc sec/mm

Subreflector rotation -0.0728 arc min/min -0.0789 arc min/min

Magnification 17.2 31.8

Hyperbolic half angle 2.1 degrees 2.1 degrees

Eccentricity 1.229 1.065
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