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CASSEGRAIN SYSTEM FOR 140' TELESCOPE

P. J. Napier
November 8, 1972

A. Multifeed Cassegrain System

The "multicone" feed system used by JPL on their 210-ft. antennal appears
to be the best way to utilize a multiple cassegrain feed system. It is pro-
posed to use.the same system for the NRAO 140 ft. telescope. The advantages
of this system afe that it has no phase error or boresight shift and should
have good spillover performance.

In a "multicone" feed system the feeds are located in a circle around the
parabola axis. The subreflector is tilted about the parabola focus to point
towards the feed in use. To change feeds the subfeflector is simply rotated
about the parabola axis.

B. Cassegrain Geometry

Figure 1 shows the proposed cassegrain geometry‘for the 140 ft.

Paraboloid F/D = 0.4286

Parabola Half Angle = 60,51°

Average Hyperbola Diameter = 10.53 ft. (126.4")
Focus to Feed Distance = 45 ft. (540")

Average Hyperbolic Half. Angle = 7.14°

Magnification = 9.348

Eccentricity = 1.240

Focus to Hyperbolic Vertex = 4.35 ft. (52.19™)

Angle Between Parabola Axis and Hyperboloid Axis = 4.1°
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C. Subreflector

Figure 2 shows the coordinate system for the subreflector. Table 1 details
the hyperbolic profile of the subreflector. The hyperboloid axis of symmetry
is colinear with the horn phase center. Spillover will be minimized by
-truncating the symmetrical hypérboloid asymmetrically. This truncation is
detefmined by the boundary formed by the come, which has its apex at the
paraboloid focus and symmetrically circumécribes the edges of the paraboloid.
Table 2 details the edge of the subreflector. The hyperboloid will be
rbtated about the paraboloid axis to focus on the feed being used. The sub-

reflector will weigh approximately 150 1bs.

Subreflector tolerances:

(a) Subreflector Surface Deviation — The RMS departure from a best fit

hyperboloid must be less than 0.01".

(b) Subreflector Axial Focus - This should be remotely adjustable over

a range of + 4" with a resetability and stability of 0.1" to keep
gain error < 5% at A = 1.35 cm.

{c) Subreflector Tilt - The subreflector axis must be parallel to the

line between the paraboloid focus and the feed phase center to within
i_0.1° and must be stable (or known through a readout sensor) to
within + 40 arc-seconds (+ .03" at edge).

(d) Subreflector Lateral Focus =~ Ther vertex of the subreflector must

be on the line between.the parabola focus and feed phase center to
within .2" and must be stable to within + .01l" to keep pointing

errors less than + 3 arc. sec.
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(e) Rotation About Parabola Axis - To focus on the feed to be used,
the subreflector should be able to be remotely rotated about thev
paraboloid axis to a predetermine& position with an accuracy of
+ 1° and must be stable to within + 3 arc. min.

D. - Nutation

The . purpose.of -nutating the antenna beam is to provide .cancellation of
atmospheric noise. " Other functions such as.locating a source or mapping of
an extended objéct can be performed by scanning the antenna.

A square-wave movement of the beam is desirable in order to provide
optimum sighal—to-noise. The frequency of the square-wave should be
> 2 cps and as high as 5 cps, if feasible, in order to cancel atmospheric
effects and mechanical instabilities in the receiver. This is evident from
our own experience,and fromAthe work of Slobinz. A maximum of 1/8 of the
cycle should Bé spent in moving from one position to the other; thus the
transition timé must be < 31 ms and preferably < 12 ms.

The amplitude of the beam deviation must be large enough to make the
'beamsbe#élusive and thus must be at least a few beamwidths at the longest
wavelength of operation. The beam‘deviation, A6, for an a rotation of the
hyperboloid about its vertex is approximately.Zd!M, where M is the
Cassegrain magnification. (If the hyperboloid is pivoted at a point located
at a distance, %, behind its vertex, the beam deviation is approxiﬁately
2 a/M - 2a/F, where F is the paraboloidal focal length 720"; thus %2a/F

is negligible for % < 14".)
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On the basis of the above considerations the following table of

transition time, T, vs. angular movement, &, is recommended:

S

Preféféﬁle , )
Beam Hyperboloid Transition Wavelength Hyperboloid
Deviation Rotation Time for 486 = 3} Edge
Y:) o T Beamwidths g_ Movement
18! 84! 19 ms 6 cm 4"
6' 28" 16 ms 2 cm 1.3"
3.6' 17° 10 ms 1.2 cm 0.8"

Nutation should be in the plane containing the axis of the paraboloid and

the axis of the subreflector.

E. Feed Package

Initially. four (4) feeds will be positioned on the telescope: L Band,

C Band, Ku Band and K Band. There is room on the feed circle for more feeds
if required at a later date (e.g. S Band, X Band’. The four. (4) feeds

are being made by Rantec and are described in detail in "Specifiéations for
Cassegrain Feeds" - NRAO October 31, 1972. Approximate dimensions for the

feeds are as follows:

Aperture
Feed Diameter Length Weight
(+ 10%) (+ 10%) L (£ 407%)
L Band 62" 85" 1000 1b,
C Band 17" 82" 200
Ku Band 6" 82" 100
K Band 4" 82" 100
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Figure 3 shows the feed arrangement and equipment rcom.

The feeds must be directed to the center of the subreflector area (not
the subreflector vertex). This requirés that they be tilted at an angle
of 4.7° to the paraboloid axis. The centers of all feed apertures lie on
a circle with'radius’38.4" about the paraboloid vertex. The center of this
feed circle is 15.5‘ (186") above the paraboloid vertex on the paraboloid
axis.

The equipment room béiow the feeds should be circular with a diameter
of 10'. The room should be 7.5' high with its floor 34" above the parabola
vértex; In this position the ends of the feeds should project approximately
20" into the room.

Mountings for up to five 2 ft. X 2 ft. X 2 ft. floor mounted racks with’

a total weight of 2000 1bs. should be provided.

Feed Tolerances

(a) Feed Axial Focus - The center of the L Band feed aperture should

not be behind the feed circle described above, but may extend up
to 6" in front of it. The center of the C, Ku and K Band horns
should all lie in the same plane within + 1" of the feed circle.

(b) Feed Lateral Focus - The center of the K Band feed aperture shoﬁld

be within + 1" of the line through the paraboloid focus and the
subreflector vertex and should be stable to + .1". The tolerances

for the other frequencies are proportionately greater.
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(c) Feed Tilt - All feed axis should lie on a line at 4.7° to the
paraboloid axis and their tilt in two orthogonal planes should
be locally adjustable to + 3°. The feed tilt should be stable
to + 40 minutes of arc.

F. Dichroic Optics Svstem

To allow the telescope to operate at both C and Ku Band simultaneously
a dichroic optics system shown in Figure 4 will be positioned above the
C and Ku Band feeds. A supporting system is needed to hold the ellipsoidal
reflector over the Ku Band horn and the dichroic reflector over the C Band
horn. The support system must provide the necessary positional accuracy
and aléo be capable of swinging the reflectors out of the path of the
feed radiation when dual frgguency operation is not needed (see photographs
of the JPL dichroic-optics system and reference 3). The ellipsoid and
dichroic reflectors will be approximately 12" in diameter and will weigh
approximately 5 lbs. They will be provided by the feed manufacturer.

Dichroic Optics Feed Support Tolerances

(a) Axial and Lateral Focus - The ellipsoidal and dichroic reflectors
must be positioned on a specified point on the axis of the Ku and
C Band horns with an accurécy of .1" and should be stable to + .01".
(b) Reflector Tilt - The reflectors should be positioned at the correct
specified angle with respect to the feed axis -~ this angle should
be locally adjustable over + 3° and should be stable to + 20 minutes

of arc.
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