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Table 1 The critical design indicators of the Ku, K, Ka, and Q bands

Band
Parameter

Ku K Ka Q
Frequency range/GHz 12-18 18-26.5 30-34  40-46

Number of beam 1 2 1 2
Noise temperature of receiver/K 15 20 30 30-45
Noise temperature of system/K 27 46 60 66-108

Efficiency of the antenna/% 40 20 50° 45°

? When the active surface is not enabled and surface flatness is better than 0.6 mm;

P When the active surface is enabled and surface flatness is better than 0.3 mm.
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Table 2 Parameters and their errors of the sub-reflector model
Shift in X direction/mm  dX = A + Bcos(wx X el)+C'sin(wx X el) wx=3.797

Shift in Y direction/mm  dY = D + E cos(wy X el) + F'sin(wy X el) wy =3.032

Shift in Z direction/mm dZ = G+ Hsinel

Parameter A B C D E F G H
Value —0.45 —-0.06 —0.03 10.10 13.65 16.42 —29.61 32.86
Error 0.11 0.16 0.12 0.62  0.76 0.78 0.52 0.71

z3 EEIMERBREIRE

Table 3 Parameters and their errors of the pointing compensation

Qx /" p4 + p5 cos el+p6 sin el
Qy /" pl + p2cos el+p3sin el
Parameter  pl p2 p3 p4 pd pb

Value 3.02 1.52 295 6.87 —-050 —0.24
Error 0.18 0.18 0.18 0.09 0.10 0.09

{ERI RSN, EKui Be13.5 GHz A7 5 Il Aol &, K 1 #5347
B AR ) O ZE AN, AT G R 222288, LRSS S A AR L, W] LAZRAS BE /N U
Gk e BN G, kil =25 K21 48" (F8RMS, root mean square), 3X— 55
Kl BT AT TAEKa B a1/ 1098 a5 S A 47 2247, IR 2 /i 1R 22 AT
FESZ ). R T AEPEX — )8, K aik B Qi B FRAT T35 SR F Pl 8 B 20 sl 5t 10 7 v, 1
SERMEIESR R 22, W% T B, AT T LLUARIAF- 15" (Heikd” ) e iR 2.
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Fig.1 The changes of Shanghai atomospheric brightness temperature with zenith angle
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Fig.2 Approximation algorithm error of noise temperature vs. frequency
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Table 4 The comparison between linear and nonlinear fittings

Ku Ka
Method
Trcc 70 Trcc 70
Linear fitting 17.93 0.0324 40.0 0.1013
Nonlinear fitting 17.15 0.0352 27.5 0.1467

Error of linear fitting/% 4.3 8.6 31.3 448
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Fig.3 The differences of the approximate model and full model in the system noise temperature

measurement with different atomospheric opacities
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Fig.6 Flux densities of the calibrated radio sources
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Fig.9 The dual beam efficiency test of K band @DR21, 19.45 GHz, 20 MHz bandwidth
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Table 5 The performance of Ku, K, Ka and Q bands with sub-reflector model
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#5 Ku. K. Ka, QiEEIHEMENETERE

The beam?2 efficiency test of Q band QNGC7027, 43 GHz, 20 MHz bandwidth

Band Frequency DPFU Efficiency Normalization Polynomial (ael3 + bel? + cel 4+ d)
/MHz  /(K/Jy) maximum el/° a b c d
Ku 15600 0.807 0.67 50.877 —5.13 x 106 3.9693x10~ % —3.89840x10~ % 0.6673468
K1 19450 0.671 0.56 49.266 —4.03 x 1076 3.5360x10~%  —0.00534241 0.88706250
K2 19450 0.663 0.55 48.58 —3.38 x 106 2.5645x 1074 —0.00101342 0.83124121
Ka 31100 0.653 0.54 48.937 —6.35 x 1076 2.6943x10~% 0.01925549 0.15628293
Q1 41000 0.639 0.53 48.572 —5.68 x 1076 1.9052x 104 0.02196677 0.13430961
Q2 43000 0.662 0.55 51.531 —1.04 x 10~° 7.4671x10 4 0.00631029 0.11507907
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Fig.12 The SEFD test of Ku band @3C286, 15.6 GHz, 20 MHz bandwidth
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Fig.13 The beam2 SEFD test of K band @DR21, 19.45 GHz, 20 MHz bandwidth
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Fig.15 The beaml SEFD test of Q band @41 GHz, 20 MHz bandwidth
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Fig.16 The receiver and system noise temperature of Ku band
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Fig.17 The receiver and system noise temperature of K band
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Fig.18 The receiver and system noise temperatures of Ka band (abscissa is the intermediate frequency)
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Fig.19 The dual beam receiver and system noise temperatures of Q band
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Antenna Performance Measurements in Ku, K, Ka,
and Q Bands for the TM65 m Radio Telescope
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AsstracTt The critical performance indicators of the TM65 m radio telescope are
described. We report the antenna efficiency, sensitivity, and system noise temperature
performance measurements in Ku, K, Ka, and Q bands. The key indicators of the four
bands’ receiving systems are introduced firstly. The issues which are critical to the
measurements are discussed. These include pointing, sub-reflector model, noise diode
calibration, and the atmosphere. The current antenna efficiency, sensitivity, and system
noise temperature of the four bands are reported. The measurement results show that
50% efficiencies can be achieved in all four bands at the mid-point of the elevation
range. Currently, at higher and lower elevations, there is a significant decline in the
efficiency as a result of the main surface deformation with elevation. The sensitivities
of the four bands in the mid-elevation about 50° are 38 Jy, 120 Jy, 200 Jy, and 110 Jy,
respectively.

Key words atmospheric effects, telescopes, techniques: radar astronomy, cosmic back-
ground radiation, methods: observational
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