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Table 1 The critical performance tests for the receivers at four low-frequency bands

Band L S C X
Frequency/GHz 1.3~18 2.15~245 4~8 8~9
Receiver noise/K 104 10 94 154

Total gain/dB 65 78 > 60.5 74.6
Feed insert loss/dB 0.07 0.08" 0.05 0.1
Return loss on o
—18.2 —23.1 —25 —25.8
polarizor’s output/dB
Return loss on b
—15.3 —19.4 < -15 —19.6
LNA’s input/dB
Temperature
17 13 22
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Fig.1 The signal transmission and system temperature composition
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Table 2 The calibrated noise T'ca; and errors for the four bands

Band TY/K T /K T7°°/K  Error™/(%)  Error™/(%)

L 16.2 1.6 0.5 3.1 31.3
S 11.9 4.4 0.5 4.2 11.4
C 12.5 2.2 0.5 4.0 22,7
X 17.8 2.44 0.5 2.8 20.8
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Table 3 The reversion error of T, in the zenith direction
Band Tis/K Error/K Relative Error/(%)

L 28 0.5 1.8
S 50 0.5 1.0
C 17 0.5 2.9
X 28 0.5 1.8
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Fig.2 The temperature of Ti, calibrated in the laboratory at S band vs the reversed value of Ti, with
the Y factor method of blackbody absorber
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Fig.4 The receiving link in saturation work areas with the T5p¢ input
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Table 4 The measurement errors of the system noise temperature from mismatch

factors
System Mismatch Mismatch  Relative
Band temperature factor Y/dB  error/K  error/(%)
/K Min/Max Min/Max  Min/Max
L 28 0.917/0.997 10 0.07/2.50 3.3/3.6
S 50 0.969/0.998 10 0.04/0.93 0.0/1.8
C 17 0.949/0.986 10 0.41/1.5 2.4/8.8
X 28 0.974/0.996 10 0.1/0.79 0.4/2.8
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Fig.9 The error of the temperature noise with the approximation algorithm vs frequency
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Fig. 10 The sky brightness temperature calculated with the model for different zenith angles
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Table 5 The system noise temperature estimations of the four bands in the zenith

direction

Frequency L S C X
range/GHz 1.3~18 215~245 4~8 8~9
Atmosphere temperature/K 5.1 4.7 4.8 5.4
Feeds insert loss/K 7 7 3 4
Receiver temperature/K 10 10 9 15
Mismatch temperature/K 1.2 0.5 0.5 0.5
Antenna suface temperature* /K 1 1 1 1
Ground radiation temperature*/K 1 1 1 1
System temperature/K 25.3 24.2 19.3 26.9

T F IR BB



1 4] TR TM65 m i B S R BL AR G M 4 i A 2 By

70

60

T, /K

200 10 20 30 40 50 60 70 80 90

EI()
B11 Lk BORIS T B R G mE 7 i 5 B IR0 A7 A% A0 A5 250

Fig.11 The system noise temperatures for L and S bands changing with elevations
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Fig.12 The system noise temperatures for C and X bands changing with elevations
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Measurements and Analysis of System Noise
Temperature of the Low-frequency Bands for the
TM65 m Radio Telescope
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AsstracT We first present the noise characteristics of the receiving systems including
L, S, C, and X bands for the TM65 m radio telescope. The measurement methods
for the system temperature have been discussed. The important influences, including
the non-linearity error, feed network insertion loss, mismatch errors, and so on for
measuring the system noise temperature are analyzed. We have measured the system
noise temperatures in four bands with both of the calibrations of noise sources and
black body in room temperature. We have estimated the temperatures of the noise
sources and compared them with the laboratory values. The difference is around 0.2
K. Finally, the system temperatures of the four bands are measured and analyzed.

Key words atmospheric effects, techniques: radar astronomy, cosmic background
radiation



