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Abstract Measurement results of some properties of the Miyun 50 nmorgelescope

(MRT50) of the National Astronomical Observatories, sushpainting calibration, an-

tenna beams, system noise temperature, gain and gaineasiatith elevation are intro-

duced. By using a new de-convolution technique developeslibgroup, the broadening
effect on measured beams caused by the width of an extendieds@urce has been re-
moved so that we obtained higher accuracy on the measurefeiRT50 beams.
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1 INTRODUCTION

In 1999, after the Miyun Synthesis Radio Telescope (MSRT3liied its main scientific goal: the meter-
wave radio source survey (Zhang et al. 1997), Miyun radiaigneroposed to build a 45 m single dish
telescope (Zhang et al. 2000) for radio astronomy resedicwarequency bands. Afterwards, it was
suggested that the project construct a more multi-fundd@m radio telescope for both radio astro-
nomical observations and space communications in 2002 ¢\®802). The MRT50 was put into test
operation in 2005 and passed its final reception test in 288étion 2 gives a short introduction to the
MRT50.

In general, some necessary tests, such as pointing cailprheam-size/efficiency determination,
gain measurements, and so on, have to be done before theof@esan be used correctly. First of all,
pointing calibration was carried out during the test peidd/RT50 in 2005. The pointing accuracy
reached about 30after the first calibration. This made the observation of SMAL successful in the
summer of 2005. The second round of pointing calibration eaaginued in 2006 (after Meeks et al.
1968; Yuan et al. 1986). We will introduce the pointing cedition method and result in Section 3.

To determine antenna gain with a cosmic source, it is exfdebta the source is small in angular
size and strong in intensity. If a large angular source islugee measured beam width has to be cor-
rected (Yuan et al. 1986). Because of the sensitivity of M&RTBe radio source Cyg A was adopted to
determine the beams. To reduce the effect of Cyg A structumew de-convolution method, developed
by our group, was used to remove the broadening effect. Tfomdeolution method, results of antenna
gain and gain variations with antenna elevation will beddtrced in Section 4. Related observations
were performed in 2007. In Section 5, we will give the resoftequivalent noise temperature at the
input-port of LNA and its variations with antenna elevation
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2 MIYUN50M RADIO TELESCOPE

The MRT50 is located at the Miyun Station of the National Aswmical Observatories, with longitude
116.976 E, latitude 40.558 N, and elevation 155m (see Fig. 1)

Fig.1 The Miyun 50 m Radio Telescope.

The Miyun Radio Telescope (MRT50), which is 50 meters in diten is a wheel-on-track system
with an Azimuth-Elevation frame structure. It consists giarabolic reflector, which is made from a
solid filled panel in the inner 30 m region and wire mesh in thhéeen 30 m region, and some multi-
function receiver back-ends. The antenna has primary feedsing at UHF1/UHF2, L, S/X and Ku
bands. The feed selected can be rotated to the right posititmmatically to change the observing
frequency and moved along the reflector axis. Both the miahd movement of the selected feed can
compensate the variation of the reflector focus caused Iwtgtian. Tables 1 and 2 list the mechanical
and electronic properties of the antenna respectively $orea by the antenna maker, thé'Siistitute
of CETC, in 2006).

Table1 Main Mechanical Specifications of the Miyun 50 m Antenna

Items Azimuth Elevation
Movable range +270° +5° ~ +90°
Maximum slewing speed (deg$) 1.0 0.5
Slewing speed while accurately controlling (deg'$ 0.003° ~ 0.3° 0.0015° ~ 0.15°
Maximum acceleration (deg$) 0.5 0.3
Acceleration while accurately controlling (deg%) 0.015 0.015
Surface rms<€ 30m) 0.75mm
Surface rms (30-50m) 1.06 mm
Optics Prime focus, F/D=0.35
Maximum wind speed while accurately controlling 17 mis

By making use of the UHF1/UHF2 and S/X frequency groups, agdesf interplanetary scintil-
lation (IPS) monitoring system has been performed recé@dtigng 2007). An L-band pulsar receiver
is now under construction for the MRT50 (Jin et al. 2006). MIET50 is one of the key-sites for
downloading scientific data from the CE-1 lunar satellitd taking part in measurements of its orbit.

3 POINTING CALIBRATION OF THE MRT50

In general, a new large aperture radio telescdpex( 100)\) cannot point at a radio source using the
coder only because there are a lot of system errors such alseawor, basic plane error, and so on.
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Table2 Main Electronic Specifications of the Miyun 50m Antenna

Programming, Automatic

197 (rm.s)

Tracking mode

Pointing accuracy
Frequency/band width (MHz) 327/30,611/60,1650/330,2860, 8400/1600,12100/800
VSWR <1.3 (single feed)<1.5 (dual-frequency feed)

First side-lobe(dB) <-18

Cross couple between two polarization channel (dB) <-20

Cross couple between different frequency channel (dBx—20

Antenna temperature at feed output point <17K for all bands

57.3%@345 (MHz)
57.0%@611 (MHz)
60.2%@1537 (MHz)
59.9%@2500 (MHz)
68.4%@7600 (MHz)(43 m diameter)
62.9%@12250 (MHz)(33 m diameter)

Antenna efficiency

Table 3 Information of the Pointing Calibration Sources for MRT50

Source name  R.A.(2000)  Dec.(2000)  Type/sije( Flux(Jy)X band
3C48 01374127 3309357 QsQ1.5 35
3C84 031948.16 4130421 Gat1.0 40.0
3C123 043704.17 2940151 Gal./23 12.0
3C144 05 34 32. 22 00 58. SNRSD x 240 560

3C 147 054236.14 495107.2 QSQ1.0 6.0
3C161 0627 10.10 -055304.8 Gal./3 4.5
3C218 091805.70 -120544.0 Gal.AT7 x 47 9.0
3C273B 122906.70 020308.60 QS0 40.0
3C274 123049.42 122328.0 Gabpo x 250 55.0
3C279 1256 11.17 -0547215 QS0 13.0
3C 286 133108.29 303033.0 Qscx.0 6.0
3C295 141120.65 521209.1 Galx 1 4.5

3C 348 165108.20 045933.0 Gal./170. 9.0
3C353 172028.20 -005848.0  Galp x 240 18.0
3C380 182931.72 484447.0 Qsal.0 5.0
3C405 1959 28.4 40 44 02. Garmo x 45 190
3C461 232324.8 58 48 59.0 SNRO x 240 610
DR21 055530.81 394849.2 Qsa20 20

So, carrying out system pointing calibration is the firspsie use the telescope. There are a number
of pioneers who introduced the principle and method to calédpointing of a telescope (Meeks et al.
1968; Yuan et al. 1986; Himwich 1993; lesber 1967; Ulich 1,9882). Instead of the fitting method of
least squares, which is widely adopted in model fitting ohgiog calibration, Kong (2008) introduced a
new fitting method, which is named the Generalized Extendepolation Correction Method. Zhang
(2007) also proposed another model fitting method, namebehst Squares Support Vector Machines
(LSSVM). The beam-width of MRT50 at X band is about Z0@hich is the highest frequency available
so far. The expected pointing calibration accuracy is a6t

Sources for calibration observation should have small Eangliemeter, strong intensity and uniform
distribution in the sky. Table 3 lists the sources we usethé&sources with small angular size but are
somewhat weak were excluded from this calibration becafifeedMIRT50 sensitivity, whereas some
strong and extended sources, for example Cyg A, Cas A, TawA/arA, were used in the first round
of observations. Each source was observed at differertignasin the sky. In total, 152 positions, which
have an almost uniform distribution in the sky, were obseime2006. Figure 2 gives the distribution of
the 152 positions in the sky.

The observations were carried out using two dimensionalsscBhe measurement values at each
position are defined a8 A = Aops. — Acal. aNAAE = Es. — Eca).. HereA is the antenna azimuth and
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Fig. 2 The sky coverage of the pointing calibration observations.

Table 4 Parameter Values Fitted from the 152 Observational Data
(unit is degree for all parameters)

KA ) K ¢ 5 KH ato 8
-0.37358 0.01081 -16.75 -0.00308 0.06442 0.028468 0.00208.03919

E is its elevation. To increase the measurement accuragyofnd A FE, we use a pair of scan-curve
median points (Half Maximum Width) to measufg,,s. and E,,s.. This method can reduce the errors
because of the different grades near the peak and mediats poin

The pointing calibration models for MRT50 were built as Etipras (1) and (2) (refer to Meeks et
al. 1968) from the 152 observations.

AA=ay-x1+ay-z2+as-x3+ a4 24+ as- s, (1)
AE =0by -y +b2-y2+0b3-y3 +by-ya+bs - ys, ()
wherea; = tan(E) x cos(A), aa = tan(F) x sin(A), ag = tan(E), ay = —sec(E), a5 = 1;
21 = —¢ x cos(k), xa = —¢ x sin(k), x3 = €, x4 = 0, x5 =KA; by = —sin(A), by = cos(A),

by = cos(E), by = 1/tan(E), bs = 1; y1 = —¢ x cos(k), y2 = —¢ x sin(k), y3 = B, ya=ato,
Ys =KH.

The parameters used in (1)/(2) are defined as the followimbey are:¢ — azimuth-axis tilt,
(90° — k) — the azimuth toward which the azimuth axis is tilted,(90¢) — the elongation between
azimuth-axis and the elevation-axis; the collimation error (the axis of the antenna beam is nat#yx
perpendicular to the elevation axis), KA — constant (thenarh-axis coding zero-error), — gravita-
tional deflection error, ‘ato’ — the residue after caliboatdf the atmospheric model, KH — constant (the
elevation-axis coding zero-error). The parameter valleaioed are given in Table 4. Figures 3 and
4 show the distribution of MRT50 pointing residual errorsdahe models applied respectively. Our
results show that the pointing calibration accuracy (13m5azimuth, 17.8 in elevation) reached 1/10
beam-width.

For further pointing calibration, using the Ku band may beadychoice. The beam at Ku band of
the MRT50 is about 1830which makes the reachable accuracy of about 1% addition, the MRT50
antenna maker, the B4institute of CETC, measured an epsilon value using a mechhmiethod. The
value they found was 12while our value is about 11
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Fig. 3 Distribution of the pointing calibration residues.

4 MEASUREMENTSOF THE MAIN BEAM AND GAIN OF THE MRT50

Ideal radio sources for beam measurement of a radio telesslopuld be small and strong. However
these kinds of sources cannot be used to measure a sidesiéh& as —20 dB for MRT50 because of
its sensitivity limitation. The observed beam will be breadd if an extended source is used to measure
the beam. Cyg A is a strong radio source with two-point congods It is possible to deal with Cyg A
as two small angular sources because of its special steuctur

We developed a program to fit the observed scan curve withcalesd curve which convolutes an
adjustable beam with a two-point model of Cyg A. The modelyd @ is defined as the following: two
point sources, each is 30n diameter, and the angular spacing between the two poamiss/with the
azimuth and elevation (see Table 5). When the residue battheebserved curve and calculated one is
small enough, the adjustable beam should be the beam wigatoharoadening effect on the two-point
structure. Figure 5 gives examples at S/X bands. It shovigtiraesidue is smaller than 1% and the fit
between the observed curve and the calculated one is quitk dbe fit suggests that the beam shape
of the MRT50 at X band can be well represented by a Gaussiastifum The feed of the S/X band
is a compound one. The X band feed is in the center part swiesliby the S band feed. Hence, the
beam shape of S band cannot be represented very well by ai@abissction. It is represented by a
modulated Gaussian function. In this case, the residusdssahall enough.

4.1 Two Dimensional Main Beam

By using the method described above, we determined the twerdiional MRT50 beams at S/X bands.
Cyg A was used as the emitting source. Scans were carried the azimuth direction with the intervals
of 120" at S band and 80at X band in the elevation direction.

Figure 6 shows the measured S and X band beams, which areyothedric. The beam-width
of 3dB and 10dB at S band is 11.8(8)x11.779(F) and 19.9454)x19.912(F) at elevation 30
respectively, while at X band it is about 3.827) x3.187(E) and 6.430(A) x5.810(E), respectively.
The corresponding S/X band gains are 58.8dB and 69.4 dBec#gply. Our measurements were car-
ried out at 2300 MHz (S band) and 8400 MHz (X band). The MRT5@mma maker, the CT| 54 insti-
tute, measured one-dimensional scans using a satellitalsig the emitting source in the azimuth and
altitude planes at 2500 MHz and 7600 MHz (not our S/X workirggifiency) respectively. The MRT50
gains at 2500/7600 MHz were 59.85dB and 68.37 dB respegtiddier changing our gain values to
the 2500/7600 MHz, we got 59.52dB and 68.21dB. We found thatgain value at X band agrees
with their result well while the gains at S band have a 0.33 @ nce. According to the measured
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Fig.4 The azimuth model (top) and the elevation model (bottom}ldee the pointing correction of
MRT50. The constant term of the model is not displayed infilgisre.
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Fig.5 An example of the de-convolution fit at S band (left) and X béight), continuous line (up) is
the observed curve and the dashed line (up) is the calcutated, and the lower line is the residue.
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Fig.6 Main beam of MRT50 at X band (left) and S band (right).
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Table 5 Distances between the two-components of the Cyg A in theemestind eastern parts of the
sky (da = (a1 — a2) x cos(h), dh = hi — h2), where a is the azimuth artdis the elevation in degrees.

West a1(°) az(°) hi () ha(°) da() dh(’)
275.0571 274.9711 80.9007 80.9317 0.8160 -1.8640
275.5492 275.4730 79.3877 79.4185 0.8424 -1.8521
276.0838 276.0150 77.8760 77.9067 0.8676 -1.8402
276.6475 276.5844 76.3659 76.3964 0.8913 -1.8292
311.9667 311.9357 14.2684 14.2840 1.8047 —0.9369
313.0168 312.9857 13.1479 13.1630 1.8223 —0.9036
314.0834 314.0520 12.0466 12.0611 1.8409 —-0.8692
315.1666 315.1351 10.9652 10.9791 1.8569 —-0.8340
316.2668 316.2351 9.9042 9.9175 1.8705 -0.7979

East a1(°) az(°) h1(°) ha(°) da(") dh(")
43.7332 43.7185 9.9042 9.8736 0.8699 1.8388
44.8334 44.8192 10.9652 10.9342 0.8348 1.8556
45.9166 45,9030 12.0466 12.0154 0.7993 1.8712
46.9831 46.9701 13.1479 13.1165 0.7640 1.8856
48.0333 48.0207 14.2684 14.2367 0.7289 1.8994
82.7677 82.8011 74.8575 74.8247 —-0.5226 1.9666
83.3525 83.3913 76.3659 76.3332 —-0.5476 1.9597
83.9162 83.9617 77.8760 77.8435 —-0.5733 1.9524
84.4508 84.5050 79.3877 79.3553 —0.5995 1.9441
84.9429 85.0089 80.9007 80.8684 —0.6268 1.9359

Table6 Calculated Parameter Values of the MRT50 Antenna

Term S band (2300 MHz) X band (8400 MHz)
TNANT 92% 88%

O 1.3341x10~° 1.0774% 106

Qa 1.52685¢10~° 1.27086<10—6

Do 59.154 dB 69.951dB

M B 87.4% 84.8%

Ag 1107 n? 1020 n?

AP 56.4% 52%

Explanation can be found in Section 4.1

two-dimensional beams, the main beam efficiencies, effecticeiving areas, aperture efficiencies, and
other parameters at the S/X bands were calculated. Tab#tsttiie values. The meanings of the pa-
rameters in Table 6 should be clear without any explanatiaet for thenanT parameter. It is the
efficiency of the antenna related to the loss of the refled¢taps-errors and the feed (Stutzman 1998).
Although the illuminating intensity at the reflector edg® (6) is about —10dB and —16 dB for S/X
bands respectively, we take the whole reflector area to ledcthe aperture efficiencies for both S and
X bands (see Table 6). On the other hand, the effective riecg@reas we measured come from the radi-
ating property of the whole reflector (50 m), so the whole céflearea should be taken to calculate the
aperture efficiencies. This is different from what thé'Sistitute calculated. The illuminating diameter
they used at X band is 43 m so that they achieved a higher apefficiency number at X band.

4.2 Gain and Gain Variation with Elevation of MRT50

The gain of an antenna may vary with its elevation becausatgt@an may cause its reflector’s shape
to change. To measure this property, we measured the gamslft" — 80° elevation of MRT50. Two
scans in the azimuth and elevation planes were recordedawithterval of 5 from 10° — 80°. These
two scan data were reduced by using the method mentionecddbaet a new beam curve, named
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as C-beam, from which the effect of Cyg A broadening has besroved. Then, the 3dB and 10dB
beam-width of the C-beam in the two planes were measuredaiiieana gain at this elevation position
was then calculated by Equation (3),
G(dB) = 101g [% ( 31000 91000

Table 7 and Figure 7 show the MRT50 gain variation with elievaat the S/X bands. There is a
maximum in gain around elevation 2&t the S/X bands. This may be related to the MRT50 assembly
procedure. The MRT50 maker made a reflector-shape adjustheout elevation 30 The gravi-
tational change of the reflector-shape at X band may be snihf@ that of the S band because the
effective illuminating diameter of the MRT50 at S band igkarthan that at X band. On the other hand,
the outer part of the reflector may cause more gravitatidregds-variation than the inner part does. This
may be responsible for the obvious turn over in gain vanetibS band in the low elevation region in
the right panel of Figure 7.

— AGr — AG,. 3
03aBAz X 03aBE1  010dBAZ X 910dBEl):| r ®)

Table7 Measured Gains of MRT50 at S/X Bands

Gain at X band Gain at S band
Elevation ) Gain (dB) Elevation{) Gain (dB)

11 69.48 10 58.85
15 69.46 15 58.78
20 69.61 20 58.77
25 69.53 25 59.11
30 69.41 30 58.80
35 69.43 35 58.85
40 69.33 40 58.95
45 69.35 45 59.08
50 69.31 50 58.78
55 69.25 55 58.70
60 69.22 60 58.62
65 69.21 65 58.81
70 69.17 70 58.57
75 69.18 74 58.56
80 69.20

The method we used to measure the gain variation is not tondigte the absolute amplitude of
the gain at different elevations. We measure the beams ilmth@erpendicular planes at a series of
elevations only so that the effect from atmosphereic ati#on on our measurements could be ignored.
In addition, the observations were carried out during tlyeaahd clear days, Sep. — Oct. 2007, the driest
season in Beijing, so that atmospheric attenuation at X Imagyg not be so serious. All of these may
explain why the gain variations with elevation at X band arlth8d may not have a large difference.

5 EQUIVALENT NOISE TEMPERATURE AND ITSVARIATION

The system temperature of a radio telescope comes fromvegaedise, background sky emission,
ground emission, atmospheric emission and the antennagtedtself. Except for the receiver noise,
the others vary with elevation of the antenna. This is alsogoortant property to measure. The method
we used is the same as that described in papers (Huang eB8l. l1if et al. 2002). In this paper, we
take the LNA input-port as the reference point. A noise diggajected at this point as the calibrator.
All received noise power (within the same bandwidth) hassmaled to the temperature at this point.
The measured results of system temperature variationfiavensn Figure 8.

System temperature, the total noise temperature at theenefe point, can be expressed as
Equation (4) (Huang et al. 1984).

Tsys - Tr + (1 - n)TO + nTsky, (4)
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Fig. 7 Gain variations at X band (left) and S band (right).
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Fig.8 X band (left) and S band (right) system temperatures of MRT50

whereTy is the ambient temperaturé,., is the equivalent temperature contributed by the sky back-
ground emission, ground emission, atmospheric emissiwhaatenna structure at the feed outfut,

is the equivalent temperature of the receiver at the LNA iiqauit, andn is the transmission efficiency
between the feed output-port and the input-port of the LNA.

The Equation (4) can be re-written @5, = Tconst. + Lyvar., Whereleong:. can be represented by
the tangent-lines in the bottoms of Figures 10 and 11.T ke (1 — 7)1, and theTy, toward the zenith
give the contribution to th&,,.s;. from which we can estimate the transmission efficiengybetween
the feed output port and the input port of the LNA. Here, weegim example. For S band, tlig, ;.
is about 72 KT} is about 20K and/y is 291 K. TheTy, for the zenith direction can be estimated as
follows (Anderson et al. 1991)

Tsky == Tskyfbg(’\’ 2.7 K) + TgaIaC(N 1K) + Tatmos(N 4K) + jjspillover(4 ~5 K)
+Tscatterfsupport(3 —4 K) + 71leaukaugefmesh(3 - 4K) (5)
Then we get)s = 0.86+0.02.
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For X band, two main things are different. One is that the céflefor X band is the inner part of
the whole reflector. Another is that the ratios of mesh sertacsolid panel surface for X/S bands are
1.05 and 1.78 respectively. So bdthiiiover aNdTicakage—mesh @t X band should be smaller than that
at S band, whereas t11&;,,os at X band is slightly larger than its value at S band. Takiregsthfactors
into account, we foungx = 0.90+0.02.

6 SUMMARY
The main points of this paper are listed as follows.

(1) Pointing accuracy of the MRT50 (rms) is 13.i the azimuth direction and 17'5n the elevation
directions, respectively.

(2) Measured the two-dimensional main beams at S/X bandsnTdin beam efficiency is 87.4% and
84.8% at S/X bands respectively. The beams show a symmbeéapes

(3) Measured gains and its variation with elevation at S/XdsaNo large gain variations with elevation
from 10°— 80" elevation were found, although the trends of S/X band shawnesdifferences. The
tune-over of S band gain variation in the low elevation ragitay be caused mainly by the outer
part of the reflector.

(4) Measured system temperature and its variation withegilew at S/X bands. The system temperature
varies from 62 — 76 K and 72 — 100K at X/S bands for elevatioh-800° and gets the estimated
transmission efficiencies between the feed output portlaadhput port of the LNA at S/X bands,
which isns = 0.86+0.02 and)x = 0.904+0.02 respectively.

(5) Developed a new program to remove the broadening effetteam measurement when using an
extended source as the emitting source.
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