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On the third day the Dec. values derived for the two northerm beams
were used to point the telescope in Dec. so that the source would first
scan through the peak position of the NE beam, then, after the source had
moved half way between the NE and NW beams, as estimated from the wobble
records, !.‘.ha antenna was moved to the Dec. of the peak position of the NW
beam, so that both R.A. scans were centered on tha Dec. peak position of
the sourca. A 30-second thermal calibration was taken before and after each
R.A. scan. On the fourth day the same procedure was usad for the two south-
ern beams.

Thus, at the and of the four-day period the following information was
derived for sach beam and for each source: peak position and HPBW in Dec.,

« Tha sources usad are listed in

peak position and HPBW in R.A., and TA max

Table I. Care was taken to include only point sources.

By comparing the precessed coordinates of the sources with tha observed
ones, fiva pointing curves were derived, one for each beam and one for the
derived center of the four-feed system, which was later used for pointing
the telescops. The errors ara due to measuring inaccuracies and to the un-
certainty in the cstalogued position.

Figura 1 showe tha Dec. correction versus Dec. Error bars were calcu-
lated for the center curve only,since this is the curve of interest to the
observer. Tha error in the other four curves are comparable to those of the
center curve. One can see that the beam offsets in Dec. remains relatively
constant with Dec., and that the sama paculiar behaviour between Dec. = 0°
and Dec. = 25° ig apparent in all four beams. The dip present in this Dec.
interval probably comes about because tha eouthern feed support leg is al-

most vertical in thie Dec. range caueing an uneven distribution of the weight
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INTRODUCTION

Toward the end of December 1968 a survey of the 1400 MHz continuum
emiggion of a eelected liet of Sharpless H II regions was started with the
300-foot transit telescope of the National Radi;: Astronomy Observatory. In
order to reduce the tima of observations required to map extandad sources
with a transit telescope, a four-fead system was used, which hae baen de-
scribed by M. Davie and M. Hagstrom, Electronics Division Internal Report
No. 68.

Tha beam positions and offsets were so chosen that an area of 35' in
daclination could be surveyed in a four-day period with a quarter beam sep~
aration. Four idantical receivers were connected to the four feeds and
were calibrated with tha same noiee source through directional couplers. 1In
the following we describe the means by which the various parameters of the
four~feed radio telescope have bean derived. Radio sourca values are from

tha K. Kellermann-I. Pauliny-Toth catalog.

POINTING

A four-day program was neceseary to datermine the required parameters.
On the first day 20' wobbles were made around the estimated position of the
source with the two northern beams, the wobbling rate wae 2.5°/min; tha
interval of 20' was chosen so that the source would pass through both beams
and at the eama time wa would have at least four transits of each source.
Tha paak poeition of the source in declination was measured from the analog
records with an accuracy of + 0!33. On the second day tha same procadure

was used for the two southern beams.



betw¥®H the two supports. Also in the Dec. interval +30° to +40° there
seems to be a pleteau which we suggest may be due to flexure of the dish and
feed support as the antenne moves to either side of the zenith.

Figure 2 shows the R.A. pointing correction. Here also error bars were
celculated only for the center curve. From these curves it 1s apparent
that the offsets of the four beams remain constant with Dec. where allowence
for the secant (8) factor is teken into eccount. The curve for the center
of the system indicates that the telescope axis is not exactly aligned along
the EW direction and also that the axis is inclined with respect to the

horizontsl plene. The curve can be represented rather accurately by the

formula
ba = sec § [a sin (¢-8) + b cos (¢=-8) + ¢]

where 6 1s the source declinetion, ¢ is the latitude of the Observatory, a
is the azimuth error, b is the level error, and ¢ is the collimation error.
Using the data from the curve we find the values a = 4!8 +0!2, b= 10+ 0!1
and ¢ = 015 # 0!1, which implies thet (a) the west end of the exis of ro-
tetion 1s 3.3 cm south of the EW line, and (b) the west end of the axis of

rotation 1s 1.4 cm higher than the eastern end.

HPBW AND BEAM OFFSETS
The HPBW of each beam in the NS direction was determined from the
analogue record of the wobbles and in the EW direction from the drift scans.
While the HPBW in the EW direction is accurete within + 0!3, the HPBW in
the NS direction is affected by several errors, such es 1) widening of the
beam due to the factor tv = 0.075, where v is the velocity of the scan and

T is the receiver time constant (this effect has not been corrected for), end

2) the difficulty of fitting a beseline when the wobbling interval is short
enough that a source does not completely pass out of the beam before the
antenna changes direction, resulting in no base line batween the two peaks.
No variation of the HPBW with declination was detected within the erors of
observation, therefore only the averege value and the RMS for eech beam ere
given in Teble II. The HPBW is somewhat lerger than that of the old 20/40
cm front end. This is due to the larger feeds used in the four-feed sys-
tem. The larger feeds elso explein the smaller aperture efficiency (28%
instead of 31%; see the next section).

Algo for the beam offsets, es indicated in Figures 2 and 3, no veriation
with Dec. was noticed. The mean value of the relative beam offsets are
listed in Table III., The meening of the terms used are illustrated in Figure
3, which shows the four beams es seen on the sky. Table IV gives the beam

offsets relative to the center of the system.

APERTURE EFFICIENCY
The aperture efficiency, nA, is related to the maximum antenna tempera-

ture TA max of & point source whose flux is Sv through the relation

2k 'l‘A max

RO

where d is the physical diameter of the entenna.

TA max is given by the relation
TA nax [Ds max/Dcu] Tcel

where D‘ ma. is the maximum deflection of the source, D 1s the deflection
X

cal

caused by the calibration signal, and T is the noise temparature of the

cal



calfbration signal. Tcal wag slightly different for each signal. The

values, as measured on January 19, 1969, were as follows:

. o
T gy W = 4.30° £ 0.05

T . NE = 4.02° + 0.05

cal

°
Tcal SW = 3.84° + 0.05

T o SE = 3.92° + 0.05

cal
" is shown as a function of declination for each beam in Figures 4-7.
Due to noise and to uncertainties in determining the baseline, there may be
an error of as much as 3% in the peak of individual antenna temperature and

therefore an uncertainty in the aperture efficiency of 3X since

ATA max
an,/n, =
A A TA max

From the n, versus Dec. curves (one for each beam), it should be noted:
1) the shape of the curve for all beams is essentially the same; 2) the
peak of " for the two northern beams occurs at Dec. " 25°, whereas for the
gouthern beams it occurg at Dec. ~ 15°; and 3) within the error the maximum
value " for each beam 1is the same, 28% + 1X.

The sources used to determine the aperture efficiency are the subset
of those listed in Table I, which are marked with an asterigk. It was found
that sources having flux densities less than 2.0 f.;.x. gave scattered values
for e
only the sources with S > 2.0 f.u. were used. Considerable care was also

mainly due to errors in the base line determination. Therefore,

taken to use only nonvariable sources. Four of the sources with S > 2.0

were not used because they gave systematically lower values for n We sus-

Al
pect that either the fluxes for these sources are in error, or that they

are variable, or a combination of both. The sources are: NRAO 274;
4C 31.38, 3C 268.4, and 3C 285.

Between the December 1968 and January 1969 observing periods, the
four-feed box was taken down from the focal pogition because of receiver
noise. A comparison of the pointing curves in December and January in-
dicates that the pointing corrections are identical for the two periods.
The possibility that the box had been slightly rotated with respect to the
December position was also checked by comparing the beam offsets derived
in December and January. Since the differences appear to be random and

generally le¢s than 30", we concluded that mo rotation had occurred.



NRAO

640

860
1040
1050
1300
1340
1400
2742
2810
2870
2980
3150
3202
3280
3340
3420
3470
3510
3570
3630
3740
3810
3890

3C

*3C

3C

4C

3C
3c
*3C
3C

*3C
*3C
3c
*3C
3c
*3C
*3C
4c
*3C
4C

TABLE 1

36 NRAO

67
68.1
82

32.14

193
197
205
215

223
227
232
237
240
244.1
249.1
30.21
263
31.8

3930
3960
4013
4050
4120
4180
4220
4240
4280
*4345
4410
4530
4670
4780
4820
5010
5100
*5170
5210
5260
5380
5440

3c
*3C

*3C

3C
*3C
3c

*3C
*3C
3C
*3C
3C
*3C
3C

3C
3c
k4
4C

268.4
270.1

275.0
278

285
287
288.1

298
303.1
311
319
323
336
342

350
356
363
23.47

NE
SW
SE

R NEW
R SEW
R WNS
R ENS
A NEW
A SEW
A WNS
A ENS

TABLE 11
NS HPBW
1113 + 0%6
11!z + 0!8
11!7 + 0!8
11!2 + 0!5
TABLE II1
BEAM OFFSETS
25!1+ 0!4
2512 + 0!6
117 + 0:3
119 + 04
418 + 012
4.7+0.2
19!1 + 0!2
1911 + 0%2
TABLE 1V

BEAM OFFSETS FROM CENTER

NE (4)
SE (1)
NW (3)
W (2)

Dec. R.A.
+11%9 -11!7
- 7'2 -13!5
+ 72 +13!5
-11!9 +1117

EW_HPBW

10!6 + 0!3
1016 + 0!7
1016 + 0!3
1016 + 0!5
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