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Abstract

In this memo we present an example pointing analysis session using the TPOINT
package.
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1 EXAMPLE POINTING ANALYSIS SESSION

1 Example Pointing Analysis Session

We start at the point where we have a culled pointing data set. TPOINT expects input data
to be in a specific general format with observation records that are in one of four possible
coordinate systems. At the 12 Meter Telescope, we currently write our pointing fit results
in the “observed Az/El and telescope raw Az/El” observation record format recognized by
TPOINT. In the following I have loaded the pointing data from a radio pointing run into

TPOINT:

* indat tpointfil_050598_radio

! 3mm pointing data from 12m during 05/05/98 pointing run.

NRAO 12m 1998 May 5

: ALLSKY
31 57 12

135.2563 57.378 135.252 57.384 | 2145+067
106.051 52.563 106.050 52.568 ! 3C454.3

...rest omitted...

end
*

where the format for this file is given in the TPOINT manual. There are 182 total pointing
measurements in this file, each of which lists the observed azimuth, observed elevation,
commanded azimuth, commanded elevation (all four coordinates in degrees), and a com-
ment field (designated with a “!”) which lists the source and scan number. Now that the
data is loaded into TPOINT, I need to tell TPOINT which pointing terms I want to fit to

this data, carry out the fit, and plot the results:

* lose

* use ia ca npae an aw ie ecec

* fit

coeff

IA
CA

AN
AW
IE

DO W

NPAE

change

-13.071

+4.103
-6.053
+3.377
-1.866

-18.300

# clear the pointing coefficient list
# fit seven standard terms

value sigma
-13.07 5.922
+4.10 8.577
-6.05 6.862
+3.38 0.478
-1.87 0.468
-18.30 1.192

3061
3062
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7 ECEC +6.146 +6.15 1.791
Sky RMS = 5.15
Popn SD = 5.26
* .a9 # Built-in procedure which makes
# a 9-panel plot of the
# pointing residuals
* gc p # Make a hardcopy of the results plot

Figure 1 shows the pointing fit residual plot produced by TPOINT. In this result, note
that:

1. The fit to the NPAE term is not statistically significant. This often happens be-
cause the less-than-half-the-sky pointing source coverage that one gets with an altaz
telescope does not provide good coverage for this particular term, especially when
there are two other terms (IA and CA) vying for the left-right correction. It is
recommended to remove NPAE from the model when this effect is seen.

2. It is generally a good idea to execute the fit command two or three times until the
“change” column goes to zeroes. The fit is (inevitably) an iterative process, and
there are circumstances, such as when there is a big zero-point correction, when one
iteration is not enough to yield a good fit.

To show the flexibility of the TPOINT program, I will analyze an optical pointing data
set from the 12 Meter Telescope and show how additional terms can be fit. An optical
pointing telescope located at the prime focus is used to acquire high signal-to-noise pointing
data used to derive the mount-dependent terms of the 12 Meter Telescope pointing model.
In the same manner as was done above, I have fit the seven standard pointing terms to
a series of optical pointing data sets acquired over a period of about three years. By
combining the residuals from these fits into one data file, I can do a detailed analysis of
any residual pointing terms. First, I input the combined optical pointing data set:

* indat tp_all_opt_resid

NRAO 12m 1997 November 1

+31 57 12.0

05 07 08.254774 +16 31 56.74323 05 07 08.388540 +16 31 57.35226 0 O
04 32 10.529648 +06 01 24.69776 04 32 10.744376 +06 01 21.48680 0 O
...rest omitted...

end
*
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There are 13  individual pointing measurements in this file. ince this file was pro-
duced by TPOINT, each record is written in the TPOINT observation record format 1 (see
TPOINT manual for details). A plot of the residuals from the standard seven-parameter fit
is shown in Figure 2. As you can see from this plot, there is a residual “ ” dependence to
the fit residuals. This is a known feature of the 12 Meter Telescope pointing behaviour and
is believed to be due to a warp in the azimuth bearing. We must also suspect that there
is some anomalous “non- ookes law” flexure to the prime focus of the telescope given
the fact that the optical telescope was only loosely mounted to the prime focus. sing
TPOINTSs built-in terms, we can fit this non- ooke s law flex plus a set of harmonic terms
with the following functional forms:

cot( ) (1)
2sin(2 ) (2)
2cos(2 ) (3)
3sin(3 ) (4)
3cos(3 ) (5)
4sin(4 ) ()
4cos(4 ) ()
cos( ) (8)
2sin(2 ) ()
3sin(3 ) (1)
4dcos(4 ) (11)

(12

This is accomplished in TPOINT as follows:

* use ia ie npae ca an aw ecec t hasa2 haca2 hasa3 haca3
hasa4 haca4 heca hesa2 hesa3 heca4

* fit

coeff change value sigma
1 IA -0.245 -0.25 1.278
2 IE +1.662 +1.66 0.373
3 NPAE -0.021 -0.02 1.266
4 CA +0.207 +0.21 1.702
5 AN +0.773 +0.77 0.170
6 AW -0.003 -0.00 0.093
7 ECEC -5.117 -5.12 0.803
8 -1.484 -1.48 0.195
9 ASA2 -0.472 -0.47 0.145
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Table 1: Pointing Model/TPOINT Term Correspondence

TPOINT [ Pointing Model
IA IA
CA CA
NPAE NPAE
AN AN
AW AW
IE IE
ECEC ECEC
10 ACA2 +0.998 +#1.00  0.154
11 ASA3 -0.295 -0.30 0.138
12 ACA3 +1.173 +1.17 0.164
13 ASA4 -0.656 -0.66 0.147
14 ACA4 -0.652 -0.65 0.147
15 ECA -1.002 -1.00 0.204
16 ESA2 +0.359 +0.36 0.107
17 ESA3 -1.744 -1.74 0.103
18 ECA4 -0.399 -0.40 0.108
Sky RMS =  2.80
Popn SD = 2.82
* .a9

The rms of the residuals has been reduced from 3. 35 to 2. 8 , and as can be seen from
Figure 3 the “ 7 pattern has nearly disappeared.

TPOINT has many more attractive features than I have shown here. We should note
that it does have one minor drawback. The azimuth sign convention within TPOINT is

(south | east ) azimuth increasing south through east, while the convention used
at the 12 Meter Telescope, as is the case at most radio telescope observatories, is (north |
east ), azimuth increasing north through east. This necessitates the sign conversions

listed in Table 1. Externally, as when you enter azimuth data into TPOINT and when it
reports azimuths, TPOINT does use the north-thru-east azimuth convention.

Con 1 sions
The TPOINT pointing analysis program contains all of the features that one would want

to analyze telescope pointing data. It would be a good choice for the pointing analysis
program used with A MA.
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